
UNIT-1 : DIVERSITY OF LIVING ORGANISMS

CHAPTER-1
THE LIVING WORLD

Topic-1 Living things and its Classification, Three Domains 
of Life, Taxonomy and Systematics

Revision Notes

Living things
  All living things have life. It possess characteristics that are derived from non-living things.
  Living things are able to sense their surrounding and respond to environmental stimuli.
Characteristics of Living Organisms : 
  Growth : Growth is taken as an increase in mass and number. Increase in mass refers to intrinsic increase in the 

protoplasmic matter of the cell. Increase in number is by the cell division.
  Reproduction : Living organisms reproduce asexually as well as sexually.
  Metabolism : It means all chemical reaction that occur in the living cells. It  includes catabolism i.e. the reactions 

that break down the materials and anabolism i.e., the reactions that build the materials.
  Classification : 
  l To study a vast number of different organisms found on the earth, scientists, on the basis of similar/dissimilar 

characteristics systematically categorized all organisms into various groups and classes. This process is called 
classification.

  l Classification helps in identification of an organism, study of fossils and finding evolutionary pathways. 
   It also helps in knowing features of a group if we know features of any organism belonging to this group.
  l Classification makes the study of organisms easy, helps to understand interrelationship between different 

groups, serves as the base for other biosciences, and applied biology.

  Three systems of classification : 
  l Artificial System of Classification : In this system, the organisms are classified on the basis of only one or two 

characteristics. It was proposed by Carolus Linnaeus and classification is based on presence or absence of one 
particular character and leaving others. For example, flowering plants were classified into twenty four classes 
on the basis of floral characters such as, number of stamens present in the flower, insertion of floral parts into 
the thalamus, etc.

  l Natural System of Classification : Proposed by George Bentham and J.D. Hooker. It is based on all natural 
affinities among organisms.

  l Phylogenetic System of Classification : Proposed by John Hutchinson. It is based on evolutionary relationship 
between the various organisms. This system of classification believes that organisms belonging to the same 
taxa have a common ancestor.  

  Three Domains of Life : 
  l Carl Woese (1990) proposed a three domain system of classification on the basis of biochemical characteristics  

and DNA sequence analysis.
  l Domain is a new category of classification which is above the kingdom.
  l Under this system, organisms are classified into three domains and six kingdoms. The domains are Archaea, 

Bacteria and Eukarya. Kingdoms are Archaebacteria, Eubacteria, Protista, Fungi, Plantae and Animalia. Eukarya 
includes all the eukaryotes, which were placed in kingdoms by Whittaker.

  l Methanogens, Halophiles and Thermoacidophiles are the different types of Archaebacteria.
  l They are the oldest known organisms on the earth appearing in fossil record and living in harshest 

environment on the earth.
  l Methanogens are methane makers, halophiles prefer salty habitat and thermoacidophiles prefer to live at 

extremely high or low temperature.
  l Archaea : They are single-celled organisms. They lack cell nuclei and thus they are prokaryotes. Their cell 

membrane contains phytanyl. They can live in extremely hot or chemically aggressive environments. They 
reproduce asexually. They do not produce spores.
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  l Bacteria : They are unicellular organisms. Peptidoglycan is present in their cell wall. Cell membrane contains 
fatty acids. Both Archaea and Bacteria lack organelles or other internal membrane-bound structures.

  l Eukarya : They are both unicellular and multicellular. Membrane bound nucleus is present. Numerous 
membrane bound organelles such as endoplasmic  reticulum, golgi apparatus, chloroplasts, etc. are also 
present.

  Mycoplasma : 
  l Mycoplasmas are a genus of bacteria that lack cell wall around their cell membrane.
  l They are the smallest, simplest and self-replicating prokaryotic organisms. They are unicellular and considered 

intermediate between bacteria and viruses.

  Taxonomy : 
  l The process of classifying organisms into different taxa is called taxonomy.
   (a) Chemotaxonomy : Study of presence or absence of chemicals in cells or various organisms.
    (b) Numerical taxonomy : Depend upon the number of shared characters of various organisms.
   (c) Cytotaxonomy : It is cytological studies to classify organisms.

  Systematic :  
  l The branch of science in which different features of species diversities and relationships with other species 

are studied is referred to as systematics. It also deals with identification, nomenclature, classification and 
evolutionary relationships between species.

  

 Mnemonics

1. Concept : Three Domains of Life :          
Mnemonics: Ask Before Entering Archaea, Bacteria, Eukarya
2. Concept : Three systems of classification :
Mnemonics : Any Personal Number Artificial, Phylogenetic, Natural

Key Words

  Identification : The recognition of the essential character of an organism. 
  Classification : The method of arranging and grouping of organisms into various divisions is called classification.
  Taxonomy : It is the science of naming, describing and classifying organisms and includes all plants, animals and 

microorganisms of the world.
  Systematics : The scientific study of the kinds and diversity of living organisms and the existing relationship 

amongst them is termed as systematics.
  Phylogeny : The evolutionary history of a particular group of organisms is called phylogeny.

Topic-2 Taxonomical categories, Binomial Nomenclature 
and Taxonomical Aids

Revision Notes

  Taxonomic hierarchy
  l	It is defined as the sequence of taxonomic groups or categories in a decreasing or increasing order from 

kingdom or phylum to species or vice-versa. Kingdom/phylum is the highest rank followed by class, order, 
family, genus and species.

  1.  Species 
   The smallest and fundamental unit of classification. Species is defined as a group individuals having 

physiological, morphological and biochemical similarities. Species can freely breed in between themselves 
but are not capable of breeding with other species.

  2.   Genus
   Genus comprises a group of closely related species. For example, Lion (Panthera leo), Leopard (P. pardus) and 

Tiger (P. tigris) with several common features are all species of the genus Panthera.
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  3.   Family 
   This category of taxonomy includes various genus which shares some resemblance among themselves. 

However,  the number of similarities decrease as compared to species and genus. The family is characterised 
on the basis of both vegetative and reproductive features. For example, three different genera Solanum, 
Petunia and Datura are placed in the family Solanaceae.

  4.  Order
   Order is the taxonomic category which groups families that exhibit similar characteristics. For example, the 

order of Carnivora  includes 12 families.
  5.  Class
   A group of related orders. For example, order Primata comprising monkey, gorilla and gibbon is paced in class 

Mammalia along with order Carnivora that includes animals like tiger, cat and dog. 
  6.  Phylum 
   A number of classes are clubbed up to form one Phylum. Animals like fishes, amphibians, reptiles, birds along 

with mammals constitute the next higher category called phylum. All these, based on the common features 
like presence of notochord and dorsal hollow neural system, are included in phylum Chordata.

   In case of plants, classes with a few similar characters are assigned to a higher category called division.
  7.  KINGDOM
   Kingdom is the highest taxonomic category. All animals are placed in the kingdom -Animalia and all plants 

are placed in kingdom -Plantae.

  l	Organisms with their Taxonomic Categories :

Common 

name

Biological 

name

Genus Family Order Class Phylum/

Division

Man Homo sapiens Homo Hominidae Primata Mammalia Chordata

Housefly Musca 
domestica

Musca Muscidae Diptera Insecta Arthropoda

Mango Mangifera 
indica

Mangifera Anacardiceae Sapindales Dicotyledonae Angiospermae

Wheat Triticum 
aestivum

Triticum Poaceae Poales Monocotyledonae Angiospermae

  l	Nomenclature
  l	Nomenclature is the process of giving scientific names to plant and animals.
  l Carl Linnaeus devised a Binomial system of nomenclature in which an organism is given two names : generic 

name and specific name.
  l	Rules for Nomenclature

  l	 According to the binomial system, name of any species consists of two epithets-
   (a) Generic epithet- Name genus
   (b) Specific epithet- Trivial name
  l	 e.g., Solanum tuberosum (Potato) : Here, the first word Solanum represents the genus while the second word 

tuberosum represents specific epithet. 
  l	The expressions of the name ought to be independently underlined when manually written and ought to be 

in italics when printed.

  l	 All the names have words in Latin or Greek.

  l	 The author name is written after specific epithet in an abbreviated form.

  l	 Date of publication can be added.

  l	 Generic name start with capital letter and specific name start with small letter.

  l	 Specific and generic name can be same.

  Advantage of using scientific names
  l	Scientific names gives the precision and clarity for the naming of an organism instead of using common 

names, like deer, tiger, cat or dog.

  l	It helps to maintain the unique name in all the countries that helps scientist to communicate about an 
organism.

  l	Scientists, researchers and students can use the same scientific name of an organism that helps the reader to 
learn something about the organism.
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  ICBN & ICZN

  l	For assigning scientific names to plants, principles and criteria are provided in International Code for 
Botanical Nomenclature (ICBN) and for assigning scientific names to animals, principles and criteria are 
provided in International Code of Zoological Nomenclature (ICZN).

  Taxonomic Aids

  l	Tools, techniques, procedures and stored information used in the identification of plants and animals are 
called as taxonomic aids. Herbaria, zoological parks (zoo), manual, botanical gardens, keys, etc., are taxonomic 
aids.

  l Flora contains the actual account of habitat and distribution of plants species in a given area.

  l Manuals help in providing information for identification of names of species found in an area.

  l Monographs contains information on any one taxon.

  l Herbarium is a store house of collected plant specimens that are dried, pressed and preserved on sheets.

  l Botanical gardens are specialized gardens which have collections of living plants for reference.

  l Museum is a place where collections of preserved plants and animal specimens are present for study  
and reference.

  l Zoological parks are the places where wild animals are kept under human care. They enable us to learn 
about the food habits and behaviour of animals.

  l Taxonomic key is a taxonomical aid used for identification of plants and animals. It is based on the 
similarities and dissimilarities.

  

 Mnemonics

1. Concept : Taxonomic Hierarchy
Mnemonics : Kindly Place Cover On Fresh Green Spinach

Kingdom, Phylum, Class, Order, Family, Genus Species

Key World

  Nomenclature : It is a system of naming organisms. 
  Hierarchy : It is a system of arrangement of classification in which the taxonomic categories are kept in a logical 

sequence.

  Museum : A museum is a place where artistic and educational materials are available for display, observation and 
study.

  Zoological parks : These are the places where wild animals are kept in protected environment under human care 
which enable us to learn about their food, habits and behaviour.

CHAPTER-2
BIOLOGICAL CLASSIFICATION

Topic-1 Five Kingdom Classification, Kingdom Monera, 
Bacteria

Revision Notes

  In 1969, R.H. Whittaker proposed a Five Kingdom classification. It was based on the following criteria :
  l The complexity of cell structure
  l The complexity of organism's body
  l The mode of obtaining nutrition
  l Reproduction
  l Phylogenetic relationship
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  Merits of Five Kingdom Classification System
  l All prokaryotic organisms were grouped together under Kingdom Monera.
  l It reflects better evolutionary trend indicating gradual evolution of complex organisms from simpler ones.
  l It gives better placement to certain controversial groups like Cyanobacteria, fungi, Euglena etc.
  l Separation of kingdom Fungi from plants seems to be justified as fungi bear own type of structural, 

physiological as well as biochemical characters.
  OUTLINE of five kingdom classification proposed by Whittaker : 

Kingdom Monera
  The Monerans are the unicellular prokaryotes. Bacteria are the only members of the kingdom monera.
  On the basis of shape, bacteria are grouped under four categories :
  l Coccus (pl.: cocci) : They have spherical shape.
  l Bacillus (pl.: bacilli) : They are rod - shaped bacteria.
  l Spirillum (pl.: spirilla) : They have long and spirally coiled bodies.
  l Vibrium (pl.: vibrio) : These bacteria have short and slightly curved bodies, which appear like a shape of a 

comma.
  l Some of the monerans (bacteria) are autotrophic that is, they synthesise their own food from inorganic 

substrates. They may be photosynthetic, autotrophic or chemosynthetic autotrophic.
  l Chemosynthetic bacteria oxidize various inorganic substances such as methane, sulphides, nitrides etc and 

use the released energy for their ATP production.
  l Bacteria that derive their nutrients from dead remains of plants and animals are called saprophytes.
  l Bacteria that draw nutrients from the body of other living organisms are called parasites.
  l Bacteria that live in association with other living organisms and derive nutrients form them without causing 

them harm are called symbionts. During this association both the organisms are mutually benefitted from 
each other.
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  The most common method of reproduction found in bacteria is binary fission. Besides this, they also reproduce 
by a type of sexual reproduction which involves a primitive type of DNA transfer from one bacterium to the 
other. This method of sexual reproduction is called conjugation. Transformation and transduction processes also 
indicate the type of sexual reproduction in bacteria. In transformation, the exogenous material gets introduced 
into the bacterial cell and transduction is the injection of foreign DNA by bacteriophage into the host bacterium. 

  Under unfavorable conditions, bacteria produce spores.
  Bacteria can be gram-positive or gram negative depending upon cell wall structure. 
  Differences between gram-positive and gram-negative bacteria :

Gram-positive Gram-negative

1. Smooth, single-layered cell wall. 1. Wavy, double-layered cell wall.

2. Cocci or spore forming rods. 2. Non-spore forming rods.

3. Lipid content is very low. 3. Lipid content is 20 to 30%.

4. Lipopolysaccharide is absent. 4. Lipopolysaccharide is present.

5. More susceptible to antibiotics. 5. More resistant to antibiotics.

6. E.g., Staphylococcus. 6. e.g., Escherichia.

  Bacteria's are economically very important. The main role of bacteria in sewage treatment is to reduce the volume 
of sludge and produce methane gas from it.

  Most of the antibiotics are produced by prokaryotes mainly by bacteria from the genus Streptomyces.
  Bacteria also help in energy production.
  They help in fermentation processes. Yeasts, moulds and bacteria are used to make food products such as bread, 

beer, vinegar, yoghurt, curd cheese, etc.

  Bacteria are our friends as well as foes. They cause a number of diseases to plants, animals and humans. At the 
same time, they play an important role and are useful in our daily life.

Role of Different types of Archaebacteria : 
  Group of most primitive prokaryotes, evolved immediately after the evolution of the first life. They are placed in 

a separate sub-kingdom or domain called Archaea.
  Archaebacteria  are characterized by the absence of peptidoglycan in their cell wall. Instead the wall contains 

protein and non-cellulosic polysaccharides. It has pseudomurein in some methanogens.
  The cell membranes are characterized by the presence of a monolayer of branched-chain lipids. Their 16S rRNa 

nucleotides are quite different.
  Archaebacteria are of three major types-methanogens, halophiles and thermoacidophiles.

 1.  Methanogens:
  These archae bacteria are strict anaerobes. They are "autotrophs". They occur in marshy areas where they convert 

formic acid and carbon dioxide into methane with the help of hydrogen.
  Helps in the production of methane and fuel gas inside gobar gas plants e.g., Methanobacterium, Methanococcus.
 2.  Halophiles (Halophils)
  Halophiles  occur in salt rich substrata, lie the great salt lake, the dead sea, salt pans, salt beds and salt marshes. 

They are aerobic chemo-heterotrophs. e.g., Halobacterium, Halococcus.
 3. Thermoacidophiles (Thermoacidophils)
  Have dual ability to tolerate high temperature as well as high acidity. They are often found in hot (80°C) and pH 

as low as 2, e.g., Thermoplasma, Thermoproteus.

  

 Mnemonics

1. Concept : Shapes of bacteria          
Mnemonics: Colourfull Ball in Various Shapes. 
Coccus, Bacillus, Vibrium, Spirillum

2. Concept : Types of Archaebacteria :     
Mnemonics : My Thoughs are High
Methanogens, Thermoacidophiles, Halophils
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Key Words

  Halophiles : The type of extremophiles which can survive extreme salinity conditions in a wide range of 
environments. 

  Heterocysts : They are special cells in cyanobacteria that can fix atmospheric nitrogen called heterocysts.
  Gram staining : It is a special technique in which bacteria are stained with the gram stain. It is used to classify 

bacteria into two groups - gram positive and gram negative.
  Conjugation : It refers to transfer of DNA between two sexually different strains of bacteria, one act as a donor 

and the other as recipient.
  Transformation : It refers to the transfer of a fraction of DNA (genes) from a donor bacteria to recipient bacterium. 

This small part of DNA gets integrated in the recipient DNA. The recipient bacterium acquires the characters 
present in the foreign DNA.

  Transduction : It refers to the transfer of genetic material or a part of genetic material from one bacterium to 
another through a vector like a bacteriophage (bacterial virus).

  Bioweapons : These are biological organisms, and substances derived directly from living organisms, that can be 
used to cause death or injury to humans, animals, or plants.

  Pasteurization : It is a technique of killing bacteria by boiling at high temperature of 70°C, holding it at temperature 
for  30 minutes and then rapidly cooling it to below 100°C. It is used for pasteurization of milk.

Topic-2 Kingdom Protista, Kingdom Fungi, Lichens, Virus

Revision Notes

  Kingdom Protista
  l	This kingdom includes all those organisms which are unicellular eukaryotes. This kingdom acts as a link 

between the kingdom Monera and other kingdoms (Fungi, Plantae and Animalia).
  l The kingdom Protista includes Chrysophytes, Dinoflagellates, Euglenoids, Slime moulds and Protozoans.
     (i) Chrysophytes
     1.  Diatoms and desmids (golden algae) are included under chrysophytes.
     2.  Most of the chrysophytes are photosynthetic. In fact diatoms are the chief producers in the oceans.
     3.  Cell wall of diatom is rich in silica. Because of this, the walls of diatoms are indestructible. They pile 

up at the bottom of water body and leads to formation of 'diatomaceous earth' over billions of years. 
Diatomaceous earth is used in polishing, filtration of oils and syrups.

     (ii) Dinoflagellates
     1.  They are mostly marine and photosynthetic organisms.
     2.  Depending upon the pigment present in their cell, they may appear yellow, green, brown, blue or 

red.
     3.  Red dinoflagellates such as Gonyaulax undergo rapid multiplication. Due to presence of a large 

number of red dinoflagellates, the sea appears red (red tides). e.g., Noctiluca scintillans
     (iii) Euglenoids
     1.  Most of them are freshwater organisms found in stagnant water.
     2.  They have chlorophyll and hence in the presence of sunlight they can prepare their food by the 

process of photosynthesis. In absence of sunlight, they become saprophyte and behave like a 
predator and feed on other smaller microorganisms.

     3.  Nutritionally, the euglenoids are mixotrophs because they have both autotrophic as well as 
heterotrophic mode of nutrition. e.g., Euglena, Trachelomonas, etc.

     (iv) Slime Moulds
     1.  They are saprophytic protists which are found in cool, moist and shady places rich in decaying twigs 

and leaves.
     2.  Under favourable conditions, they form an aggregation called plasmodium which does not have a 

definite shape. e.g., Labyrinthulina, Plasmodiophorina.
     (v) Protozoans
     1.  They are heterotrophs and live as predators or parasites.
     2.  Four major groups of protozoans are given below :
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          (a)  Amoeboid protozoans :
             They have pseudopodia to move and capture their prey.
             Example : Amoeba and Entamoeba.
          (b)  Flagellated protozoans :
             They are either free-living or parasitic. The parasitic forms cause diseases like sleeping 

sickness.
            Example : Trypanosoma, Trichonympha
          (c)  Ciliated protozoans :
             Their body is covered with thousands of cilia which help in movement and capturing of 

food.
            Example : Paramoecium, Balantidium coli.
          (d)  Sporozoans :
             All sporozoans have an infectious spore-like stage in their life cycle.
             Example : Plasmodium (malarial parasite), Eimeria

   Kingdom Fungi
  l	The fungi are eukaryotes that lack chlorophyll.
  l The fungal body consists of branched and filamentous hyphae, which forms a net like structure called as the 

mycelium (yeast is exception which is unicellular).
  l All fungi are heterotrophic. They may have saprophytic, parasitic or symbiotic mode of nutrition.
  l They reproduce by vegetative, asexual and sexual modes.
  l Sexual cycle involves following three steps in sequence :
     1. Plasmogamy : Fusion of two protoplast.
     2. Karyogamy : Fusion of two nuclei.
     3. Meiosis : Meiotic division in zygote.
  l Dikaryophase : It is the intervening phase between Plasmogamy and Karyogamy in which +, – nuclei remain 

in pairs forming dikaryon.
  l On the basis of morphology of the mycelium, mode of spore formation and fruiting bodies, kingdom fungi is 

divided into four classes :
     (i) Phycomycetes :
     l  They have aseptate mycelium with coenocytic condition.
     l  They reproduce asexually either by means of zoospores (motile) or by aplanospores (non-motile). 

These spores are produced in sporangium endogenously.
     l  Sexual reproduction involves fusion between two gametes which is of the following three types :
       1.  Isogamous : Fusion of two gametes, which are similar in size.
       2.  Anisogamous : Fusion of two gametes, which are dissimilar in size.
       3.  Oogamous : Fusion between one large, non-motile female and a smaller, motile male gamete.
     l  Fusion of two gametes leads to formation of zygospores.
     l  Mucor, Rhizopus and Albugo are the common examples of fungi belonging to class phycomycetes.
     (ii) Ascomycetes :
     l  Members of this class are commonly known as sac-fungi.
     l  They reproduce asexually through conidia which are produced on the special mycelium called 

condiophores. Each conidia on germination gives rise to mycelium.
     l  Sexual reproduction occurs through special types of spores called ascospores. Ascospores are 

endogenously produced in sac like structures called asci and asci are arranged in fruiting bodies 
called ascocarps.

     l  Aspergillus, Claviceps and Neurospora are the common fungi belonging to class Ascomycetes.
     (iii) Basidiomycetes :
     l  They have branched and septate mycelium.
     l  They do not reproduce asexually, but vegetative reproduction by fragmentation is observed in 

them.
     l  Sexual reproduction is by fusion of vegetative or somatic cells to form basidium produced in 

basidiocarp.
     l  Basidium produces four basidiospores exogenously after meiosis.
     l  Agaricus (mushroom), Ustilago (smut) and Puccinia (rust fungus) are some common fungi belonging 

to class basidiomycetes.
     (iv) Deuteromycetes :
     l  They reproduce only by asexual spores called conidia.
     l  Sexual or perfect stages of deuteromycetes are not known. Only asexual or vegetative stages are 

known. Because of this they are commonly known as imperfect fungi.
     l  They have septate and branched mycelium.
     l  Common examples of deuteromycetes are Alternaria, Colletotrichum and Trichoderma.



Oswaal ISC Revision Notes Chapterwise & Topicwise, BIOLOGY, Class-XI 9

  Role of Fungi in medicine :
  l	The fungi are of great economic significance. A number of antibiotics like penicillin, erythromycin, etc. are 

obtained from fungi which are used for the treatment of diseases.
  Role in bakery :
  l	Yeast is used as a leavening agent in bakery. It adds sponginess to cakes and bread with the help of its product 

which is CO2.
  Role in environmental decomposition :
  l	Fungi play a crucial role in the balance of ecosystem. They act as decomposers and recyclers making it possible 

for other organisms, plants and animals to be supplied with nutrients to live.
  Lichen :
  l	A lichen is an organism that results from a mutualistic relationship between a fungus and a cyanobacterium 

or green algae.
  Mycorrhizae :
  l	It is a symbiotic association of a fungus with roots of higher plants. It is of two types : Ectomycorrhizae and  

Endomycorrhizae.
  Viruses :
  l	Viruses are intracellular obligate parasites which lack the means for self-reproduction outside a host cell.
  l Structurally, they are nucleoprotein consisting of RNA/DNA surrounded by protein coat called capsid.
  l They are regarded as intermediate link between living and non-living because they behave as living as well 

as non-living entities.
  l TMV (Tobacco Mosaic Virus) is of a RNA core surrounded by protein coat.
  l Viruses which infect bacteria are called as bacteriophages. They have double stranded DNA as the genetic 

material.
  Contributions of Scientists :
  l M.W. Beijerinck demonstrated that the extract of the infected plants of tobacco could cause infection in 

healthy plants and called the fluid as "Contagium vivum fluidum" (infectious living fluid).
  l Virus means venom or poisonous fluid. Pasteur gave the term 'virus'.
  l D. J. Ivanowsky found that certain microbes caused Tobacco Mosaic Disease in tobacco plant.
  l W. M. Stanley showed viruses could be crystallized to form crystals of protein, which are inert outside their 

specific host.

  Viroid :
  l They are infectious agents of plants which are similar to virus but comprises only a short single stranded 

RNA. They are smaller than viruses and lack protein coat. The RNA of the viroids is of low molecular 
weight. One of the disease caused by viroids is potato spindle tuber disease.

 Mnemonics
1. Concept : Four major groups of protozoans 

Mnemonics: All  Focus on Class Schedule
Amoeboid, Flagellated, Ciliated, Sporozoans

2. Concept : Classes of fungi      
Mnemonics: Perry And Bora are Dancers
Phycomycetes, Ascomycetes, Basidiomycetes, Deu-
teromycetes      

Key Words

  Pellicle : It is a semi-rigid cell covering in flagellates built on the pattern of Euglena.
  Sporozoans : They are considered as parasitic protozoans which are simple in structure and form haploid 

reproductive cells called spores.
  Trichocysts : They are the defence organelles in ciliates, which are ejected with force to stun the prey.
  Dinoflagellates : They are the producers in ocean. They have two unequal flagella and the body is enclosed in a 

cell wall.
  Diatomaceous earth : These are large deposits of silica on the ocean floor as a result of fossilisation of diatoms.
  Mycology : It is the study of fungi.
  Hypha : It is a thread -like tubular branched structures in fungi. The entire mass of hyphae is called mycelium.
  Coenocytic : In non-septate fungi, the mass of protoplasm containing many nuclei is called coenocytic.
  Heterothallism : Having dissimilar forms of the thallus is known as heterothallism.
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  Isogamy : Sexual reproduction by the fusion of similar gametes.
  Anisogamy : It is the fusion of dissimilar gametes and when the fusion is between similar male and female 

gamete, it is known to be Isogamy.
  Oogamy : It is a type of sexual reproduction which involves the fusion of male and female gametes to produce an 

oospore.
  Mycorrhizae : It is a symbiotic association between fungi and plant roots.
  Lichen : It is the symbiotic relationship between the fungus and an algae (cyanobacteria).

qq

CHAPTER-3
PLANT KINGDOM

Topic-1 Division–Thallophyta, Bryophyta, Pteridophyta

Revision Notes

1.  Division : Thallophyta (Algae)
  Classification of algae and their main characteristics

Class and 
Examples

Common 
Name

Major Pigments Stored 
Food

Composition 
of Cell Wall

Flagellar 
Number 
and 
Position of 
insertions

Habitat Mode of sexual 
reproduction

Chlorophyceae 
(Chlamydomonas 
and Spirogyra)

Green 
algae

Chlorophyll a, b Starch Cellulose 
and pectose

2-8, equal, 
apical

Fresh water, 
brackish water, 
salt water

Isogamous, 
Anisogamous 
or oogamous

Phaeophyceae 
(Ectocarpous, 
Sargassum)

Brown 
algae

Chlorophyll a, c 
xanthophylls

Mannitol, 
laminarin

Cellulose 
and algin

2, unequal, 
lateral

Fresh water (rare), 
brackish water, 
salt water

Ranges from 
isogamy to 
oogamy.

Rhodophyceae 
(Polysiphonia and 
Porphyra)

Red 
algae

Chlorophyll 
a, d, 
phycoerythrin

Floridean 
starch

Cellulose Absent Fresh water 
(some), brackish 
water, salt water 
(most)

Complex and 
advanced 
oogamous.

  Economic Importance of algae
 1. Algae are main producers in marine water.
 2. Agar-agar is obtained from algae Gelidium and Gracilaria.
 3. Chlorella and Spirulina are rich in protein, used as food supplement.
 4. Sargassum, Laminaria, etc., are used as food.
 5. Antibiotic chlorellin is obtained from green alga Chlorella.
2.  Division : Bryophyta
	 Can live on soil but are dependent on water for sexual reproduction. Therefore, they are called as amphibians of 

the plant kingdom.
Types of Bryophytes : 
  (a) Liverworts :  Liverworts are small, green, terrestrial plants. They do not have true roots, stems, or leaves. They 

have an above ground leaf like structure, known as a thallus, and an underground structure, known as a 
rhizoid. Liverworts grow usually in moist, shady habitats such as banks of streams, marshy ground, damp soil, 
bark of trees and deep in the woods.

  (b) Mosses : The predominant stage of the life cycle of a moss is the gametophyte which consists of protonema 
and leafy stages. The plant body is a leafy gametophyte which has multicellular and branched rhizoids. They 
consist of upright, slender axis bearing spirally arranged leaves. This stage bears the sex organs.

	 Economic importance of Bryophytes : Bryophytes are of slightly less economic importance. Some mosses are the 
source of food for herbaceous mammals, birds and other animals. A moss, named Sphagnum, provides peat that 
is used as fuel and as packing material for trans-shipment of living material. Some of bryophytes are ecologically 
important. Mosses along with lichens are the first organisms to colonise rocks. They also prevent soil erosion.
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3. Division : Pteridophytes 
	 They are the first terrestrial plants which posses vascular tissues-xylem and phloem.
	 They are mostly found in cool, damp and shady places.
	 The main plant body is a sporophyte which is differentiated into true root, stem and leaves. Each organ has well-

differentiated vascular tissues.
	 Some pteridophytes such as Selaginella bear small leaves (microphylls) while some other such as ferns bear large 

leaves (macrophylls).
	 The sporophytic plant bears sporangia on the ventral side of leaf-like appendages called sporophylls. In some 

pteridophytes such as Selaginella and Equisetum, sporophylls form compact structures each called cone or strobilus.
	 In sporangia, haploid spores are produced by meiotic division in spore mother cells. Each spore germinates and 

gives rise to inconspicuous, multicellular, thalloid gametophyte called prothallus.
	 This prothallus is free-living, mostly photosynthetic and requires cool, damp, shady places to grow. 
	 The gametophyte bears male (antheridia) and female sex organs (archegonia). The transfer of antherozoids from the 

antheridia to the mouth of archegonium requires water.
	 Fusion of male gamete with the egg leads to the formation of zygote.
	 Later on zygote develops into a multicellular  well-differentiated sporophyte which is the dominant phase in 

the life cycle of the pteridophytes. Most of the pteridophytes bear same kind of spores. Such plants are called 
homosporous. e.g., Lycopodium, Equisetum.

	 Some pteridophytes such as Selaginella and Salvinia bear two kinds of spores- macrospore which are large in  size 
and microspores,  which are small in size. Such pterdophytes are known as heterosporous.

	 The megaspores and microspores germinate and give rise to female and male gametophytes, respectively.

Sporophyte (2n)

Gametophyte (n)

Capsule SporeCells

Egg

Leafy Plant
Protonema

Sp
or

es
Meiosis

Mother

Foot, Stalk
Embryo
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Archegonia

Antheridia
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Fertilization

Fig. Life cycle of Funaria
  Funaria exhibits a regular alternation between a haploid gametophytic and a diploid sporophytic generation. 
  l The pteridophytes are further classified into four classes :
     Psilopsida e.g., Psilotum
     Lycopsida e.g., Selaginella and Lycopodium
     Sphenopsida e.g., Equisetum
     Pteropsida e.g, Dryopteris, Pteris, Adiantum
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Fig. Life cycle of a typical Fern
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  Economic Importance of pteridophytes
  l  Food value – Varieties of Marsilea
  l  Medicine – Dryopteris (Fern) rhizome as drugs, Lycopodium in rheumatism
  l  Ornamental value – Ferns.

 Mnemonics
1. Concept: Types of Bryophyte : 
Mosses and Liverworts         

Mnemonics: Moon Light

2. Concept: Examples of Algae      

Mnemonics: God Created Large Solar System.
Gelidium, Chlorella, Laminaria, Spirulina, Sargassum

Key Words

  Thallus : It refers to the plant body, which is not differentiated into root, stem and leaves, as in algae and lower 
bryophytes.

  Phycocolloids : These are the colloidal polysaccharides present in the outer layer of cell wall of red algae and 
brown algae.

  Gemmae : Gemmae are the multicellular structures produced by certain bryophytes : each gemma on separation 
grows into a new plant.

  Protonema : The spores grow into a new gametophyte on reaching a suitable moist surface produces thread like 
structure called protonema.

  Carrageenin : A chemical extracted from Chondria-red algae, used in drinks to give fake creaminess is known as 
Carrageenin.

  Antheridium : It is a structure in lower plants that produces male gametes called sperms.
  Archegonia : It is a structure in lower plants that produces female gametes called eggs. 
  Cryptogams : These are the non-flowering plants; they do not produce flowers or seeds.
  Agarophytes : These are red algae, which yield agar, a phycocolloid. e.g.,  Gelidium and Gracilaria.
  Tracheophytes : These are those plants which have vascular tissues.

Topic-2 Gymnosperms and Angiosperms

Revision Notes

  Division : Spermatophyta
  l	The spermatophyta comprises those plants that produce seeds and hence also known as seed plants.
  l It comprises the Gymnosperms and the Angiosperms.

 1. Gymnosperms
  l	In gymnosperms, ovules are naked without any covering and hence remain exposed. The seeds, which 

develop after fertilization, are also naked.
  l	They do not produce flowers.
  l	They do not produce fruits.
  l	They are pollinated by wind.
  l	The gymnosperms are heterosporous. They produce haploid microspores and megaspores within sporangia. 

Sporangia are formed on sporophylls which are arranged spirally along an axis to form compact strobili or 
cones.

  l	The microspores develop into pollen grain and megaspores are in an ovule.
  l	The most of them are evergreen woody perennials and show xerophytic characters.
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Microsporophylls

Megasporophylls

Megaspore mother 
cells

  Economic Importance of Gymnosperms
  l	Conifers like pine, fir, spruce and cedar are used for timber, paper production and resin, also used for making 

varnish, nail polish, gum and perfumes.
  l	They are most important source of wood and constitute major forest wealth.
 2. Angiosperms
  l	Angiosperms are also known as flowering plants. In these plants, flower is the reproductive part. Inside 

the flower, pollen grains and ovules are developed. Another remarkable character of angiosperm is that the 
ovules are enclosed by ovary.

  l	They are divided into two classes : The monocotyledons and dicotyledons. The monocotyledons  are single 
cotyledons seeds, parallel venation leaves and flowers are timerous. 

  l	Dicotyledons are characterized by seeds having two cotyledons, leaves show reticulate venation and flowers 
are tetramerous or pentamerous. 

  l	They bear seeds enclosed in fruit (angion or angio + sperm – refers to seeds contained in fruits and matured 
ovaries).

  l	Angiosperms are siphonogamous i.e. involved in gametic fusion in a single female gametophyte - syngamy 
and triple fusion. This phenomenon is called double fertilization.

  l	Formation of fruit and double fertilization are unique characteristic of angiosperms.

gametophyteZygote

Life Cycle of a typical Angiosperm.Fig. Life cycle of a typical Angiosperm.
  Life Cycle Patterns
  l	Different plant groups show different patterns of life cycles – haplontic, diplontic or intermediate (Haplo-

diplontic).
  (i)	Haplontic Life Cycles :  In this type of life cycle, saprophytic generation is represented only by the one-celled 

zygote (2n). They divide mitotically to form the gametophyte. The dominant, photosynthetic phase in such 
plants is the free-living gametophyte. Many algae like Volvox, Spirogyra and some species of Chlamydomonas 
exhibit this pattern.

  (ii) Diplontic Life Cycle : In this type of life cycle, the diploid sporophyte is the dominant, photosynthetic, 
independent phase of the plant. The gametophytic phase is represented by the single to few celled haploid 
gametophyte. This kind of life cycle is found in gymnosperms and angiosperms.
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  (iii) Haplo-diplontic Life Cycle :  It is an intermediate type of life cycle, where both the sporophyte and 
gametophyte are multicellular and often free-living. Bryophytes and pteridophytes, exhibit this type of 
intermediate condition.

  Diagram of Life Cycle Patterns
  (a)	Haplontic (e.g., Volvox, Spirogyra, etc.)

  (b)	Diplontic (e.g., gymnosperms and angiosperms)

 (c)	Haplo-diplontic (e.g., bryophyta and pteridophyta)
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 Mnemonics

1. Concept: Examples of Gymnosperm :
Mnemonics: Giraffe Played in Circus.
Ginkgo, Pinus, Cycas

Key Words

  Angiosperms : These are flowering or fruit bearing plants, the ovules of these plants develops within enclosed 
ovary.

  Spermatophytes : These are the plants which produce seeds.
  Homospory : It is the phenomenon of formation of only one type of spores by a plant species.
  Heterospory : It is the phenomenon of formation of two types of spores by a plant species.
  Ovule : It is the integumented megasporangium, that is present in gymnosperm and angiosperm.
  Alternation of generation : It is the phenomenon in which the gamete producing, haploid gametophytic phase 

alternates with the spore producing, diploid sporophytic phase.
  Isogamy : It is the phenomenon in which the fusing gametes are morphologically and physiologically similar. The 

gametes are called as isogametes.
  Anisogamy : It is the phenomenon in which the fusing gametes are dissimilar morphologically and physiologically. 

The larger gamete is called mega/macrogamete and smaller is called microgamete.

  Classification of Kingdom Plantae :

qq

CHAPTER-4
ANIMAL KINGDOM

Topic-1 Basis of Classification



Oswaal ISC Revision Notes Chapterwise & Topicwise, BIOLOGY, Class-XI16

Revision Notes

LEVEL OF ORGANIZATION 
 1.  All members of Kingdom Animalia are multicellular, but all of them do not exhibit the same pattern of 

organisation of cells. 
 2.  In some animals like sponges, the cells are arranged as loose cell aggregates, but they do not form tissues. 

This type of body organisation is called as cellular level of organisation. In this type of organisation, some 
division of labour (activities) occur among the cells. 

 3.  In coelenterates, the cells are arranged in more complex manner. Here, the cells performing the same 
function are arranged into tissues. This type of level of organisation is called tissue level of organisation. 

 4.  In organ level of organisation, tissues are grouped together to form organs, each specialised for a particular 
function. Organ level organisation is exhibited by members of Platyhelminthes. 

 5.  In higher animals like Annelids, Arthropods, Molluscs, Echinoderms and Chordates, organs have associated 
to form functional systems. Each system is associated with a specific physiological function. This pattern of 
level of organisation is called organ system level of organisation. 

 6.  Organ systems in different groups of animals exhibit various patterns of complexities.

Basis of classification > Symmetry
 Symmetry 
 1.  In some animals like sponges, any plane that passes through the centre does not divide them into equal 

halves. Such type of animals are called asymmetrical. 
 2.  In some animals like coelenterates, ctenophores and echinoderms, any plane passing through the central 

axis of the body divides the organism into two identical halves. Such animals are said to have radial 
symmetry. 

 3.  In animals like annelids, arthropods, etc., body can be divided into identical left and right halves in only 
one plane. Such organisms are said to have bilateral symmetry.

  Diploblastic and triploblastic organisation 

•	 	In	some	animals	like	coelenterates,	cells	are	arranged	in	two	embryonic	layers	–	an	external	ectoderm	and	an	
internal endoderm. Such animals are called diploblastic animals.

•	 	These	 animals	 also	 have	 an	 undifferentiated	 layer,	 called	 mesoglea,	 in	 between	 the	 ectoderm	 and	 the	
endoderm.

•	 	In	contrast	 to	above,	 the	developing	embryo	of	 the	members	belonging	 from	phylum	platyhelminthes	 to	
phylum chordata has a third germinal layer in between the ectoderm and endoderm. This additional layer is 
called mesoderm and the animals having such characteristic are called triploblastic animals.

  Coelom

•	 	The	body	cavity	lined	by	mesoderm	is	called	coelom.	Animals	which	possess	coelom	are	called	coelomates.	
e.g. Annelids, molluscs, arthropods, echinoderms, hemichordates and chordates.

•	 	In	 some	animals,	mesoderm	 is	present	 in	 the	 form	of	pouches	 in	between	 the	 ectoderm	and	endoderm.	
Because of this mesoderm does not line the body cavity. This type of body cavity is called pseudocoelom 
and the animals possessing this type of coelom are called pseudocoelomates. e.g. Aschelminthes are 
pseudocoelomates. 

•	 	The	animals	belonging	to	phylum	platyhelminthes	do	not	have	body	cavity.	Such	type	of	animals	are	called	
acoelomates.

  Segmentation

 In some animals, the body is externally and internally divided into segments with a serial repetition of at least 
some organs. For example, in earthworm, the body shows metameric segmentation and the phenomenon is 
known as metamerism.

  

 Mnemonics

Concept : Types of coelom
Mnemonic : Ask for Peanut Cake. 

or Ask for Pizza and Chocolate. Acoelomate, 
Pseudocoelomate, Coelomate
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Topic-2 Non-Chordates

Revision Notes

  Characteristic Features of Different Phyla of Non-Chordata
  1.  Phylum Porifera :
   (i)     Individuals are multicellular, diploblastic and shows cellular graded organization.
   (ii)    Have sessile body and radial symmetry.
   (iii)   Body wall has outer pinacoderm and inner choanoderm.
   (iv)    Sponges have water canal system.
   (v)     These individuals have internal skeleton of calcareous spicules. e.g., Sycon, Euplectella
  2.  Phylum Cnidaria :
   (i)      They show tissue level of organization and are diploblastic.
   (ii)     Animals are radially symmetrical.
   (iii)   They had a central gastrovascular cavity.
   (iv)    They have stinging cells derived from Cnidoblasts present on tentacles meant for anchorage, defence 

and capture of prey.
   (v)      They show two basic body forms - Polyp and Medusa. e.g., Hydra, Aurelia.
  3.  Phylum Ctenophora :
   (i)       They are marine and are acoelomate and diploblastic individuals.
   (ii)      Have transparent soft body with eight comb plates composed of cilia.
   (iii)     Comb plates help in locomotion.
   (iv)     Body has radial symmetry and tissue grade organization.
   (v)       Have paired tentacles which are long and retractile. e.g., Cestum, Pleurobrachia.
  4.  Phylum Platyhelminthes :
   (i)       Mostly parasitic, show organ level of organization.
   (ii)      Bilaterally symmetrical and acoelomates.
   (iii)     Show non-metameric segmentation.
   (iv)     Parasitic forms having hooks and suckers.
   (v)      Flame cells are specialised cells, which perform excretion and osmoregulation. e.g.,Planaria, Taenia, etc.
  5.  Phylum Aschelminthes :
   (i)       Animals are called roundworms because body has a circular outline.
   (ii)      Body triploblastic, bilateral symmetrical and shows organ system graded organization.
   (iii)     Body is cylindrical and unsegmented.
   (iv)      Body cavity is pseudocoelom. e.g., Ascaris, Wuchereria.
  6.  Phylum Annelida :
   (i)       Animals are terrestrial, aquatic marine or fresh water or parasitic.
   (ii)      They show organ system level of organization and are triploblastic.
   (iii)     They show metameric segmentation.
   (iv)      They are bilaterally symmetrical.
   (v)       Nephridia help in excretion and osmoregulation. e.g., Earthworm, Hirudinaria, etc.
  7.  Phylum Arthropoda :
   (i)       Individuals are bilaterally symmetrical and triploblastic.
   (ii)      Body is metamerically segmented with organ system graded organization.
   (iii)     Body is divisible into head, thorax and abdomen.
   (iv)      Locomotion with jointed appendages arising from each segments.
   (v)       Body is covered by chitinous exoskeleton. e.g., Periplaneta (Cockroach), Palamnaeus (Scorpion).
  8.  Phylum Mollusca :
   (i)       Individuals are bilaterally symmetrical and triploblastic. They show organ system graded organization.
   (ii)      Body is unsegmented, some are asymmetrical due to torsion.
   (iii)     Members are soft body individuals and body is differentiated into head, visceral mass and foot.
   (iv)      Visceral mass forms glandular fold called pallium or mantle.
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   (v)       They are aquatic and body is protected by a calcareous shell as an exoskeleton. e.g., Pila (Apple snail), 
Sepia (Cuttle fish).

  9.  Phylum Echinodermata :
   (i)       Animals are exclusively marine.
   (ii)      They show organ system level of organisation and are triploblastic.
   (iii)     They have an endoskeleton of calcareous ossicles and are spiny-skinned.
   (iv)      Adults are radially symmetrical and larvae are bilaterally symmetrical.
   (v)       Presence of water vascular system is a distinct feature. e.g., Asterias, Echinus, etc.
  10.  Phylum: Hemichordata :
   (i)       Animals are worm-like and exclusively marine.
   (ii)      They exhibit organ-system level of organisation and are triploblastic.
   (iii)     They are bilaterally symmetrical.
   (iv)      Body is divided into proboscis, collar and trunk.
   (v)       Proboscis gland is the excretory organ. e.g., Balanoglossus, Saccoglossus, etc.

  Classification of Animal Kingdom :

Notochord Notochord
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 Mnemonics

1. Concept : Non-Chordates
Mnemonic : Principal Called Calvin to  Perform on Amar Akbar Anthony Music Ex. Highlighting Cinema.
Porifera, Cnidaria, Ctenophora, Platyhelminthes, Aschelminthes, Annelida, Arthropoda, Mollusca, Echinoder-
mata, Hemichordata, Chordata

Key Words

  Metazoans : Group that comprises of all multicellular animals and body differentiated into tissues and organs.
  Parazoans : The multicellular animals whose cells are not grouped into tissues or organs, are called parazoans. 
  Eumetazoans : Those multicellular animals whose cells are grouped into tissues, organs and organ system are 

called Eumetazoan.
  Acoelomate : Animals in which body cavity (coelom) is absent.
  Pseudocoelom : Body cavity found between body wall and gut and it is not lined by mesodermal epithelium.
  Cephalization : The development of head by the concentration of sensory organs, feeding organs and nervous 

tissues at the anterior end of the body.
  Poikilotherms : Those animals who do not have a constant body temperature and change their body temperature 

according to the surrounding are called poikilotherm or cold blooded animals.
  Homoiotherms : Those animals who have a constant body temperature, are called homoiotherm or warm blooded 

animals.
  Mesoglea : A gelatinous matrix present in between ectoderm and endoderm in coelenterates.
  Gizzard : A muscular part of alimentary canal used for grinding food.
  Hermaphrodite : When the sexes are not separate i.e. when both male and female sex organs are present in the 

same individual, the animal is hermaphrodite or bisexual.
  Protoplasmic graded organisation : All the life functions are confined within a boundaries of single cell, seen in 

unicellular organism. This kind of body form is known as  protoplasmic graded organization.
  Cellular graded organisation : The animal is made up of many cells but cells do not form tissue. There is division 

of labour among the cells. This kind of body form is known as cellular graded organisation.
  Osculum : It is single large excurrent opening of canal system of sponges through which water leave the body.
  Polymorphism : Occurrence of many (different) forms among the members of a population.
  Metagenesis : Alternation of asexual polyp form with sexual medusa form in the life cycle of Cnidarian.  

Ex : Obelia.
  Parthenogenesis : Development of individuals without fertilization.
  Ectoparasites : Those organisms which depend on other organisms (host) for food and shelter but live on the 

surface of the host (outside), are called ectoparasites.
  Endoparasites : Those organisms which depend on other organisms (host) for food and shelter and live inside the 

body of the host are called endoparasites.

Topic-3 Chordata

Revision Notes
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  Sub-classification of chordata :
Phylum Chordata

Sub-phylum

Urochordata
(Notchord in larval tail)

Cephalochordata (Notochord
throughout life from head to tail)

Vertebrata (Notochord replaced
by Vertebral Column)

Agnatha
(lack jaws)

Gnathostomata
(bears jaws)

Ostracodermi
(extinct)

Superclass Pisces
(bears fins)

Superclass Tetrapoda
(bears limbs)

Classes

Cyclostomata

Classes

Placodermi Chondrichthyes Osteichthyes

Classes

Amphibia Reptilia Aves Mammalia

  Identifying characteristics of sub-phyla and classes of Phylum Chordata :
  l	Subphylum :
   1.  Urochordata— Notochord only in larval tail, example : Ascidia, Salpa
   2.  Cephalochordata— Notochord head to tail, example : Branchiostoma
   3.  Vertebrata— Notochord replaced by vertebral column.
       Class-1 Cyclostomata
	 	 	 		 •		They	are	jawless	vertebrates.
	 	 	 		 •		Body	is	elongated	and	Eel	like.	Body	is	divisible	into	trunk	and	tail.	e.g.	Petromyzon and Myxine. 
       Class-2 Chondrichthyes
	 	 	 		 •		They	are	jawed	vertebrates.
	 	 	 		 •		It	is	a	class	of	cartilaginous	fishes	with	paired	fins.
	 	 	 		 •		Cold	blooded	(poikilotherms)	animals.
	 	 	 		 •		e.g., Scoliodon (Dog fish).
       Class-3 Osteichthyes
	 	 	 		 •		Jawed	vertebrates	with	bony	endoskeleton.
	 	 	 		 •	Respiration	is	by	gills	supported	by	bony	gill	arches	and	covered	by	a	operculum.
	 	 	 		 •		e.g., Hippocampus (sea horse), Labeo (Rohu), Pterophyllum (Angel fish).
       Class-4 Amphibia
	 	 	 		 •		Can	live	both	on	land	and	water.	
	 	 	 		 •		Skin	slimy,	moist	and	lack	scales.
	 	 	 		 •		Respiration	by	gills	in	larval	stage	and	by	lungs	and	skin	in	adults.
	 	 	 		 •			e.g., Rana (Frog), Bufo (Toad).
      Class-5 Reptilia
	 	 	 		 •		Mostly	terrestrial.
	 	 	 		 •		Have	creeping	or	crawling	mode	of	locomotion.
	 	 	 		 •		Skin	dry	and	cornified.
	 	 	 		 •	e.g., Chelonia (Turtle), Chameleon (Tree lizard), Snake, etc. 
      Class-6 Aves
	 	 	 		 •		This	class	includes	all	the	birds.
	 	 	 		 •		They	are	characterized	by	the	presence	of	feathers.
	 	 	 		 •	They	possess	a	beak.
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	 	 	 		 •		Their	forelimbs	are	modified	into	wings	and	the	hindlimbs	are	modified	for	walking,	swimming	
or clasping the tree branches.

      Class-7 Mammalia
	 	 	 		 •		They	have	mammary	glands	producing	milk	to	nourish	their	your	ones.
	 	 	 		 •		They	are	viviparous	with	a	few	exceptions.
	 	 	 		 •		They	possess	hairs	on	skin.	Ears	and	pinna	are	present.
	 	 	 		 •		e.g., Human beings.

Key Words

  Cephalochordates : They are marine protochordates having persistent notochord throughout life.
  Tunicin : It is cellulose like polysaccharide present in the test or tunic of urochordates.
  Urochordates : They are primitive marine protochordates. Notochord is confined at the caudal end.
  Notochord : It is a solid, flexible rod like structure situated on the dorsal side between dorsal hollow nerve cord 

and the alimentary canal.
  Craniate : They are group of chordates having cranium (brain box) as a protective structure around the brain.
  Tetrapodes : Vertebrates having two pairs of pentadactyl limbs are known as tetrapodes. It includes amphibians, 

reptiles, aves and mammals.
  Neoteny : Retention of juvenile characteristics in the adults of a species, as among certain amphibians.

  

 Mnemonics

Concept : Superclass Tetrapoda          
Mnemonics: As Red As Marble
Monocot : Amphibia, Reptilia, Aves, Mammalia

qq

UNIT-2 : STRUCTURAL ORGANISATION IN ANIMAL AND PLANTS

CHAPTER-5
MORPHOLOGY OF FLOWERING PLANTS

Topic-1 Morphology of Root, Stem and Leaves

Revision Notes

  Morphology 

   Morphology is the branch of science which deals with the study of form and structure. In botany, it generally 
means the study of external features, forms and relative positions of different organs on plants.

  Morphology of Root 
  Regions of the Root

 The root has five main regions which are as follows : 
	 •	 Root Cap is the structure that covers the apex/tip of the root. It helps in protecting the apex of the root.
	 •	  Region of Meristematic activity located few millimetres above the root cap. The cells of this region has the 

property of repeated divisions which is needed for the growth of the plant. 
	 •	  Region of Elongation is located proximal to the region of meristematic activity. This is required for the 

elongation of root.
	 •	  Region of Maturation is located proximal to region of elongation. These cells gradually differentiate and 

mature. Root hairs arise from the region of maturation which helps in absorption of water and minerals 
from the soil.
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 Root System
	 •	 	Tap root system : The tap root system develops from radicle of the germinating seed. It is also called the 

normal root system. The tap root system is present in dicotyledonous plants. The first root forms by the 
elongation of radicle and is called primary root. It continuously grows and produces lateral roots called 
secondary roots. The further branches of the secondary roots are called tertiary roots and so on. These 
types of roots are present in dicots. e.g., Pea, gram, groundnut, etc.

	 •	  Fibrous root system : In monocot plants, the primary root is short-lived and is replaced by a large number of 
roots. These roots originate from the base of the stem and constitute the fibrous root system. e.g., Wheat plant.

	 •	  Adventitious root system : The root system that develops from any part of the plant body other than the 
radicle is called the adventitious root system. It is mostly seen in monocotyledonous plants.

 Modification of Roots
 Roots modify in structure to perform different functions as explained below:
	 • Tuberous  root is an enlarged fleshy root modified as storage organ with shoots produced at one end and  
  roots are  produced at the other. E.g., Mirabilis and sweet potato.
	 •	  Fusiform root is a modified form of tap root. The root is swollen from the middle and tapers at both the 

ends. E.g.,  Radish.
	 • Conical root as the name signifies it is conical in shape, i.e., widest at the top and tapering  
  towards the bottom. E.g., carrot.
	 •	  Napiform roots are also a modified tap root. They have swollen base and then it tapers abruptly. E.g. , 

Turnip.
	 •	 Prop roots are roots which are modified for aerial support. E.g. , Corn.
	 •	 Stilt roots are modified roots for support. E.g. , Maize.
	 •	 	Pneumatophores are roots modified for respiration. They grow in swampy area and grow vertically 

upwards. E.g. , Rhizophora.
   Morphology of Stem 
   The stem is the most prominent, ascending and generally aerial part of the plant, which develops from the 

plumule and epicotyl.
 Underground Stem Modification
 The underground stems lack green colour because of their geophillous nature. They can be identified as stems 

because of the presence of nodes, internodes, scale leaves, buds and branches. Based on the type of growth 
(transverse/vertical/oblique) and the part that stores food (main stem/ branch/ leaf base), the underground 
stems are classified into several types:

 1.  Bulb : A bulb is a specialized underground stem which bears roots on it’s lower side and rosette of fleshy 
leaf bases or fleshy scales on the upper side. In a bulb, the stem is reduced and becomes discoid. On the 
lower side of the disc adventitious roots develop in clusters. The upper side of the disc shows compactly 
arranged scale leaves so as to form an underground bulb. Bulbs are of two types, tunicated bulb and scaly 
bulb.

 2.  Stem tuber : Stem tuber is the tuberous tip of an underground branch. It occurs beneath the soil at a depth. 
The axillary branches (stolons) that are produced near the soil surface grow into the soil and their tip 
become swollen due to accumulation of starch and proteins e.g., Solanum tuberosum (potato).

 3.  Rhizome : The rhizome is a thickened, underground dorsiventral stem that grows horizontally at particular 
depth within the soil.

 4.  Corm : The corm is an underground modification of main stem with more diameter than length. It grows 
vertically at particularly depth in the soil. The corm stores food materials and becomes tuberous. It is non 
green in colour and conical, cylindrical or flattened in shape.

 Aerial Stem Modification
 Aerial stem modifications are modifications to the aerial stems, vegetative buds and floral buds of plants 

which perform functions such as climbing, protection, synthesis of food, vegetative propagation, etc.
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 1.  Tendrils : Some weak stem plants produce wire-like, coiled, sensitive and delicate organs for climbing. 
They are called tendrils. 

 2.  Thorns : These are hard, woody, pointed structures meant for protection. They are provided with vascular 
tissue, which may develop from the axillary bud or terminal buds. They control transpiration by reducing 
the vegetative growth. 

 3.  Bulbils : When axillary bud becomes fleshy and rounded due to storage of food, it is called bulbil. It gets 
detached from the plant, falls on ground and develops into a new plant. e.g. Dioscorea. It is in axil (the space 
between leaf and stem).

 4.  Phylloclades: The phylloclade is special modified photosynthetic stem present mostly in xerophytes. It is 
green, flattened or cylindrical structure which has distinct nodes and internodes. 

 5.  Cladodes : These are green branches of limited growth (usually one internode long) which have taken up 
the functions of photosynthesis. True leaves are reduced to scales or spines, e.g. Asparagus.

 6.  Thalamus : Thalamus of a flower is a modified stem apex. The other floral parts (sepals, petals, stamens 
and carpels) are borne on the thalamus. It may be convex (Ranunculus), concave (Lathyrus) or flask shaped 
(Rosa).

 Sub aerial weak stem modification
 It is incapable of growing straight upright, and under natural conditions trail on the surface of the soil or 

climb with the help of some support.
 1.  Runners : This prostate aerial stem has a long internode and creeps horizontally. Axillary buds arise from 

nodes to form aerial shoots and roots. e.g., Cynodon (doob grass) and Oxalis.
 2.  Stolons : They are special kinds of runners which initially grow upwards like ordinary branches and then 

arch down to develop new daughter plants on coming in contact with the soil. e.g., Strawberry (Fragaria 
vesica), Colocasia, Peppermint (Mentha piperita), Jasminum (Jasmine).

 3.  Offsets : They are weak, elongated, horizontal branch of one internode that arises in the axil of a leaf. 
	 	 •	 At	the	tip,	it	produces	cluster	of	leaves	above	and	tuft	of	roots	below.	
	 	 •	  The offset may break off from the parent plant and act as individual plants. 
	 	 •	  They are found usually in aquatic plants and rarely is terrestrial plants.
	 	 •	  They are helpful for vegetative propagation. e.g., Eichhornia (water hyacinth), Agave, Pistia.
 4.  Suckers : In plants like banana, pineapple, Chrysanthemum, the lateral branches originate from the basal 

and underground portion of main stem. They grow below the surface of the soil to some distance and then 
emerges out obliquely to form aerial shoot.

  Morphology of Leaves 
 Leaf is a green, dissimilar exogenous lateral flattened outgrowth which is borne on the node of a stem or its 

branch and is specialised to perform photosynthesis.

 Parts of Leaves
 A leaf consists of three parts— lamina, petiole and leaf base.
	 •	 	Lamina ( epipodium) or leaf blade is the terminal thin, expanded, green and conspicuous part of the leaf 

which is specialized to perform photosynthesis. The flattened lamina or leaf blade is supported by veins 
and veinlets which contain vascular tissues for conduction of water, mineral salts and prepared food.

	 •	 	Petiole ( mesopodium) is a cylindrical or sub-cylindrical smooth or grooved stalk of the leaf which lifts the 
lamina above the level of stem so as to provide it with maximum exposure. Leaf having petiole is called 
petiolate. It is termed sessile if the petiole is absent.

	 •	 	Leaf base (hypopodium) is the lowermost part of the leaf by which the leaf is joined to the node of the 
stem. It protects the young axillary bud. Leaf base is often indistinguishable from the petiole. In many 
legumes, it is swollen. 

Venation
 Veins and the veinlets are arranged in the lamina of leaf in two form : reticulate (network) or parallel. Their 

arrangement is known as venation.
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 Types of leaves
  On the basis of shape of lamina, the leaves are classified into two types, namely, simple leaf and compound 

leaf.
	 •	  Simple leaves : The leaf having single undivided lamina is called the simple leaf. The simple leaf may be 

entire (e.g., Mango and Hibiscus rosa sinensis) or lobed. The lobes of a simple leaf may be entire pinnately 
arranged (e.g., Brassica) or palmately arranged (e.g., Gossypium, Passiflora and Ricinus).

	 •  Compound leaves : A compound leaf is one in which the lamina or the leaf blade is completely divided 
into many segments or units called leaflets or pinnae. When pinnae or leaflets are attached in various ways 
to the portion of leaf axis it is known as the rachis. The compound leaves may be of two types, namely, 
pinnately compound leaves and palmately compound leaves.

  (a)  Pinnately compound leaves : It is the most familiar and widespread type of compound leaf in which 
the rachis is elongated and bears two rows of simple or divided leaflets. The leaflets may be arranged 
alternately or in pairs along with the rachis.

  (b)  Palmately compound leaves : In a palmately compound leaf, the leaflets are arranged at the tip of the 
petiole. 

 Phyllotaxy
 The arrangement of leaves on the stem is called phyllotaxy.
 1.  Alternate or Spiral Phyllotaxy : When only one leaf is found at each node. The leaves present at successive 

nodes alternate with each other.
 2.  Opposite Phyllotaxy : When two leaves are present at a node opposite to each other the type of phyllotaxy 

is called opposite.
 3.  Whorled Phyllotaxy : If more than two leaves are present at a node as whorl, it is called whorled phyllotaxy. 

It is also called cyclic or verticillate phyllotaxy. e.g., Nerium, Hydrilla and Alstonia.
 4.  Leaf Mosaic : This is a special type of arrangement of leaves. Older leaves present at the lower nodes of the 

stem possess longer petioles with bigger lamina and the young leaves of upper nodes bear shorter petioles 
with smaller lamina. e.g., Begonia, Acalypha and Sycamore.

  Modification of Leaves

 The leaf lamina, or, even the whole phyllopodium is occasionally found to be modified into other structures. 
Prominent instances are:

 1.  Leaf spines : Spines sometimes arise as modifications of leaf apices or the apices of marginal lobes. These 
spines may be comparatively small as on the leaves of Argemone mexicana, Pineapple, Agave, Aloe, etc. In the 
date-palm this spine is quite a hard structure.

 2.  Leaf tendrils : It has been seen in connection with tendril climbers that various organs of the plant may be 
transformed into tendrils. 

 3.  Hooks : Climbing hooks are sometimes modified leaves. In  Macfadyena unguis cati from Assam, the three 
terminal leaflets become claw-like hooks. The leaf spines on the main branches of Asparagus also act as 
hooks.

 4.  Fleshy leaves : Some leaves, specially in xerophytes and halophytes, become fleshy because of the storage 
of water, mucilage and food matter. Such leaves contain a special storage tissue.  The fleshy leaves of onion 
and garlic (bulb) also stores food.

 5.  Pitcher : The pitchers of insectivorous pitcher plants,  venus-fly- trap, etc., which are wholly or partially 
modified leaf lamina.  Another such pitcher is found in the epiphytic climber Dischidia rafflesiana 
(Asclepiadaceae) from Assam. 

 6.  Bladder : The bladders which are the insect-catching traps of Utricularia have been described as  modified 
lobes of leaves.

 7. Leaves also get modified to help in reproduction.       
  Leaves  of Bryophyllum have adventitious buds  which help in vegetative reproduction.

  

 Mnemonics

1. Concept : Weak stem modification
Mnemonic : Syrup of Rose is Sweet
stolons, offsets, runners, suckers

2. Concept : Aerial stem modification
Mnemonic : Ten Thousand People Bring Clovers 
Together
Tendrils, Thorns, Phylloclades, Bulbils, Cladodes, 
Thalamus
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Topic-2 Morphology of Flowers

Revision Notes
  The Flower :
  l  A flower is a modified shoot wherein the shoot apical meristem changes to floral meristem.
  l  Flower is the reproductive part of angiospermic plants for sexual means of reproduction.
  l  A typical flower has four whorls arranged on a swollen end of stalk or pedicel called thalamus. They are 

calyx, corolla, androecium and gynoecium.
  l  When floral appendages are in multiple of 3, 4 or 5, they are called trimerous, tetramerous and pentamerous 

respectively.
  l  Flower with reduced small leaf at the base of pedicel are called bracteates and without small leaf are called 

ebracteate.
  l  Calyx is the outermost whorls of the flower; its members are called sepals. They are generally green and 

leafy; protect the flower in bud stage. It may be gamosepalous (sepals united) or polysepalous (sepals free).
  l  Corolla consists of petals, which are brightly colored to attract the insects for pollination. They may be 

gamopetalous or polypetalous.
  l  Perianth : If there is no difference between calyx and corolla then together they are called as perianth.
  l  Whorls of a typical flower

  l  Types of Flower

Types of Flower

On the basis of sex organ present On the basis of symmetry Position of ovary

Flower having
both androecium
and gynoecium.

Flower having either
androecium or

gynoecium

Flower cab be divided
into two equal halves in

any plane passing through
the center of flower

Zygomorphic

Flower can be divided into
two similar parts only in

one median plane

Ovary is superior , ovary
is situated above all floral

whorls Mustard, China Rose

i.e.

e.g.,

Ovary is half inferior .
all floral whorls are at

the same level
Plum, Rose and peach

i.e

e.g.,

Ovary is inferior it is below
the calyx, corolla & stamens

Guava and cucumber

i.e.

e.g.,

Bisexual Unisexual Actinomorphic

Hypogynous flower Perigynous flower Epigynous flower
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  Complete flower : Any flower that has all four whorls (sepals, petals, stamens, and carpel) is called a complete 
flower. e.g., Rose.

   Incomplete flower : A flower that has three or fewer whorls is called an incomplete flower. e.g., Oak.

   Aestivation : The mode of arrangement of sepals or petals in floral bud with respect to the other members of same 
whorl is called aestivation. It is of following types : (i) Valvate, (ii) Twisted, (iii) Imbricate, (iv) Vexillary.

  The Androecium :

  l  Androecium represent the male reproductive part of a flower. It consists of stamens. Each stamen consists of 
filament and anther. Pollen grains are produced in pollen sac. Sterile stamen is called Staminode.

  l  When stamens are attached with petals, they are called epipetalous (e.g., Brinjal) and epiphyllous when 
attached with perianth (e.g., Flowers of lily). Stamen in a flower may be free (polyandrous) or may be united in 
one bundle (monoadelphous), two bundles (diadelphous), or into more than two (polyadelphous). 

  l  The condition of stamens is called as adelphous if they are united only through their filaments, syngenesious 
if united only through anthers and synandrous if united through out their entire length.

  l  Anthers with single chambered are called monothecous anther. Bilobed anthers are called as dithecous.

  The Gynoecium : 

  l  Female reproductive part of flower consists of one or more carpels. Each carpel is made up of stigma, style and 
ovary.

  l  When more than one carpel is present, it may be free (apocarpous) as in lotus and rose or fused together 
(syncarpous) as in mustard and tomato.

  l  Syncarpous ovary may have single locule (chamber)  unilocular or two locules (bilocular) or as many locules as 
the number of carpels (multilocular).

  l  After fertilization, ovules change into seeds and ovary mature into fruits.

  Placentation :

  l  The arrangement of ovules within the ovary is called placentation.
  l  The placentation are of different types namely marginal, axile, parietal, basal, central and free central.

  The Fruit :
  l  Mature and ripened ovary developed after fertilization is fruit. If a fruit is formed without fertilization, it is 

called parthenocarpic fruit.
  l  Fruit consists of seeds and pericarp. Thick and fleshy pericarp is three layered called epicarp, mesocarp and 

endocarp.
  l  The fruit which develops from the ovary only is called true fruit and if the parts of the flower other than 

ovary also take part in development of the fruit, it is called false fruit or pseudocarp.
  l  Mango and coconut are drupe and true fruits. In mango the mesocarp is fleshy and edible. In coconut, the 

mesocarp is fibrous and endosperm is edible.

  Seed :
  l  Dicotyledonous seed is made up of a seed coat and an embryo. Embryo is made up of embryonal axis, 

radicle and cotyledons.
  l  Seed coat has two layers : Outer testa and inner tegmen. Hilum is scar through which seed is attached to the 

ovary. Small pore above the hilum is called micropyle.
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Cotyledon Plumule

Radicle

Fig : A Dicot Seed

  l  In monocotyledonous seed, outer covering of endosperm separate the embryo by a proteinaceous layer 
called aleurone layer.

  l  Single cotyledon is called as scutellum having a short axis bearing plumule and radicle.
  l  Plumule and radicle are closed inside sheaths called as coleoptile and coleorhiza respectively.

Embryo

Fig A Monocot Seed
  l  Seeds in which endosperm is present and persists are called as albuminous or endospermic. e.g. in 

monocotyledons whereas the seeds in which the endosperm and nucleus is absent because it is completely 
digested by developing embryo are called non-albuminous or endospermic. e.g. monocot seeds.

  l  Perisperm is a mass of nutritive material present outside the embryo sac.

  Inflorescence : It is the arrangement of flowers on the floral axis. 

 

Key Words

  Complete and Incomplete flower: A flower having all the four whorls (calyx, corolla, androecium and gynoecium) 
is called complete flower. If one or more whorls are missing in a flower then it is said to be incomplete.

  Placentation : The pattern of ovule arrangement in the ovary is called placentation.
  Monoecious and Dioecious flower: When both staminate and pistillate flowers are borne on the same plant, the 

condition is known as monoecious, and when staminate and pistillate flowers are present on different plants, is 
said to be dioecious.

  Hypogynous : When the ovary occupies the highest position on the thalamus and other floral parts like sepals, 
petals and stamens are present below it, the ovary is superior and the flower is hypogynous.

  Perigynous : When the thalamus forms a cup-shaped structure and bears sepals, petals and stamens, the ovary is 
half inferior and the flower is perigynous.

  Epigynous : When cup-shaped thalamus gets fused with ovary and all the floral parts like sepals, petals and 
stamens are present above the ovary, then the ovary is said to be inferior and the flower is said to be epigynous.

  Actinomorphic flower : It is a flower which can be divided into two equal leaves by any vertical section.
  Zygomorphic flower : It is a flower that can be divided into two equal halves by one vertical plane only.
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  Aestivation : The arrangement of sepals or petals in relation to one another in the bud condition, is called 
aestivation.

  Perianth : When calyx and corolla  cannot be distinguished, the floral leaves of the non-essential whorl are called 
tepals and the whorl is called perianth.

  Seed : A seed can be defined as a mature fertilised ovule that possesses an embryo plant, stored food material in 
the form of cotyledons or endosperm and a protective seed coat.

  

 Mnemonics

1. Concept : Types of placentation

Mnemonic : Maths And Physics are Formulae 
Based

Marginal, Axile, Parietal, Free central, Basal 

2. Concept : Monocot  seed
Mnemonic : Every Single Chapter can Provide 
Real Concept
Endosperm, Scutellum, Coleoptile , Plumule, 
Radicle, Coleorhiza

qq

CHAPTER-6
ANATOMY OF FLOWERING PLANTS

Topic-1 Plant Tissues, Types of Plant Tissues, Epidermal 
Tissues System, Vascular Tissues System

Revision Notes

  Anatomy : It is the study of internal structure of organism. In plants, anatomy includes histology, that is, 
organization and structure of tissues. Anatomy helps in knowing the structural peculiarities of different group of 
plants and indicates the structural adaptation to diverse environments.
I. Meristematic tissue
The tissue: A group of cells having a common origin and usually performing common function as called tissues.

  A meristem or meristematic tissue is a simple tissue composed of a group of similar and immature cells which can 
divide and form new cells.

Types of Meristematic tissue : 
  Meristematic Tissue On the Basis of Position :

  (i) The meristem which occurs at tips of roots and shoots and produce primary tissues are called apical 
meristem.

  (ii) Intercalary meristem occurs between mature tissues especially in grasses. They are also called as secondary 
meristem as they appear later than primary meristem. 

  (iii) The meristem that occurs on the sides and takes part in increasing girth of the plants are called lateral 
meristem. 

Meristematic Tissue On the basis of Origin :
  (i)  Promeristem : It is the earliest and youngest meristematic tissue. It originates from the embryo. 
  (ii)  Primary meristem : It arises from promeristem. It is present below the promeristem and forms the permanent 

tissue.
  (iii)  Secondary Meristem : It originates from the primary meristem. The permanent tissue forms from the 

secondary meristem.
   •  Both apical meristems and intercalary meristems are primary meristem because they appear early in the life 

of a plant and contribute to the formation of primary plant body.
(a)  Intrafascicular cambium is the primary lateral meristem. 

(b)  Vascular cambium, cork cambium are secondary meristem.

Meristematic Tissue On the Basis of Function :

(i) Protoderm: It is the outermost plant tissue and forms the epidermis.  It protects the plants from any mechanical 
shocks.
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(ii)  Procambium: It is the innermost tissue and gives rise to xylem and phloem. It helps in the transport of water 
and nutrients to different parts of the plant.

(iii)Ground Meristem: The cells are large with thick walls. It forms the cortex, pericycle and pith.

II. Permanent tissue

The cells that have become structurally and functionally specialized and have lost the ability of cell division are 
called permanent tissue.

Permanent tissues having all cells similar in structure and function are called simple permanent tissues and those 
having different kinds of cells are called complex tissue. 

(a) Simple permanent tissues

(i) Parenchyma is a simple permanent living tissue which is made up of thin-walled similar isodiametric cells. 
Each cell encloses a large central vacuole and peripheral cytoplasm containing nucleus. They are found in 
non-woody and soft areas of stem, root, leaves, fruits and flowers. They store food and provide turgidity to 
softer parts of plant.

(ii) Collenchyma consists of cells which are much thickened at corner due to cellulose, hemicellulose and pectin. 
They are oval, spherical or polygonal and often contain chlorophyll. They provide mechanical support to the 
growing parts of the plants like young stem and petiole of a leaf.  

(iii) Sclerenchyma are supportive tissue having highly thick walled cells with little or no protoplasm due to 
deposition of lignin. They are of two types : fibres and sclereids. They give mechanical support to mature 
plant organs to tolerate bending, shearing, compression, etc. The sclereids are commonly found in the fruit 
walls of nuts, pulp of fruits like guava, pear and sapota. 

 (i)  Xylem :   Complex Tissues : Xylem and phloem constitute the complex tissues in plants and work together  
      as a unit. 

	 •	 Xylem	functions	as	a	conducting	tissue	for	water	and	minerals	from	the	roots	to	the	stem	and	leaves.

	 •	 It	also	provides	mechanical	strength	to	the	plant	parts.

	 •	 	It	is	composed	of	tracheids,	vessels,	xylem	fibres	and	xylem	parenchyma.	Gymnosperms	lack	vessels	in	
their xylem. The presence of vessels is characteristic feature of angiosperms.

	 •	 In	flowering	plants,	tracheids	and	vessels	are	the	main	water	conducting	tissues.

	 •	 	Vessels,	 tracheids	and	xylem	fibres	are	dead	and	are	without	protoplasm.	Xylem	parenchyma	cells	are	
living and thin walled and they store food materials.

	 •	 	Primary	xylem	is	of	 two	types	 :protoxylem	first	 formed	primary	xylem	elements	and	metaxylem	(later	
formed primary xylem). In stem, protoxylem lies in centre and metaxylem towards the periphery. This 
type of primary xylem is called endarch.

	 •	 	In	roots,	protoxylem	lies	in	periphery	and	metaxylem	lies	towards	the	centre.	This	type	of	primary	xylem	
is called exarch.

(ii)  Phloem : 
	 •			Phloem	is	made	up	of	the	following	components	–	sieve	tubes,	companion	cells,	phloem	parenchyma	and	 

  phloem fibres. 
	 •			Phloem	conducts	food	in	both	directions.	
	 •		Among	all	the	components,	phloem	fibres	are	the	only	dead	cells.
TISSUE SYSTEM
(a) Epidermal Tissue System :
 It forms the outermost covering of whole plant body, which consists of epidermal cells, stomata and the 

epidermal appendages (trichomes and hair).  
 Epidermis is single layered, parenchymatous with waxy thick layers of cuticle to prevent water loss.
 Stomata is present in epidermis of leaves. It regulates the transpiration and gaseous exchange. In dicots, 

stomata are bean-shaped having two guard cells closing the stomatal pore. In monocots, stoma is dumb-bell 
shaped. Guard cells contain chloroplasts that help in opening and closing of stomata.

 Epidermis also contains a number of hair. Root hair are unicellular elongation of epidermal cells. Trichomes 
are present on stems, which are multicellular, branched or unbranched preventing water loss due to 
transpiration. 

(b) The Ground Tissue System :
	All the tissue between epidermis and vascular bundle forms the ground tissues. It consists of simple permanent 
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tissues. Parenchyma is present in pericycle, cortex, pith and medullary rays in stem and roots. 
	In leaves, the ground tissue consists of thin-walled chloroplast containing cells and is called mesophyll.
(c) The Vascular Tissue System :
	The vascular system consists of complex tissues, xylem and phloem that together form vascular bundles. 
	In cambium is present between phloem and xylem. Such vascular bundles because of the presence of 

cambium possess the ability to form secondary xylem, and hence called open vascular bundles. 
	In monocots, the vascular bundles have no cambium and are called closed. 
	When xylem and phloem within a vascular bundle are arranged in alternate manner on different radii, the 

arrangement are called radial as in roots. When xylem and phloem are situated at the same radius of vascular 
bundle, it is called conjoint as in stem and leaves.

  

 Mnemonics

1. Concept : Simple permanent tissues
Parenchyma, Sclerenchyma, Collenchyma
Pears are Sweeter than Cherry

2. Concept : Tissue system
Mnemonics : Eggs are Very Good.

Epidermal, Vascular, Ground

Topic-2 Anatomy of Root, Stem and Leaf

Revision Notes

  Anatomy of Root, Stem and Leaf :
   (a) Dicotyledonous Root :

	 •	 The outermost layer of dicot root is epidermis containing unicellular root hairs.

	 •	 Below epidermis, there are many layered parenchymatous cortex followed by endodermis and 2-6 exarch 
and radial vascular bundles.

   (b) Monocotyledonous Roots : 

	 •	  Anatomically in monocot roots, epidermis, cortex, endodermis, pith are similar to dicots except having 
more than one vascular bundles with larger pith.

Root hair

Epidermis

Cortex
Endodermis

Pericycle

Protoxylem

Metaxylem

Pith

Phloem

T. S. Monocot Root
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   (c) Dicotyledonous Stem :
	 •	  Epidermis is the outer layer of dicot stems having thin layer of cuticle which contain trichomes and hairs.
	 •	 Ground tissue is differentiated into cortex, pith and many layered pericycle.
	 •	  Vascular bundles are conjoint, open endarch with protoxylem. Pith is parenchymatous with 

intercellular spaces.

Unicellular Root hair

Epidermis

Cortex

Endodermis
Pericycle

Protoxylem

Metaxuylem

Pith

Phloem

T. S. Dicot Root

   (d) Monocotyledonous Stem :
	 •  They have sclerenchymatous hypodermis, large number of scattered vascular bundles surrounded by 

sclerenchymatous bundle sheath. Vascular bundles are closed and conjoint. Phloem parenchyma is absent.

Monocot stem of maize, (A) T.S. diagrammatic, (B) Part of T.S. showing details



Oswaal ISC Revision Notes Chapterwise & Topicwise, BIOLOGY, Class-XI32

   (e) Dicotyledonous Leaf (Dorsiventral) :

	 •	  Vertical section through lamina shows three regions : epidermis, mesophyll and vascular system.
	 •	  Epidermis covers both upper (adaxial) and lower (abaxial) surface . The abaxial epidermis bears more 

stomata than the adaxial epidermis. 
	 •	  Mesophyll is differentiated into palisade and spongy tissue.
	 •	  Vascular bundles are conjoint, collateral and xylem is facing towards upper epidermis.

   (f) Monocotyledonous Leaf (Isobilateral):

	 •	 Monocot leaves are similar to dicot leaves anatomically, except, stomata are present on both surfaces of 
epidermis and mesophyll cells is not differentiated as spongy and palisade cells.

          
                                                             T. S. of Monocot Leaf

 	 Secondary Growth in Dicot Stem :
	 •	 It is the growth in girth (thickness) due to the formation of secondary tissues by lateral meristems (vascular 

cambium and cork cambium).

	 •	  The interfascicular and intrafascicular cambium together forms a complete ring of cambium which 
produces secondary xylem inside and secondary phloem outside.

	 •	  Secondary xylem produced appears in concentric rings.

	 •	  The amount of xylem produced during one year is called annual ring. It consists of light columned spring or 
early wood produced during spring season and dark coloured narrow zone of late or autumn wood.

	 •	  Old dark coloured xylem toward the pith is called heart wood while newly formed light coloured xylem 
nearer to cambium is called and sap wood.

Pith

Primary
xylem

Vascular
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Primary
phloem

Cortex
Epidermis

Interfascicular
cambium

Phellem

Phellogen

Medullary
rays

Secondary
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(a) (b)

(c)

(d)

Secondary growth in a dicot stem (diagrammatic) stages in transverse views.
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   •  Cork cambium or phellogen is formed in the outer cortex of stem. It cuts off cells on its either sides. The cells 
cut off toward the outside give rise to the phellem or cork while the inner cells give rise to the secondary 
cortex or phelloderm. Phellogen, phellem, and phelloderm are collectively known as periderm. 

   •  Bark refers to all the tissues exterior to the vascular cambium including secondary phloem.

   •  Secondary growth also occurs in stem and root of gymnosperms but not in monocotyledons.

   •  Wood constitutes the bulk of the plant body in dicot stems and dicot roots. It can be categorized into—

   (i) Spring Wood and Autumn Wood : 

   •  The cambium is very active in spring and produces tracheary elements that are larger in dimension, this 
type of wood formed in spring is called spring wood or early wood.

   •  In winter, the cambium is less active and forms xylary elements that are smaller in dimension, this type of 
wood formed in winter is called autumn wood or late wood.

   (ii) Heart Wood and Sap Wood : 

   •	  In old trees, the central core of wood that consists of dead elements with highly thickened/lignified walls, is 
called heart wood. It does not conduct water but gives mechanical support to the plant.

   •  The peripheral region of the secondary xylem/wood is called sap wood. It is involved in the conduction of 
water and minerals.

   (iii) Hard Wood and Soft Wood :

   •  In angiosperms, the wood produced is called as hard wood also known as porous wood mainly consists of 
95% of vessels.

   •  In Gymnosperms, the wood produced is called as soft wood or non-porous wood mainly consists of 
tracheids.

Key Words

  Tissue : A group of similar or dissimilar cells which performs essentially the same function and has a common 
origin is called a tissue.

  Apical meristem : Meristematic tissue present at the apices of roots and shoots, responsible for the increase in 
length of the root and shoot axis.

  Chlorenchyma : Parenchymatous cells, which contain numerous chloroplasts and are engaged in photosynthesis.

  Meristem : It is a group of young, immature, undifferentiated cells having the capacity to undergo mitosis.

  Dedifferentiation : It is a process during which permanent tissues regain the ability to undergo cells division and 
changes into meristematic tissues.

  Simple permanent tissues : It is the tissue where cells have lost the power of division and all cells are similar in 
structure and shape.

  Complex permanent tissue : It is the tissue where cells have lost the power of division, but cells are different 
shapes and structure. They are mainly involved in conduction of materials.

  Secondary growth : Increase in the thickness of the stem by the addition of secondary permanent tissue by the 
activities of lateral meristem in the stelar and cortical region is called secondary growth.

  Pericycle : A layer of tissue present outside the stele of the root, associated with the formation of lateral roots.

  Periderm : A protective layer of secondary tissue present in stems and roots. Derived from epidermis, consists of 
cork, cork cambium and secondary cortex.

  Quiescent centre : An area of slow dividing cells present at the root apex.

  Annual rings : The wood produced during one growth period, is called an annual ring, it consists of early wood 
and late wood.

qq
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CHAPTER-7
STRUCTURAL ORGANIZATION IN ANIMALS

Topic-1 Animal Tissues

Revision Notes

 1. Epithelial Tissue :

•	 	The	word	“epithelium”	was	introduced	by	Ruysch.	It	was	applied	directly	to	thin	skin	covering	the	nipple.	
Cells of the epithelium are set very close to each other, separated by very thin films of extracellular material. 
Neighbouring cells are held together by cell junctions. The epithelial tissue rests on a non cellular basement 
membrane, which separates it from the underlying connecting tissue.

•	 	Epithelial	 tissue	 arise	 from	 the	 three	 primary	 germ	 layers	 :	 ectoderm,	mesoderm	 and	 endoderm	 of	 the	
embryo. The basement membrane is a non-cellular membrane made up of two layers. Upper thin layer called 
basal lamina is made up of glycoproteins and mucopolysaccharides secreted by epithelial cells. Lower thick 
fibrous layer also called as reticular lamina, are made up of reticular fibres and collagen fibres which are a part 
of underlying connective tissue.

•	 	Blood	vessels	are	absent	in	the	epithelial	tissue.	Materials	are	exchanged	between	epithelial	cells	and	vessels	
of the connective tissues by diffusion across the basement membrane.

•	 	All	cells	of	epithelium	are	held	together	with	little	intercellular	material	in	nearly	all	animal	tissues.	Specialized	
junctions provide both structural and functional links between its individual cells.

•	 There are three types of cell junctions : 
 1. Tight junctions : Help to stop substances from leaking across a tissue.
 2. Adhering junctions : Help to keep adjacent cells together.
 3.  Gap junctions : Facilitate the cells to communicate with each other by connecting the cytoplasm of adjacent 

cells.
	 •	 These	cell	junctions	are	more	frequent	in	ciliated	epithelium.
	 •	 The	epithelial	tissue	is	classified	into	simple	and	compound	epithelia.

1. Simple Epithelium (Single layer Epithelia)

  It is formed of a single layer of cells. The adjacent cells are held together by means of desmosome, resting on 
the basement membrane. Simple epithelium occurs mainly on secretory and absorptive surfaces. It means it 
helps in nutrition, excretion, secretion but not for protecting the underlying tissue.
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	 •	 Simple	Squamous	Epithelium

   Squamous epithelium consists of a layer of thin, flat, scale-like cells with prominent nuclei. The cells have 
irregular boundaries that fit closely into those of neighbouring cells. It forms the inner lining of lung alveoli 
and blood vessels (= Endothelium). It is also known as pavement membrane and tessellated epithelium.

	 •	 Simple	Cuboidal	Epithelium

   Cubical epithelium has cells which are polygonal in outline, but appear cuboidal in vertical section. It lines 
small salivary and pancreatic ducts and thyroid vesicles. The cells participate in secretion, excretion and 
absorption. The cells of cubical epithelium in absorptive surfaces often bear microvilli on their free ends. 
This gives a brush-like appearance to their free border. They are, therefore, called brush-bordered cubical 
epithelial cells e.g., in proximal tubules of kidneys. Microvilli greatly increase the area of the free surface of 
the cell and thereby enhance absorption.

	 •	 Simple	Columnar	Epithelium

   Columnar epithelium is characterised by the presence of tall cells shaped like polygonal columns. The 
nucleus is usually located at the base of the cell. Columnar epithelium covers the inner surface of the 
intestine, stomach and gall bladder. It also occurs in gastric and intestinal glands. Its function is secretion 
or absorption. The intestinal mucosa is lined by brush-bordered columnar epithelium which is highly 
absorptive.

	 •	 	Simple	Ciliated	Epithelium	:	  Ciliated epithelium consists of columnar or cubical cells bearing cilia on 
their free surfaces. The function of the cilia is to move particles, free cells or mucus in a specific direction 
over the epithelial surfaces. Ciliated epithelium lines the inner surfaces of some hollow organs such as 
fallopian tubes, bronchioles and small bronchi. Ciliated columnar epithelium lining the ventricles of brain 
and spinal canal is called as ependyma.

  1.  Ciliated Columnar Epithelium : It comprises columnar cells which have cilia on the free surface. This  
                  epithelium lines most of the respiratory tract and fallopian tubes (oviducts). It also lines the ventricles of  
               the brain and the central canal of the spinal cord. It is also present in tympanic cavity of middle ear and  
                 auditory tube (Eustachian tube).

   2. Ciliated Cuboidal Epithelium :  It consists of cubical cells which have cilia on the free surface. It occurs  
   in certain parts of nephrons of the kidneys.
 •	 	Pseudo-stratified	Epithelium

  Pseudostratified Epithelium covers the inner linings of trachea and large bronchi. Although made up of a 
single layer of columnar cells, it appears two-layered, because some cells are shorter than the others and 
have their nuclei at a different level. The shorter cells lack cilia and secrete mucus which traps particles on 
the epithelial surface. The longer cells are ciliated. The ciliary movement propels the mucus and the particles 
towards in the larynx. Pseudostratified non-ciliated columnar epithelium tissue is found in urethra of male 
and in parotid salivary gland.

 (a) Pseudo-stratified Columnar Epithelium :  It consists of columnar cells. It occurs in the large ducts of  
 certain glands such as parotid salivary glands and the urethra of the human male. It is also present in the  
olfactory mucosa.

 (b) Pseudo-stratified Columnar Ciliated Epithelium : It consists of columnar cells. The long cells have cilia  
 at their free surface, however, the short cells are without cilia. This epithelium occurs in the trachea and  
 large bronchi. The movements of the cilia propel the mucus and foreign particles towards the larynx.

2.	Compound Epithelia (Multilayered Epithelia)
  It consists of more than one layer of cells. Only the cells of the deepest layer rest on the basement membrane. 

Being multilayered, compound epithelia have little role in secretion or absorption, but they provide protection 
to underlying tissues against mechanical, chemical, thermal or osmotic stresses. Compound epithelia may be 
stratified or transitional.

•	 Stratified	Epithelium

  Stratified Epithelium has many layers of epithelial cells. The deepest layer is formed by cuboidal cells. But the 
morphology of the superficial layers varies in the different kinds of stratified epithelia. 

(a) Stratified Squamous Epithelium

 The cells in the deepest (= basal) layer are columnar or cuboidal with oval nuclei. It is called germinative layer 
(= stratum germinativum or stratum malpighi). The cells of this layer divide by mitosis to form new cells. The 
new cells gradually shift outward.
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  In the middle layers the cells become polyhedral with rounded nuclei. These are called intermediate layers. 
The superficial layers are flat with trans-versely elongated nuclei. These layers are called squamous layers.

(i)	Keratinized Stratified Squamous Epithelium
  In the outer few layers, the cells replace their cytoplasm with a hard, water proof protein, the keratin. 

The process is called keratinization. These layers of dead cells are called stratum corneum or horny layer. 
The deeper layers have living polygonal cells. The keratin is impermeable to water and is also resistant to 
mechanical abrasion (scraping). The horny layer is shed at intervals due to friction. This epithelium occurs in 
the epidermis of the skin of land vertebrates.

(ii)	Non-Keratinized  Stratified Squamous Epithelium
 As the name indicates, it does not have keratin. It is unable to check water loss and provides only moderate 

protection against abrasion (scraping). This epithelium occurs in the oral cavity (buccal cavity), tongue, 
pharynx, oesophagus, middle part of anal canal, lower parts of urethra, vocal cords, vagina, cervix (lower 
part of uterus), conjunctiva, inner surface of eye lids and cornea of eye.

(b)	Stratified Cuboidal Epithelium
  It has outer layer of cuboidal cells and basal layer of columnar cells. It forms the epidermis of fishes and many 

urodels (tailed amphibians such as salamanders). It also lines the sweat gland ducts and larger salivary and 
pancreatic ducts.

(c)	Stratified Columnar Epithelium
 It has columnar cells in both superficial and basal layers. It covers the epiglottis and lines mammary gland 

ducts and parts of urethra.
(d)	Stratified Ciliated Columnar Epithelium
 Its outer layer consists of ciliated columnar cells and basal layer of columnar cells. It lines the larynx and 

upper part of the soft palate.
	 •	 Transitional Epithelium
	 •	 	Transitional	epithelium	is	much	thinner	and	more	stretchable	than	the	stratified	epithelium.	It	has	a	single	

layer of cuboidal cells at the base , 2-3 middle layers of large polygonal or pear shaped cells and a superficial 
layer of large, broad, rectangular or oval cells. It lines the inner surface of the urinary bladder and ureters. 
It allows considerable expansion of these organs to accommodate urine, because stretching considerably 
flattens and broadens the cells of superficial and middle layers.

2. Connective Tissues
Connective tissues are most abundant (40% of total tissue) and widely distributed in the body of complex 
animals. They are named connective tissues because of their special function of linking and supporting other 
tissues / organs of the body. The connective tissues arise from the mesoderm of the embryo. 
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	Loose Connective Tissue
 It has large amount of semi-fluid ground substance with plenty of cells and loosely arranged fibres.
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(i)  Areolar Tissue : It occurs beneath the epithelia of many hollow visceral organs, skin and in the walls of 
arteries and veins. The areolar tissue contains different types of cells. It contains the protective phagocytic 
cells. It permits considerable stretching and recovery of tissues. The cells forming the tissue are fibroblasts, 
macrophages and mast cells.

 (ii) Adipose Tissue :  Adipose tissue is a connective tissue present beneath the skin, around kidneys in  
  mesentery and bone marrow. It also forms the yellow bone marrow. Besides fibroblasts, macrophages,  
  collagen fibres and elastic fibres, the adipose tissue also contains large, spherical or oval cells called fat cells  
  or adipocytes.

	Dense Connective Tissue
  It has little amount of ground substance with highly fibrous matrix and few cells. The fibres and fibroblasts 

are compactly packed.
 (i) Dense Regular Connective Tissue
   In this case fibres are arranged in orderly manner i.e., collagen fibres are present in rows between many 

parallel bundles of fibres e.g., Tendon and ligament.
 (a) White Fibrous Connective Tissue.
   It consists of mainly white (collagen) fibres which are arranged in bundles. The fibroblasts are present in 

rows between the bundles.
	 •	 	The	white	fibrous	connective	tissue	forms	cords	called	tendons	which	connect	the	skeletal	muscles	with	

the bones.
	 •	 		White	fibrous	connective	tissue	also	forms	flat	plates	or	sheets.	It	occurs	in	the	dermis	of	the	skin,	connective	

tissue sheaths of muscles and nerves and tunica adventitia (outer coat) of large blood vessel.
 (b) Yellow Elastic Connective Tissue: This tissue is mainly made up of much thicker branched loose  
                  network of  yellow fibres. The white fibres also occur but they are very fine. The fibroblasts are irregularly  
               scattered. It also contains mast cells, macrophages and often some adipose cells.
	 •	 	The yellow elastic connective tissue forms cords called ligaments which join bones to bones.
	 •	 	The	sheets	formed	by	this	tissue	occur	in	the	walls	of	blood	vessels,	lungs,	bronchioles,	true	vocal	cords,	

cartilage of larynx, trachea, capsules of spleen and ligament which connect adjacent vertebrate.
 (ii)  Dense Irregular Connective Tissue :  The dense irregular connective tissue has fibroblasts and many 

fibres (mostly collagen) that are oriented differently. This tissue is present in the skin.

        (a) Regular dense

        (b) Irregular dense
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	Supportive  Connective Tissues
  This type of tissue include skeletal connective tissue like cartilage and bone and fluid connective tissue like 

blood and lymph.
	 •	 Skeletal	Tissues	:	It is the connective tissue in which the extracellular ground substance is solid. It forms  
  the endoskeleton or internal framework of the vertebrates. It supports the body, protects various organs  
  and helps in locomotion. It includes cartilage and bone.
	 •	 Cartilage	:	 This tissue is elastic, harder than dense connective tissue but softer than bone. It is found more  
  abundantly in vertebrate embryos because most of the bones forming skeleton of the adult are cartilaginous  
  in the early stage. However, it is commonly found in the body of adult vertebrates.

  Structure : The matrix (ground substance) of cartilage is solid and pliable and resist compression. In the matrix, 
fluid filled spaces are present called lacunae. Lacunae contain cartilage-forming cells called chondrocytes. 
Chondrocytes occur singly or in groups of two, three or four in the lacunae.

  Location : It is present in the tip of nose, outer ear joints, between adjacent bones of the vertebral column, 
limbs and hands in adults.

 Functions :
 1. It provides support and flexibility to the body parts and resist compression.
 2. It smoothens surface at joints and thus prevent the wear and tear of bones due to friction.
 Hyaline cartilage
  In hyaline cartilage, the matrix is apparently fibre-less and glass-like (hyaline) but translucent. It occurs in 

the larynx,nasal septum, tracheal rings and costal cartilage. It gives those structures a definite but pliable 
form. White fibrous cartilage carries thick dense bundles of collagen fibres between rows of chondrocytes in 
lacunae. It occurs in joints between vertebrae. Its collagen fibres make such joints strong but less elastic and 
only slightly movable.

•	 	Bone : It is the hard connective tissue. It is a very strong and non-flexible tissue. It is made up of 70% inorganic  
matter and 30% organic matter. 

(b) Bone cell        (a) Haversian canal

  Structure : The matrix of bone is very hard and non-pliable because of the presence of salts such as calcium 
phosphate, calcium carbonate, etc., and proteins like ossein and collagen fibres. Calcium salts and collagen 
fibres give bone its strength. In the solid matrix, longitudinal canals are present called haversian canals. Each 
haversian canal contains an artery, a vein, a lymph vessel, a nerve and some bone cells, all packed within 
connective tissue. 

 Location : It forms the endoskeleton of adult vertebrates.
 Functions
 1. It provides structural framework to the body.
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 2. It supports and protects softer tissues and organs, such as brain, lungs, etc.
 3. It provides surface for the attachment of muscles and thus help in locomotion/movement.
 4. It serves as storage site of calcium and phosphate.
 	Bone marrow is the spongy tissue inside some of the bones in the body, including the hip and thigh bones.  
   Bone marrow contains immature cells, called stem cells. Bone marrow makes more than 200 billion new blood  
   cells every day. Most blood cells in the body develop from cells in the bone marrow. The bone marrow contains  
  two types of stem cells, mesenchymal and hematopoietic

Fig. Bone marrow in bones

  These include monocytes, macrophages, neutrophils, basophils, eosinophils, erythrocytes, dendritic cells, 
and megakaryocytes or platelets, as well as T cells, B cells, and natural killer cells. The different types of 
hematopoietic stem cells vary in their regenerative capacity and potency.

	 •	 	Fluid Connective Tissues : It is made up of fibre free fluid matrix and specialised living cells that can  neither 
divide nor secrete matrix  Vascular tissue regularly circulates in the body and helps in the  transportation of 
various materials such as nutritive elements, gases, excretory products, hormones, etc. The two main fluid 
connective tissue present in animals are blood and lymph.

 (a)  Blood : Blood is a bright red coloured fluid connective tissue. It is a complex of straw-coloured fluid 
called plasma in which various kinds of cells are embedded. 

 Composition of Blood

 Liquid Part -Matrix - Plasma 55% . Plasma contains large number of proteins like Fibroblast, Albumin and  
 Globulin

 Solid Part -Blood corpuscles - 45% (RBC, WBC & Platelets)

 (b) Lymph : Lymph is a light, yellow coloured fluid connective tissue, consisting of plasma and white blood  
  cells. It is devoid of red blood cells and blood platelets. Lymph helps in exchange of materials between  
  blood and tissue fluid. Actually, it acts as a middle man between tissues and blood. It  
  brings carbon dioxide and wastes from tissues to blood and nutrients, oxygen etc from blood to tissues. 

3.	Muscular Tissue

  Muscular tissue in general develops from the mesoderm of the embryo but the muscles of the iris of the eye 
and myoepithelial cells of the salivary, mammary and sweat glands arise from the ectoderm of the embryo.

 (a) Skeletal Muscle Tissue (Striated or Striped Muscles)

   Location : These muscles are found in the limbs, body walls, tongue, pharynx and beginning of oesophagus 
and are under the control of animal’s will.

 (b)Smooth Muscle Tissue (Non-striated Muscles)

   Location : Non-striated muscles are found in the posterior part of oesophagus, stomach, intestine, lungs, 
urinogenital tract, urinary bladder, blood vessels, iris of eye, dermis of skin and arrector pili muscle of hair. 
Smooth muscles never connect with skeleton.

 (c) Cardiac Muscles Tissue

   Location : The cardiac muscles are found in the wall of the heart and in the wall of large veins (e.g., 
pulmonary veins and superior vena cava) where these veins enter the heart.

4.	Neural Tissue

  Nervous tissue is a highly specialised tissue for reception, discharge of stimuli and transmission. It is made 
up of nerve cells and their processes, called the nerve fibres.  The special properties of the cells of the nervous 
tissue are, excitability and conductivity. Excitability is the ability to initiate nerve impulse in response to 
stimuli.

	 •	 	Nervous tissue contains two types of cells: Neuron and neuroglial cells.
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Axon 

Axon hillock 

Nissl’s  granule 

Fig. Cyton of a neuron

 (i)  Neuron : Neurons are structural and functional units of neural system. A neuron consists of main cell body  
  and cytoplasmic processes arising from it.

    Cell body (= Cyton or Soma): It varies in size and form. It may be up to 13.5 µm in diameter and may be 
irregular, spherical, oval, rounded, star-shaped or pyramidal. Like a typical cell, it consists of cytoplasm, 
nucleus and cell membrane. 

   Neurites: The processes of neurons are called neurites. These are of two types: dendrites or dendrons and 
an axon or axis cylinder or neuraxon. 

  (a)  Dendrites (Dendrons): These are usually shorter, tapering and much branched processes. They may 
be one to several. The dendrites contain neurofibrils, neurotubules and Nissl’s granules. They conduct 
nerve impulse towards the cell body and are called afferent processes (= receiving processes). 

  (b)  Axon: Axon is a single, usually very long process of uniform thickness. The part of cyton from where 
the axon arises is called axon hillock. Most sensitive part of neuron is axon hillock. The axon contains 
neurofibrils and neurotubules but does not have Nissl’s granules, Golgi complex, ribosomes, pigment 
granules, fat globules, etc. 
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 	Neuroglia : Neuroglia (neuro = nerve; glia = glue) or neuroglial cells are specialised cells found in the brain 
and spinal cord supporting the neurons and their fibres.

 	Neurosecretory Cells

   These specialized nerve cells function as endocrine organs. They release chemicals from their axons into 
the blood instead of synaptic cleft. Neurosecretory cells of the hypothalamus of the vertebrate brain secrete 
neurohormones.

  

 Mnemonics

1. Concept : Three types of cell junctions
Mnemonic : Try Another Group
Tight junctions, Adhering junctions, Gap junc-
tions.

2. Concept : Types of Muscular tissue
Mnemonic : Civics is a part of Social 
Studies.
Cardiac, Smooth, Skeletal

Topic-2 Cockroach

Revision Notes

 COCKROACH (Periplaneta americana)
 Phylum-Arthropoda

 Cockroaches are nocturnal omnivorous organism that lives in damp places everywhere.

 The body of cockroach is segmented and divisible into head, thorax and abdomen. The body is covered 
by hard chitinous exoskeleton. In each segment, exoskeleton has hardened plates called sclerites. Head is 
triangular in shape formed by fusion of six segments. The flexible neck allows the movement of head for all 
possible directions. Head bears compound eyes.

  The biting and chewing type of mouth parts of cockroach consists of a labrum (upper lip), a pair of mandibles, 
a pair of maxillae and labium (lower lip).

  Thorax consists of three parts : prothorax, mesothorax and metathorax. Fore wings and hind wings are 
attached with thorax. Abdomen consists of 10 segments.

Fig. Mouth parts of a cockroach

    Alimentary canal is divided into foregut, midgut and hindgut. Food is stored in crop used for storing the 
food. Gizzard help in grinding the food particles. At the junction of midgut and hindgut, yellow coloured 
filamentous Malpighian tubules are present, which help in excretion.
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                                    Fig : Alimentary canal of cockroach

    Blood vascular system is open type having poorly developed blood vessels. The haemolymph is the blood 
of cockroach composed of colourless plasma and haemocytes.

Fig : Blood vascular system in Cockroach

    Respiratory system consists of network of trachea which open through 10 pairs of spiracles on lateral side.

    Cockroaches are dioecious. Male reproductive system consists of a pair of testes, one lying on each lateral 
side in 4th - 6th abdominal segments. The female reproductive system consists of two large ovaries situated 
on 2nd, and 6th abdominal segments.

      The fertilized eggs are encased in capsule called ootheca. 9 to 10 ootheca are produced by each female.

Fig. Male Reproductive System of Cockroach
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 Mnemonics

1. Concept : Mouth parts of a cockroach
Mnemonic : Lots of Love Make Mother happy

Labium, Labrum, Mandible, Maxilla

Key Words

  Spermatophores : Spermatophore are bundles masses of spermatozoa in cockroaches, earthworm, etc.

  Nymph : The young ones of cockroach-like insects, which resemble the adults, but lack wings and reproductive 
organs are called nymph.

  Ootheca : A capsule formed around the fertilized eggs also called egg case.

  Haemocoel : It is the body cavity in cockroach in which the body organs lie freely in the blood.

  Tegmina : It refers to first pair of long, thick and leathery wings used for flight.

UNIT-3 : CELL : STRUCTURE AND FUNCTION

CHAPTER-8
CELL : THE UNIT OF LIFE

Topic-1 Cell and Cell Theory, Prokaryotic Cell

Revision Notes

  Cytology : It is the branch of biology, which comprises the study of cell structure and function. 
  “Cell	is	the	structural	and	functional	unit	of	all	living	beings”.	Study	of	metabolic	aspects	of	cell	components	is	

called cell biology.
  Robert Hooke (1665) discovered hollow cavities (empty boxes) like compartments in a very thin slice of cork 

(cell	wall)	under	his	microscope.	He	wrote	a	book	“Micrographia”	and	coined	the	term	cellula,	which	was	later	
changed into cell. Grew and Malpighi also observed small structures in slice of plants and animals. Leeuwenhoek 
was	the	first	to	see	free	cells	and	called	them	“wild	animal	cells”	and	published	a	book	“The	secret	of	nature”.	He	
observed bacteria, protozoa, RBCs, sperms, etc., under his microscope.

  Cell theory  :  The actual credit for cell theory goes to two German scientists, a Botanist M.J. Schleiden (1838) and 
           a Zoologist T. Schwann (1839). 

	They	 gave	 the	 concept	 “all	 living	 organisms	 are	 composed	 of	 cell”.	 Schleiden	 and	 Schwann	 both	 supported	
the	 theory	 of	 “spontaneous	 generation”.	 They	 also	 mentioned	 that	 “the	 new	 cell	 arises	 from	 nucleus	 by	
budding”.	

	  Exceptions to the cell theory  : Viruses, viroids and prions are an exception to the cell theory as they are obligate 
parasites (sub–cellular in nature). 

   Modification of cell theory  : Modification of cell theory was done by Rudolf Virchow (1855). He proposed the 
“law	of	cell	lineage”	which	states	that	cell	originates	from	pre-existing	cells.	i.e.,	(omnis	cellula-e-cellula).	It	is	also	
called	“cell	principle,”	or	“cell	doctrine”.	It	states		:
1. Life exists only in cells.
2. Membrane bound cell organelles of the protoplasm do not survive alone or outside the protoplasm.
3. Cells never arise de novo. The new cells are like the parent cell in all respect.
4. All cells have similar fundamental structure and metabolic reactions.
5. Cells display homeostasis and remain alive.
6. Genetic information is stored in DNA and expressed within the cells.
7. DNA controls structure and working of a cell.

  Cell Size  : Cells differ greatly in size, shape and activities. 
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 Cells also vary greatly in their shape. They may be disc like, polygonal, columnar, cuboid, thread like or even 
irregular. The shape of the cell may vary with the function they perform.
Smallest cell—Mycoplasma (PPLO)   
Largest cell—Ostrich Egg (170 –150 mm),  
Longest cell— Hemp fibre (1 m) – Boehmeria nivea
Longest Human cell—nerve cell (90 cm)
Smallest Human cell—RBC (7 mm)

  Structure of Prokaryotic cells
•	 	Prokaryotic	cells	fall	into	a	size	range	of	about	1–5	µm.	However,	some	prokaryotic	cells	may	be	larger	than	

this. 
•	 	A	prokaryotic	cell	contains	structures	like	capsule,	flagella,	axial	filaments,	fimbriae,	and	pili	external	to	the	

cell wall, while interior of the bacterial cell contains cytoplasm.
•	 Prokaryotic	cells	are	represented	by	Bacteria,	Blue	green	algae,	Mycoplasma	and	PPLO.
•	 	Bacterial	cells	may	be	bacillus	(rod	shaped),	coccus	(spherical),	vibrio	(comma-shaped)	and	spirillum	(spiral).
•	 All	prokaryotic	cells	have	cell	wall	surrounding	the	cell	membrane	except	in	Mycoplasma.
•	 	Genetic	material	is	naked.	Besides	the	genomic	DNA	(single	chromosome),	many	bacteria	have	small	circular
•	 DNA	outside	the	genomic	DNA	called	as	plasmids.
•	 The	plasmid	DNA,	in	some	bacteria,	provides	some	special	features	like	resistance	to	antibiotic.
•	 Cell	organelles	like	Mitochondria,	Golgi	bodies	etc.	are	absent	in	prokaryotes.
•	 A	specialized	differentiated	cell	membrane	called	mesosome	is	the	characteristic	of	prokaryotes.
•	 	In	bacterial	cell,	a	chemically	complex	cell	envelope	is	present,	which	consist	of	three	layers.	
•	 Ribosome	is	70	S	type	in	prokaryotes

Fig. Structure of  a Prokaryotic cell
  Eukaryotic Cell

 In Eukaryotic cell genetic material is organized in a double membrane bound nucleus while, cytoplasm contains 
a number of membrane-bound organelles. Cells are eukaryotic in protista, fungi, plantae and animal kingdom.

Fig. Structure of  a Eukaryotic cell

  Differences between Prokaryotic and Eukaryotic Cell

Prokaryotic cell Eukaryotic cell

It is a single membrane system. It is a double membrane system.

Cell wall surrounds the plasma membrane. Cell wall surrounds the plasma membrane in some 
protists, most fungi and all plant cell. Animal cell lacks it.

Cell wall is composed of peptidoglycans. 
Strengthening material is murein. 

It is composed of polysaccharide. Strengthening material 
is chitin in fungi and cellulose in other plants.
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Cell membrane bears respiratory enzymes. It lacks respiratory enzymes.

Cytoplasm lacks cell organelles e.g., Mitochondria, 
ER, Golgi body, etc. 

Cytoplasm contains various cell organelles. 

Ribosomes are only 70 S type. Ribosomes are both 80 S and 70 S type.

There are no streaming movements of cytoplasm. Cytoplasm show streaming movements. 

Nuclear material is not enclosed by nuclear envelope 
and lies directly in cytoplasm. It is called nucleoid. 

It is enveloped by nuclear envelope. Nucleus is distinct 
from cytoplasm. 

DNA is circular and not associated with histone 
proteins.

Nuclear DNA is linear and associated with histone 
proteins, extranuclear DNA is circular and histone 
protein free.

Sexual reproduction absent but parasexuality is 
present.  

Sexual reproduction is present. 

Cell division mostly amitotic. Cell division is typically mitotic.

Fig. (a) Plant cell                                                          Fig.  (b) Animal Cell

  

 Mnemonics

Concept : Types of Cell
Mnemonics : Entry Pass

Eukaryotic, Prokaryotic

Topic-2 Eukaryotic Cells, Cell Membrane, Cell wall

Revision Notes

Eukaryotic Cells
  Eukaryotic cells are present in protista, plants, animals and fungi. Cytoplasm is divided into compartments due 

to the presence of membrane bounded organelles.
  Eukaryotic cells differ from the prokaryotic cell as latter does not contain nucleus and lack membrane bound 

organelles
  The cells contain well organized nucleus with nuclear membrane. Nucleoplasm contains nucleolus and 

chromatin. Chromatin contains DNA, RNA, histone and non-histone protein. The genetic materials are arranged 
in chromosomes.

  Plant cell differ from animal cells in having cell wall, plastids and large central vacuole as compared to animal 
cells. Animal cells have centrioles, which are absent in plant cells.
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  Cell wall is an outer covering of plant cell which gives shape to the cell and protects it.
  Secondary and tertiary cell wall are formed inside the primary cell wall. The middle lamella is a layer mainly of 

calcium pectate which holds the different neighboring cells together. Plasmodesmata connect the cytoplasm of 
neighboring cells.

  Cell membrane is a thin transparent covering inner to the cell wall and surrounding protoplasm. 
  Singer and Nicolson gave the Fluid Mosaic model for cell membrane – protein iceberg in a sea of lipids.
  The main function of plasma membrane is the transport of molecules across it. The plasma membrane is selectively 

permeable to some molecules present on either side of it.
  Differences between Plant Cells and Animal Cells  :

  

Sr. No. Plant Cells Animal Cells

(i) Plant cells are larger in size. Animal cells are comparatively smaller in size.

(ii) They contain cell wall made of cellulose, which is 
present outside the plasma membrane

Cell wall is absent.

(iii) They contain plastids, i.e., chloroplast, leucoplast 
and chromoplast.

Plastids are absent.

(iv) Centrosome is absent. Centrosome is present.

(v) Large vacuoles are present. Vacuoles either absent or very small in size.

(vi) Food is stored in the form of starch. Food is stored in the form of glycogen.

(vii) Lysosomes either absent or very few in number. More number of prominent lysosomes are 
present.

          

 Animal Cell Plant Cell

Key Words

  Protoplasm  : It is a living fluid of an organism or cell, differentiated into cytoplasm and nucleoplasm.
  Plasmodesmata  : They are the cytoplasmic bridges between the two neighbouring plant cells. It passes through 

the primary pit field.
  Middle Lamella  : It is the cementing material between the two plants cells. It is amorphous in nature and made 

up of calcium and magnesium pectate.
  Microvilli  : They are outward projections of plasma membrane on the free surfaces of cells, which  increases the 

surface area of absorption.
  Endocytosis  : A process of cellular ingestion by which the plasma membrane folds inwards to bring foreign 

substances into the cell.
  Exocytosis  : A process of cellular secretion or excretion in which substances contained in vesicles are discharged 

from the cell by fusion of the vesicular membrane with the outer cell membrane.
  Phagocytosis  : Process by which certain living cells called phagocytes ingest or engulf other cells or particles. 
  Pinocytosis  : Process by which the cell takes in the fluids along with dissolved small molecules. 
  Chondriosomes  : These are membrane bounded organelles in eukaryotic cells in which ATP molecules are 

produced during the process of cellular respiration.
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Topic-3 Cell Organelles

Revision Notes

   Mitochondria	are	the	“power	house	of	the	cell”,	providing	energy	for	various	metabolic	activities.	It	has	its	own	
DNA and 70S ribosomes. Hence, they are regarded as semi-autonomous organelles. It generates energy in the 
form of ATP.

    Nucleus is the chief controlling center of cell. It contains chromosomes which carry genes. Genes are responsible 
for transmission of hereditary characters from parents to offspring.

   Chromosomes  : Based on the position of the centromere, the chromosomes are classified into four types : 
acrocentric, telocentric, sub-metacentric and metacentric.

    Satellite chromosomes are chromosomes that contains secondary constrictions which serve as identifying 
markers.

   Plastids are found in plants and euglenoids. They bear some specific pigments which impart colour to the plant. 
Chromoplast are coloured plastids, leucoplasts are colourless whereas chloroplasts are green plastids. Chloroplast 
is the region where the process of photosynthesis occurs. They contain DNA and 70S ribosomes.

   Endoplasmic Reticulum (ER) is an extensive, interconnected, membrane bound networks of tubes and sheets. It 
consists of vesicles, cisternae and tubules.

   Ribosomes are attached to the surface of Rough Endoplasmic Reticulum (RER) and are absent in Smooth 
Endoplasmic Reticulum (SER). RER is frequently found in cells involved in protein synthesis while SER takes 
part in lipid synthesis.

   Golgi body consists of many flat, disc shaped sacs or cisternae parallel to each other. Its function is packaging 
of different material in the vesicle and its transport outside the cell. It is an important site for the formation of 
glycolipids and glycoproteins.

   Lysosomes	are	known	as	the	“suicidal	bags”.	They	contain	hydrolytic	enzymes	which	are	active	at	acidic	pH.
   Cytoskeleton, cilia and flagella  : These are filamentous proteinaceous structures in cytoplasm. Cytoskeletons are 

involved in mechanical support, motility and shape maintenance while cilia and flagella are meant for attachment 
and movement.

   Centrosome and centrioles  : Two centriole forms centrosome perpendicularly. They have cartwheel organization 
made up of nine spaced fibres of tubulin composed of central hub and peripheral spokes. These are important in 
cell division.

   Many membrane bound minute vesicles called microbodies that contain various enzymes are present in both 
plant and animal cells. e.g., Peroxisomes contains oxidase and catalase enzymes. Glyoxysome contain enzymes 
for β- oxidation of fatty acids. Sphaerosomes stores and synthesize fats.

   Cytoskeletal structures  : Microtubules are made up of tubulin protein whereas microfilaments are made up of 
actin protein.  

Key Words

  Cytoplasm  : The jelly like fluid protoplasmic matrix which surrounds the nucleus and constitutes the true 
internal part of the cell is called cytoplasm.

  Chromosomes  : These are thread like structures which become distinct only during cell division.
  Karyotype  : The term is used for the group of characteristics that identifies a particular chromosome set.
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  Microbodies  : These are small bodies which occur in the cytoplasm of a variety of cells.
  Polyribosome : Polyribosome are structures  made of ribosomes connected by a strand of mRNA that runs 

between the large and small ribosomal subunits.
  Cristae  : Fingers like infolding of inner membrane of mitochondria to its matrix are called cristae.
  Glycosylation  : Glycosylation is the enzymatic process that links saccharides to proteins, lipids or other 

organic molecules. It takes place in Golgi complexes.
  Cytoskeleton  : The cytoskeleton is the structure that gives a cell shape, holds organelles in place and 

allows part of the cell to move. It comprises  : microfilaments, intermediate filament and microtubule.

  

 Mnemonics

Concept : Cell organelles
Mnemonics : Raddish Green Colour
Endoplasmic Reticulum, Centrosome.

qq

CHAPTER-9
BIOMOLECULES

Topic-1 Carbohydrates, Lipids, Proteins

Revision Notes

  Biomacromolecules : They are large sized complex chemicals that have high molecular weight (greater than 1000 
Da).

  Biomicromolecules : They are small sized simple chemicals that have low molecular weight (less than 1000 Da), 
higher solubility and simple conformation.

  A carbohydrate is a biomolecule consisting of carbon, hydrogen and oxygen atoms with a hydrogen – oxygen 
ratio of 2 : 1.

  Monosaccharides are simplest form of sugar. They cannot be hydrolysed to simpler chemical compounds. 
Glucose, fructose, ribose, deoxyribose are monosaccharides.

  Sugars may be composed of 3 to 7 carbon atoms and are named as Triose, Pentose, Hexose etc.
CH OH2

HO OH

OH
C6H12O6  (Glucose)

OH

H

OHHOCH2

C H O5 10 5

OH OH
(Ribose)

O O

Sugar (Carbohydrates)

  Monosaccharides are the building block of disaccharides (such as maltose, sucrose and lactose) and 
polysaccharides (such as maltose, cellulose and starch).

  A disaccharide is the sugar formed when two monosaccharide are joined by glycosidic linkage.
  Polysaccharides are polymeric carbohydrates molecules composed of long chains of monosaccharide unit bound 

together by glycosidic linkages which on hydrolysis gives the constituent monosaccharides.
  In polysaccharides, the monosaccharides are linked by glycosidic bonds formed by dehydration between two 

carbon atoms of two adjacent monosaccharides. Ex- glycogen, insulin, chitin.
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O

Sugar

O

Sugar

O H O H

H H

  Proteins are polymers of amino acids. Amino acids are linked by peptide bond formed by dehydration reaction 
between COOH group of amino acids and NH2 group of next with the removal of H2O.

HNH–C–COOH+HNH–C–COOH +HNH–C–CONH–C–COOH + H O�
2

R R R

H H H

  Based on R group, there are 21 amino acids.

  (a) When R is H, Glycine  amino acid is formed Glycine is the simplest amino acid.
  (b) When R is CH3, Alanine amino acid is formed .
  Based on nutritional requirements, amino acids are grouped into two classes :
  (a)  Essential amino acids are obtained by living organism only through food. These are Histidine, isoleucine, 

leucine, lysine, methionine, phenylalanine, threonine, tryptophan and valine.
  (b)  Non-essential amino acids can be prepared by our body from raw materials. These are Glycine, alanine, 

serine, cysteine, aspartic acid, glutamic acid, asparagine, glutamine, tyrosine and proline.
COOH COOH COOH

H–C–NH2 H–C–NH2 H–C–NH2

H CH3 CH –OH2

Glycine Alanine Serine

Structure of amino acids: glycine, alanine and serine.

  Zwitter ionic form-

  A particular property of amino acid is the ionizable nature of -NH2 and -COOH groups. Hence in solutions of 
different pHs, the structure of amino acids changes.

H N–CH–COOH H N–CH–COO H N–CH–COO+
3

+
3 2

– –

R R R

(A) at low pH (B) at neural pH (C) at high pH

 B is called zwitter ionic form.

  Different types of Amino acids

Group Amino Acid with one letter Symbol

Neutral (mono amino mono carboxylic acid) Glycine (G), Alanine (A), Valine (V), Leucine(L), Isoleucine (i)

Acidic (mono amino di carboxylic acid) Aspartic Acid (D), Glutamic Acid (E).

Basic (di amino mono carboxylic acid) Lysine (K), Arginine (R)

Sulphur Containing Cysteine (C), Methionine (M)

Alcoholic Serine (S), Threonine (T)

Aromatic-- Cyclic Phenylalanine (F), Tyrosine (Y) 

Aromatic--Heterocyclic Histidine (G), Tryptophan (W) 

Imino acid Proline (P) has imino group (-NH) at place of amino group 

Levels of protein structure
  Primary structure of protein is the linear sequence of amino acids in a polypeptide chain. The first amino acid of 

sequence is called N-terminal amino acids and last amino acid of peptide chain is called C-terminal amino acids.
  Secondary structure proteins forms helix. There are three types of secondary structure : a-helix, β-pleated and 

collagen helix.
  •	 In a-helix, the polypeptide chain is coiled spirally in right handed manner.
  • In β-pleated secondary proteins, two of more polypeptide chains are interconnected by hydrogen bonds.
  • In collagen helix, there are three strands or polypeptides coiled around one another by hydrogen bonds.
  In tertiary structure, long protein chain is folded upon itself like a hollow woollen ball to give three dimensional 
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view of protein.
  In quaternary structure, each polypeptide develops its own tertiary structure and function as subunit of protein.
  The main functions of protein in living cells are :
  •	 Transport of nutrients across the membrane.
  • Fight infectious organisms.
  • Produce enzyme.
  Collagen is the most abundant protein in animal world.
Lipids
  Lipids are esters of fatty acids and alcohol, they include fats and oils (triglycerides or triacylglycerols), fatty acids 

and phospholipids.
  Oils are composed of triglycerides predominantly unsaturated fatty acids. They are liquid at room temperature.
Classification of lipids
  Lipids are classified into three types : Simple lipids, compound lipids and derived lipids.
  (a)  Simple lipids : These are esters of fatty acids with various alcohols. They are further classified into 

fats and waxes.
  (b)  Compound lipids : These are esters of fatty acids with alcohol, but contain some other substances 

also. e.g., phospholipids, glycolipids.
  (c)  Derived lipids : These are lipids which are derived from the hydrolysis of simple and compound 

lipids. They are either lipid like chemicals (e.g., sterols) or derivatives of lipids (e.g., terpenes, 
prostaglandins).

Key Words

  Biomicromolecules : These are the biomolecules having molecular weight between 80-800 Daltons e.g., 
monosaccharides, amino acids, nucleotides, lipids.

  Biomacromolecules : These are the biomolecules having molecular weight above 800 Daltons. e.g., polysaccharides, 
proteins, nucleic acids.

  Homopolysaccharide : When the polysaccharides is made of only one kind of monosaccharide units, it is called 
homopolysaccharide.

  Heteropolysaccharide: When the polysaccharide is made up of two/more kinds of monosaccharides, it is called a 
heteropolysaccharide.

  Amino acids : These are those organic compounds which contain an amino group and an acidic group as 
substituent on the same a-carbon.

  

 Mnemonics

1. Concept: Essential amino acids :
Mnemonics: Three Thousand Peoples Movement Is Highly Vital to Lay Long Effect.
Threonine, Tryptophan, Phenylalanine, Methionine, Isoleucine, Histidine, Valine, Leucine, Lysine. 
2. Concept: Non- essential amino acids :     
Mnemonics: Almost All Girls Get Crazy After Seeing Promo on Television.
Alanine, Aspartic acid, Glutamic acid, Cysteine, Asparagine, Serine, Proline, Tyrosine.

Topic-2 Enzymes

Revision Notes

  Enzymes
     Enzymes are proteinaceous substances which are capable of catalysing chemical reactions of biological 

origin without themselves undergoing any change, commonly called as biocatalysts.
     The nucleic acids that behave like enzymes are called ribozymes.
     The tertiary structure of protein has pockets or crevices into which substrate fit to catalyze the biochemical 

reactions.
     Enzymes do not start a chemical reaction but increase the rate of chemical reaction.
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     They are not used up in reaction but come out unchanged at the end of reaction.
     Enzyme controlled reactions are reversible.
     They are highly specific in their action.
     Enzymes are classified as :
	 	 	 	 	 •	 	Oxidoreductases	/	Dehydrogenases	:	Enzymes which catalyse oxido reduction between two substrates. 

S reduced + S’  oxidized → S oxidised + S’ reduced.
     • Transferases : It catalyzes transfer of group between two substrate.  S – G + S’→  S  

    + S’ – G.
     • Hydrolases : It catalyzes the hydrolysis of peptide, ester, glycosidic bonds, etc.
     • Lyases : It removes the groups from substrate.
     • Isomerases : It causes inter-conversion of optical, geometrical or positional isomers.
     • Ligases : It catalyzes the linking together of two compounds.
     Co-factors are the non-protein constituent of an enzyme to make the enzyme catalytically more active. The 

protein portions of enzyme are called apoenzymes.
    Prosthetic group : They are non-protein organic factors which are firmly attached to the apoenzyme.
    Co-enzymes : It is a non-protein organic compounds which is loosely attached to an apoenzyme.
    Factors influencing enzyme activity :
	 	 	 	 	 •	 	Temperature	:	An enzyme is active within a narrow range of temperature. Temperature at which 

enzyme is most active is called optimum temperature. The enzyme activity decreases above and 
below this temperature.

     •  pH : Every enzymes has an optimum pH at which it is the most active. Most of the intercellular 
enzymes work at neutral pH.

     •  Concentration of Substrate : Increase in substrate concentration increases the rate of reaction due to 
occupation of more active sites by substrate.

     Competitive Inhibitor : In competitive inhibition, an inhibitor that resembles the normal substrate binds 
to the enzyme, usually at the active site, and prevents the substrate from binding.

     According to IUB (Inter national Union of Biochemistry) systematic nomenclature had bean adopted.

 Mnemonics

1. Concept: Classification of Enzymes
Mnemonics: On Top of HILL
Oxidoreductase, Transferases, Hydrolases, Isomerases, Lyases, Ligases. 

 

Key Words

  Activation Energy : It is an energy barriers that prevents the chemical reaction from occurring.
  Conjugate Enzymes : Enzymes which are made up of both proteinaceous and non-proteinaceous parts. 

Proteinaceous part of conjugate enzyme is known as apoenzyme and non-proteinaceous part of conjugate 
enzyme is known as co-factor.

  Prosthetic Group : These are non-proteinaceous part which are firmly attached to apoenzyme. e.g., FAD, FMN 
etc.

  Coenzyme : These are non-proteinaceous part which are loosely attached to apoenzyme. e.g., NAD+, NADP+ etc.
  Allosteric : Some enzymes has another site other than active site, such sites are known as allosteric sites..
  Metabolism : Sum of all biochemical processes taking place in the cell or body of organisms.
  Anabolism : It is the process during which simple organic or inorganic molecules are converted into complex 

organic molecule.
  Catabolism : It is a metabolism process during which complex organic molecules are broken down into simple 

organic or inorganic molecules.
qq
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CHAPTER-10
CELL CYCLE AND CELL DIVISION

Topic-1 Cell Cycle

Revision Notes

  Cell cycle is a sequence of events by which a cell duplicate its genome and synthesizes other cell contents and 
divides into two daughter cells.

  
            Cell cycle

  Mitosis (Also known as equational division)
  (a)  Prophase : Chromosomal material condense, nuclear membrane and nucleolus disappear.
  (b)  Metaphase : Chromosome get arranged at the equatorial plate.
  (c)  Anaphase : Chromosomes split and sister chromatids start moving towards opposite poles.
  (d)  Telophase : Chromosomes reach opposite poles and nucleus gets reorganized.
  (e)  Cytokinesis : Division of cytoplasm. It is by furrowing in animals cells and by cell plate formation in plant 

cells.
  Phases of cell cycle :
  (i)  Interphase (Non-dividing phase)
  (ii)  M - phase (Mitotic phase)
  Interphase : It is the period during which the cell experiences growth and DNA replication  

in an orderly manner. It is divided into 3 phases : G1 phase, S phase and G2 phase.
  G1 phase : It is the stage during which the cell grows and prepares its DNA for replication.
  S phase : Replication of DNA takes place.
  G2 phase : Synthesis of some proteins occurs.
  M - phase : Phase of actual cell division.
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 Mnemonics

Concept: Phases of interphase :
Mnemonics: Get Set Go

G1 phase, S phase, G2 phase

Key Words

  Chromomeres : Densely coiled regions of chromosomes which give a bead like appearance.
  Interphase : A physiologically active stage of cell before the cell division. Growth of cell and duplication of DNA 

occurs.
  Spindle fibres : The fibres which are present between the poles of cell during cell division.
  Equatorial plane : The plane in a cell undergoing mitosis i.e., midway between the centrosome and perpendicular 

to the spindle fibres.

Topic-2 Mitosis, Meiosis and their Significance

Revision Notes

  Significance of mitosis :
1. It helps in maintaining the same number of chromosomes in daughter cells after division.
2. It is responsible for growth and development of multicellular organisms.
3. It helps in repairing of damaged tissues.
4. It helps the cell to maintain proper size.

  Meiosis (also called as reductional division)
       Meiosis is a type of cell division that reduce the number of chromosome to half and results in the production 

of haploid daughter cells. It ensure the production of haploid phase in the life cycle of sexually reproducing 
organisms. It involves following events :

   •  Two sequential cycles of nuclear and cell division called meiosis I and meiosis II.

 Prophase I Metaphase I Anaphase I Telophase I

Different stages of Meiosis I

 Prophase II Metaphase II Anaphase II  Telophase II

Different stages of Meiosis II
   •  It involves pairing of homologous chromosome and their recombination of them.
   •  Four haploid cells are formed at the end of meiosis II.
   •  Prophase I of Meiosis I is typically longer and involves five phases based on chromosomal behaviour, i.e., 

Leptotene, Zygotene, Pachytene, Diplotene and Diakinesis.
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Prophase II
Metaphase II
Anaphase II
Telophase II

  Diagrammatic representation of phases of Meiosis :

 Meiosis I
     Leptotene : Chromosomes become distinct.
     Zygotene : Homologous chromosome starts pairing (synapsis). Bivalents are formed.
     Pachytene : Crossing over occurs between non-sister chromatids.
     Diplotene : Bivalents separate except at the site of crossing over forming chiasmata.
     Diakinesis : Terminalisation of chiasmata occurs.
     Metaphase - I : Bivalents align at equatorial plate.
     Anaphase - I : Homologous chromosomes separate and start moving towards opposite poles.
   Telophase - I : Nuclear membrane and nucleolus reappears and cytokinesis follows. This is called as dyad of 

the cells.
  The period of rest between two meiotic divisions is called interkinesis and it is short lived that follows 

Prophase II.
Meiosis II
   It is initiated immediately after cytokinesis, before chromosome gets elongated.
  In prophase II, nuclear membrane disappears and chromosome becomes compact.
  At metaphase II stage, the chromosomes align at equator and microtubules attach with kinetochores of sister 

chromatids.
  Anaphase II start with splitting of centromere of each chromosome to move towards opposite poles. Meiosis 

end with Telophase II in which two groups of chromosomes get enclosed by nuclear membrane followed 
by cytokinesis to form tetrad of cells (four daughter cells).

  Significance of Meiosis :
   •  Meiosis forms gametes that are essential for sexual reproduction.
   •  Crossing over introduces new recombination of traits.
   •  Maintains the chromosome number of sexually reproducing organism.
  Differences between Mitosis and Meiosis

Mitosis Meiosis

Where it occurs Occurs in all organisms, except 
viruses.

Only occurs in animals, plants, and fungi.

Cells it produces Creates body/somatic cells. Creates germ/sex cells.

Number of cell 
divisions

One cell division (4 stages total). Two cell divisions (8 stages total).

Prophase length Prophase is short. Prophase I is longer.

Recombination/
crossing over

Recombination/crossing over in 
prophase.

Recombination/crossing over of 
chromosomes during prophase I.

Metaphase During metaphase, individual 
chromosomes line up on cell's equator.

During metaphase I, pairs of chromosomes 
line up on cell's equator.

Anaphase During anaphase, sister chromatids 
move to opposite ends of the cell.

During anaphase I, sister chromatids 
move together to the same cell pole. 
During anaphase II, sister chromatids are 
separated to opposite ends of the cell.

Number of cells 
created

End result: two daughter cells. End result: Four daughter cells.

Ploidy Creates diploid daughter cells. Creates haploid daughter cells.

Genetics Daughter cells are genetically 
identical.

Daughter cells are genetically different.



Oswaal ISC Revision Notes Chapterwise & Topicwise, BIOLOGY, Class-XI 55

 Mnemonics

1. Concept: Stages of Mitosis :
Mnemonics: Phase Meet me Any Time
Prophase, Metaphase, Anaphase, Telophase         

2. Concept: Prophase I of Meiosis I :
Mnemonics: Little Zoya's Pet is Dear Darling.
Leptotene, Zygotene, Pachytene, Diplotene, Diakine-
sis         

Key Words

  Bivalent : Paired homologous chromosomes lying together is called bivalent.
  Chiasma : Point of contact between the non-sister chromatids of homologous chromosomes is called chiasma.
  Dyad : A pair of sister chromatids.
  Crossing Over : It is the exchange of the chromosomal arms between the non-sister chromatids of homologous 

chromosomes.
  Disjunction : Separation of bivalent chromosomes or homologous chromosome at anaphase - I of meiosis.

qq

UNIT-4 : PLANT PHYSIOLOGY

CHAPTER-11
TRANSPORT IN PLANTS

Topic-1 Plant-Water Relations, Transport of Water

Revision Notes

  Plants transport various substances like gases, minerals, water, hormones, photosynthate and organic solutes to 
short distance (one cell to another) or long distance as water from roots to tips of stem.

  Long distance transport occurs through vascular system, xylem and phloem called translocation through mass 
flow.

  The direction of translocation may be unidirectional as in case of water.
  Transport in plants occurs at three levels:

•	 The	uptake	and	release	of	water	and	solute	by	individual	cells.
•	 Short	distance	transport	of	substances	from	one	cell	to	another.
•	 Long	distance	transport	of	sap	within	xylem	and	phloem.

  Various materials are transported into and out of a living cell, by a number of methods like active transport and 
passive transport.

  Active Transport
  It is the transport of materials across a membrane with the help of mobile carrier protein and ATP. Different 

proteins in the membrane play a major role in both active as well as passive transport. Pumps are proteins that 
use energy to carry substances across the cell membrane. These pumps can transport substances from their low 
concentration to high concentration so it is an uphill transport (i.e., against concentration gradient) and is faster 
than passive transport. The rate of active transport reaches a maxima when all the protein pumps have been 
used in transport, this is called saturation effect. Carrier proteins are highly specific like enzymes. They are also 
sensitive to inhibitors that react with protein side chains.

  Passive Transport
  A molecule is transported along it’s concentration gradient without the involvement of ATP. The flow of water in 

and out of the plant mainly occurs by passive transport.
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  Diffusion
   The movement of molecules or ions from the region of their higher concentration to the region of their lower 

concentration, until the molecules are evenly distributed throughout the available space is known as diffusion. 
The diffusing particles create a certain pressure called as diffusion pressure (DP) which is directly proportional to 
the number of concentration of diffusing particles. The molecules move from higher DP to lower DP.

  Characteristic of diffusion
•	 The	diffusing	molecules	move	randomly	along	concentration	gradient.
•	 The	direction	of	diffusion	of	one	substance	is	independent	of	the	movement	of	another	substance.
•	 It	is	the	only	means	for	gaseous	movement	within	the	plant	body.
•	 	Diffusion	rates	are	affected	by	the	gradient	of	concentration,	the	permeability	of	the	membrane	separating	

them, temperature and pressure.

•	 	Factors	influencing	rate	of	diffusion	are	size	of	molecule,	temperature,	concentration	gradient	and	Surface	
area of the cell.

  Diffusion pressure : It is a hypothetical term coined by Meyer (1938) to denote the potential ability of the 
molecules or ions of any substance to diffuse from an area of their higher concentration to that of their lower 
concentration.

  Facilitated diffusion
 The diffusion of hydrophilic substances along the concentration gradient through fixed membrane transport 
protein without energy involvement is called facilitated diffusion. 

	 Types of Facilitated Diffusion
 (i)   Uniport : It is the transport of a molecule or substances across the membrane independent of other molecules 

or substances.
(ii)  Symport : It is the transport of two types of molecules across the membrane in the same direction.
(iii)  Antiport : It is the transport of two different molecules or substances in opposite directions.

 

A
B

Membrane

B

Uniport A

Antiport A

Symport

Carrier protein

Fig. Facilitated Diffusion

  Imbibition 
•	 	The	process	of	absorption	of	water	by	hydrophilic	solid	particles	of	a	substance	without	forming	a	solution	is	

called	“Imbibition”.
•	 	It	is	a	special	type	of	diffusion,	as	water	moves	along	its	concentration	gradient.	Therefore,	the	water	absorbed	

by solid substances or colloids results in enormous increase in their volume. Such solid substances which take 
part in imbibitions are called imbibants e.g., seeds, dry wood. 

•	 	The	liquid	(usually	water)	which	is	imbibed	is	known	as	imbibate.	It	is	reversible	process.	Two	conditions	are	
necessary for the imbibitions to occur. They are :

 (A) Water potential gradient between the surface of absorbent and the liquid imbibed. 
 (B)  Affinity between the absorbent i.e., solid substance and the imbibed liquid.

  Imbibition Pressure
  When the imbibing substance is kept in a confined space, pressure is developed due to the increase in the volume 

of the imbibant. This is called imbibition pressure. It develops due to the matric potential of the imbibant, hence 
called matric potential and is denoted as (– psi) measured in bars or mega pascals (MPa). 

  Factors Influencing Imbibition :
 Capacity a s well as the degree of imbibition vary in different imbibing substances and depend up on following 

factors:
•	 Texture	of	the	imbibant,
•	 Affinity	of	the	imbibant	for	the	imbibate
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•	 Temperature,
•	 Pressure
•	 pH	of	the	medium.

  Significance of Imbibition:
•	 Imbibition	is	the	first	step	in	the	absorption	of	water	by	the	roots	and	cells.
•	 	Imbibition	is	the	first	step	of	seed	germination.	Seedling		is	able	to	come	out	of	soil	due	to	development	of	

imbibitional pressure.
•	 Imbibition	is	maximum	in	agar	followed	by	pectin,	protein,	starch	and	cellulose.

  Osmosis
 	Osmosis is a process by which the molecules of a solvent will move from its region of higher chemical concentration 

to its region of lower concentration through a semi-permeable membrane.
  Types of Osmosis

Osmosis is of two types:
•	  Endosmosis : When a substance is placed in a hypotonic solution, the solvent molecules move inside the cell 

and the cell becomes turgid or undergoes deplasmolysis. This is known as endosmosis.

•	  Exosmosis : When a substance is placed in a hypertonic solution, the solvent molecules move outside the cell 
and the cell becomes flaccid or undergoes plasmolysis. This is known as exosmosis.

  Plants absorb water through its roots and move the water by osmosis. Nutrients and wastes dissolved in water 

           move in and out of cell through osmosis.
  Type of solutions : 
  The behaviour of the plant cells (or tissues) with regard to water movement depends on the surrounding solution, 

a solution can be termed as hypotonic, hypertonic or isotonic depending upon its osmotic concentrations with 
respect to another solution or cell sap.

(A)  Hypotonic solution : A solution, whose osmotic concentration (solute potential) is less than that of another 
solution or cell sap is called hypotonic solution.

(B)  Hypertonic solution : A solution, whose osmotic concentration (solute potential) is more than that of another 
solution or cell sap is called hypertonic solution.

(C)  Isotonic solution : A solution, whose osmotic concentration (solute potential) is equal to that of another 
solution or cell sap is called isotonic solution.

  Plasmolysis : Plasmolysis is withdrawal of protoplast of a plant cell from its wall due to excessive loss of water 
from cell due to osmotic action. It occurs, when a plant cell is placed in hypertonic solution. Due  to exosmosis, 
water is first lost from the cytoplasm and then from the vacuole. This process is usually reversible. The space 
between the cell wall and the shrunken protoplast in the plasmolysed cell occupies external hypertonic solution.

  Importance of Plasmolysis

•	 	Plasmolysis	proves	that	the	cell	membrane	is	elastic	and	semipermeable.

•	 	Plasmolysis	can	be	shown	only	by	living	cells.	Weeds	can	be	killed	due	to	permanent	plasmolysis.
  Deplasmolysis
  Deplasmolysis is the return of the protoplast of plant cells to its initial state, characterised by normal turgor, 

from a state of plasmolysis. Deplasmolysis occurs when plasmolysed cells are transferred to water or hypotonic 
solutions.

  Wall pressure : The pressure applied by the cell wall that is equal in force and opposite in directions to turgor 
pressure is called wall pressure. Turgor pressure is the pressure exerted by the cytoplasm on the cell wall.

  Turgidity : The state of being turgid due to high fluid content. It is essential in plant cells to make them keep 
standing. Plant cells with less turgor pressure tend to become flaccid.

  Water is essential for all physiological activities of plants along with all living organisms. It provide medium for 
most substances to dissolve in it.

  Water Potential (Yw) is a concept fundamental to the understanding of water movement.
  Water potential is determined by solute potential (Ys) and pressure potential (Yp).
  Water molecules possess kinetic energy. The greater the concentration of water in the system, the greater is its 

kinetic energy or water potential. So, pure water has greatest water potential.
  Water potential is denoted by Greek  symbol Psi (Y) and is expressed in pressure unit Pascal (Pa).
  Water pressure of pure water is taken as zero at standard temperature and pressure. A solution has less water 

potential due to less water concentration.
  The magnitude of lowering of water potential due to dissolution of solute is called solute potential (Ys). Solute 

potential is always negative. More the solute molecules in the solution, lesser the solute potential.



Oswaal ISC Revision Notes Chapterwise & Topicwise, BIOLOGY, Class-XI58

  If a pressure greater than atmospheric pressure is applied to pure water or solution, its water potential 
increases. Pressure potential is denoted by (Yp).

  Water potential of a cell is affected by both solute and pressure potential. The relationship is as follows :
   Yw = Ys + Yp

  Differences between Turgor pressure and Osmotic pressure :

S. No. Turgor pressure Osmotic pressure

(i) It is the pressure (hydrostatic) which 
develops in the cell due to the osmotic 
entry of water into it.

It is the actual pressure which 
develops in a solution if it is separated 
from the water by a semi-permeable 
membrane.

(ii) Turgor pressure maintains the shape 
and size of plant parts. A fully turgid 
cell has maximum turgor pressure.

Osmotic pressure is measured by bar 
and it is equal to the osmotic potential 
having a positive value.

(iii) It is designated as TP. It is designated as OP.

 

 Mnemonics

Concept : Factors influencing imbibition :
Mnemonic : Put Tennis Table Around Practise Hall

Pressure, Texture, Temperature, Affinity, pH 

Key Words

  Permeability : It is the ability of a membrane to allow passage of gases, liquids and liquid dissolved substances 
through it.

  Turgor Pressure : It is the pressure (hydrostatic) which develops in the cell due to the osmotic entry of water 
into it.

  Plasmolysis : The shrinkage of the cytoplasm along with the plasma membrane from the cell wall under the 
action of a hypertonic solution is known as plasmolysis.

  Osmotic Pressure : It is the actual pressure which develops in a solution if it is separated from the water of semi-
permeable membrane.

  Wall Pressure : The rigid cell wall offers resistance to turgor pressure. This resistance, which works in a direction 
opposite to the turgor pressure but is equal in strength to the turgor pressure is called wall pressure.

  Water Potential : It is a diagnostic tool in explaining osmosis and turgor pressure phenomenon, which are 
important in the mechanism of water movement.

Topic-2 Absorption of Water, Root Pressure and Guttation

Revision Notes

 Absorption of water by plants
    Active absorption : It occurs through osmosis or active transport to move molecules of solute in order to change the 

water concentration gradient forcing the water into the roots hair i.e., water is absorbed against the concentration 
gradient and it requires expenditure of energy.

   Passive absorption : It the absorption by the pull from  transpiration without the active involvement of root cells.

   Water is absorbed along with the mineral solutes by root hair by diffusion. The absorbed water passes to deeper 
layer by two pathways: apoplast and symplast.

   Differences between apoplast and symplast pathway:
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Apoplast pathway Symplast pathway

The water moleules do not enter the cell sap. They move 
through cell wall and intercellular spaces.

The water molecules enter into the cell sap and then 
passes from one cell to another along the concentration 
gradient.

Casparian strip

Xylem
PericycleEndodermisCortexEpidermis

Cell wall

Plasmodesmata
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membrane

=  Apoplast

=  Symplast

   Root pressure is the transverse osmotic pressure within the cells of root system that causes sap to rise through a 
plant stem to leaves. It occurs in the system of vascular plants when the soil is moist and transpiration is low. This 
can be demonstrated by cutting a stem from which water exude. It can be measured with the help of manometer.

   Bleeding : When certain plants are cut, pruned, trapped or wounded, the plant sap flows from the cut end or 
surface with a considerable force, this phenomenon is called as bleeding. This phenomenon is seen in many land 
plants particularly grape vine, some palm trees, sugar maple etc.

   Guttation : The loss of water in the form of water droplets through hydathode is called guttation. It is commonly 
seen in mesophytic plants like grass, tomato, balsam plant, potato etc. Guttation process takes place through 
hydathode.

   Hydathode has single opening (stoma), which is guarded by two guard cells, which are incapable to 
show movement. Therefore, hydathodes are always permanent opening structures. The water that 
comes out during guttation is impure and contains variety of organic solutes and inorganic ion.

  Transpiration pull

  It is a type of force that leads to upward flow of water in xylem vessels. During this process water is lost 
through leaves.

 

 Mnemonics

Concept : Method of absorption of water by plants
Mnemonics  : Symplast, Apoplast

Sweet Apple

Key Words

  Root Pressure : The pressure that develops in a root as a result of active process and brings about the pushing up 
of xylem sap.

  Symplast Pathway : Movement of water from one cell to another through interconnected cytoplasmic strands 
called plasmodesmata.

  Apoplast Pathway : Passage way of water and mineral through interconnecting cell wall and inter cellular space.

Topic-3 Transpiration and Transport of Solutes

Revision Notes

    Transpiration : Transpiration is the loss of water in the form of water vapour from aerial parts of plants. It takes 
place by three types :
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Transpiration

(Evaporative loss of water)

Stomatal
(Transpiration through

stomata)

Cuticular
(Transpiration through

cuticle)

Lenticular
(Transpiration through

lenticels)

   Significance of transpiration
  •	  It creates transpirational pull for absorption and transportation in plants.
  •  It supplies water for photosynthesis.
  •  It transports minerals and salts from soil to other parts of plant.
  •  It cools the leaves and maintains their shape and size.
 Stomatal mechanism
   Stomata open during daytime, and close at night. This is due to turgor changes in the guard cells. When the guard 

cells are turgid, the stomata opens and when they are flaccid, stomata closes.
   Starch sugar inter-conversion theory : During daytime, enzyme phosphorylase converts starch into sugar, thus 

increasing osmotic potential of guard cell causing entry of water. This makes the guard cells turgid resulting in 
the opening of stomata. The reverse occurs at night bringing about the stomatal closure.

   K+ ions help stomata for opening and closing. Increase of K+ in guard cells increase osmotic concentration and 
therefore turgor pressure of guard cells, resulting in opening of stomata.

 Ascent of sap (Translocation of water)
   Cohesion Tension and Transpiration pull theory was put forwarded by Dixon and Jolly in 1894. According to this 

theory, water is mostly pulled due to driving force of transpiration from the leaves. On account of tension created 
by transpiration, the water column of plant is pulled up passively from roots to great heights.

 Function of stomata
   Stomata are meant for gaseous exchange for respiration and photosynthesis and also helps in transpiration.
  •   Lenticels are small opening in the periderm bark for gaseous exchange.
  •	  Hydathodes are specialised pores (opening) present on the leaf margins and vein endings that exude or 

secrete water. 
 Uptake and transport of mineral nutrients
   Most of the minerals enter the roots by active absorption from lower to higher chemical potential into the 

cytoplasm of epidermal cells because :
  •   Minerals are present in the soil as charged particles (ions) which cannot move across cell membranes.
  •   The concentration of ions in soil is usually lower than concentration in roots.
   Active absorption needs energy in form of ATP. Active uptake of ions is also responsible for water potential 

gradient in roots.
   Transport proteins of epidermal cells are control point where quantity and type of solutes that reach the xylem is 

adjusted.
   Passive uptake of ions across the protoplasmic membrane occurs from its higher to lower chemical potential.
   The ions that reach xylem by active or passive transport moves further upward along with transpirational pull.
Transport of solutes
   Phloem transport (Flow from Source to Sink) : Food (sucrose) is transported by phloem from source to sink. The 

part of plant that synthesise the food is called source and part where food is used or stored is called sink.
   The source and sink can be reversed by the plants depending upon the season or plant's need. So, the direction 

of movement in the phloem is bidirectional.
   Downward translocation of organic solutes takes place through phloem. This can be shown by girdling and tracer 

techniques.
   Girdling is the removal of a ring of bark up to the depth of the phloem layer from the stem. This results in the 

absence of downward movement of food. As a result, the portion of the bark above the ring on the stem become 
swollen after a few weeks. This shows that phloem is the tissue responsible for translocation of food.

 Pressure Flow or Mass flow hypothesis
   It is the most accepted theory for the translocation of sugar from source to sink.
   Glucose is prepared at source by photosynthesis which is converted into disaccharides (sucrose). Sucrose moves 

into companion cells and then into sieve tube cells by active transport.
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   Loading of phloem at source creates a water potential gradient that facilitates the mass movement in the phloem.
   Sieve tube cells of phloem forms a long column with holes in their wall called sieve plates.
   Cytoplasmic strands pass through the holes in the sieve plates to form continuous filament. Hydrostatic 

pressure developed in sieve tube cells moves the sap in the phloem.
   At sink incoming sugar is actively moved out of the phloem as complex carbohydrates. The loss of solute 

produces a high water potential in the phloem and water passes out, returning into xylem.

 

 Mnemonics

Concept : Type of transpiration
Mnemonic : Learning Come from School

Lenticular, Cuticular, Stomatal

Key Words

  Transpiration : It is the loss of water in the form of water vapour from the aerial part of the plants.
  Pressure Flow Hypothesis : Organic solutes are conducted and passes from the site of the production to the site 

of consumption through phloem (sieve tube) along the concentration gradient.
  Translocation of solutes : Conduction of organic solutes from the production (mesophyll) and to the consumption 

end (root and storage organ) through phloem.
  Stomatal apparatus : Stoma with their two guard cells is called stomatal apparatus.
  Guard cells : Modified epidermal cells which regulates the opening and closing of stomata.
  Stomata : Stomata are small elliptical shaped pores found in the epidermal layer of leaves and certain herbaceous 

stems.

CHAPTER-12
MINERAL NUTRITION

Topic-1 Minerals : Their Importance and Deficiency

Revision Notes

  Essential mineral nutrients : The elements required by the plants to maintain its normal physiology are called 
essential elements. About 65 elements are found in different plants, out of which 17 elements have been found to 
be essential. They are C, H, O, N, P, K, S, Mg, Ca, Fe, B, Mn, Cu, Zn, Mo, Cl, and Ni.

  Following criteria are used to determine the essentiality of an element : 
•	 Element must be absolutely necessary for the normal growth and reproduction to complete their life cycle.
•	 The requirement of element must be specific and not replaceable by another element.
•	 Element must be directly involved in the metabolism of plants.

  Types of nutrients : 
•	  Macronutrients are present in plant tissues in larger quantity. C, H and O is obtained from water and rest (N, 

P, K, Ca, Mg, S) are absorbed from soil. N is obtained both from soil and air.
•	  Micronutrients or trace nutrients are required in very small quantity. Fe, B, Mn, Cu, Zn, Cl, Mo, Ni are 

micronutrients.

  Differences between Macronutrients and Micronutrients : 
S. No. Macronutrients Micronutrients

(i) They are present in plants in easily 
detectable quantities.

These are present in plants in very small 
amount.
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(ii) The average amount of micro-
elements present in 1 g of dry matter 
is usually more than 1 mg.

The average amount of micro-elements 
present in 1 g of dry matter is less than 1 
mg.

(iii) Excess of these are non-toxic to plants. These elements become toxic when 
increased in concentration.

(iv) Required to build up the plant body. Required for the functioning of enzymes.
  Hydroponics

•	 Hydroponics is the technique of growing plants in a nutrient solution in complete absence of soil. This method 
is used to determine the nutrients essential for plants.

•	 In this method, plant is cultured in soil-free, defined mineral solution. These methods require purified water 
and mineral nutrients.

•	 Essential elements are identified and their deficiency symptoms are discovered by hydroponic method. It is 
also used for commercial production of vegetables, like tomato and cucumber.

  Deficiency Symptoms of Essential elements : 
•	 When supply of essential elements becomes limited, plant growth is retarded. The concentration of essential 

elements below which plant growth is retarded is called critical concentration.
•	 In absence of any particular element, plant shows certain morphological changes. These morphological 

changes are called deficiency symptoms.

  Role of Macro and Micro-nutrients and their deficiency symptoms.

Essential Elements Region of plants in which 
it is required (absorbed as 

ions)

Functions Deficiency symptoms

Nitrogen Every where.

(NO –
2, NO–

3, NH+
4)

Normal growth and 
metabolism.

Chlorosis (yellowing of 
leaves), Stunted growth.

Sulphur 0.05-1.5% in whole plant, 
Absorbed by roots, occur 
in proteins and vitamins. 
(SO2

4)
– ions.

Synthesis of chlorophyll, 
essential for nodulation of 
legumes.

Chlorosis, curling of leaves, 
stem becomes hard and 
woody.

Phosphorus Present in whole plant 
specially in meristems, 
developing fruits. 
Phosphate ions (PO4

3–).

Help in energy metabolism, 
it is a part of nucleotides 
and nucleosides.

Stunted plants, leaf fall, 
decays flowering, twisting 
and deformation.

Calcium Present in the form of 
Calcium ions in the soil 
Used in synthesis of cell 
wall. (Ca2+ ions)

Essential for normal 
membrane function, acts as 
an enzyme activator.

Degeneration of young 
fruit.

Magnesium Present in leaves and all 
green parts of plant. (Mg2+ 
ions)

Acts as an enzyme 
activator, for synthesis of 
chlorophyll.

Inhibition of growth, 
chlorosis.

Potassium Young organs, leaves, root 
tips. (K+ ions)

Involved in respiration, 
photosynthesis, starch and 
protein synthesis.

The leaves develop dark 
necrotic lesions, weak 
stalks, root infection.

Boron Apical meristems, leaves 
and seeds. (BO3–

3 or B4O
2–

7)
Elongation of pollen tube, 
involved in nucleic acid 
synthesis, transport of 
carbohydrates.

Failure of root tips, cell 
division in shoot apex is 
inhibited, disintegration of 
internal tissue.

Chlorine Whole plant : (Cl– ions.) Photo-oxidation of water, 
essential for root and cell 
division in leaves.

Reduced growth, wilting, 
leaves attain bronze colour.

Copper Whole plant : (Cu2+ ions) Present in several enzymes 
and proteins.

Turn young leaves to 
become dark green, causes 
“die	back	disease”.

Iron Fe3+ ions Important constituent of 
protein.

Causes chlorosis.
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Manganese Mn2+ ions Required for 
photosynthesis.

Interveinal chlorosis due to 
chlorophyll degradation.

Zinc Zn2+ ions Needed in formation of 
enzymes.

Necrotic spots on leaves.

  Toxicity of micronutrients : In higher doses, micronutrients become toxic. Any tissue concentration which reduces 
dry weight of tissue by 10% is called toxic concentration.
•	 Critical toxic concentration is different for different elements.
•	 Mechanism of absorption of elements takes place in two phases. In first phase, rapid intake of ions occurs 

in free space or outer space of cells, apoplast. In second phase, ions are taken slowly into inner space, the 
symplast of the cells.

•	 Passive movement of ions in apoplast occurs through ion channels and trans-membrane protein. On the other 
hand, movement of ions into symplast occurs by expenditure of energy by active process.

•	 The	movement	of	ion	is	called	flux.	The	inward	movement	is	called	influx	and	outward	movement	is	called	
efflux.

•	 Translocation	of	solutes	occurs	through	xylem	along	with	ascending	stream	of	water.

 

 Mnemonics

Concept : Macronutrients
Mnemonics : CHOP Karo Cabbage for Soupy Mag-
gie Noodles
                 : C, H, O, P, K, Ca, S, Mg, N

Key Words

  Mineral nutrition : The process involving the absorption and utilisation of various mineral ions by plants for 
their growth and development.

  Critical concentration : The concentration of the essential element below which plant growth is retarded is 
termed as critical concentration.

  Deficiency symptoms : The morphological changes are indicative of certain elements deficiencies and are called 
deficiency symptoms.

  Hydroponics : The technique of growing of plants in nutrient solutions rather than soil. The process is called 
hydroponics.

  Toxical elements : Any mineral ion concentration in tissues that reduces the dry weight of tissues by about 10% 
is considered as toxic elements.

  Mottling : Discolouration or spotting of leaves.

Topic-2 Nitrogen Cycle and Biological Nitrogen Fixation

Revision Notes

 Nitrogen Cycle

    The process of conversion of nitrogen to ammonia or related nitrogenous compound is called nitrogen fixation. 
In nature, lightning and ultraviolet radiation provide energy to convert atmospheric nitrogen into nitrogen oxide 
(NO, NO2 and N2O3).

   The decomposition of organic nitrogen of dead plants and animals into ammonia is called ammonification.
   Ammonia is first oxidised to nitrite by bacteria Nitrosomonas or Nitrococcus, which is further oxidised to nitrate 

with the help of bacteria Nitrobacter. These processes are called nitrification. 
   Formed nitrate is absorbed by plants and transported to leaves. Nitrates is converted into free nitrogen by the 

process of denitrification by  bacteria Pseudomonas and Thiobacillus.
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Biological nitrogen fixation
   Reduction of nitrogen to ammonia by living organism is called the biological nitrogen fixation. The enzyme 

nitrogenase, present in prokaryotic organisms are called nitrogen fixers.
   Nitrogen fixing microbes may be symbiotic (Rhizobium) or free living (Azotobacter and Beijerinckia–aerobes, 

Rhodospirillum-anaerobic). A number of cyanobacteria such as Anabaena and Nostoc are also-living N2-fixers.
   Symbiotic biological nitrogen fixation includes legume-bacteria relationship in which rod-shaped Rhizobium lives 

with symbiotic relation with nodules of leguminous plants.

The reaction is as follows : 

      N2 + 8e– + 8H+ + 16ATP → 2NH3 + H2 + 16ADP + 16 Pi

   The enzyme nitrogenase is highly sensitive to molecular oxygen and needs anaerobic conditions. To protect this 
enzyme from oxygen, the nodules contain an oxygen scavenger called leg-haemoglobin.

  Central portion of nodule is pink or red due to the presence of leguminous haemoglobin or leghaemoglobin.
  Nodule formation involves sequence of interaction between root and Rhizobium.
   Rhizobium increase in number and attach with epidermis of roots. Root hair curls and bacteria invade it. An 

infection thread is formed carrying in bacteria into the cortex of root. 
   Nodule formation starts in cortex of root. Bacteria is released  from the thread into the cells which leads to the 

formation of specialised nitrogen fixing cells.
  Nodules establish direct vascular connection with host for exchange of nutrients.
 		Nodule contain all necessary biochemical components like enzyme nitrogenase and leghaemoglobin.
  Enzyme nitrogenase is a Mo-Fe protein and catalyses the conversion of atmospheric nitrogen into ammonia.

Infection
thread

containing
bacteria Mature noduleInner cortex and

pericycle cells
under division

Bacteria

HookSoil
particles

Root hair

Bacteria

Development of root nodule

 		Fate of ammonia : Ammonia is protonated into ammonium ions (NH4
+). It is toxic for plants in larger concentration. 

Ammonium ion is converted into amino acids by two methods, i.e., by reductive amination and transamination.

 		Two important amides, asparagine and glutamine found in plants are proteins. They are formed from aspartic 
acid and glutamic acid by addition of another amino groups to it.

  

 Mnemonics

Concept : Nitrogen fixing bacteria:
Mnemonics : Residences in Rural Areas are Natural with Basic Amenities
Rhizobium, Rhodospirillum, Azotobacter, Nostoc, Beijerinckia, Anabaena 

Key Words

  Ammonification : This is the breakdown of organic nitrogen such as proteins and urea into ammonia.

  Nitrification : It is conversion of ammonia, first to nitrites and then to nitrates by nitrifying bacteria, Nitrosomonas 
and Nitrobacter.

  Denitrification : It is the conversion of nitrates into free nitrogen done by bacteria such as Pseudomonas and 
Thiobacillus.

  Photochemical fixation : It is done by the action of lightning on oxygen and nitrogen in atmosphere by which 
free nitrogen is converted to nitrogen oxides.

qq
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CHAPTER-13
PHOTOSYNTHESIS IN HIGHER PLANTS

Topic-1 Photosynthesis, Cyclic and Non-Cyclic Photophosphoryl-
ation, C3 Pathway

Revision Notes

  It is an anabolic process in which green plant synthesise food from H2O and CO2 in the presence of sunlight.

   
6CO2 + 12H2O Light  C6H12O6 + 6H2O + 6O2

  Early Experiments : 
  (i) Joseph Priestly- discovered oxygen.
  (ii)  Jan Ingenhousz- showed that green plants purifies air in the presence of sunlight.
  (iii)  Julius von Sachs - showed that first visible product of photosynthesis is starch.
  (iv) T.W. Engelmann - showed the chloroplast was the site of photosynthesis.
  (v) Van Neil - Discovered that O2 evolved by green plants comes from H2O and not CO2.
  Pigments involved in photosynthesis are :
  (i) Chlorophyll a and chlorophyll b (green colour)
  (ii) Carotenoids
  (iii) Xanthophylls (yellow colour)
  Difference between Chlorophylls and carotenoids:

Chlorophylls Carotenoids

(i) Chlorophylls are green colour plant pigments Carotenoids are yellow to red colour plant pigments

(ii) There are several types of chlorophylls, i.e., 
chlorophyll a, b, c and d.

There are only two types of carotenoids i.e., 
xanthophylls and carotenes.

(iii) Chlorophylls can transfer light to the 
photosynthetic pathway directly.

Carotenoids can transfer light to the photosynthetic 
pathway directly.

4. Chlorophylls contain a porphyrin rings in their 
structure.

Carotenoids contain two small six carbon rings and a 
long carbon chain.

  Maximum absorption by chlorophyll ‘a’ occurs in blue and red regions having higher rate of photosynthesis. So, 
chlorophyll ‘a’ is the chief pigment.

  Other thylakoid pigments like chlorophyll ‘b’, xanthophyll and carotenoids are called accessory pigments that 
absorb light and transfer energy to chlorophyll a and protect them from photo-oxidation.

  Differences between absorption and action spectra : 
 	l	An absorption spectrum is graph plotted against the fraction of light absorbed by the pigment.
 	l	An action spectrum is the rate of physiological activity plotted against the wavelength of light.
  Photosystems are pigments that are organised in the thylakoid membrane into two different photosystems (PS I 

& PS II)

  Differences between Photosystem I and Photosystem II:

S.No. PS I PS II

(i) Located on outer surface of non-appressed 
parts of grana thylakoid.

Located on inner surface of appressed parts of 
grana thylakoid.

(ii) It absorbs at or below 700 nm wave-length of 
light.

It absorbs at or below 680 nm wavelength of light.

(iii) Not directly involved with photo-oxidation of 
water.

Directly involved with photo-oxidation of water.
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(iv) Comprises 200-400 chlorophyll pigments. Comprises about 200 chlorophyll pigments.

(v) Involved in both cyclic and non-cyclic electron 
transport.

Involved only in non-cyclic electron transport.

  Phases of photosynthesis
  (i) Light Reaction :  The reaction are light driven and takes place in thylakoids.
  (ii)  Dark Reactions :  These are not light driven and takes place in stroma. These are dependent on the products 

of light reaction.
  Light reaction (photochemical phase) includes : 
  (a) Light absorption
  (b) Water splitting
  (c) Oxygen release
  (d) Formation of high energy chemical intermediates (ATP and NADPH).
   Photophosphorylation : The process of synthesis of ATP from ADP and inorganic phosphate in the presence 

of light is known as photophosphorylation. It is of two types : Non-cyclic photophosphorylation and cyclic 
photophosphorylation.

  

 Mnemonics

Concept :  Photochemical phase
Mnemonics : LOW Fragrance :  Light absorption, Oxygen release, Water splitting, Formation of high energy 

intermediates.

Non-Cyclic photophosphorylation                           Cyclic photophosphorylation

  Differences between Cyclic  and Non-Cyclic Electron Transport Pathway:

S. No. Non-Cyclic photophosphorylation Cyclic photophosphorylation

(i) Involves participation of both PS II and PS I. 
First step is photooxidation of water

Involves participation of only PS I.

(ii) It is concerned with reduction of NADP+ and 
production of ATP.

It is not concerned with photooxidation of water. 
It is only concerned with the production of ATP.

(iii) It occurs under normal condition. Occurs under special conditions, when NADPH 
starts accumulating.

Chemiosmotic Hypothesis of ATP Formation
   This hypothesis was proposed by Mitchell in 1961. ATP synthesis is linked with development of proton gradient 

across the membrane of thylakoids and mitochondria.
   The process involved in the development of proton gradient across the membrane are :
  (i)  Splitting of water molecules occurs inside the thylakoid to produce hydrogen ion or proton.
  (ii)  As electron passes through the photosystem, protons are transported across the membrane because primary 

acceptor of electron is located towards the outer side of the membrane.
  (iii)  The NADP reductase enzyme is located on the stroma side of membrane. Electrons come out from the 

acceptor of electrons of PS-I. Protons are necessary for reduction of NADP+ to NADPH + H+. These protons 
are also removed from the stroma. This creates proton gradient across the thylakoid membrane.
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  (iv) Break down of this gradient enables the ATP – synthesis. ATP are energy rich molecules.

H+

H+

H+

H+

H+

F1

F0

ATP
ADP

Stroma

NADP
+

NADPH

ATP Synthase

Photosystem II

Lumen

Photosystem I

Lumen

Cytochromes b & f

LumenLumenLumen

Thylakoid
membrane

Lumen

ATP synthesis through chemiosmosis
Biosynthetic phase of photosynthesis
   The product of light reaction (ATP and NADPH) is used to drive the process leading to synthesis of sugar and is 

called biosynthetic phase of photosynthesis. It takes place in the stroma of chloroplasts.
   C3 Pathway or Calvin cycle : The dark reaction consists of following stages :
  (i)  Carboxylation : 6 molecules of ribulose monophosphate forms 6 molecules of ribulose 1,5- bisphosphate by 

reacting with 6 ATP molecules. 6 molecules of ribulose 1,5- bisphosphate reacts with 6 molecules of CO2 and 
6 molecules of water to form 6 molecules of unstable compound which split into 12 molecules of 3 carbon 
compounds called phosphoglyceric acid (3c), which is stable compound.

  (ii)  Glycolytic Reversal : It involves reduction of PGA by using ATP and NADPH, formed during photochemical 
phase. 6 molecules of phosphoglyceric acid (PGA) are reduced to 6 molecules of 1, 3 diphosphoglyceric acid. 
By using all NADPH2 molecules, 6 molecules of another product glyceraldehyde phosphate (3C sugar) is 
formed which is the first carbohydrate in photosynthesis. 

  (iii)  Regeneration of RuBP : The glyceraldehyde phosphate undergoes a series of reaction by utilising 3 molecules 
of ATP and 3 molecule of 5C sugar RuBP are regenerated.

Calvin Cycle (C3 Cycle)

Key Words

  Photo-oxidation : It is the process of destruction of chlorophyll at high light intensity and oxygen.
  Photophosphorylation : It is the process of formation of ATP in the chloroplast making use of light energy.
  Absorption Spectrum : A graph indicating the wavelengths of light absorbed by a molecule.
  Action Spectrum : A graph indicating the biological activity to the wavelength of visible light.
  Electron Transport chain : Electrons travel from one electron carrier to another. Energy released is utilised to 

convert ADP + Pi to ATP.
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  Photolysis of Water : It is the process of formation of ATP in the chloroplast, making use of light energy.
  Quantasomes : In the thylakoid membranes of chloroplasts, there are highly organised structures containing 

many molecules of chlorophyll called quantasomes.

Topic-2 C4 Pathway, Photorespiration, Factors Affecting 
Photosynthesis

Revision Notes

  Differences between Calvin Cycle (C3) and Hatch Slack Pathway (C4)

S. No. C3 Cycle C4 Cycle

(i) The primary CO2 acceptor is 5 carbon-ribulose–1, 
5-bisphosphate.

The primary CO2 acceptor is 3 carbon-
phosphoenol pyruvate.

(ii) The 1st stable product is a 3-carbon compound 
phosphoglyceric acid.

The 1st stable product is a 4-carbon compound 
oxaloacetic acid.

(iii) Chloroplast are monomorphic. Chloroplast are dimorphic.
(iv) Leaves do not exhibit Kranz anatomy. Leaves do exhibit Kranz anatomy.
(v) Photorespiration occurs in C3 plants. Photorespiration rarely occurs.
(vi) Requires less energy. Requires more energy.

Hatch and Slack Cycle (C4 Cycle) : 

C4 Pathway
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Photorespiration

   It is the light dependent process of oxygenation of RuBP and release of carbon dioxide by photosynthetic organs 
of plants.

   Photorespiration decreases the rate of photosynthesis when oxygen concentration is increased from 2-3 % to 21%.
   Presence of light and higher concentration of oxygen results the binding of RuBisCO enzyme with O2 to form 

phosphoglyceric acid and phosphoglycolate.
   RuBisCO + O2 → PGA + phosphoglycolate. This pathway involves chloroplast, peroxisome and mitochondria. 

Photorespiration does not occur in C4 plants.

Photorespiration
   Blackman’s law of Limiting Factor : It states that if a chemical process is affected by more than one factor then its 

rate will be determined by the factor which is nearest to its minimal value.
   Factors affecting photosynthesis are : 
  (i)  Light (ii) Carbon dioxide concentration
  (iii) Temperature (iv) Water

 

 Mnemonics

Concept : Factors affecting photosynthesis
Mnemonics : Water Till Light Comes

Water, Temperature, Light, Carbondioxide concen-
tration

Key Words
  Photorespiration : The process of uptake of oxygen and production of carbon dioxide in light by photosynthesis.
  Photosynthetic unit : The minimum unit of chlorophyll necessary to reduce one molecule of carbon dioxide.
  Warburg effect : It is an inhibitory effect of high concentration of oxygen on photosynthesis.
  Principle of limiting factor : It states that when a process is conditioned as to its rapidity by a number of separate 

factors, the rate of the process is limited by the pace of the slowest factor. In other words the rate of a physiological 
process is limited at a given time by one and only one factor which is deficient.

qq
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CHAPTER-14
RESPIRATION IN PLANTS

Topic-1 Respiration and Fermentation

Revision Notes

  Respiration is an enzymatically controlled step by step oxidation of food in which energy is liberated to carry out 
metabolic activities of body.

   C6H12 O6 + 6O2  6CO2 + 6H2O + 686 K cal.

  Cellular respiration is the mechanism of breaking down of food materials within the cell to release energy for 
synthesis of ATP.

  Breaking down of complex molecules takes place to produce energy in cytoplasm and in the mitochondria.

  The compound which get oxidised during respiration is called respiratory substrate.

  Types of Respiration : Aerobic and anaerobic.

  Differences between aerobic and anaerobic respiration : 

S. No. Aerobic Respiration Anaerobic respiration

(i) Common in all higher plants. Common in certain micro-organisms.

(ii) Occur in all living cells. May or may not occur in living cells.

(iii) Permanent process. Temporary process.

(iv) Energy is released in large amount. Energy is released in small amount.

(v) Non-toxic to plants. Toxic to higher plants.

(vi) Occurs in presence of O2. Occurs in absence of O2.

(vii) End products are O2 and  H2O. End products are ethanol and CO2.

  Fermentation : It is a microbial process in which carbohydrate is broken down without using oxygen.

  It is of two types : 

  (i)  Lactic Acid Fermentation : It is a kind of anaerobic respiration in which glucose is converted into lactic acid 
with the release of energy. It is exhibited by bacteria lactobacillus and skeletal muscles of animals.

     Glucose + 2NAD+ + 2ADP + P  2 pyruvic acid + 2NADH + H2 + 2ATP

     2 Pyruvic acid Lactic dehydrogenase  2 Lactic acid + 2NAD+ 

  (ii)  Alcoholic Fermentation : A kind of anaerobic respiration in which glucose is converted into ethyl alcohol and 
carbon dioxide with the release of energy.

     Glucose + 2NAD(+) + 2ADPP  2 Pyruvic acid + 2NADH+ H2 + 2ATP

     2 Pyruvic acid  2 Acetaldehyde + 2 carbon dioxide

•	 In fermentation by yeast, pyruvic acid is converted to ethanol and CO2. The enzyme involved is pyruvate 
decarboxylase and alcohol dehydrogenase.

•	 In both lactic acid fermentation and alcohol fermentation very less amount of energy is released.
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Anaerobic Pathway (Fermentation of yeast)

Key Words

  Cellular Respiration : It is a catabolic process in which complex organic compounds are converted into simpler 
organic or inorganic compounds and energy is released.

  Aerobic Respiration : It is a type of respiration that occurs in the presence of oxygen molecules and respiratory 
substrate is completely oxidised.

  Respiratory Substrates : These are those organic compounds, which are oxidised to yield energy.

  Anaerobic respiration : A type of respiration where complex organic compounds are partially broken down 
into simpler organic compounds in absence of oxygen.

  Fermentation : Anaerobic respiration by micro-organisms or plants by which glucose is incompletely oxidised to 
ethyl alcohol or lactic acid.

 

 Mnemonics

Concept : Types of Respiration
Mnemonics : Accurate Answer
                       : Aerobic, Anaerobic

Topic-2 Glycolysis, TCA cycle, ETS

Revision Notes

Mechanism of respiration

  Glycolysis

•	 The scheme of glycolysis is given by Gustav Embden, Otto Meyerhof, and J. Parnas. It is also called as EMP 
pathway.

•	 Glycolysis is the partial oxidation of glucose or similar hexose sugar into two molecules of pyruvic acid through 
a series of enzyme mediated reaction releasing some ATP and NADH. It occurs in cytoplasm.

•	 Pyruvic acid is the key product of glycolysis.
•	 In animal cells, like muscles during exercise, when oxygen is insufficient for aerobic respiration, pyruvic acid 

is reduced to lactic acid by enzyme lactate dehydrogenase due to reduction by NADH2.
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Glycolysis
   In glycolysis, two molecules of ATP are consumed during double phosphorylation of glucose to fructose 1, 6 

bisphosphate. Two molecules of NADPH are formed at the time of oxidation of glyceraldehyde 3 - phosphate to 
1, 3 bisphosphoglyceric acid. Each NADH is equivalent to 3 ATP, so that net gain in glycolysis is 8 ATP.

Aerobic oxidation of pyruvic acid

  In presence of oxygen, pyruvic acid is completely oxidised. It enters from cytoplasm to mitochondria where it is 
first oxidised to acetyl CoA which enters the cyclic pathway called as Krebs cycle or TCA cycle in mitochondria.

  Aerobic Respiration (Kreb's cycle)

  A molecule of glucose produces two molecules of NADH, 2 ATP and two pyruvate while undergoing glycolysis.
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  The two molecules of pyruvate are completely degraded in Krebs cycle to form two molecules of ATP, 8 NADH 
and 2 FADH2.

  Pyruvic acid + 4NAD++ FAD+ + 2H2O + ADP + Pi 
M i t o c h o n d r i a l 

Matrix  3CO2 + 4NADH + 4H+ + FADH2 + ATP

  

 Mnemonics

Concept : Kreb’s Cycle
Mnemonics : All Clinics Known by Senior Medical Officer. 

Acetyl CoA → Citric acid →a- Keto glutartic acid → Succinic acid → Malic acid →Oxaloacetic acid

ETS and Oxidative Phosphorylation

  Electron Transport Chain
•	 The metabolic pathway through which the electron passes from one carrier to another inside the inner 

mitochondrial membrane is called ETC or mitochondrial respiratory chain.
•	 When the electrons pass from one carrier to another in ETS, they are coupled to ATP synthetase (complex V) 

for the production of ATP from ADP and inorganic phosphate.

Electron Transport System

  Oxidative photophosphorylation

•	  Oxidative photophosphorylation is the process in which ATP is formed as a result of transfer of electrons 
from NADH or FADH2 to O2 by a series of electron carriers. Thus, the synthesis of ATP during oxidation 
of coenzymes is called oxidative phosphorylation. This occurs in inner mitochondrial membrane and is the 
major source of ATP in aerobic organisms.

  Terminal Oxidation is the name of oxidation found in aerobic respiration that occurs towards end of catabolic 
process and involves the passage of both electrons and protons of reduced coenzyme to oxygen to produce water.

  Amphibolic Pathway

•	 Glucose is the favoured substrate for respiration. All carbohydrates are usually converted into glucose before 
used for respiration.

•	 Fats needs to be broken down into glycerol and fatty acid, which is further converted into Acetyl CoA before 
entering the respiratory pathway.

•	 Proteins are broken into amino acids which further enters into Kreb's cycle.
•	 The breaking down process within living organism is called catabolism and synthesis process is called 

anabolism process. So, respiration is an amphibolic pathway.



Oswaal ISC Revision Notes Chapterwise & Topicwise, BIOLOGY, Class-XI74

  Respiratory Quotient : Respiratory Quotient is the ratio of the volume of carbon dioxide produced to the volume 
of oxygen consumed in respiration over a period of time i.e.,

    
R.Q =

Volume of CO2 evolved

Volume of O2 consumed

     R.Q. for carbohydrate : 1
     R.Q. for fats : 0.7
     R.Q. for proteins : 0.9
  Respiratory quotient depends upon the type of respiratory substrate consumed during respiration. It is less than 

unity for the substrates poor in oxygen, e.g., fats and more than unity for the substrates rich in oxygen, e.g., 
organic acid.

Key Words
  Glycolysis : The common metabolic pathway of aerobic and anaerobic respiration that does not need oxygen 

during the breakdown of carbohydrates.
  Electron transport chain : A series of chemical reactions involving oxidation and reduction and yield energy to 

produce ATP.
  Kreb's cycle : Series of enzymatic reactions in the aerobic organisms involving catabolism of acetyl CoA to produce 

NADH, FADH2, ATP and CO2.

qq

CHAPTER-15
PLANT GROWTH AND DEVELOPMENT

Topic-1 Growth, Differentiation, Development

Revision Notes

Growth

  Permanent and irreversible change in the size of the cell, organ or whole organism accompanied by increase in dry 
weight.

Development
  It is a sequence of events that occur in the life history of cell, organ or organism which includes seed germination, 

growth, differentiation, maturation, flowering, seed formation and senescence. It is the sum of two processes : 
growth and differentiation. Intrinsic and extrinsic factors control the growth and development in plants.

Conditions for growth
  Necessary conditions for growth includes water, oxygen and essential elements. Water is required for cell 

enlargement and maintaining turgidity. Water also provide medium for enzymatic conditions.
  Optimal temperature and other environmental conditions are also necessary for  growth of the plants.
  Cells produced by apical meristem and cambium differentiate to become specialised structure to perform specific 

function. This act of maturation is called differentiation.

  The phenomenon of the living differentiated cells that have regained ability of division is called dedifferentiation. 
For example interfascicular cambium and cork cambium.

  Dedifferentiated cells mature and lose the capacity of division, again to perform specific functions. This process 
is called redifferentiation.

Phases of Growth in Meristems
  Meristematic phase is also called as the phase of cell formation or cell division. It occurs at root apex, shoot apex and 

other region having meristematic tissue. The cells in this region are rich in protoplasm and possess large nuclei 
conspicuous with abundant plasmodesmatal connection.

  Phase of elongation : Newly formed cells produced in the meristematic phase undergo enlargement. Increased 
vacuolation and new cell wall deposition are the other characteristics of the cells in this phase.

  Phase of maturation : The enlarged cells develops into special or particular type of cells by undergoing structural 
and physiological differentiation.
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Growth Rate : 

  Growth Rate : Increase in growth per unit time is called growth rate. Growth rate may be arithmetic or geometrical.

  Arithmetic Growth : The rate of growth is constant and increase in growth occurs in arithmetic progression 2, 4, 
6, 8……. It is found in root and shoot elongation.

  In the arithmetic growth, following mitotic cell division, only one daughter cell continues to divide while the 
other differentiates and matures.

  In this type, length of plant organ is plotted against time which shows a linear curve.

  Geometric Growth : Here initial growth is slow and increases rapidly thereafter every cell divides at an exponential 
rate. Here, both the progeny cells following mitotic cell division retain the ability to divide and continue to do so.

  Sigmoid Growth Curve : If the geometrical growth is plotted against time, it gives a sigmoid growth curve. 
It shows lag phase, log phase and steady phase.

An idealised sigmoid growth curve typical of cells in culture, many higher plants and plant organs.

Measurement of Growth : 

  Growth is measured by a variety of parameters; some of which are increase in fresh weight, dry weight, length, 
area, volume and cell number.

  Growth is measured by the use of Auxanometer. It is an apparatus for making automated measurement of growth. 
This allows measurement of growth in micrometer.

Absolute and Relative Growth Rates : 

  Absolute growth Rate : Total growth occurring in plant or plant parts in unit time.

  Relative growth rate : Total growth occurring in unit time with respect to initial parameter in plant or plant parts.

 

 Mnemonics

Concept : Type of growth rate:
Mnemonics : After Girls

Arithmetic, Geometrical

Key Words

  Growth : A permanent or irreversible increase in dry weight, size, mass or volume of a living structure due to 
synthesis of new intracellular and extracellular material.

  Meristem : A tissue, the cells of which are capable of division forming new cells and tissues of plants.
  Determinate growth : It is a kind of growth, in which growth stops after certain size is reached. Seen in leaves, 

flower, fruits, seeds, peduncle of cymose inflorescence etc.
  Differentiation : Differentiation is a process, where meristematic cells loses their ability to undergo cell division 

completely or temporarily and changes into permanent tissues.
  Dedifferentiation : It is a process during which permanent tissues regain the ability to undergo cell division and 

changes into meristematic tissues.
  Redifferentiation : It is a process during which secondary meristem losses their ability to undergo cell division 

and changes into permanent tissues performing specific function.
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Topic-2 Plant Growth Regulators

Revision Notes

  Plants hormones or phytohormone are organic substances produced by a plant, which at the low concentration 
influence plant growth, differentiation and other physiological functions.

  There are two types of phytohormones : 

   (a)   Growth promoters : They are the substances which promotes the growth or induce the growth. e.g, Auxins, 
Gibberellins and Cytokinin.

   (b)  Growth Inhibitors : These are substances which inhibits growth. e.g, Ethylene and Abscisic acid (ABA).

  Auxins : Auxins were discovered by F.W. Went. They were isolated by him from tips of oat coleoptile. Chemically, 
it is Indole acetic acid (IAA) and was first isolated from human urine.

  Functions : 

   (i) Cell elongation (ii) Promote flowering
   (iii) Induce parthenocarpy (iv) Healing 
   (v) Used as herbicides
  Physiological effects of Auxin : 

   (i) Apical dominance (ii) Root initiation
   (iii) Inhibition of abscission  (iv) Ethylene synthesis
   (v) Synthesis of specific enzymes
  Gibberellins : Discovered by E. Kurosawa. It occurs in many forms as GA1, GA2, GA3 …... GA100. Most common is 

GA3 (Gibberellins Acid).

  Functions : 

   (i) Stem elongation (ii) Leaf expansion
   (iii) Bolting (iv) Promotes flowering 
   (v) Delayed ripening 
  Physiological Effect of Gibberellins : 

   (i) Breaking the dormancy  (ii) Induce the formation of male flowers.
   (iii) Prevents fruit ripening (iv) Stimulate parthenocarpy
  Cytokinins : Discovered by Miller while working on Tobacco pith culture.

  Functions : 

   (i) Promotes cell division (ii) Help to overcome the apical dominance

   (iii) Delay senescence  (iv) Help to produce new leaves 

   (v) Induces the formation of interfascicular cambium in plants.

  Physiological effects of Cytokinins : 

   (i) Promote cell differentiation (ii) Break the dormancy

  (iii) Lateral bud development  (iv) Influence stomatal opening

   (v) Helps in morphogenesis

  Ethylene : It is a gaseous hormone and is most widely used hormone in agriculture.

  Functions : 

   (i) Promotes fruit growth and ripening.

   (ii) Inhibit longitudinal growth but stimulates transverse growth.

   (iii) Stimulates flowering.

   (iv) causes epinasty

  Abscisic acid : It is also called stress hormone or dormin. It was identified as growth inhibitor by Bennet Clark.

  Functions : 

   (i) Regulation of dormancy (ii) Regulation of abscission

   (iii) Plant growth inhibitor  (iv) Initiate seed germination
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  Photomorphogenesis : It is the development of plants where the pattern of plant growth responds to the spectrum 
of light. In the process, light is used a source of energy.

 

 Mnemonics

Concept :  Plant growth regulators.
Mnemonics : Anyone Can Go and Eat All

Auxin, Cytokinin, Gibberellin, Ethylene, Abscisic acid

Key Words

  Apical dominance : It is the process whereby the shoot tip inhibits the outgrowth of axillary buds further down 
the stem to control the number of growing shoot tips and branches.

  Abscission : It is a process by which leaves and fruits drop off from the plant by the formation of layers of cells 
called abscission layers in their stalk.

  Parthenocarpic : Development of fruit without pollination and fertilisation is called parthenocarpic process.
  Weedicides : They are chemicals which eliminate the weeds from the crop field.
  Bolting : Bolting refers to the elongation of the stem before flowering. Gibberellin promotes bolting in plants with 

a rosette habit, e.g., beet, cabbage, etc.

Topic-3 Seed Dormancy, Photoperiodism, Vernalisation

Revision Notes

Seed Dormancy : 

  It is the state in which seeds are prevented from germinating even under favourable conditions.

  Quiescence is the state of suspended growth of embryo.

Reasons for seed-dormancy : 

  Impermeable and hard seed coat.
  Presence of chemical inhibitors.
  Immature embryos.
Methods to overcome seed dormancy : 

  Weakening of seed coat by mechanical abrasions using knives, sand paper, etc.

  Weakening of seed coat by microbial action.

  By subjecting to chilling conditions.

  By application of chemicals like gibberellic acid and nitrates.

  By changing the environmental conditions.

  Photoperiodism : The effect of photoperiods or day duration of light hours on the growth and development of 
plant, especially flowering is called photoperiodism. On the basis of photoperiodic response, flowering plants 
have been divided into :  

   •  Short Day Plants : They flower when photoperiod is below a critical period. Example :  Xanthium, Rice, 
Sugarcane, Potato, etc.

	 	 	 •	  Long Day Plants : These plants flower when they receive long photoperiod of light, greater than critical 
period. Example :  Radish, Barley, lettuce.

	 	 	 •	 	Day Neutral Plants : The plant can blossom throughout the year. Example : corn, cucumber.
  Critical photoperiod is that continuous duration of light which must not be exceeded in short day plants and 

should always be exceeded in long day plants in order to flower.
  Vernalisation : It is the process of shortening of the juvenile or vegetative phase and hastening flowering by a 

previous cold treatment. The stimulus of vernalisation is perceived by meristematic cells.
  Vernalisation helps in shortening of vegetative period of plant and brings about early flowering. It is applicable to 

temperate plants like; Wheat, Rice, Millets, etc.
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Difference between Photoperiodism and Vernalisation : 

  Photoperiodism is the induction of flowering in plants by exposing them to appropriate photoperiods (light and 
dark periods). Photoperiodism provides both the stimuli and the induction of flowering. Vernalisation is the 
process of induction of flowering in plants by exposing them to cold temperature. 

  The effect of photoperiodism cannot be reversed whereas the effect of vernalisation can be reversed.

Key Words

  Photoperiodism : The response of the plants in terms of flowering to duration and timing of light and dark 
period.

  Photoperiod : The length of light period required to induce flowering.
  Quiescence : It is the condition of the seed when its germination is suspended due to environmental conditions.
  Dormancy : It is state in which seed is unable to germinate, even under ideal growing conditions.
  Vernalisation : It is the process of shortening of the juvenile or vegetative phase and hastening flowering by a 

cold treatment.
qq

UNIT-5 : HUMAN PHYSIOLOGY

CHAPTER-16
DIGESTION AND ABSORPTION

Topic-1 Digestive System and Associated Glands

Revision Notes

Digestion : 
  The process of conversion of complex food (like carbohydrates, proteins and fats) into simpler absorbable form is 

called digestion. It is carried out by digestive system by mechanical and biochemical methods.
Calorific value of Carbohydrates, Proteins, and Fats

  Energy value of food substances is expressed in calories or kilocalories (Kcal).

  Calorific value : The amount of energy produced on complete combustion of one gram of food substance in the 
calorimeter in laboratory is called calorific value.

  The calorific value of carbohydrates and proteins are 11 k cal/g and 5.65 k cal/g respectively and that of fat is 9.45 
kcal/g.

  Calorific value is greater than physiological value which is the amount of energy produced on oxidation of 1 gm 
of food substance in the body.

  Digestive System 
  Human digestive system consists of alimentary canal and associated glands. 

  Alimentary canal begins with anterior opening-mouth and opens out posteriorly through anus.

  It comprises of following parts : 
  • Mouth : Leads to oral cavity or buccal cavity which contains teeth and tongue.
  •  Pharynx : Oral cavity opens into pharynx which acts as common passage for food and air. Cartilaginous 

flaps called epiglottis prevents the entry of food into wind pipe (glottis) during swallowing.
  •  Stomach : Oesophagus leads to stomach by sphincter (oesophageal sphincter). Stomach is divided into three 

parts – cardiac, fundic and pyloric.
  •  Small intestine : It is longest part of alimentary canal divided into duodenum, jejunum and ileum. Pyloric 

sphincter is present between stomach and duodenum.

  •  Large intestine : Ileum opens into large intestine, which is divided into caecum, colon and rectum. Caecum is 
a blind sac which hosts microbes. Vermiform appendix arises from caecum. Rectum opens to exterior through 
anus.
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Fig. Human Digestive System

 

 Mnemonics

Concept : Parts of alimentary canal 

Mouth, Pharynx, Oesophagus, Stomach, Small intestine, Large intestine, Anus.

Mnemonics : Map of the Social  
Science helps to Locate Area.

Histology of Alimentary canal : 

  The wall of alimentary canal from oesophagus to rectum consists of four layers namely, serosa, muscularis, sub-
mucosa and mucosa.

Fig. Diagrammatic representation of transverse section of gut

Types of Dentition : 
  Diphyodont : Milk teeth is replaced by permanent or adult teeth.

  Thecodont : Teeth embedded in the socket of jaw bone.

  Heterodont : Presence of more than single tooth morphology. There are four different types of teeth. These are 
incisors (I), canine (C), premolar (PM) and molar (M).

  Dental Formula of Human Beings is : 2123/2123
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Digestive Glands : 

Key Words

  Digestion : Breaking down of complex food substances into simple absorbable form.
  Mastication : Mastication is the mechanical grinding of food into smaller pieces by teeth.
  Epiglottis : It is a spoon shaped cartilage of larynx which covers the glottis at the time of swallowing.
  Gastric glands : They are the tubular unbranched or  branched glands present in the inner wall of stomach.
  Peristalsis : Wave of contraction and relaxation in the alimentary canal that push the food forward.
  Micelles : Small, spherical, water soluble droplets formed by fatty acids and bile salts.
  Chyme : Food in a semi-liquid form as a result of action of gastric juice in stomach. 
  Propulsion : Movement of the contents along the alimentary tract.

Topic-2 Physiology of Digestion and Digestive Disorders

Revision Notes

Physiology of Digestion : 
  Digestion in buccal cavity : In buccal cavity, teeth and tongue help in mastication and mixing of food. Mucus in 

saliva is mixed with masticated food to form bolus.
  Conduction of food in oesophagus : Bolus is passed to pharynx and then into oesophagus by swallowing or 

deglutition. The food undergoing digestion moves in the gut due to peristalsis. Peristalsis is  a series of wave-
like muscle contractions that moves food to different processing stations in the digestive tract. The process of 
peristalsis begins in the oesophagus when a bolus of food is swallowed.

  Bolus : A bolus is a ball- like mixture of food and saliva that forms in the mouth during the process of chewing.
  Digestion in stomach : Mucosa of stomach have gastric glands that secrete pepsinogen and HCl.
  Digestion in intestine : Bile, pancreatic juice (containing many enzymes) are released in small intestine. Intestinal 

juice has many enzymes to complete the process of digestion.
Proteins
Peptones

+
Proteoses

Trypsin / Chymotrypsin

Carboxypeptidase
Dipeptides

Polysaccharide (starch) 
Amylase

 Disaccharides

Fats 
Lipases

 Diglycerides   Monoglycerides

Nucleic acids 
Nucleases

  Nucleotides  Nucleosides

Dipeptides 
Dipeptidases

 Amino acids
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Sucrose 
Sucrase

 Glucose + Fructose

Maltose 
Maltase

 Glucose + Glucose

Lactose 
Lactase

 Glucose + Galactose

Nucleotides 
Nucleotidases

 Nucleosides 
Nucleosidases

 Sugar + Bases

Di and Monoglycerides 
Lipases

 Fatty acids + Glycerol

 

 Mnemonics

Concept : Disorders of Digestive System
Mnemonics : December and  
January are Very Cold as Ice.

Diarrhoea, Jaundice, Vomiting, Constipation, Indi-
gestion

Absorption of Digested Food : 

  Absorption is the process by which nutrients pass from the alimentary canal into the blood and lymph through 
mucous membrane.

  Amino acid, monosaccharide, fatty acids, glycerol, salts, vitamins and water are absorbed. About 90% of absorption 
occurs in small intestine and rest 10% in stomach, mouth and large intestine.

  The passage of different absorbent depends upon concentration gradient and some substance like glucose and 
amino acids and electrolytes.

	 	 	 •  Small amounts of glucose, amino acids and some electrolytes like chloride ions are generally absorbed by 
simple diffusion.

	 	 	 •  Some substances like glucose and amino acids are absorbed with the help of carrier proteins by the 
mechanism called facilitated transport.

	 	 	 •  Nutrients like amino acids, glucose, electrolyte like Na+ are also absorbed by active transport.

Absorption in different parts of alimentary canal : 

  Mouth : Certain drugs coming in contact with the mucosa of mouth and lower side of tongue are absorbed into 
the blood capillaries lining them.

  Stomach : Absorption of water, simple sugar and alcohol takes place.

  Small intestine : Glucose, fructose, fatty acids, glycerol and amino acids are absorbed through the mucosa into 
the blood stream and lymph.

  Large intestine : Absorption of water, some minerals and drugs takes place.

Disorders of Digestive System : 

  Jaundice : It is a disease of liver. In jaundice, the skin and the eyes turn yellow due to large quantities of bilirubin 
pigments in the extra-cellular fluid.

  Vomiting : It is the ejection of stomach content through the mouth. This reflex action is controlled by the vomit 
centre in the oblongata.

  Diarrhoea : Frequent defecation of liquid faeces is known as diarrhoea. It reduces the absorption of food.

  Constipation : In constipation, the faeces are retained within the rectum as the bowel movements occur irregularly.

  Indigestion : Incomplete digestion usually accompanied by one or more of the following symptoms- pain, nausea, 
vomiting, heartburn, acid regurgitation, accumulation of gas and release of gas from the stomach.

  Protein-energy malnutrition (PEM) : PEM affects infants and children and cause the deficiency diseases like  
marasmus and kwashiorkor.

Key Words
  Ingestion : Taking in of complex organic food by an organism.

  Absorption : Uptake of the soluble products of digestion into the main system of the organism either directly into 
the cells or into the blood stream and then into the cells.
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  Assimilation : The substance absorbed from different regions of the alimentary canal reach the tissues through 
the blood stream.

  Egestion : Elimination of undigested food from the body.

qq

CHAPTER-17
BREATHING AND EXCHANGE OF GASES

Topic-1 Respiratory Organs in Humans, Mechanism of  
Breathing

Revision Notes

  Respiratory Organs : Mechanism of breathing varies in different organism according to their body structure and 
habitat.

Respiratory Organs Organisms

Entire body surface Sponges, coelenterate, flatworms

Skin Earthworm

Tracheal system Insects

Gills Pisces, aquatic arthropods and molluscs

Lungs Amphibians, mammals

Breathing

  Breathing is the process of exchange of O2 from the atmosphere with the CO2 produced by the cells.

  Breathing occurs in two stages : inspiration and expiration. During inspiration, air enters the lungs from 
atmosphere and during expiration, air leaves the lungs.

Human Respiratory System 

  The human respiratory system consists of a pair of Nostrils → Nasal cavity → Internal nares → Nasopharynx → 
Larynx → Trachea → Bronchus → Alveoli → Lungs. 

Mechanism of Breathing

  It involves two stages : inspiration and expiration.

Enlargement of thoracic cavity due to action of intercostal muscles of inspiration.
↓

Lungs also expand.
↓

The pressure within the lungs is less than the atmospheric pressure.
↓

Air from outside comes inside the lungs.
↓

At top point of inspiration, contraction of inspiratory muscles suddenly stops.
↓

Inspiratory intercostal muscles relax and the lungs shrink.
↓

Air pressure within the lungs exceeds than atmospheric air.
↓

Air is expelled out.

Expiration

Inspiration
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 Mnemonics

Concept : Path of respiratory system
Nostrils → Nasal cavity → Internal nares → Nasopharynx → Larynx → Trachea → Bronchus → Alveoli → 
Lungs.
Mnemonic : Not Necessary is INcision Laser Technology Best Adopted for Lungs.

Key Words
  Aerobic Respiration : It requires the presence of molecular oxygen and occurs in mitochondria.
  Anaerobic respiration : It does not require the presence of oxygen and is catalyzed by enzymes present in the 

cytoplasm.
  Breathing : It is the process in which animals take in air from their surrounding medium and give out air (CO2) 

into the same medium.
  External Respiration : The process by which oxygen is carried into living cells from the outside environment and 

by which carbon dioxide is carried in the reverse direction.
  Internal Respiration : The gaseous exchange which occurs between the blood and tissues of an organism.

Topic-2 Exchange and Transport of Gases, Regulation, 
Respiratory Disorders

Revision Notes
Exchange of Gases
  Alveoli are the site for exchange of gases.
  Exchange of CO2 and O2 is based upon pressure gradient and solubility.

Diagrammatic representation of exchange of gases at the alveolus and  
transport of oxygen and carbon dioxide
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Regulation of Breathing

Type of centre Location Function

(a) Inspiratory centre Medulla oblongata Inspiration

(b) Expiratory centre Medulla oblongata Expiration

(c) Pneumotaxic centre Pons varolii Produce normal breathing

Oxyhaemoglobin Dissociation Curve
  When percentage saturation of haemoglobin with O2 is plotted against the partial pressure of oxygen, it forms 

sigmoid curve (oxygen dissociation curve). It describes the relation between the partial pressure of O2 (X-axis) and 
the oxygen saturation. It shows affinity of haemoglobin for oxygen.

  Oxygen Dissociation Curve

 

 Mnemonics

Concept : Disorder of Respiratory System:
Asthma, Fibrosis, Hay fever, Emphysema

Mnemonic : All Friends Help Each Other

Chloride shift

  It refers to the exchange of bicarbonate (HCO3
–) ions and chloride (Cl–) ion across the membrane of RBCs in the 

blood. This helps in reducing blood acidification.

Disorder of Respiratory System

  Asthma : It is due to allergic reaction to foreign particles that affect the respiratory tract. The symptoms include 
coughing, wheezing and difficulty in breathing. This is due to excess of mucus in wall of respiratory tract.

  Emphysema : It is the inflation or abnormal distension of the bronchioles or alveolar sacs of lungs. This occurs 
due to destruction of septa between alveoli because of smoking and inhalation of other smokes. The exhalation 
becomes difficult and lungs remains inflated.

  Occupational Respiratory Disorders : Occurs due to occupation of an individual. This is caused by inhalation 
of gas, fumes or dust present in surrounding of work place. The symptoms includes proliferation of fibrous 
connective tissue of upper part of lung thereby causing inflammation.

Key Words

  Partial Pressure : The pressure exerted by an individual gas in a mixture of gases is called partial pressure.
  Oxygen dissociation curve : It is a graph plotted with oxygen saturation of blood against partial pressure of 

oxygen.
  Oxyhaemoglobin : It is the complex formed when oxygen combines with Fe2+ part of the haemoglobin.
  Carbaminohaemoglobin : It is the complex formed when carbon dioxide combines with the amine radical of 

globin part of haemoglobin.
  Oxygen debt : The amount of oxygen needed to restore the body to a steady state after a muscular exertion.

qq
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CHAPTER-18
BODY FLUIDS AND CIRCULATION

Topic-1 Blood and Lymph

Revision Notes

	 Body fluids : Body fluids are the medium of transport of nutrients, oxygen and other important substance in the 
body. 

  Blood : It is the most commonly used body fluid in most of the higher organisms.

  Study of Blood – Haematology
  Process of blood formation- Haemopoiesis.
	 Cells of blood have no power of division.
	 Fibres are completely absent in blood.
	 Matrix of blood is produced & synthesized by liver and lymphoid organs.
	 Composition of Blood

(a) Liquid part -Matrix - Plasma 55%
(b) Solid part -Blood corpuscles - 45% (RBC, WBC & Platelets)

	 Packed cell volume ( PCV): % volume or Total number of blood corpuscles in blood.
	 Haematocrit volume : % volume or only number of RBC in blood.
	 Plasma : Matrix of blood is called plasma. It is pale yellow in colour due to urobilinogen. (Bilirubin)
	 Composition of Plasma : Water : 90% - 92%. Solid part : 8 -10% in which inorganic and organic compounds are 

present.
•	 Inorganic part of plasma – 0.9% in which –

(a) Ions - Na+, K+, Ca++ Cl–, HCO3 –, SO4
--, PO4

3– Cl–, Na+

(b) Salts - NaCl, KCl, NaHCO3, KHCO3 Maximum : NaCl also called as common salt.
(c) Gases - O2 ,CO2 , N2

 Each 100 ml of plasma contains 0.29% O2, 0.5% N2, 5% CO2, present in dissolved form
•	 Organic Part of Plasma : 7 – 9%

(a) Proteins 6 -7% Maximum
(i) Albumin : 4% (Max.) Produced & synthesized by liver. It is the smallest plasma protein responsible to 

maintain blood colloidal osmotic pressure (28 – 32 mm Hg.)
(ii) Globulin : 2 – 2.5%. Ratio of Albumin & Globulin is 2 : 1. Produce and secreted by liver and lymphoid 

organs. It protects the body against infecting agents. It acts as antibodies. In blood 3 type of Globulins 
are present :

(a) a- Globulin - Produced by liver. e.g., Ceruloplasmin-Cu carrying protein.
(b) β- Globulin - Produced by liver. e.g., Transferrin-Fe carrying protein.
(c) ϒ-Globulin - Produced by lymphoid organs.

(iii) Prothrombin - (0.3%): Produced by liver.
(iv) Fibrinogen - (0.3%): Produced by liver. It is a plasma glycoprotein, which plays a role in the clotting 

of blood.
Lymph (Tissue Fluid)
•	 	As	 the	 blood	 passes	 through	 the	 capillaries	 in	 tissues,	 some	water	 along	with	many	 small	water	 soluble	

substances move out into the spaces between the cells of tissue leaving the larger proteins and most of 
the formed elements (erythrocytes and platelets) in the blood vessels. This fluid released out is called the 
interstitial fluid or tissue fluid. 

•	 	The	mineral	distribution	of	both	plasma	and	tissue	fluid	are	similar.	Exchange	of	nutrients,	gases,	etc.	between	
the blood and the cells always occurs through the tissue fluid acts as middle man.

Lymphatic; capillaries and blood capillaries
•	 	This	 fluid	 is	 collected	and	drained	back	 to	 the	major	veins	by	 an	 elaborate	network	of	 vessels	 called	 the	

lymphatic system. The fluid present in the lymphatic system is called the lymph.
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•	 	Lymph	 is	 a	 colourless	 fluid	 containing	 specialised	 lymphocytes	 which	 are	 responsible	 for	 the	 immune	
responses of the body.

•	 	The	lymphatic	system	comprises	of	lymphatic	capillaries,	lymphatic	vessels,	lymphatic	nodes	and	lymphatic	
ducts.

•	 	Lymphatic	capillaries	are	the	smallest	vessels	of	the	lymphatic	system.	Lymphatic	capillaries	are	microscopic,	
closed-ended tubes that form vast networks in the intercellular spaces within most organs. Interstitial fluid, 
proteins, microorganisms and absorbed fat (in the 
intestine) can easily enter the lymphatic capillaries as 
the walls of the lymphatic capillaries are composed of 
endothelial cells with porous junctions.

•	 	Once	 the	 tissue	 fluid	enters	 the	 lymphatic	capillaries,	
it is known as lymph. Lymphatic capillaries merge 
and form larger lymphatic vessels. The walls of larger 
lymphatic vessels are similar to veins. They have valves 
to prevent back flow.

•	 	Eventually,	the	larger	lymphatic	vessels	empty	into	one	
of two principle vessels, the thoracic duct (in the left) 
or the right lymphatic duct (in the right). Further these 
ducts drain the lymph into the left and right subclavian 
veins, respectively. 

•	 	These	 veins	 connect	with	 a	 number	 of	 smaller	 veins	
and drain into the superior vena cava (major vein) 
which connects to heart. Thus, tissue fluid, which is 
formed by filtration of plasma out of blood capillaries, 
is ultimately returned to the major veins.

Topic-2 Structure of Heart

Revision Notes

  Structure of Human Heart:

Structure of Human heart

  The heart is 4 chambered, two upper atria (auricles) and two lower ventricles. The walls (cardiac muscles) of the 
ventricles are much thicker than that of the atria.

  The atria are separated by an inter-atrial septum and the ventricles are separated  by inter-ventricular septum.
  Human heart, is myogenic, i.e.., normal activities of heart are auto regulated by nodal tissues. Nodal tissues are 

specialized cardiac musculature present in heart wall. It consists of : 
	 	 	 • SAN (Sino-atrial node) at upper right corners of right atrium.
	 	 	 •	 	AVN	(Atrio-Ventricular	node)	present	in	lower	left	corner	of	right	atrium.
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  Heart valves
(a)  Tricuspid Valve: The valves formed of three muscular flaps or cups, which guard the opening between the 

right atrium and the right ventricle.
(b)  Bicuspid Valve (Mitral Valve): The valves which guard the opening between the left atrium and the left 

ventricle, made up of two flaps.
(c)  Semilunar Valves: The valves present at the opening of the right and the left ventricles and allow the entry 

of blood into pulmonary artery and the aorta respectively.  They prevent backward flow of blood.
  Blood vessels : Blood moves around the body in special tubes called blood vessels. They are located throughout 

the human body.
  There are three types of blood vessels : arteries, veins and capillaries.

(a) Arteries: Arteries carry blood from the heart to various organs of the body. 
  They generally carry oxygen rich blood except for pulmonary artery, which carries carbon dioxide rich blood 

from heart to lungs.
(b)  They transport blood towards the heart from the various organs.
  Veins carry carbon dioxide rich blood except for pulmonary vein, which carries oxygen rich blood from the 

lungs to the heart.
(c)  Capillaries : Capillaries are tiny blood-containing structures that connect arterioles to venules. They are the 

smallest and most abundant form of a blood vessel in the body. Capillaries are small enough to penetrate 
body tissues, allowing oxygen, nutrients, and waste products to be exchanged between tissues and the blood.  
This occurs via passive diffusion and pinocytosis (ingestion of fluid by cells). White blood cells also enter 
tissues via the capillaries, attacking infections and repairing damage. 

  Structure of Arteries and Veins; A blood vessel is formed of three layers: Tunica interna, Tunica media and Tunica 
externa or Tunica adventitia.

(a) Tunica externa : The outermost layer is the tunica externa and is composed of connective tissues.

(b) Tunica media : The middle layer is the tunica media and is composed primarily of smooth muscles.

(c) Tunica interna : The inner layer is the tunica interna. It consists of two parts.

(i)  Elastic membrane : This membrane is made up of elastic tissue of yellow fibres (bundles of elastin 
protein). It is thicker in artery.

(ii) Endothelium : It is made up of flattened squamous epithelial cells lining the lumen. Its cells are more 
elongated in artery.

From
Heart

Arteriole
Artery

From Heart

Venule
Vein

To
Heart

Wall of
vein

Valve

Lumen

Valve

Wall of
vein

A B

Tunica externa
(Connective tissue)

Tunica media
(Circular muscle fibres

and elastic tissue)
Elastic membrane

Endothelium

Lumen

Blood
Capillaries

A

B

(i)

(ii)

(iii)

Fig. (i) Diagram showing the end of an artery and beginning of a vein.
(ii) Veins cut open to show the valves preventing the backward flow of blood.

(iii) A - T.S. artery, B - T.S. vein



Oswaal ISC Revision Notes Chapterwise & Topicwise, BIOLOGY, Class-XI88

Topic-3 Human Circulatory System

Revision Notes

  Types of Circulatory System

 • Open Circulatory System : In open circulatory system, blood pumped by the heart passes through large vessels 
into open spaces or body cavities called sinuses. This type of system is present in arthropods and molluscs.

 • Closed Circulatory system : In closed circulatory system, the blood pumped by the heart is always circulated 
through a closed network of blood vessels. This system or pattern is considered to be more advantageous as the 
flow of fluid can be more precisely regulated. The closed circulatory system is present in annelids and chordates. 

  Difference between open and closed circulatory system

Open circulatory system Closed circulatory system

1. Blood flows through large open spaces called 
lacunae and sinuses.

1. Blood flows through closed system i.e. heart 
and blood vessels.

2. No capillary system so tissues are in direct contact 
with blood (hemolymph).

2. Capillary system present so blood is not in 
direct contact with tissues.

3. Exchange of nutrients and gases takes place directly 
between blood and tissue.

3. Nutrients and gases pass through the walls of 
capillaries to tissue fluid which is then taken 
up by the tissues.

4. Volume of blood flowing through tissues cannot be 
controlled as blood is flowing through open spaces.

4. Blood flow is controlled by contraction and 
relaxation of muscles of blood vessels

5. Blood flow is very slow. 5. Blood flow is rapid here.

6. Found in higher invertebrates like most arthropods 
such as prawns, cockroach etc. and in some molluscs.

6. Found in some molluscs, annelids and all 
vertebrates.

Cardiac Cycle : 

  Complete cycle of events in the heart from the beginning of one heart beat to the beginning of the next is called 
cardiac cycle.

Ventricular

Main events in cardiac cycle

  In humans, normal heart beat is 72 beats/min
  Single heart beat last for 0.8 sec
  In each heart beat, blood comes to heart and then is propelled from auricles to ventricle and then to arteries.
  Cardiac output = stroke volume × rate of heart beat
  The amount of blood pumped by heart per minute is called cardiac output or heart output. Heart of normal 

person beats 72 times per minute and pumps out about 70 milliliters of blood per beat. Thus, the cardiac output 
is 72 × 70 or 5040 milliliters per minute i.e., about 5 liters per minute.

  Two sounds are heard during each cardiac cycle.
  1st heart sound – LUB (due to closure of tricuspid and bicuspid valves).
  2nd heart sound – DUB (due to closure of semilunar valves).
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Electrocardiograph (ECG)

  ECG is a graphical representation of electrical activity of heart during cardiac cycle.

  P wave = Depolarization of the atrium, which leads to contraction of atria.

  QRS wave = Depolarization of ventricles, which initiate ventricular contraction.

  T wave = Repolarization, which represents the return of ventricle from excited to normal state.

  The end of T-wave marks the end of systole. Counting the number of QRS complex in given period of time 
determine the heart rate.

Double Circulation

  Flow of same blood twice through the heart once in oxygenated form and other in deoxygenated form is called 
double circulation. It includes systemic and pulmonary circulation.

  Pulmonary circulation begins by pumping of deoxygenated blood by right ventricle to lungs for oxygenation.

  Systemic circulation begins with pumping of oxygenated blood by left ventricle to aorta and then to all body 
tissues.

Regulation of Cardiac Activity

  Normal activities of heart are regulated by nodal tissue (SA and AV node), so the heart is myogenic. A special 
neural centre in medulla oblongata moderates the cardiac function by ANS (Autonomic Nervous System). 
Sympathetic nerve increases the rate of heart beat and parasympathetic nerve of ANS decreases the rate of heart 
beat. Adrenal medullary hormone also increases the cardiac output.

Blood Pressure

  Blood pressure is the force that the blood exerts on the blood vessels. Blood pressure rises and falls as the heart 
contracts and then relaxes. Blood pressure rises sharply when the ventricles contract, pushing blood through the 
arteries. The high pressure is called systolic pressure. Blood pressure then drops dramatically as the ventricles 
relax. The lowest pressure occurs just before the ventricles contract again. It is called diastolic pressure. A typical 
reading for a healthy adult is 120/80 mm Hg.

Disorder of Circulatory System

  Hypertension (high blood pressure) : Blood pressure higher than (120/80). 120 mm Hg is the systolic pressure 
that is pumping pressure and 80 mm Hg is the diastolic pressure that is resting pressure. It leads to heart disease 
and affects vital organs like brain and kidney.

  Coronary Artery Disease (CAD) : Commonly called atherosclerosis that affects the blood vessels that supply 
blood to heart muscles due to deposition of fat, calcium, cholesterol that makes the arteries lumen narrower.

  Angina (also called angina pectoris) : Acute chest pain due to less supply of oxygen to heart muscles. It may 
occur in elderly male and female. It occurs due to restricted blood flow.

  Heart failure : In this, heart does not pump enough blood to meet the requirement of body. It is also known as 
congestive heart failure because congestion of lung is one of its symptoms. Heart failure is different from heart 
attack (heart muscle is damaged by inadequate blood supply) and cardiac arrest (when heart stops beating).
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  Blood Coagulation : Blood coagulation or clotting is an important phenomenon to prevent excess loss of blood in 
case of injury or trauma. The blood stops flowing from a wound in case of injury.

  

 Mnemonics

Concept : Disorders of Circulatory System :
Mnemonics : Call Ambulance for Help in Heart Attack
Cardiac Arrest, Angina Pectoris, Heart Failure, Heart Attack.

(1)  Digested Nutrients - Amino acid, Glucose (Blood Glucose level - 80 – 100 mg %) Fatty acid, Glycerol, 
Cholesterol (Blood Cholesterol level – 150 – 260 mg %) and Vitamins.

(2)  Waste Products - Urea, Uric acid ,Creatine ,Creatinine 
 Normal blood urea level – 17 – 30 mg% 
 If blood urea becomes more then 40 mg this condition is called Uremia, in which R.B.C. become irregular 

in shape called burr cell which are destroyed in spleen so uremia is a type of anemia.
(3) Anticoagulant Heparin – A Mucopolysaccharide which prevent clotting of blood in blood vessels.
(4) Defence Compounds

•	  Lysozyme : A protein which act as an enzyme which dissolve cell wall of the Bacteria & destroy them.
•	  Properdin : Large protein molecules which destroy toxins synthesize by bacteria or viruses so act as anti-toxin

(5)  Hormones - Secreted by endocrine glands which are transported by blood plasma. 
(6)  Erythrocytes (Red Blood Corpuscles) - Mammalian RBC’s are biconcave, circular & non nucleated. At 

the time of origin nucleus is present in the RBC but it degenerates during maturation process. Biconcave 
shape of RBC increases surface area. Due to absence of nucleus & presence of biconcave shape more 
Haemoglobin can be filled in RBC. 

•	 Size	of	RBC	in	µm
 Human - 7.5
 Rabbit - 6.9
 Frog  - 35
 Largest RBC – Amphiuma 75 – 80 (Class : Amphibia)
 Smallest RBC – Musk Deer 2.5 (Class : Mammalia)
 Largest RBC among all mammals in Elephant 9-11. Change in the size of RBC is called as Anisocytosis.
  Due to Vitamin B12 deficiency RBC become largest in size called as Macrocytes. These are immature RBC 

which are destroyed in spleen. In these RBCs amount of haemoglobin is normal.
  Due to Fe deficiency RBC become smaller in size called as Microcytes. They are also destroyed in spleen. In 

these RBCs amount of haemoglobin is less.
•	 Shape	of	RBC	–

 Biconcave ,Change in the shape of RBC is called as Poikilocytosis.
 Uremia – RBC become irregular in shape.
 Sickle cell anaemia – RBC become sickle shaped.
 If RBC is kept in hypertonic solution it will shrink (crenation) in hypotonic solution and will get burst.
 0.8 - 1% NaCl solution is isotonic for RBC. (0.9% of NaCl) 80 – 100 mg% of glucose is also isotonic.
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Key Words
  Heart rate : The number of heart beats per minute.
  Heart beat : Pulsation of the heart coincident with ventricular systole.
  Artery : A vascular tube that carries blood away from the heart.
  Arterial Pulse : The wave of distension passing along the arteries, when ventricles pump a volume of blood into 

the arteries, already containing some blood is called arterial pulse.
  Electrocardiogram : It is the graphic representation of the electrical potential differences produced by the 

excitation of heart muscles as a function of time.
  Chordae tendineae : Tendon-like cords attached to the wall of ventricles and the atrioventricular valves. 
  Bundle of His : Specialised muscle fibres present as right and left bundle in the inter ventricular septum and 

conduct heart beat.
  Electrocardiograph : An instrument used to record the fluctuations of the electrical potential of the heart during 

the cardiac cycle.

CHAPTER-19
EXCRETORY PRODUCTS AND THEIR ELIMINATION

Topic-1 Modes of Excretion and Human Excretory Sys-
tem

Revision Notes

  Excretion : Process of elimination of waste out of the body is called excretion.

  Ammonotelic : Excrete ammonia. e.g., bony fishes, turtles, aquatic amphibians, echinoderms, etc.

  Ureotelic : Excrete urea. e.g., earthworms, frogs, nematodes and mammals, etc.

  Uricotelic : Excrete uric acid. e.g., insects, reptiles and birds, etc.
  In humans, the main excretory organ is kidney, other accessory excretory structures are liver, lungs, skin and 

intestine.
  Human excretory system : It consists of 
 	 •	 A pair of kidneys • A pair of ureters
  • A urinary bladder • A urethra

  Structure of kidney : Each kidney has an outer dark region called cortex and inner lighter region called 
medulla.

  The medulla is divided into a number of conical projections called renal pyramids (medullary pyramids) 
projecting into the minor calyces. Minor calyces lead into major calyces. 

  The major calyces open into a funnel shaped structure called renal pelvis which in turn leads into the ureter. 
  Between the medullary pyramids, the substance of cortex extends into the medulla as renal columns called 

Columns of Bertini.

Fig : L.S of Kidney 
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  Nephron : The functional unit of kidney is nephron. Each kidney contains about one million nephrons.
  Each nephron had two parts : the glomerulus and the renal tubules. Glomerulus is the tuft of capillaries formed 

by afferent arteriole. Blood from glomerulus is carried away by efferent arteriole.
  Renal tubules starts with Bowman’s capsule and continue with tubular parts divided into proximal convoluted 

tubules, Henle’s loop and distal convoluted tubule.

Fig. Structure of Nephron
  Functions of excretory system : 
  (i) Filters waste products from blood  (ii) Regulates ion levels in the plasma 
  (iii) Regulates blood pH  (iv) Conserves valuable nutrients 
  (v) Regulates blood volume (vi) Stores and excretes urine

 

 Mnemonics

Concept : Human Excretory System:
Mnemonic : Kings Unite for Ultra Battle Urgency

Kidneys , Ureters , Urinary Bladder , Urethra

Key Words
  Ammonotelism : It is a kind of excretion, where organisms excrete nitrogenous material in the form of ammonia.
  Ureotelism : It is a kind of excretion, where organism excrete nitrogenous waste materials in the form of urea.
  Uricotelism : It is a kind of excretion, where organisms excrete nitrogenous waste materials in the form of uric 

acid.
  Afferent arteriole : Branch of renal artery, which supplies blood to glomerulus.
  Efferent arteriole : Blood vessels that passes out of glomerulus and branches into a capillary network over the 

renal tubule.
  Ducts of Bellini : Collects urine from number of collecting ducts and pass it to renal pelvis present in medulla 

region.
  Nephron : The functional unit of a kidney, consisting of glomerulus with its capsule and attached uriniferous 

tubule.

Topic-2 Urine Formation, Mechanism and Regulation of 
Excretion

Revision Notes

  Urine formation : 
	 	 	 •	 	Urine	formation	includes	three	processes	:	Glomerular filtration, reabsorption and secretion.
  Functions of Tubules : 
	 	 	 •	 	Proximal	 Convoluted	 Tubules	 (PCT)	 :	 All the important nutrients, 70-80% electrolytes and water are 

reabsorbed.
	 	 	 •	 	Henle’s	Loop	:	Maintains high osmolarity of medullary interstitial fluid.
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	 	 	 •	 	Distal	Convoluted	Tubules	(DCT)	:	Conditional reabsorption of Na+ and water. Maintain pH and sodium-
potassium balance.

	 	 	 •	 	Collecting	Duct	:	Large amount of water is reabsorbed to produce concentrated urine.
	 	 	 •	 	Osmoregulation	 :	 Removal of excess water from the body to keep water content constant is called 

osmoregulation.
  Regulation of Kidney Function : 
   (i)  Antidiuretic hormone (ADH) : facilitate water absorption in tubules.
   (ii)  Atrial natriuretic factor (ANF) : inhibits the release of renin thereby inhibiting NaCl reabsorption by the 

collecting duct.
   (iii)  Renin angiotensin mechanism : 

    Angiotensinogen renin  Angiotensin I → Angiotensin II → Adrenal cortex → Aldosterone → Increase Na+  
    reabsorption by DCT and that of water through collecting ducts.
  Counter Current Mechanisms : The flow of filtrate in two limbs of Henle’s loop is in opposite direction to form 

counter current. The flow of blood in two limbs of vasa recta increases the osmolarity towards the inner.
  The transport of substances facilitated by special arrangement of Henle’s loop and vasa recta is called counter 

current mechanism.
Disorders of Excretory System
  Uremia : In uremia, there is high concentration of non-protein nitrogen in the blood due to the malfunctioning 

of kidneys (urea, uric acid, creatinine). Urea can be removed by haemodialysis.
  Renal failure : Also known as kidney failure in which glomerular filtration is ceased and both kidney stops 

working. Kidney transplant is the ultimate method in correction of acute kidney failure.
  Renal calculi : Formation of stone or insoluble mass of crystallized salts within the kidney.
  Glomerulonephritis (Bright’s Disease) : Inflammation of glomeruli of kidney due to entry of protein or red blood 

corpuscles into filtrate due to injury.
Haemodialysis
  Haemodialysis : In patients with uremia, urea is removed by haemodialysis. During the process, the blood 

drained from the artery is pumped into a dialyzing unit called artificial kidney for filtration.
Role of Liver, lungs, and skin in  excretion process.
  Role of the liver : Liver is the largest gland in the human body. It changes the decomposed haemoglobin pigment 

into bile pigments called bilirubin and biliverdin. It helps in the excretion of cholesterol, steroid hormones, 
vitamins, drugs, and other waste materials through bile. Urea is formed in the liver. Ammonia is quickly changed 
into urea in the liver and then eliminated from the body.
•	 Role of the lungs : Lungs help in the removing waste materials such as carbon dioxide and water as vapour 

in expired air. 
•	 Role of the skin : Skin has  two types of glands which help in excretion of waste products – sweat and 

sebaceous glands. 
(i) Sweat glands are highly vascular and tubular glands that excrete excess salt and water from the body in 

the form of sweat. Sweat helps in thermoregulation.
(ii)  Sebaceous glands are branched glands that secrete an oily secretion called sebum. It prevents the drying 

up of skin.

 Mnemonics
Concept : Disorders of Excretory System:
Mnemonics :  Real URN

Renal failure, Uremia, Renal calculi, Nephritis

Key Words
  Nephric filtrate : Filtrate present in various parts of renal tubule.
  Atrial natriuretic factor : A hormone released by the atrial walls of heart. Opposes the regulation by RAAS. 
  Net filtration pressure : Hydrostatic pressure in glomerulus minus opposing pressure. It is equal to 20 mm of Hg.
  Osmoregulation : It is the phenomenon of regulation of solute concentration and water content in an animal 

body.
  Dialysis : It is the process of separating small solute molecules from macro molecular colloids, using a selectively 

permeable membrane.
  Ultrafiltration : The process by which solvent and solute molecules separate from a solution according to filter.
  Micturition : The act of voiding urine according to the will of the person in suitable time and space.
  Renal failure : It is a decrease or cessation of glomerular filtration.

qq
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CHAPTER-20
LOCOMOTION AND MOVEMENT

Topic-1 Types of Movement and Skeletal Muscles

Revision Notes

  Locomotion : Locomotion is the voluntary movement of an individual from one place to another. Walking, 
running, climbing, swimming are the example of locomotory motion. All locomotion are movement but all 
movements are not locomotion.

  Types of movements
•	 	Ciliary movements : The movements in macrophages and leucocytes in blood exhibit amoeboid movements, 

coordinated movements of cilia in trachea to remove dusts particles and passage of ova through fallopian 
tube are examples of ciliary movements.

•	  Flagellar movement : It helps in the swimming of spermatozoa, maintenance of water current in the canal 
system of sponges and locomotion of Protozoans like Euglena.

•	 	Muscular movement : It helps in the movement of limbs, jaw, tongue. The  contractile property of muscles 
is used in movement of higher organism including human beings.

•	 	Human Muscular System : Each and every movement, every breath, every mouthful you chew- all these 
are actions carried out by the body’s muscle cells.

  Based on their location, three types of muscles are identified : 
(a)  Skeletal muscles : They are closely associated with skeletal components of the body and are involved in 

locomotory actions and changes in body posture. These muscles are striated muscles and voluntary in nature.
(b)  Visceral muscles : They are located in the inner walls of hollow visceral organs of the body. They are non-

striated muscles or smooth muscles and involuntary in nature.
(c) Cardiac muscles : They are the muscles of heart. They are striated and involuntary in nature.

  Skeletal muscle is a muscle tissue that is attached to the bones and is involved in the functioning of different 
parts of the body. These muscles are also called voluntary muscles as they come under the control of the nervous 
system in the body.

  Structure Of Skeletal Muscle
  The structure of skeletal muscles is shown below : 
  This muscle is attached to the bones by an elastic tissue or collagen fibres called tendons. These tendons are 

comprised of connective tissues.

  Skeletal muscles are made up of muscles bundles (fascicles), held together by collagenous connective tissue 
called fascia.

  Each muscle bundle contains a number of muscle fibres. Each muscle fibre is lined by plasma membrane called 
sarcolemma enclosing sarcoplasm. Partially arranged myofibrils are present in muscle bundle having alternate 
light and dark bands due to the presence of protein : actin and myosin. 

  Light bands contain actin and is called I-band (isotropic band) and the dark band contain myosin, and is called 
A-band (anisotropic band). Both bands are present parallel to each other in longitudinal fashion.

  In centre of each I-band is elastic fibre called ‘Z’ line. In the middle of A-band is thin fibrous ‘M’ line.

  At resting stage, thin filament overlaps the thick filament. The part of thick filament not overlapped is called 
‘H’ zone.

  Contractile proteins of muscles are actin and myosin, the main components of thin and thick filaments respectively. 
Protein troponin and tropomyosin are also part of the thin filament.

  The mechanism of muscle contraction is explained by sliding filament theory in which thin filament slide over 
thick filament by the action of myosin cross bridges. The contraction of muscle fibre occurs as the sarcomeres 
shortens as myosin heads pull on actin filaments.

  Muscle contraction start with signal sent by CNS via motor neuron. Neural signal releases neurotransmitter 
(Acetylcholine) to generate action potential in the sarcolemma.
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  Sliding Filament Theory of Muscle Contraction : 

  Mechanism of muscle contraction : 

Mechanism of muscle contraction

  The increased calcium ions react with the troponin molecules of the thin filaments thereby causing it to 
change shape.

  This change in shape allows the tropomyosin molecules to uncover the binding sites on the actin molecules.
  In this stage, the myosin head attaches to the exposed site of actin and forms cross bridges by utilizing energy 

from ATP hydrolysis. This pulls actin filaments on both sides towards the centre of A-band.

  Once the binding sites on the actin molecules are exposed, the myosin heads interact with the actin forming 
a cross bridge by utilizing energy from ATP hydrolysis.

  Once a cross bridge is formed the myosin head uses the stored energy from the breakdown of ATP to do 
a power stroke.

  Properties of muscle tissue
  All muscle cells share several properties : contractility, excitability, extensibility, and elasticity : 

1.  Contractility is the ability of muscle cells to forcefully shorten. For instance, in order to flex (decrease the angle 
of a joint) your elbow, you need to contract (shorten) the biceps brachii and other elbow flexor muscles in the 
anterior arm. Notice that in order to extend your elbow, the posterior arm extensor muscles need to contract. 
Thus, muscles can only pull, never push.

2.  Excitability is the ability to respond to a stimulus, which may be delivered from a motor neuron or a hormone.
3.  Extensibility is the ability of a muscle to be stretched. For instance, let's reconsider our elbow flexing motion 

we discussed earlier. In order to be able to flex the elbow, the elbow extensor muscles must extend in order to 
allow flexion to occur. Lack of extensibility is known as spasticity.

4. Elasticity is the ability to recoil or bounce back to the muscle's original length after being stretched.
  Summation : The additive effect of sub threshold stimuli is called summation. If a number of sub threshold stimuli 

are given within a specific period, then these add up and are able to stimulate the muscle fibre to produce a muscle 
twitch. It occurs when a second stimulus is applied to a muscle before it had the chance to completely relax from 
a previous stimulus. It results in the second contraction being stronger than the first. Because the application of 
the stimuli is close together the calcium ions released during the first twitch have not been completely removed 
before the second twitch occurs. These results in a greater concentration of calcium ions within the muscle fibre 
allowing for a greater number of cross bridges to form, producing a stronger subsequent contraction.
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  Tetany : The period of sustained contraction without any rest of relaxation is called tetany. It is responsible for our 
daily activities and is related to a whole muscle made of numerous muscle fibres.

  Rigor Mortis : The rigidity of muscles which occurs after death is called rigor mortis.

 

 Mnemonics

Concept : Types of Movements :
Ciliary, Flagellar, Muscular

Mnemonics : Call For Meeting.

Key Words

  Sarcoplasmic reticulum : The endoplasmic reticulum of the striated / skeletal muscles is called sarcoplasmic 
reticulum.

  Excitability : It is the property of nerve cells and muscle cells by which they react by changing the pre-existing 
potential differences across their plasma membrane and by conducting the potential change like a wave along 
their membranes.

  Spasm : It is an involuntary and abnormal muscular contraction.
  Summation : It is the additive effect of several electrical impulses on a neuromuscular junction, the junction 

between a nerve cell and a muscle cell. Individually the stimuli cannot evoke a response, but collectively they can 
generate a response. 

  Threshold stimulus : Any stimulus strong enough to initiate an action potential.
  Myosin ATPase : An enzyme that hydrolyses ATP into ADP and inorganic phosphate with the release of energy.
  Fatigue : Failing of a muscle to respond to stimuli due to accumulation of lactic acid as a result of continued tetanic 

condition.

Topic-2 Skeletal System

Revision Notes

  Skeletal System : Framework of bones and cartilage forms the skeletal system. In human beings, it consists of 206 
bones and some cartilage.

  Divisions of Skeletal System
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  There are 29 bones in head (skull contains 22 bones), 26 in vertebral column (cervical-7, thoracic-12, lumbar-5, 
sacral-5 (fused), coccyx-4 fused, 30 bones in each arm and legs, 2 in each pectoral girdle, and 1 in each pelvic 
girdle. Also, there are 12 pairs of ribs and 1 sternum.

  Vertebral Column : It is a long, curved and bony rod lying in the dorsal side of the neck and trunk. It is formed 
of 33 ring-like bones called vertebrae. However it consists of 26 bones because 5 sacral vertebrae are fused to form 
one sacrum and four coccygeal vertebrae are fused to form one coccyx.

Vertebral coloumn (right lateral view)
  Sternum or Breast bone: Sternum is a flat and elongated bone present on the ventral midline of thorax.

  Ribs:  Ribs are 12 pairs of arched semi-circular bones present in the thorax. On the basis of sternal part, ribs are 
divided into three types: True ribs, False ribs and Floating ribs.

  Limb bones: There are two pairs of limbs: a pair of forelimbs and a pair of hindlimbs. Each forelimb has 30 bones 
while each hindlimb has 30 bones

    Bones of Hindlimbs

 Functions of skeletal system
  It provides support, protection, strength and shape to the body.
  It helps in locomotion and acts as a reservoir of calcium and phosphate in the body and also as a haemopoietic 

tissue.
Joints
  Joints are points of contact between bones, or between bones and cartilage.
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   (i) Fibrous joints : Do not allow any movements. Present in flat skull bones to form cranium.
   (ii)  Cartilaginous joints : Bones are held together with the help of cartilage present in vertebrae. Permits limited 

movements.
   (iii)  Synovial joints : Fluid filled synovial cavity, provide considerable movement. e.g., Ball and socket joint, 

hinge joints, pivot joints, gliding joints, etc.
Disorders of Muscular and Skeletal System
  Myasthenia gravis : Auto immune disorder affecting neuromuscular junction causing fatigue, weakening and 

paralysis of skeletal system.
  Muscular dystrophy : Degeneration of skeletal muscles due to genetic disorder.
  Osteoporosis : Decreased bone mass in old age leading to chance of fracture due to decreased estrogen.
  Arthritis : Inflammation of joints.
  Gout : Inflammation of joints due to accumulation of uric acid crystals.
  Tetany : Rapid spasm (wild contractions) in muscles due to lesser Ca++ in body fluid is called tetany.

 

 Mnemonics

Concept : Bones of vertebral column:
 Cervical, Thoracic, Lumber, Sacral, Caudal

Mnemonics : Call Tom in Lawn for Soccer Competi-
tion

Key Words
  Joints : Joints are the places of articulation of two or more bones or a bone and a cartilage.
  Appendicular skeleton : The bones of the pectoral and pelvic girdles and the paired appendages in vertebrates.
  Axial skeleton : The bones composing the skull, vertebral column, and associated structures of the vertebrate 

body.
  Foramen magnum : Large opening at the base of the skull through which the spinal cord passes.
  Glenoid fossa : Cavity in the pectoral girdle that articulates with the humerus.

qq

CHAPTER-21
NEURAL CONTROL AND CO-ORDINATION

Topic-1 Nervous System and Conduction of Nerve Impulses

Revision Notes

Coordination
  Coordination is the process through which two or more organs interact and complement the function of each other.
Human Neural System
  Neural system provides an organized network of point to point connection for quick coordination. The endocrine 

system provides chemical integration through hormones.

d
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  The neural system is composed of specialized cells called neurons.

  Visceral nervous system is the part of peripheral nervous system that comprises whole complex of nerves, fibres, 
ganglia and plexuses by which impulses travel from the CNS to the viscera and from viscera to the CNS.

  The PNS is divided into two divisions : Somatic neural system and autonomic neural system.
  Somatic neural system relays impulses from CNS to skeletal muscles. Autonomic neural system transmits from 

CNS to involuntary system and smooth muscles of the body. The autonomic neural system is further classified 
into sympathetic neural system and parasympathetic neural system.

  Neuron is structural and functional unit of neural system. It is made up of three major parts : cell body, dendrite 
and axon.

  Cell body contains cytoplasm, cell organelles and Nissl’s granules.
  Short fibres projecting out from cell body are called dendrites. The axon is long fibre having branched structure 

at the end that terminates into knob like structure called synaptic knob.
Structure of Neuron

Fig : Structure of Neuron
Generation and Conduction of Nerve Impulse
  Ions channels are present in neural membrane which is selectively permeable to different ions viz., K+ and Na+.
  An axon at rest has a resting potential with the inside of membrane negatively charged and the outside positively 

charged.
  When stimulus is applied at site A, the membrane becomes permeable to Na+ ions to make rapid influx of Na+ 

ions. This creates outer surface negatively charged and inner membrane positively charged thereby forming a 
nerve impulse.

  The nerve impulse from A moves to B on inner surface and B to A on outer surface. This process is repeated 
several times to transmit the impulse.

  Nerve impulse is transmitted from one neuron to another neuron through synapse. There are two types of 
synapses : 

  •  Electrical synapse : Here, the membrane of pre-and-post synaptic neuron is very close to each other and 
current flow directly from one neuron to another.

  •  Chemical synapse : Pre-and post-synaptic neuron is separated by fluid filled space called synaptic cleft. 
Neurotransmitters are involved in transmission of impulses.

Generation and Conduction of Nerve impulse through nerve fibre.
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  A myelinated nerve fibre conducts the nerve impulse more rapidly than non myelinated nerve fibre.

  Differences between Myelinated and Non myelinated fibres : 

S. No. Myelinated Fibres Non-myelinated Fibres

(i) Myelin sheath is present. Myelin sheath is absent.

(ii) Appear white. Appear grey.

(iii) Nodes of Ranvier are present. Nodes of Ranvier are absent.

(iv) Nerve impulse conduction is saltatory. Nerve impulse conduction is smooth.

(v) They are present in white matter of spinal cord 
and cranial nerves.

Present in autonomic nerves.

Human Brain

  Brain is the central information processing unit of our body and act as command and control centre. Human brain 
is protected by skull (cranium) and cranial meninges, which is comprised of three layered membrane : outer dura 
mater, middle arachnoid and inner pia mater.

Spinal Cord

  It is a tubular or cylindrical structure extending from medulla oblongata and situated in the neural canal of 
vertebral column. In it, as opposed to brain the gray matter (H-shaped) forms the center while the white matter 
is present on the periphery. In the center runs a narrow canal containing cerebrospinal fluid.

 

 Mnemonics

1. Concept : Parts of CNS:
Mnemonics : Carry your School Bag Central nervous system; Spinal cord, Brain
2. Concept : Cranial nerves:
Mnemonics :  Station Master of Mumbai
Sensory nerves, Motor nerves, Mixed nerves

Key Words

  Co-ordination : It is the process in which two or more organs interact and complement the functions of each other.

  Cranial nerves : The nerves arising from different parts of brain are called cranial nerves.

  Spinal nerves : The nerves arising from different segments of the spinal cord, is called spinal nerves.

  Synapse : It is the point of impulse transmission between neurons. Here, impulses are transmitted from pre-
synaptic neurons to post-synaptic neurons.

  Synaptic cleft : It is the fluid-filled space between pre-synaptic and post synaptic membranes at the chemical 
synapses.

  Neurotransmitters : A chemical released from a neuron ending, at a synapse, to either excite or inhibit the adjacent 
neuron or muscle cell.

  Saltatory conduction : Conduction of nerve impulses by myelinated nerve fibre in which impulse jumps from 
one node of Ranvier to another.
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Topic-2 Sense Organs

Revision Notes

Human Eye

  Human eye is a spherical structure which consists of three layers. External layer is sclera whose anterior portion 
is called cornea, middle layer choroid and innermost layer is called retina.

  The light rays of visible wavelength fall on retina through cornea and lens to generate impulses in rods and cones. 
The rods contain rhodopsin and is responsible for twilight vision while the cones are responsible for daylight 
vision and colour vision.

Fig : Structure of Human eye

  Human Ear : It is divided into three regions-external ear, middle ear and inner ear. External ear receives the sound 
wave and directs them to ear drum. Vibration of ear drum leads to vibration in ear bones. The vibration reaches 
to cochlea that generate wave in lymph. This waves generate ripples in basilar membrane. Nerve impulses are 
generated in afferent neuron that passes to brain via auditory nerves.

  Structure of Human ear:

  Human Nose : It contains mucus-coated receptors, which are specialized for receiving the sense of smell and are 
called olfactory receptors.

  Nose – Smell or Olfalcoception

•	 	The	nose	is	an	olfactory	organ.	Our	olfactory	system	helps	us	to	perceive	different	smells.	This	sense	of	organ	
also aids our sense of taste. The sense of smell is also known as olfaction.

•	 	The	olfactory	cells	tend	to	line	the	top	of	the	nasal	cavity.	On	one	end,	olfactory	cells	have	cilia	that	project	
into the nasal cavity and on the other end of the cell, are the olfactory nerve fibres.

•	 	As	one	breathes	 in,	 the	air	enters	 into	 the	nasal	 cavity.	The	olfactory	cells	are	 the	chemoreceptors,	which	
means that the olfactory cells have protein receptors that can detect subtle differences in chemicals. 

•	 	These	chemicals	bind	to	the	cilia,	which	conducts	a	nerve impulse that is carried to the brain. The brain then 
translates these impulses into a meaningful smell.
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•	 During	a	cold,	the	body	produces	mucus	which	blocks	the	sense	of	smell.	This	is	the	reason	why	the	food	
which we eat tastes bland.

• The neurons of olfactory epithelium extend from the outside environment directly into a pair of bean-shaped 
organs, called olfactory bulb, which are extensions of brain’s limbic system.

  Tongue – Taste or Gustaoception

•	 Tongue	detects	 tastes	 through	 taste	buds,	 containing	gustatory	 receptors.	The	 tongue	helps	 in	perceiving	
various tastes and flavours. The taste buds are present between the papillae on the tongue—these help in 
sensing different tastes.

	 •	 	The	senses	of	smell	and	taste	tend	to	work	together.	If	one	could	not	smell	something,	they	could	not	taste	
it either. The sense of taste is also known as gustaoception.

	 •	 	Taste	buds	on	the	tongue	contain	chemoreceptors	that	work	similarly	to	the	chemoreceptors	in	the	nasal	
cavity.

	 •	 	However,	the	chemoreceptors	in	the	nose	would	detect	any	kind	of	smell,	whereas	there	are	four	different	
types of taste buds and each one can detect different types of tastes like sweetness, sourness, bitterness 
and saltiness.
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 Mnemonics

1. Concept : Three layers of eyes.
Mnemonics :  Cut to Cut Result
Cornea, Choroid, Retina

2. Concept : Bones of Ear:
Mnemonics : My Intelligent Sister
Malleus, Incus, Stapes

Key Words

  Accommodation : It is the reflex mechanism by which light rays from objects at different locations in the visual 
field are brought to focus on the retina.

  Binocular vision : It refers to seeing by two frontally placed eyes, where there is an overlap between the visual 
fields of each eye.

  Blind spot : A place on the retina of the eye that is insensitive to light, where the optic nerve passes through the 
eye ball’s inner surface.

  Olfactory area : The fundamental area for smelling in the nasal mucous membrane is called olfactory area.
qq

CHAPTER-22
CHEMICAL CO-ORDINATION AND INTEGRATION

Topic-1 Endocrine Glands and Hormones

Revision Notes

  Endocrine glands lack ducts and their secretions are called hormones.
  Hormones are non nutrient chemicals which act as intercellular messenger.
  Human Endocrine System : Comprises endocrine glands and hormones produced by tissues/cells located in 

different parts of the body.

 Endocrine glands
  Hypothalamus : 
  •  It is present in the floor of diencephalon.
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  •  Secretes neurohormones called releasing factor (RF) and inhibiting factor (IF). These hormones control and 
regulate the functioning of pituitary.

  •  Pituitary Gland : It is located in a body cavity called sella turcica and is attached to the hypothalamus by a 
stalk. Pituitary is divided into adenohypophysis and neurohypophysis.

  •  Adenohypophysis consists of two parts : Pars distalis or anterior pituitary, secreting growth hormone (GH), 
prolactin (PRL), thyroid stimulating hormone (TSH), adrenocorticotrophic hormone (ACTH), luteinizing 
hormone (LH) and follicle stimulating hormone (FSH) and pars intermedia secreting melanocyte stimulating 
hormone (MSH).

  •  Neurohypophysis (pars nervosa) known as posterior pituitary, releases two hormones : oxytocin and 
vasopressin.

  •  Over secretion of GH (growth hormone) causes overgrowth of the body leading to gigantism and low 
secretion causes stunted growth called dwarfism.

  •  Prolactin stimulates growth of mammary gland and secretion of milk.
  •  TSH stimulates and regulates thyroid hormone secreted from the thyroid gland.
  •  LH and FSH stimulates gonadal activity. In male, LH stimulates synthesis and secretion of androgen 

hormone from testis. In female, LH induce ovulation of fully mature ovum from ovary.
  •  Oxytocin helps in contraction of uterus during child birth and milk ejection from mammary glands.
  •  Vasopressin stimulates absorption of water and electrolyte in kidney. Vasopressin is also known as Anti-

diuretic hormone (ADH). Deficiency of ADH leads to diabetes insipidus.
  Trophic hormones : The hormones that have other endocrine glands as their target are called tropic hormones.
  Feed back control : When the secretion of hormone is under the control of other hormones or factors, it is called as 

feedback control. The regulation of secretion of thyroxin from the gland thyroid is an example of such a feedback 
control mechanism. If the thyroxin level is low, it stimulates the hypothalamus to secrete more TRH which results 
in increased secretion of TSH which in turn stimulates more secretion of thyroxin. This kind of regulatory effect is 
called positive feedback control. Higher thyroxin level in blood exerts inhibitory effect on hypothalamus in such 
way that lesser amount of TRH is produced. This result in decrease in thyroxin. This is called negative feedback 
control mechanism.

  Pineal gland : It is located on dorsal side of forebrain and releases melatonin hormone that help in the regulation 
of 24-hour rhythm of body like sleep–wake cycle and body temperature.

  Thyroid gland : Composed of two lobes on either side of trachea connected by isthmus. Iodine is essential for 
synthesis of thyroid hormones. Deficiency of iodine leads to hypothyroidism (Goitre).

  Parathyroid gland : It is located on the back side of thyroid gland, secretes peptide hormone called parathyroid 
hormone (PTH). PTH regulates the circulating level of calcium ions. It also helps in reabsorption of calcium from 
renal tubes and digestive tracts.

  Thymus : It is located on the dorsal side of heart and the aorta. This gland release peptide hormone thymosin 
that helps in differentiation of T-lymphocytes. It also promotes production of antibodies to provide humoral 
immunity.

  Adrenal gland : It is located on anterior part of each kidney, composed of two types of tissues – central adrenal 
medulla and outside adrenal cortex. Adrenal medulla secretes adrenaline and nor-adrenaline hormone, together 
called emergency hormones. Adrenal cortex secretes many hormones together called corticoids which are 
involved in metabolism of carbohydrates and maintaining water and electrolyte balance. Underproduction of 
adrenaline leads to Addison’s disease.

  Pancreas : It acts as both endocrine and exocrine gland. Endocrine pancreas consists	of	“Islets of Langerhans”	
which contain a-cells and β-cells. The a-cells secrete hormone glucagon and β-cells secrete insulin. Both hormones 
are involved in maintenance of blood sugar levels.

  Testis : It perform dual functions as a primary sex organ as well as endocrine glands. Leydig cells or interstitial 
cells produce androgen, mainly testosterone which regulates regulation and maturation of primary sex organs.

  Ovary : Produces two groups of steroid hormones called estrogen and progesterone. Estrogen is synthesized and 
secreted by growing ovarian follicles. After ovulation, ruptured ovum called corpus luteum, secretes progesterone. 
Estrogen is involved in  growth of female secondary sex organs. Progesterone regulates pregnancy.

  

 Mnemonics

1. Concept : Hormones of anterior pituitary: 
Mnemonic : FLAT Page
Follicle stimulating hormone (FSH), Leuteinizing 
hormone (LH) , Adrenocortico trophic hormone 
(ACTH), Thyroid stimulating hormone (TSH), Pro-

lactin (PRC), Growth hormone (GH) 
2. Concept : Hormones of posterior pituitary: 
Mnemonic :  Optimistic Vision
Oxytocin, Vasopressin
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Key Words

  Endocrine Glands : Those glands which do not have ducts and pour their secretions (hormones) directly into the 
blood for transport to the target tissues, are called endocrine glands.

  Hormones : Hormones are the chemicals produced in minute quantities by the endocrine glands and act as 
intercellular messengers.

  Exocrine Glands : These are the glands with duct and their secretions are drained by duct. Example : Salivary 
glands.

  Target Tissue : Tissues or organs that are affected or stimulated by specific hormone.

Topic-2 Mechanism of Hormone Action, Hormonal        
Disorders

Revision Notes

Hormones secreted by Heart, Kidney and GI tract : 
  Atrial wall of heart secretes atrial natriuretic factor (ANF), which decreases blood pressure.
  Juxtaglomerular cells of Kidney secretes erythropoietin for formation of RBC.
  Gastro-genital tract secrete 4 hormones – gastrin, secretin, cholecystokinin (CCK) & gastric inhibitory peptide 

(GIP).
Mechanism of Hormone Action
  Hormone produce their effects on target tissues by binding to specific protein called hormone receptors located 

in the target tissue.
Mechanism of Action of a Protein hormone
  Binding of hormones to receptor leads to the formation of hormone receptor complex. This binding leads to 

change in target tissue.
  The hormones (protein hormones) which interact with membrane bound receptors mostly regulate gene 

expression or chromosome function by interaction with hormone receptor complex with the genome. The 
biochemical effect results physiological and developmental effects.

  Mechanism of Action of a Steroid hormone
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Hypo and Hyper activity of hormone : 

  Hypoactivity or hyperactivity of the hormones can cause disorders.

  Pituitary dwarfism is caused by the deficiency of growth hormone (GH) from childhood. It is characterized by 
small but proportionate body and sexual maturity. Gigantism is caused by excess of growth hormone from early 
age. It is characterized by disproportionate increase in size of bones of face, hands and feet.

  Cretinism is caused by deficiency of thyroid hormone in infants. It is characterized by slow body growth and 
mental development with reduced metabolic rate.

  Goitre is caused by deficiency of iodine in diet because iodine is needed for the synthesis of thyroxine. It causes 
thyroid enlargement.

  Exophthalmic goitre is a thyroid enlargement (goitre) in which the thyroid secrete excessive amount of thyroid 
hormone. It is characterized by exophthalmia, i.e., protrusion of eye balls, loss of weight, rapid heart beat, 
nervousness and restlessness. It is also known as Grave’s disease.

  Diabetes mellitus is caused by the failure of the beta-cells in the islet of langerhans situated in the pancreas to 
produce adequate amount of insulin. Some of the glucose is excreted in the urine. This causes excess thirst and 
the person becomes very weak.

  Addison’s disease is caused by the deficiency of mineralocorticoids and glucocorticoids. Its symptoms include low 
blood sugar, low plasma Na+, high K+.

  Diabetes insipidus : It is a disorder of salt and water metabolism marked by intense thirst and heavy urination. 
The disease may be due to genetic disorder or chronic kidney disorder.

  Acromegaly : This is a disorder in adults in which pituitary gland produces too much growth hormones. Enlarged 
hands and feet, facial features etc., are the common symptoms.

Hormones as messenger and regulators
  Hormones are chemical messengers because they have their effect at the sites different from the sites where they 

are produced. They are produced in one part of body and acts on some other part.
  They act as regulators by feedback mechanism in the body.

 

 Mnemonics

Concept : Hormonal disorders:
Mnemonic : Adventurous, Energetic and Dedicated Group Commander of Defense
Addison’s disease, Exophthalmic goiter, Diabetes mellitus, Goitre, Cretinism, Diabetes insipidus.

Key Words

  Gastrointestinal hormones : They are secreted by the enteroendocrine cells of gastrointestinal tract.
  Lipophilic hormones : They include all steroid hormones and thyroxine.
  Intracellular receptor : They are the receptors present in the cytoplasm or nucleus of a cell.
  Hyperglycemia : It is the disorder in which the concentration of glucose in the blood becomes higher than the 

normal level.
  Hypoglycemia : It is the condition in which the concentration of glucose in the blood is very low.
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