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		About the Book and Authors

								

	
				This book is developed as part of UNESCO Online Mentoring Programme OE4BW 2024.
 OE4BW Project-2024 Team
 
  An interactive H5P element has been excluded from this version of the text. You can view it online here:
 https://pressbooks.justwrite.in/interactive-biology-secondary/?p=4#h5p-126 
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		1. Cell structure and Function

	

	
		 
 Key Takeaways
  At the end of the chapter learners will be able to :
 	Compare and contrast the structural and functional differences between prokaryotic and eukaryotic cells, plant and animal cells.
 	Identify and describe the key organelles of eukaryotic cells and their roles in maintaining cellular function.
 	Explain the chemical constituents of cells, including carbohydrates, proteins, lipids, nucleic acids, and their importance in cellular activities.
 	Differentiate between the unique structures of plant cells  and animal cells
 

 
  
 Let’s start with a simple video introducing you to Cell structure and functions. 
 
 A small introduction on Cell Structure and Function
   One or more interactive elements has been excluded from this version of the text. You can view them online here: https://pressbooks.justwrite.in/interactive-biology-secondary/?p=3#oembed-1 
 
 “Cell Structure and Function: A Deep Dive” by Sushumna Rao is generated using the prompt “Create a educational video for secondary school students on Cell structure and Function, reference is Chapter 3: Introduction to Cell Structure and Function – Concepts of Biology 1st Canadian Edition- Gunness” 06 Feb 2024, dedicated to the public domain using Creative Commons CC0.
 
 
 
 Cell is the basic and fundamental unit of a living thing.
 	A living thing can be unicellular i.e., made of one cell only (like bacteria) or can be multicellular i.e., made up of many cells (like a human)
 	A living thing, whether made of one cell or many cells is called an organism.
 	Several cells of one kind interconnect with each other and perform a shared function forming tissues, 
 	Several tissues combine to form an organ (e.g  stomach, heart, or brain), and 
 	several organs make up an organ system (such as the digestive system, circulatory system, or nervous system). 
 	Several systems that function together form an organism (like a human being). 
 	Basically all cells, are grouped into one of two broad categories as  prokaryotic and eukaryotic. 
 	For example, both animal and plant cells are classified as eukaryotic cells, whereas bacterial cells are classified as prokaryotic
 
 
	

		


		
	
		
			
	
		

		1.1.Prokaryotic cell Structure

					Cell structure and Function

	Dr V Malathi and Sushumna Rao

			

	
				 	A prokaryote is a simple, mostly single-celled (unicellular) organism
 	Prokaryotes  lacks a nucleus, or any other membrane-bound organelle.
 	Prokaryotic DNA is found in a central part of the cell: called the nucleoid
 	All prokaryotes have chromosomal DNA localized in a nucleoid, ribosomes, a cell membrane, and a cell wall
 	In addition most prokaryotes have  cell wall 
 	The cell wall protects the prokaryotic cell , helps to maintain its shape, and prevents dehydration. 
 	Apart from cell wall the many prokaryotic cell also have a Capsule. 
 	The capsule enables the cell to attach to surfaces in its environment. 
 	Some prokaryotes have flagella, pili, or fimbriae. 
 	Flagella are used for locomotion. 
 	Pili are used to exchange genetic material during a type of reproduction called conjugation. 
 	Fimbriae are used by bacteria to attach to a host cell.
 
 [image: ]
 “Prokaryotic Cell” by LadyofHats is in Public Domain
 Test Youself-1
   An interactive H5P element has been excluded from this version of the text. You can view it online here:
 https://pressbooks.justwrite.in/interactive-biology-secondary/?p=45#h5p-4 
 
 
 
  
 
	

			
			


		
	
		
			
	
		

		1.2. Eukaryotic Cell structure

					Eukaryotic cell

	Dr V Malathi and Sushumna Rao

			

	
				Eukaryotic cells are cells that contain a membrane-bound nucleus.
 Eukaryotic cells are characterized by numerous membrane-bound organelles such as the endoplasmic reticulum, Golgi apparatus, chloroplasts, mitochondria, and others.
 Click the link to Watch the Video created by Dr.Malathi using the AI tool Lumen 5 to know the basic component of an eukaryotic cell :
  
 Test your understanding  about cell organelles by answering the questions given in the Flash card given below
 
  An interactive H5P element has been excluded from this version of the text. You can view it online here:
 https://pressbooks.justwrite.in/interactive-biology-secondary/?p=80#h5p-67 
 
 
  
 Below is a Interactive video on eukaryotic cells created for the Concepts of Biology – 1st Canadian Edition textbook by Camosun College. Watch the video and answer the  questions given at 5: 12 sec of the video by clicking on the pop up.
  
 
  An interactive H5P element has been excluded from this version of the text. You can view it online here:
 https://pressbooks.justwrite.in/interactive-biology-secondary/?p=80#h5p-43 
 
 
 Eukaryotic Cells by Camosun College is licensed under CC BY 4.0 [image: image][image: image]
  
  
 
	

			
			


		
	
		
			
	
		

		1.2.a.Comparison of Prokaryotic and Eukaryotic Cells and Their Functions

					Comparison of Prokaryotic and Eukaryotic Cell

	Dr V Malathi

			

	
				 	Components of Prokaryotic and Eukaryotic Cells and Their Functions 
 	Cell Component 	Function 	Present in Prokaryotes? 	Present in Animal Cells? 	Present in Plant Cells? 
  	Plasma membrane 	Separates cell from external environment; controls passage of organic molecules, ions, water, oxygen, and wastes into and out of the cell 	Yes 	Yes 	Yes 
 	Cytoplasm 	Provides structure to cell; site of many metabolic reactions; medium in which organelles are found 	Yes 	Yes 	Yes 
 	Nucleoid 	Location of DNA 	Yes 	No 	No 
 	Nucleus 	Cell organelle that houses DNA and directs synthesis of ribosomes and proteins 	No 	Yes 	Yes 
 	Ribosomes 	Protein synthesis 	Yes 	Yes 	Yes 
 	Mitochondria 	ATP production/cellular respiration 	No 	Yes 	Yes 
 	Peroxisomes 	Oxidizes and breaks down fatty acids and amino acids, and detoxifies poisons 	No 	Yes 	Yes 
 	Vesicles and vacuoles 	Storage and transport; digestive function in plant cells 	No 	Yes 	Yes 
 	Centrosome 	Unspecified role in cell division in animal cells; source of microtubules in animal cells 	No 	Yes 	No 
 	Lysosomes 	Digestion of macromolecules; recycling of worn-out organelles 	No 	Yes 	No 
 	Cell wall 	Protection, structural support and maintenance of cell shape 	Yes, primarily peptidoglycan in bacteria but not Archaea 	No 	Yes, primarily cellulose 
 	Chloroplasts 	Photosynthesis 	No 	No 	Yes 
 	Endoplasmic reticulum 	Modifies proteins and synthesizes lipids 	No 	Yes 	Yes 
 	Golgi apparatus 	Modifies, sorts, tags, packages, and distributes lipids and proteins 	No 	Yes 	Yes 
 	Cytoskeleton 	Maintains cell’s shape, secures organelles in specific positions, allows cytoplasm and vesicles to move within the cell, and enables unicellular organisms to move independently 	Yes 	Yes 	Yes 
 	Flagella 	Cellular locomotion 	Some 	Some 	No, except for some plant sperm. 
 	Cilia 	Cellular locomotion, movement of particles along extracellular surface of plasma membrane, and filtration 	No 	Some 	No 
  
 Source :Comparing Prokaryotic and Eukaryotic Cell
 
  An interactive H5P element has been excluded from this version of the text. You can view it online here:
 https://pressbooks.justwrite.in/interactive-biology-secondary/?p=108#h5p-16 
 
 
 
  An interactive H5P element has been excluded from this version of the text. You can view it online here:
 https://pressbooks.justwrite.in/interactive-biology-secondary/?p=108#h5p-45 
 
 
 Comparing Prokaryotic and Eukaryotic Cells Ch 3.2 Exercises by Charles Molnar and Jane Gair is licensed under CC BY 4.0 [image: image][image: image]
 
	

			
			


		
	
		
			
	
		

		1.2.b.Why did the Eukaryotic cell Form ?

					Why did the eukaryotic cell form?

	Dr V Malathi

			

	
				Smaller size is a basic requirement of both Prokaryotic and Eukaryotic cell .
 To understand this  let us  consider the area and volume of a typical cell.
 Most cells have a spherical shape though not all.
 The formula for calculating  the surface area of a sphere is 4πr2, while the formula for its volume is 4πr3/3.
 Thus, as the radius of a cell increases, its surface area increases as the square of its radius, but its volume increases as the cube of its radius .
 Therefore one can understand that as a cell increases in size, its surface area-to-volume ratio decreases.
 This same principle would apply if the cell had the shape of a cube .
 If the cell grows too large, the plasma membrane will not have sufficient surface area to support the rate of diffusion required for the increased volume.
 This would make the cell less efficient as it grows
 The cell solves this problem by 2 ways
 	dividing
 	develops organelles that perform specific tasks.   These adaptations lead to the development of eukaryotic cells.
 
 [image: cube cells] “Comparing Prokaryotic and Eukaryotic Cells” by Openoregon .pressbooks is licensed under CC BY 4.0
  
  An interactive H5P element has been excluded from this version of the text. You can view it online here:
 https://pressbooks.justwrite.in/interactive-biology-secondary/?p=136#h5p-14 
 
  
 
	

			
			


		
	
		
			
	
		

		1.3. Plant Cell

					Plant Cell

	Dr V Malathi

			

	
				The animal and plant cell are  fundamentally similar.
 However they are some unique components of the plant cell  like  cell wall, chloroplasts, plasmodesmata, and plastids used for storage, and a large central vacuole, which are not found in animal cell.
 The following are the structures found in plant cells but not animal cells :
 	The cell wall :  is located outside the cell membrane.  The cell wall gives shape , support and protect the  cell. It consists mainly of cellulose and may also contain lignin , which makes it more rigid. It prevents the cell from absorbing too much water and bursting. It also keeps large, damaging molecules out of the cell.
 	The large central vacuole is surrounded by its own membrane and contains water and dissolved substances. Its primary role is to maintain pressure against the inside of the cell wall, giving the cell shape and helping to support the plant.
 
 	Plastids are membrane-bound organelles with their own DNA. Examples are chloroplasts and chromoplasts. Chloroplasts contain the green pigment chlorophyll and carry out photosynthesis. Chromoplasts make and store other pigments. They give flower petals their bright colors.
 
 We will study in detail these structures in the cell organelles chapter
  
 Watch this interesting video taking us through an virtual tour inside the leaf
  One or more interactive elements has been excluded from this version of the text. You can view them online here: https://pressbooks.justwrite.in/interactive-biology-secondary/?p=124#oembed-1 
 
 “Travel Deep Inside a Leaf – Annotated Version” by California Academy of Sciences is licensed under CC BY 4.0
 Watch the interactive video to know about the primary plant cell types and attempt the Fill in the blanks exercise at 2:54 secs and Open the summary dialogue and choose the correct statement given at 3:00 sec of the video
  
 
  An interactive H5P element has been excluded from this version of the text. You can view it online here:
 https://pressbooks.justwrite.in/interactive-biology-secondary/?p=124#h5p-33 
 
 
  
 
	

			
			


		
	
		
			
	
		

		1.4.Animal cell

					Animal cell

	Dr V Malathi

			

	
				Animal cells are the fundamental units of animal tissues and organs. 
 They are eukaryotic cells and therefore have membrane-bound organelles suspended in the cytoplasm enveloped by a plasma membrane.
 Animal cells have centrosomes (or a pair of centrioles), and lysosomes which the  plant cells do not possess.
 A typical structure of an animal cell includes Organelles ( We will discuss about this in chapter 1.5) , cytoplasmic structures, Cytosol and Cell membrane .
 The cell organelles  like Centrosomes and lysosomes are found only  in animal cells, but do not exist within plant cells
 [image: File:0312 Animal Cell and Components.jpg]
 “Animal cell “ by OpenStax,via Wiki media commons is licensed under CC BY 4.0
 Cell Membrane or the Plasma membrane
 The cell membrane of an animal cell is a lipid bilayer which is embedded with other molecules like proteins, cholesterol and with some carbohydrates attached.
 It separates the interior of the cell from the outside environment.
  The cell membrane  is semipermeable. The cell membrane regulates the transport of materials entering and exiting the cell.
 The plasma membrane as it is other wise called permits the entry of small non polar molecules with ease, while large , polar molecules requires the help of transporters like membrane proteins . 
 The cholesterol embedded in the membrane  provides structural integrity and support. Furthermore, the presence of cholesterol makes the membrane  fluid rather than rigid, and renders them the capability of movement.
 [image: This image shows a lipid bilayer with different types of proteins, lipids and cholesterol embedded in it.]
 “Cell membrane “ by Openstax is licensed under CC BY 4.0
 The membrane proteins are of two categories namely Integral membrane proteins and peripheral membrane proteins
 Integral membrane proteins 
 These are otherwise called as Intrinsic proteins . These are proteins that are permanently attached to the cell membrane.
 Their functions include :  channeling or transport molecules across the membrane , cell receptors, cell adhesion
 They are further classified as
 	Transmembrane proteins : these span the entire plasma membrane and are found in all types of biological membranes
 	Integral monotypic proteins : these are permanently attached to the membrane from only one side.
 
 Peripheral membrane proteins 
  These are proteins that are only temporarily associated with the membrane. 
 They can be easily removed,
 Peripheral proteins can also be attached to integral membrane proteins or they can be stick to the lipid bilayer.
 They are mostly hydrophilic.
 Their functions include cell signaling, they are often associated with ion channels and transmembrane receptors.
 The Fluid Mosaic Model 
 This model about membrane structure was proposed by S.J.Singe and G.L.Nicolson in the year 1972.
 This model is now widely accepted .
 The postulates of this model are:
 	The plasma  membrane comprises a phospholipid bilayer
 	The integral membrane proteins are embedded in the phospholipid bilayer,
 	Some of these proteins extend all through the bilayer ( Integral proteins), and some only partially across it ( peripheral proteins). These membrane proteins act as transport proteins and receptors proteins.
 	The proteins and lipids of the membrane move around the membrane. Such movement causes a constant change in the “mosaic pattern” of the plasma membrane.
 
 To further understand  the Fluid Mosaic Model  watch the video at http://www.youtube.com/watch?v=Qqsf_UJcfBc
  One or more interactive elements has been excluded from this version of the text. You can view them online here: https://pressbooks.justwrite.in/interactive-biology-secondary/?p=126#oembed-1 
 
 Test your understanding about the structure of plasma membrane
 
  An interactive H5P element has been excluded from this version of the text. You can view it online here:
 https://pressbooks.justwrite.in/interactive-biology-secondary/?p=126#h5p-35 
 
 
 Extensions of the Plasma Membrane
 Cilia and flagella are extensions of the plasma membrane of many cells.
 These  membrane extensions may help the prokaryotic/ single cell organisms move.
 Cilia: Brush -like projections of the plasma membrane . Cilia for example can be found on human lung cells and they help to sweep foreign particles ,  inhaled dust, smoke  and harmful microbes from entering the lungs. In fallopian tubes they move the ovum towards the uterus. Cilia generate water currents to carry food and oxygen past the gills of clams . They transport food through the digestive system of snails. Protozoans belonging to the phylum ciliophora are covered with cilia.
 [image: image]“Cilia on Bronchiolar epithelium” by Charles Daghlian via Wikimedia Commons is in the Public Domain, CC0
  
 Flagella : These are the whip-like extensions of the plasma membrane . They are found on gametes . They create the water currents necessary for respiration and circulation in sponges  and  coelenterates . Flagella are characteristic of the protozoan group Mastigophora
  
 [image: File:Flagella2.svg]
 “Flagella” by Mike Jones, CC BY 3.0 , via Wikimedia Commons
  
 Microvilli: These are finger-like projections of the plasma membrane and are found in cells specialised in absorption .  Such cells are  found lining the small intestine, they help to absorbs nutrients from digested food.
 [image: Sylinderepitel]
 “Microvilli” by OpenStax CNX is licensed under CC BY 4.0
 Cytoplasm
 The entire region of the cell between the plasma membrane and the nuclear envelope is filled filled with a jelly-like substance called the cytoplasm.
 The cytoplasm provides the fluid medium necessary for biochemical reactions like Glycolysis, Protein synthesis .
 The cytoplasm consists of 70to 80 percent water .
 The semi-solid  consistency of the cytosol is due to its protein content.
 The other organic constituents of the cytoplasm includes Glucose and other simple sugars, polysaccharides, amino acids, nucleic acids, fatty acids, Glycerol and its derivatives.
 Ions of sodium, potassium, calcium, and many other elements are also dissolved in the cytoplasm.
 The Cytoskeleton
 These are the network of protein fibers within the cytoplasm
  They  help to maintain the shape of the cell, hold certain organelles in specific positions, allows cytoplasm and vesicles to move within the cell, and enables unicellular organisms to move independently.
 This network of protein fibers is collectively known as the cytoskeleton.
 There are three types of fibers within the cytoskeleton: microfilaments, also known as actin filaments, intermediate filaments, and microtubules 
 [image: Microfilaments line the inside of the plasma membrane, whereas microfilaments radiate out from the center of the cell. Intermediate filaments form a network throughout the cell that holds organelles in place.] “Cytoskeleton” by OpenStax is licensed under CC BY 4.0
 
 Microfilaments  : These are the thinnest of the cytoskeletal fibers . They help in moving cellular components, for example, during cell division. They also maintain the structure of microvilli. These components are also common in muscle cells and are responsible for muscle cell contraction.
 Intermediate filaments :  These are of intermediate diameter. They maintain the shape of the cell and anchor organelles .Example of intermediate filament is  Keratin, the compound that strengthens hair and nails.
 Microtubules  : These are the thickest of the cytoskeletal fibers. These are hollow tubes . They can dissolve and reform quickly. They help in organelle movement. They pull chromosomes to their poles during cell division. They are also the structural components of flagella and cilia
 In cilia and flagella these are are organized as a circle of nine double microtubules on the outside and two microtubules in the center .
 Test your understanding
  An interactive H5P element has been excluded from this version of the text. You can view it online here:
 https://pressbooks.justwrite.in/interactive-biology-secondary/?p=126#h5p-11 
 
  
 
	

			
			


		
	
		
			
	
		

		1.5. Cell Organelles

					Plant organelles

	Dr V Malathi

			

	
				Organelles are structures found within the cytoplasm of eukaryotic cell. Each organelle is enclosed within a membrane and performs a specific function.
  Organelles in animal cells include the nucleus, mitochondria, endoplasmic reticulum, Golgi apparatus, vesicles, vacuoles etc .,
 Ribosomes are not enclosed within a membrane but are still commonly referred to as organelles in eukaryotic cells.
 Organelles/ cell structures specific for plant cell
 [image: image]
 “plant cell” by OpenStax is licensed under CC BY 4.0
 The Cell Wall
 The cell wall is a rigid covering that protects the cell,
 It provides structural support, and gives shape to the cell.
 Fungal and protistan cells also have cell walls.
 The plant cell wall is mainly composed of an organic constituent called cellulose, a polysaccharide comprised of glucose units.
 While the chief component of prokaryotic cell walls is peptidoglycan,
 [image: image]   Cellulose is a long chain polymer of β-glucose molecules connected by a 1-4 linkage.  
 Chloroplasts
 Chloroplasts are plant cell organelles that carry out photosynthesis
 They have their own DNA.
 Photosynthesis is the process by which plants through a  series of reactions  use carbon dioxide, water, and light energy to make glucose and oxygen.
 Plants  are autotrophs as they are able to make their own food, like sugars, while animals are heterotrophs as they must ingest their food.
 This is a major difference between plants and animals;
 Chloroplasts have outer and inner membranes
 Within the space enclosed by a chloroplast’s inner membrane there  is a set of interconnected and stacked fluid-filled membrane sacs called thylakoids.
 Each stack of thylakoids is called a granum (plural = grana).
 The fluid enclosed by the inner membrane that surrounds the grana is called the stroma.
  The space inside the thylakoid membranes is called the thylakoid space.
 The chloroplasts contain a green pigment called chlorophyll, which captures the light energy for carrying out the process of photosynthesis.
 The light harvesting reactions take place in the thylakoid membranes.
 The synthesis of sugar takes place in the stroma.
 Like plant cells, photosynthetic protists also have chloroplasts. Some bacteria perform photosynthesis, but their chlorophyll is not relegated to an organelle.
 
 [image: This illustration shows a chloroplast, which has an outer membrane and an inner membrane. The space between the outer and inner membranes is called the intermembrane space. Inside the inner membrane are flat, pancake-like structures called thylakoids. The thylakoids form stacks called grana. The liquid inside the inner membrane is called the stroma, and the space inside the thylakoid is called the thylakoid space.]
 “Chloroplast structure” by OpenStaxis licensed under CC BY 4.0
 Watch the Video on Chloroplast structure and Function.
  One or more interactive elements has been excluded from this version of the text. You can view them online here: https://pressbooks.justwrite.in/interactive-biology-secondary/?p=128#oembed-1 
 
 The Central Vacuole
 The central vacuole is an unique and essential component of plant cell and occupies most of the space of the cell.
 The central vacuole plays a key role in regulating the concentration of water in the cell against the changing environmental conditions. 
 The the liquid inside the central vacuole provides turgor pressure, which is the outward pressure caused by the fluid inside the cell.
 The wilting of a plant when we forget to water it for few days is because of shrinking of the central vacuole caused due to the movement of water out of the central vacuole ,as the water concentration in the soil becomes lower than the water concentration in the plant.
 This loss of support to the cell walls of plant cells results in the wilted appearance of the plant.
 On the contrary when the  central vacuole holds more water, the cell gets larger without having to invest a lot of energy in synthesizing new cytoplasm.
 The  fluid inside the central vacuole has a very bitter taste, which discourages consumption by insects and animals. 
 The central vacuole also functions to store proteins in developing seed cells.
 In plant cells, the digestive processes take place in vacuoles.
 Plasmodesmata
 Plasmodesmata(singular = plasmodesma) are junctions between plant cells,
 Neighboring plant cells cannot touch one another because they are separated by the cell walls
 The Plasmodesmata are numerous channels that pass between the cell walls of adjacent plant cells,
 They serve to connect the cytoplasm , signal molecules and  transport the nutrients  from one plant cell to another.
  
 Organelles/ cell structures specific for Animal cell
 
 The Centrosome
 The centrosome is a microtubule-organizing center. It is  found near the nuclei of animal cells and contains  a pair of centrioles,
 The two centrioles  lie perpendicular to each other.
 Each centriole is a cylinder of nine triplets of microtubules. Non tubulin serves to hold the microtubule triplets .
 The microtubule originate from the centrosome .
 The centrosome replicates itself before a cell division.
 The centrioles  pull the duplicated chromosomes to opposite ends of the dividing cell.
 The exact function of the centrioles in cell division is however not  clear as cells that have had the centrosome removed can still divide; and plant cells, which lack centrosomes, are capable of cell division.
 [image: image]
 “Centriole structure” by Libre Text biology is licensed under CC BY-SA 4.0
 
 Lysosomes
  The lysosomes are the cell’s “garbage disposal units ” .
 The lysosomes contain enzymes that  aid the breakdown of proteins, polysaccharides, lipids, nucleic acids, and even worn-out organelles.
 These enzymes are active at a much lower pH than that of the cytoplasm. Therefore, the pH within lysosomes is more acidic than the pH of the cytoplasm.
 Many reactions that take place in the cytoplasm could not occur at a low pH,
 this is the advantage of compartmentalizing the eukaryotic cell into organelles .
 [image: In this illustration, a eukaryotic cell is shown consuming a bacterium. As the bacterium is consumed, it is encapsulated into a vesicle. The vesicle fuses with a lysosome, and proteins inside the lysosome digest the bacterium.]
 “lysosome “ by Open stax is licensed under CC BY 4.0
 Extracellular Matrix of Animal Cells
 Most animal cells release materials into the extracellular space. 
 The primary components of the extra cellular matrix  are glycoproteins and the protein collagen. Collectively, these materials are called the extracellular matrix .
 Their function  include :
 	Hold the cells together to form a tissue 
 	Allows the cells within the tissue to communicate with each other.
 
 
 Test your understanding of the plant cell structure.
 
  An interactive H5P element has been excluded from this version of the text. You can view it online here:
 https://pressbooks.justwrite.in/interactive-biology-secondary/?p=128#h5p-32 
 
 
 Test your understanding of the cell organelles
 
  An interactive H5P element has been excluded from this version of the text. You can view it online here:
 https://pressbooks.justwrite.in/interactive-biology-secondary/?p=128#h5p-34 
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				 The Nucleus
 The nucleus (plural = nuclei) is the most prominent  and largest organelle in a cell. It is the cell’s control center.
 The DNA is present in the nucleus. The DNA is encoded with the genetic information.
 Nucleus contains a thick liquid called nucleoplasm
 The composition of nucleoplasm is similar to that of cytoplasm.
 Most eukaryotic cells contain just a single nucleus.
 Some types of cells  like red blood cells contain no nucleus and a few other types of cells  such as muscle cells contain multiple nuclei.
 The nucleus is surrounded by a double membranous structure called the nuclear envelope.
 The tiny holes are present  in the nuclear envelope and these are called nuclear pores through which molecules move in and out of the nucleus.
 The structure called nucleolus is  housed inside the nucleus. It is mainly involved in the assembly of ribosomes.
 The ribosomes after being produced in the nucleus are exported to the cytoplasm, where they are involved in the synthesis of proteins.
 
  
  
 [image: In this illustration, chromatin floats in the nucleoplasm. The nucleoid is depicted as a dense, circular region inside the nucleus. The double nuclear membrane is perforated with protein-lined pores]
 “Nucleus” by CNX OpenStax, is licensed under CC BY 4.0
 Watch the video about the Nucleus of the cell
  One or more interactive elements has been excluded from this version of the text. You can view them online here: https://pressbooks.justwrite.in/interactive-biology-secondary/?p=370#oembed-1 
 
 Mitochondria
 The mitochondrion ( plural mitochondria) are the“powerhouse of a cell”  as they make energy required for a cell .
 They use organic compounds such as glucose and through metabolic process called Glycolysis, Tri carboxylic acid cycle and Electron transport chain make ATP ( Adenosine Triphosphate molecules)
 
 Mitochondria contain their own DNA and ribosomes!  
 Mitochondria have a complex structure including an inner and outer membrane.
 The inner membrane contains  a version of cytoplasm, called matrix.
  
 
  An interactive H5P element has been excluded from this version of the text. You can view it online here:
 https://pressbooks.justwrite.in/interactive-biology-secondary/?p=370#h5p-31 
 
 
 Can mitochondria be considered a cell?  as they have there own DNA and ribosomes.
 To explain this scientists have put forward a theory called Endosymbiotic theory.
 According to this theory mitochondria  were once considered to be  free-living organism as they contain their own DNA and were considered as ancient prokaryotic cells.
 These cells were then engulfed by larger prokaryotic cells.
 The two cells then evolved a symbiotic relationship where the larger cells provided the smaller prokaryotes with a place to live. In return, the larger cells got extra energy from the smaller prokaryotes.
 Eventually, the smaller prokaryotes became permanent guests of the larger cells and stayed as organelles inside them.
  
 Endoplasmic Reticulum
 The endoplasmic reticulum (ER) is a series of interconnected membranous tubules.
 There are two separate areas of the endoplasmic reticulum: the rough endoplasmic reticulum and the smooth endoplasmic reticulum, respectively.
 The hollow portion of the ER tubules is called the lumen or cisternal space.
 The membrane of the ER is a phospholipid bilayer embedded with proteins and is continuous with the nuclear envelope.
 The rough endoplasmic reticulum (RER) :  This is so named because when viewed through the electron microscope ,the ribosomes attached to its cytoplasmic surface give it a studded appearance . The ribosomes synthesize proteins while attached to the ER and  transfer of the  newly synthesized proteins into the lumen of the RER . Here the proteins  undergo modifications such as folding or addition of sugars. The RER also makes phospholipids for cell membranes
 The phospholipids or modified proteins that are not destined to stay in the RER, will be packaged within vesicles and transported from the RER by vesicles budding from the membrane. Since the RER is abundant in cells that secrete proteins, such as the liver.
 [image: File:Endoplasmic reticulum 4 -- Smart-Servier.png]
 “Rough endoplasmic reticulum” by Laboratoires Servier, is licensed under CC BY 4.0
 The smooth endoplasmic reticulum (SER)  : This is continuous with the RER but has few or no ribosomes on its cytoplasmic surface.It serves the following functions such as :
 	 Synthesis of carbohydrates, lipids (including phospholipids), and steroid hormones;
 	Detoxification of medications and poisons;
 	Alcohol metabolism; and
 	Storage of calcium ions.
 
 [image: File:Endoplasmic reticulum 6 -- Smart-Servier.png]
 “Smooth endoplasmic reticulum” by Laboratoires Servier, is licensed under CC BY 4.0
  The Golgi Apparatus
 These are the sorting organelles of the cell .
 The golgi apparatus also known as the golgi bodies are a series of flattened membranous sacs.
 Before reaching their final destination, the lipids or proteins within the transport vesicles need to be sorted, packaged, and tagged so that they are delivered to the required destination of the cell.
 [image: In this transmission electron micrograph, the Golgi apparatus appears as a stack of membranes surrounded by unnamed organelles.][image: This figure shows the nucleus, rough ER, Golgi apparatus, vesicles, and plasma membrane. The right side of the rough ER is shown with an integral membrane protein embedded in it. The part of the protein facing the inside of the ER has a carbohydrate attached to it. The protein is shown leaving the ER in a vesicle that fuses with the cis face of the Golgi apparatus. The Golgi apparatus consists of several layers of membranes, called cisternae. As the protein passes through the cisternae, it is further modified by the addition of more carbohydrates. Eventually, it leaves the trans face of the Golgi in a vesicle. The vesicle fuses with the cell membrane so that the carbohydrate that was on the inside of the vesicle faces the outside of the membrane. At the same time, the contents of the vesicle are released from the cell.]
 “Golgi apparatus” by Openstax is licensed under CC BY 4.0
      The Golgi apparatus has a receiving face near the endoplasmic reticulum called the Cis golgi and a releasing face on the side away from the ER called the Trans golgi, toward the cell membrane.
 The transport vesicles from the ER travel to the Cis  face, fuse with it, and empty their contents into the lumen of the Golgi apparatus.
 As the proteins and lipids travel through the Golgi, they undergo further modifications.
 The most frequent modification is the addition of short chains of sugar molecules. The newly modified proteins and lipids are then tagged with small molecular groups to enable them to be routed to their proper destinations.
 Finally, the modified and tagged proteins are packaged into vesicles that bud from the Trans face of the Golgi.
 Some of these vesicles, transport vesicles, deposit their contents into other parts of the cell where they will be used,
 While other secretory vesicles, fuse with the plasma membrane and release their contents outside the cell.
 Salivary gland  cells , immune cells that engage in a great deal of secretory activity such as secreting digestive enzymes or  secretion of  antibodies have an abundant number of Golgi.
 In plant cells, the Golgi has an additional role of synthesizing polysaccharides, some of which are incorporated into the cell wall and some of which are used in other parts of the cell.
 Ribosomes
  Ribosomes are the cellular structures responsible for protein synthesis.
 When viewed through an electron microscope, ribosomes appear either as clusters (polyribosomes) or single, tiny dots that float freely in the cytoplasm.
 They may be attached to the cytoplasmic side of the plasma membrane or the cytoplasmic side of the endoplasmic reticulum and the outer membrane of the nuclear envelope
 Ribosomes, which are large complexes of protein and RNA,
 They consist of two subunits, called large and small subunit.
 Ribosomes receive their “instructions” for protein synthesis from the nucleus,
 The DNA in the nucleus is transcribed into messenger RNA (mRNA). This process is called Transcription.
 The mRNA travels to the ribosomes, which translate the code provided by the sequence of the nitrogenous bases in the mRNA into a specific order of amino acids in a protein. This process is called translation.
 [image: Figure_04_03_06.jpg]
 “Ribosomes” by Openstax is licensed under CC BY 4.0
 Peroxisomes
 These are small, round organelles enclosed by single membranes.
 Their chief function are :
 	They carry out oxidation of  fatty acids and amino acids. 
 	They also detoxify many poisons that may enter the body.
 	Alcohol is detoxified by peroxisomes in liver cells.
 
 A byproduct of these oxidation reactions is hydrogen peroxide, H2O2, which is contained within the peroxisomes to prevent the chemical from causing damage to cellular components outside of the organelle. 
 Hydrogen peroxide is then safely broken down by peroxisomal enzymes into water and oxygen.
 [image: This diagram shows a peroxisome, which is a vesicular structure with a lipid bilayer on the outside and a crystalline core on the inside.]
 “Peroxisomes” by Openstax is licensed under CC BY 4.0
 
 Check your understanding about cell organelles
 
  An interactive H5P element has been excluded from this version of the text. You can view it online here:
 https://pressbooks.justwrite.in/interactive-biology-secondary/?p=370#h5p-128 
 
 
 For further reading and practice visit  the Interactive Book on Animal and plant Cell Organelles below
 
  An interactive H5P element has been excluded from this version of the text. You can view it online here:
 https://pressbooks.justwrite.in/interactive-biology-secondary/?p=370#h5p-49 
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				Elements in Living Cells
 The most abundant element in cells include  hydrogen (H), followed by carbon (C), oxygen (O), nitrogen (N), phosphorous (P), and sulfur (S). These elements are the macronutrients, and they account for about 99% of the dry weight of cells.
 Some elements called as micro nutrients or trace elements as they are required only in small amounts by the cell. These elements  include sodium (Na), potassium (K), magnesium (Mg), zinc (Zn), iron (Fe), calcium (Ca), molybdenum (Mo), copper (Cu), cobalt (Co), manganese (Mn), or vanadium (Va).  These  are essential to the function of many biochemical reactions, and, therefore, are essential to life.
 Molecules in Cell
 [image: Carbon dioxide (CO2) has a carbon atom in the center. This carbon atom is double bonded to an oxygen on the left and another oxygen on the right. Ammonia NH3 has a nitrogen attached to 3 hydrogen atoms. Oxygen (O2) has two oxygen atoCarbon dioxide (CO2) has a carbon atom in the center. This carbon atom is double bonded to an oxygen on the left and another oxygen on the right. Ammonia NH3 has a nitrogen attached to 3 hydrogen atoms. Oxygen (O2) has two oxygen atoms double bonded to each other.ms double bonded to each other.]
 “Molecules in cell” by Openstax is licensed under CC BY 4.0
 Living organisms also contain inorganic compounds mainly water and salts .Inorganic compounds do not contain carbon. Carbon oxides and carbonates are exceptions; they contain carbon but are considered inorganic because they do not contain hydrogen. Inorganic compounds account for about 1%–1.5% of the mass of a living cell.
 Water accounts for about 70% of a cell’s weight, 
 Cells contain four major families of small organic molecules. The small organic molecules of the cell are carbon-based compounds  whose molecular weights  range  from 100 to 1000 and contain up to 30 or  more carbon atoms. They are usually found free in solution and have many different fates. They molecules  can  be as  monomers  or they can join to form polymeric  macromolecules  like the proteins, nucleic acids, and polysaccharides.
 Some of these molecules act as energy sources and some of them  are broken down and transformed into other small molecules through various intracellular metabolic pathways. Many small molecules have more than one role in the cell. Small organic molecules are much less abundant than the organic macromolecules.  They constitute   only about one-tenth of the total mass of organic matter in a cell . The four major small organic molecule of the cell include the sugars, the fatty acids, the amino acids, and the nucleotides .
 Significant Functional Groups in molecules of the cell
 [image: Table titled: Common functional groups found in biomolecules; 3 columns, name, functional group and class of compound. Aldehyde has a red C double bonded O and an H; the C is also bound to a black R. This is found in carbohydrates. Amine has a red C double bonded to an O and single bonded to an NH. The C and the N are each also bound to a black R. This is found in proteins. Amino has a red NH2 bound to a black R. This is found in amino acids and proteins. Phosphate has a red PO3H2; the P is also bound to a black R. This is found in nucleic acids, phospholipids and ATP. Carbonyl has a red C double bonded to an O; the C is also bound to 2 black Rs. This is found in ketones, aldehydes, carboxylic acids, amides. Carboxylic acid has a red C double bonded to an O and to an OH; the C is also bound to a black R. This is found in amino acids, proteins, and fatty acids. Ester has a red C double bonded to an O and single bonded to another O. The C is bound to a black R and the single bonded O is also bound to a black R. This is found in lipids and nucleic acids. Ether has a red O bound to 2 black Rs. This is found in disaccharides, polysaccharides, and lipids. Hydroxyl has a red OH bound to a black R; this is found in alcohols, monosaccharides, amino acids, and nucleic acids. Ketone has a red C double bonded to an O; the C is also bound to 2 black Rs. This is found in carbohydrates. Methyl has a red CH3 bound to a black R. This is found in methylated compounds such as methyl alcohols and methyl esters. Sulfhydryl has a black R bound to a red SH.. This is found in amino acids and proteins]
 “Functional groups “ by Openstax is licensed under CC BY 4.0
 The symbol R in the table stands for “residue” and represents the remainder of the molecule. R might symbolize just a single hydrogen atom or it may represent a group of many atoms.
 Macromolecules
 Carbon chains form the skeletons of most organic molecules and functional groups combine with this chain to form biomolecules. As these biomolecules are  large they are called  macromolecules. Biological macromolecules are formed by linking together a  number of identical, or very similar, smaller organic molecules. Cells contain four main groups of carbon-containing macromolecules:. They are  polysaccharides, proteins, lipids, and nucleic acids. The
 	Monomers  	Macromolecule 	Functions 
  	Sugars 	Carbohydrates-Polysaccharides 	Energy storage, receptors, food, structural role in plants, fungal cell walls, exoskeletons of insects 
 	Fatty acids 	Lipids 	Energy storage, membrane structure, insulation, hormones, pigments 
 	Nucleotides 	Nucleic acids 	Storage and transfer of genetic information 
 	Aminoacids 	Proteins 	Enzymes, structure, receptors, transport, structural role in the cytoskeleton of a cell and the extracellular matrix 
  
  Carbohydrates 
 These are abundant biomolecule on earth and are abundant in terrestrial ecosystem. They are  primarily combination of carbon and water. They have the empirical formula (CH2O)n, where n is the number of repeated units. These molecules are regarded as “hydrated” carbon atom chains in which water molecules attach to each carbon atom, leading to the term “carbohydrates.”
 Functions of carbohydrates include;
 	They are food sources. 
 
 	These molecules parts of nucleic acids  that store and transmit genetic information (i.e., DNA and RNA). 
 
 	They  impart strength to various structural components of organisms (e.g., cellulose and chitin), and 
 
 	They are the primary source of energy storage as starch and glycogen.
 
 
 Carbohydrates in biochemistry,  are often called saccharides, derived from the Greek word sakcharon, meaning sugar, although not all the saccharides are sweet. Carbohydrates are classified as  Monosaccharides , Disaccharides and Polysaccharides.
 Monosaccharides, or simple sugars. 
 These  are the building blocks (monomers) for the synthesis of polymers or complex carbohydrates, They are classified based on the number of carbons in the molecule. In general they are named using a prefix that indicates the number of carbons and the suffix –ose, which indicates a saccharide; for example, triose (three carbons), tetrose (four carbons), pentose (five carbons), and hexose (six carbons) .  D-glucose , a hexose , is the most abundant monosaccharide in nature. Other very common  hexose monosaccharides are galactose, used to make the disaccharide milk sugar lactose, and the fruit sugar fructose.
  
 [image: Diagrams of various monosaccharides. Glyceraldehyde is an aldose because it has a double bonded O attached to an end carbon. Dihydroxyacetone is a ketose because it has a double bonded O attached in the center of the chain. Glyceraldehyde is a triose because it has 3 carbons. Ribose is a pentose because it has 5 carbons. Glucose is a hexose because it has 6 carbons.]
 “Monosaccharides “ by Openstax is licensed under CC BY 4.0
 Monosaccharides with four or more carbon atoms are typically more stable when they adopt cyclic, or ring, structures. These ring structures result from a chemical reaction between functional groups ,carbonyl group and a relatively distant hydroxyl group. Glucose, for example, forms a six-membered ring
 [image: a) a diagram showing how a linear carbohydrate forms a ring. Glucose has 6 carbons; Carbon 1 has a double bonded O. Carbon 5 has an OH group. After the ring forms, Carbon 1 is attached to the O with a single bond and this O is now also attached to carbon 5. B) shows the final structure which is a hexagon shape. The top right corner is an O, the next 5 corners are Cs and the C at the top left is attached to another C that projects upward from the ring.]
 “Monosaccharides “ by Openstax is licensed under CC BY 4.0
 Disaccharides
 Two monosaccharide molecules f may chemically link together by a covalent bond called glycosidic bond  to form a disaccharide. Glycosidic bonds form between hydroxyl groups of the two saccharide molecules,
  
  
 
 
 Examples of  disaccharides are
 Maltose : the grain sugar maltose, made of two glucose molecules;
 Lactose: the milk sugar lactose, made of a galactose and a glucose molecule; and t
 Sucrose : the table sugar sucrose, made of a glucose and a fructose molecule
 [image: Maltose is made of 2 glucose molecules linked with O from Carbon 4 of one glucose to carbon 1 of the other. Lactose is made of a glucose linked to a galactose. Carbon 4 of glucose is linked to carbon 1 of galactose. Sucrose is made of a glucose and a fructose. Carbon 1 of glucose is bound to carbon 2 of fructose.] .“Common disaccharides” by Openstax is licensed under CC BY 4.0
 
  Polysaccharides
 Polysaccharides are non sweet carbohydrates . They are also called glycans. They are large polymers composed of hundreds of monosaccharide monomers, linked  together by glycosidic bonds..  They are not soluble in water.
 Polysaccharides are very diverse in their structure. The most biologically important polysaccharides are starch, glycogen, and cellulose.
 Cellulose : consists of a linear chain of glucose molecules and is a common structural component of cell walls in plants and other organisms.
 Glycogen  :   branched polymers; glycogen is the primary energy-storage molecule in animals and bacteria,
 Starch :  branched polymer Plants primarily store energy in starch.
 The orientation of the glycosidic linkages in these three polymers is different as well and, as a consequence, linear and branched macromolecules have different properties.
 Other structural polysaccharides.
 Examples of these types of structural polysaccharides are N-acetyl glucosamine (NAG) and N-acetyl muramic acid (NAM)
 found in bacterial cell wall peptidoglycan. Polymers of NAG form chitin, which is found in fungal cell walls and in the exoskeleton of insects.
 [image: Amylose is a chain of hexagons. Starch is a branching chain of hexagons. Glycogen is a highly branching chain of hexagons. Cellulose (fiber) is many rows of hexagons attached into a flat square. Micrographs of starch look like water bubbles, glycogen look like ovals, and cellulose look like long strands.] “Polysccharides “ by Openstax is licensed under CC BY 4.0
 Test your Understanding
 
  An interactive H5P element has been excluded from this version of the text. You can view it online here:
 https://pressbooks.justwrite.in/interactive-biology-secondary/?p=130#h5p-109 
 
 
 
  
	

			
			


		
	
		
			
	
		

		1.6 a , Chemical constituents of cell- Lipids

					Molecules of the cell

	Dr V Malathi

			

	
				Lipids
 	These are next abundant macromolecules of the cell. They are composed of carbon, hydrogen and may also oxygen, nitrogen, sulfur and phosphorus.
 	They are energy-storing molecules.
 	They are structural components of membranes and hormones.
 
 Fatty Acids 
 These are type of lipids that contain long chain hydrocarbon with carboxylic acid functional group. They are hydrophobic and nonpolar. They are of two types as
 	Saturated Fatty acids: These are fatty acids with hydrocarbon chains that contain only single bonds. As they have the greatest number of hydrogen atoms possible they are therefore referred as ,“saturated” (with hydrogen). They have straight  flexible back bone. Lipids containing saturated fatty acids are solids at room temperature.
 	Unsaturated Fatty acids : These are fatty acids with hydrocarbon chains containing at least one double bond . They are called unsaturated because they have fewer hydrogen atoms. Unsaturated fatty acids because of their double bonds have bend in their carbon skeleton. Lipids containing unsaturated fatty acids are liquids.
 
 Triacylglycerides
 These are fattyacids chemically linked to a glycerol molecule.
 These are called simple lipids as they are composed only of two compounds namely glycerol and fattyacids.
 These are primarily present in the adipose tissue and sebum.
 They are energy storing molecules and has more calorific value than carbohydrates and proteins.
 [image: A diagram showing a triglyceride is made of a glycerol and three fatty acids. Glycerol is a 3 carbon chain with an OH on each carbon. The H on each OH is highlighted. Fatty acids are long carbon chains with a C that has an OH and a double bonded O at the end. The OH of this C is highlighted. Three fatty acids are shown. Each fatty acid binds to one of the O’s from the OH groups on each Carbon on glycerol. The result is a triglyceride (or neutral fat) and 3 water molecules.] “Triglyceride” by Openstax is licensed under CC BY 4.0
 Phospholipids 
 These are complex lipids.
 These are composed of glycerol esterified with two fatty acids
 The third binding position of glycerol is attached with a modified phosphate group.
 
  [image: A drawing of a phospholipid as a large circle with 2 rectangles projecting from the bottom. The circle is labeled hydrophilic head and contains glycerol (which contains 3 carbons). Attached ot one of these carbons is a phosphate (which is a phosphorus attached to 4 oxygen atoms). The rectangles at the bottom are both long carbon chains labeled as hydrophobic tails. One of the chains is a straight zig-zag line and is labeled saturated fatty acid. The other has a double bond that creates a bend in the line; this is labeled unsaturated fatty acid.] “Phospholipids” by Openstax is licensed under CC BY 4.0
 Unlike other lipids Phospholipids are hydrophilic as they have a negatively charged phosphate group which can attract water.
 
  The hydrophilic portion of the phospholipid is often referred to as a polar “head,” and the long hydrocarbon chains as nonpolar “tails.”
 As these contain both molecule hydrophobic portion and a hydrophilic moiety, they are said to be amphipathic.
 This amphipathic nature enables them to form unique functional structures in aqueous environments.
 The amphipathic nature of phospholipids enables them to form uniquely functional structures in aqueous environments like
 Miscelles : These are spherical assemblies containing a hydrophobic phospholipid tail in the interior and the polar head groups on the outer surface.
 Lipid-bilayer sheets, or unit membranes: These are large, two-dimensional assemblies of phospholipids congregated tail to tail. The cell membranes of cells are made of lipid-bilayer sheets.
 Liposomes: These are lipid spheres formed by lipid bilayer sheets.
  
  
 [image: A lipid bilayer sheet is when there are 2 rows of phospholipids across each other forming a flat surface. The polar heads of all phospholipids are towards the outside of the sheet, and the nonpolar tails are towards the inside. This lipid-bilyaer can also form a sphere. The lipid-bilayer forms the surface of the sphere; the polar heads are on the outside of the sphere and lining the inside space of the sphere. Lipids can also form a single-layer sphere where the outside of the sphere is the polar heads and the nonpolar tails fill the center of the sphere.] 
 “Miscelles” by Openstax is licensed under CC BY 4.0
 Glycolipids
 A polar head groupcan be more complex than a simple phosphate moiety. Glycolipids are examples in which carbohydrates are bonded to the lipids’ head groups.
  Isoprenoids
  
  The isoprenoids are branched lipids, also referred to as terpenoids,
 These are formed by chemical modifications of the isoprene molecule.
 These lipids play a wide variety of physiological roles in plants and animals.
 For example, they are constituents of plant pigments like beta carotene, xanthophylls, Fragrances like menthol, camphor.
 Long-chain isoprenoids are also found in hydrophobic oils and waxes.
 Waxes are typically water resistant and hard at room temperature, but they soften when heated and liquefy if warmed adequately. The sebaceous glands of hair follicles in the human skin secrete sebum, which consists mainly of triacylglycerol, wax esters, and the hydrocarbon squalene.
 [image: Alpha-pinene is a carbon ring with added carbon projections. Camphor is a carbon ring with added carbon projections and a double bonded oxygen on one carbon. Isophrene is a 4 carbon chain with another carbon attached to carbon 2. Limonene is a carbon ring with a carbon attached to on one end and another carbon attached to the other end; this carbon has 2 carbons attached to it. Menthol i s a carbon ring with a carbon attached to on one end and another carbon attached to the other end; this carbon has 2 carbons attached to it. One more carbon corner has an OH group. Beta-carotene is two carbon rings attached by a long carbon chain.] “Isoprenoids” by Openstax is licensed under CC BY 4.0
 
 Steroids, Sterol, Cholesterol
 These are complex ring structure lipids.
 They are found in cell membrane.
 Some function as hormones example Oestrogen.
  The most common types of steroids are sterols, which are steroids containing an OH group. These are mainly hydrophobic molecules, but also have hydrophilic hydroxyl groups.
 Cholesterol is the most common sterol found in animal tissues.
  Its structure consists of four rings with a double bond in one of the rings, and a hydroxyl group at the sterol-defining position.
 Cholesterol strengthens cell membrane.
  Prokaryotes generally do not produce cholesterol, although bacteria produce similar compounds called hopanoids, which are also multiringed structures that strengthen bacterial membranes.
 Fungi and some protozoa produce a similar compound called ergosterol, which strengthens the cell membranes of these organisms.
 
 
 [image: Cholesterol is made of 3 hexagons attached along their edges. The third hexagon has a pentagon attached along an edge. The pentagon has a carbon chain attached to it. Hopene is made of 4 hexagons attached along their edges. The last hexagon has a pentagon. The pentagon has a short carbon chain.] Sterols” by Openstax is licensed under CC BY 4.0
 
 Test your Understanding
 
  An interactive H5P element has been excluded from this version of the text. You can view it online here:
 https://pressbooks.justwrite.in/interactive-biology-secondary/?p=426#h5p-110 
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				The next abundant constituent of cell is  Proteins. They perform numerous functions vital to all organisms. 
 These are made from amino acids 
 They function as structural components of cells and subcellular entities.
 They act as sources of nutrients, as atom- and energy-storage reservoirs, and 
 They are functional species such as hormones, enzymes, receptors, and transport molecules.
 Aminoacids
 These are organic molecules .
 They contain a hydrogen atom, a carboxyl group (–COOH), and an amino group (–NH2) and all of these are bonded to the same carbon atom, called α carbon. 
 The fourth group bonded to the α carbon varies among the different amino acids and is called a residue or a side chain, represented in structural formulas by the letter R. 
 When two or more amino acids combine, water molecule is removed and the two amino acids are connected by a covalent bond called the Peptide bond,  which is formed by the reaction of the carboxylic acid group of one amino acid molecule with the amine group of another amino acid molecule. The resulting molecule is called a Peptide.
  Prefixes are often used to specify these numbers of amino acids that join for example dipeptides (two amino acids), tripeptides (three amino acids) etc., 
 In general oligopeptides are formed by joining up to approximately 20 amino acids, whereas polypeptides are synthesized from up to approximately 50 amino acids.
 [image: Alanine has a 3 carbon chain. The second carbon has NH2 attached and the third has a double bonded O. When 2 alanines bond, the OH from one and the H from the NH2 of the other form water. The resulting molecule is two alanines linked by an NH.]
 “Proteins” by OpenStax is licensed under CC BY 4.0
 When the number of amino acids linked together becomes very large, or when multiple polypeptides are used as building subunits, the macromolecules that result are called proteins.
 Protein Structure
 The size (length) and specific amino acid sequence of a protein are major determinants of its shape, and the shape of a protein is critical to its function.
 Protein structure is categorized in terms of four levels: primary, secondary, tertiary, and quaternary.
 The primary structure : is simply the sequence of amino acids that make up the polypeptide chain. 
 The interactions of the functional groups and R groups of the amino acids form hydrogen, ionic, and disulfide bonds, along with polar/nonpolar interactions. These interactions lead to the formation of secondary, tertiary, and quaternary protein structures. 
 These groups are composed primarily of carbon, hydrogen, oxygen, nitrogen, and sulfur, in the form of hydrocarbons, acids, amides, alcohols, and amines.
 The secondary structure : When the chain is sufficiently long, hydrogen bonding may occur between amine and carbonyl functional groups within the peptide backbone (excluding the R side group),
 This results in localized folding of the polypeptide chain into helices and sheets.
 These shapes constitute a protein’s secondary structure. The most common secondary structures are the α-helix and β-pleated sheet.
 In the α-helix structure, the helix is held by hydrogen bonds between the oxygen atom in a carbonyl group of one amino acid and the hydrogen atom of the amino group that is just four amino acid units farther along the chain.
 In the β-pleated sheet, the pleats are formed by similar hydrogen bonds between continuous sequences of carbonyl and amino groups that are further separated on the backbone of the polypeptide chain
 The tertiary structure :  This is the  three-dimensional shape of a single polypeptide chain.
 Tertiary structure is determined by interactions between amino acid residues that are far apart in the chain.
 A variety of interactions give rise to protein tertiary structure, such as disulfide bridges, which are bonds between the sulfhydryl (–SH) functional groups on amino acid side groups; hydrogen bonds; ionic bonds; and hydrophobic interactions between nonpolar side chains.
 All of these interactions, weak and strong, combine to determine the final three-dimensional shape of the protein and its function
 As the result polypeptide chain assumes a large-scale, three-dimensional shape is called protein folding.
 Folded proteins that are fully functional in their normal biological role are said to possess a native structure.
 When a protein loses its three-dimensional shape, it may no longer be functional. These unfolded proteins are denatured.
 Denaturation implies the loss of the secondary structure and tertiary structure and, the quaternary structure) without the loss of the primary structure.
 The Quarternary structure  : Some proteins are assemblies of several separate polypeptides, also known as protein subunits. The interactions that hold these subunits together constitute the quaternary structure of the protein.
 The overall quaternary structure is stabilized by relatively weak interactions. Hemoglobin, for example, has a quaternary structure of four globular protein subunits: two α and two β polypeptides, each one containing an iron-based heme .
 Another important class of proteins is the conjugated proteins that have a nonprotein portion. If the conjugated protein has a carbohydrate attached, it is called a glycoprotein. If it has a lipid attached, it is called a lipoprotein.
 [image: The primary protein structure is a chain of amino acids that makes up the protein. The image is a chain of circles (each circle is an amino acid). One end of the chain is the free amino group or N-terminus. The other end of the chain is the free carboxyl group or C-terminus. A drawing of a single amino acid shows a carbon with an H, an R group, a COOH (acidic carboxyl group) and an NH2 (amino group).]
 “Primary structure of protein” by Openstax is licensed under CC BY 4.0
 [image: The secondary structure of a protein may be an α-helix or a β-pleated sheet, or both. A chain of spheres forms a spiral labeled alpha-helix. This chain also forms a ribbon that folds back and forth; this is labeled beta-pleated sheet. Closeups show that hydrogen bonds (dotted lines) between amino acids hold together these shapes.]
 “Secondary structure of protein” by Openstax is licensed under CC BY 4.0
  
 [image: A long ribbon labeled polypeptide backbone. Loops of the ribbon are held in place by various types of chemical reactions. An ionic bond is then a positively charged amino acid and a negatively charged amino acid are attracted to each other. Hydrophobic interactions are when hydrophobic amino acids (containing only carbons and hydrogens) are clustered together. A disulfide linkage is when a sulfur of one amino acid is covalently bound to the sulfur of another amino acid. A hydrogen bond is when two polar amino acids are attracted to each other.]
 “Tertiary structure of protein” by Openstax is licensed under CC BY 4.0
  
  
 [image: A complex spherical shape made of ribbons that are coiled and wound around each other. There are 4 large regions (each made from a separate ribbon) – alpha 1, alpha 2, beta 1, beta 2. There are also red spheres attached to each ribbon; these are labeled heme group.]
 “Quaternary structure of protein” by Openstax is licensed under CC BY 4.0
  
 Test your understanding about macromolecules of the cell 
 
  An interactive H5P element has been excluded from this version of the text. You can view it online here:
 https://pressbooks.justwrite.in/interactive-biology-secondary/?p=457#h5p-37 
 
 
  
 
	

			
			


		
	
		
			
	
		

		1.7. Cellular Functions

					Cellular Functions

	Dr V Malathi

			

	
				The basic functions of the cell include:
 	Movement of substances across cell membrane,
 	Cell division
 	Protein Synthesis
 
  
 Watch the video on cell membrane functions
  One or more interactive elements has been excluded from this version of the text. You can view them online here: https://pressbooks.justwrite.in/interactive-biology-secondary/?p=132#oembed-1 
 
  
 I.Movement of substances across the cell membrane
 The cell maintains a difference in the concentration of material  between its exterior and interior . This is very important for the cell survival. The plasma membrane of the cell plays an active role in regulating the concentration of substances between the cell interior and exterior .
 The plasma membranes are selectively permeable i.e., they allow some substances to pass through, but not others.
 The main mechanisms of movement across cell membrane include:
 Passive transport  : is a naturally occurring phenomenon . The cell does not require energy to accomplish this movement. In this mode of transport substances move from an area of higher concentration to an area of lower concentration. A physical space in which there is a range of concentrations of a single substance is said to have a concentration gradient.
 Diffusion : Nonpolar molecules, such as Oxygen, Carbon dioxide and Nitrogen
  
  can move across the membrane from a higher concentration region to a lower concentration region through the process of diffusion. Diffusion does not require energy and hence this is called passive transport.
 [image: image]
 “Simple Diffusion across Plasma membrane” is licensed under CC BY 3.0
 Facilitated diffusion :  In this type of movement membrane proteins helps in the transport of materials across plasma membrane . The existing concentration gradient exists allow these materials to diffuse into the cell without expending cellular energy.  However, these materials are ions or polar molecules and hence  are repelled by the hydrophobic parts of the cell membrane. Facilitated diffusion proteins called transport proteins , shield these materials from the repulsive force of the membrane and helps  them to diffuse into the cell.  The transport proteins and can be channels or carrier proteins.
 Channel proteins : These are transmembrane proteins. These proteins fold forming a channel or pore through the membrane specific for one particular substance. These proteins have hydrophilic domains exposed to the intracellular and extracellular fluids and also have a hydrophilic channel through their core that provides a hydrophilic opening through the membrane layers.   Polar compounds can easily pass through the channel avoiding the nonpolar central layer of the plasma membrane that would otherwise slow or prevent their entry into the cell. Aquaporins are channel proteins that allow water to pass through the membrane at a very high rate.
  
 
 [image: ] “Facilitated transport” by Mariana Ruiz Villareal (modified ) is licensed under CC BY-NC 4.0
 Carrier Proteins :  Like channels, carrier proteins are trans membrane proteins, usually specific for particular molecules. These bind a substance and, in the process, trigger a change of its own shape, moving the bound molecule across the membrane. Large molecules which cannot pass through channels, such as amino acids and glucose are transported using Carrier proteins.
 [image: image]“Facilitated transport” by Mariana Ruiz Villareal (modified ) is licensed under CC BY-NC 4.0
  
 Osmosis :  Osmosis is the diffusion of water across a semipermeable membrane. This diffusion depends on the concentration gradient, or the amount of water on each side of the membrane. The amount of water is inversely proportional to the concentration of solutes i.e., the higher the concentration of water, the lower the concentration of solutes, and vice versa.  Due to the presence of aquaporins water can move readily across most membranes but the membrane limits the diffusion of solutes in the water.
 [image: File:CNX Chem 11 04 osmosis.png]
 “Osmosis” by OpenStax is licensed under CC BY 4.0
 Tonicity describes how an extracellular solution can change the volume of a cell by affecting osmosis. To learn more about tonicity click on the link Tonicity
 Active Transport:  This mechanism of transport requires energy, usually in the form of adenosine triphosphate (ATP) and transports substances against concentration gradient that is, if the concentration of the substance inside the cell is greater than its concentration in the extracellular fluid (and vice versa).  Active transport mechanisms move both small-molecular weight materials, such as ions, through the membrane as well as larger molecules.
 Proteins for Active Transport :  Specific proteins called transporters facilitate active transport. There are three types of transporters.
 These are of 3 types namely
 Uniporter :  carries one specific ion or molecule.
 Symporter : carries two different ions or molecules, both in the same direction. 
 Antiporter  : carries two different ions or molecules in different directions.
 [image: File:Active Transport Proteins.png]
 “Active Transport Proteins” by Connectivid-D via Wikimedia Commons is licensed under CC BY-SA 4.0
  
 For further reading about active transport click the link
 Endocytosis : This is a type of active transport. Large molecules, whole cells and cellular parts are moved into a cell by this process. The steps in endocytosis are:
 	The plasma membrane of the cell invaginates, forming a pocket around the target particle.
 	The pocket pinches off, with the particle of transport being contained in a newly created intracellular vesicle formed from the plasma membrane.
 
 The three types of endocytosis are phagocytosis, pinocytosis, and receptor-mediated endocytosis.
 Phagocytosis  : This is a  process of “cell eating” .   For example , Large particles, such as other cells or microorganisms when invade the human body the neutrophil will “eat” the invaders through phagocytosis. The neutophils surround and engulf the microorganism, which is then destroyed by lysosomes inside the neutrophil .
 The basic steps of phagocytosis include:
 	The  the inward-facing surface of the plasma membrane is coated with a protein called clathrin, 
 	The coated portion of the membrane then extends from the body of the cell and surrounds the particle, eventually enclosing it.
 	The clathrin  then disengages from the membrane
 	The vesicle then merges with a lysosome and enclosed substance is broken down
 	 Nutrients from the degradation of the vesicular contents are extracted,
 	The newly formed endosome merges with the plasma membrane and releases its contents into the extracellular fluid. The endosomal membrane again becomes part of the plasma membrane.
 
 Pinocytosis : This is the process of “cell drinking”. Cells take in molecules, including water, which the cell needs from the extracellular fluid. This process results in a much smaller vesicle than phagocytosis, and they do not need to merge with a lysosome.
 Receptor-mediated endocytosis : is a type of endocytosis that employs receptor proteins in the plasma membrane that have a specific binding affinity for certain substances.   Clathrin protein attached to the cytoplasmic side of the plasma membrane are used for the process.
 For example, the Low density lipoprotein also referred to as “bad” cholesterol is removed from the blood by receptor-mediated endocytosis.
 In the human genetic disease familial hypercholesterolemia, the LDL receptors are defective or missing entirely. People with this condition have increased levels of cholesterol in their blood as their cells cannot clear LDL particles from their blood.
 Although receptor-mediated endocytosis is designed to bring specific substances that are normally found in the extracellular fluid into the cell, other substances may gain entry into the cell at the same site.
 Flu viruses, diphtheria, and cholera toxin all have sites that cross-react with normal receptor-binding sites and gain entry into cells.
 [image: File:0309 Three Forms of Endocytosis.jpg]“Three Forms of Endocytosis” by OpenStax, is licensed under CC BY 4.0 Exocytosis : This process involves the moving of material out of the  cell .The purpose of exocytosis is to expel material from the cell into the extracellular fluid.
 Usually waste material is enveloped in vesicle and   expelled into the extracellular space .
 Proteins such as hormones, neurotransmitters, or parts of the extracellular matrix are also secreted by the cell through the process of exocytosis.
 [image: File:0310 Exocytosis.jpg]
 “Exocytosis” by OpenStax is licensed under CC BY 4.0
  II. Cell division
  
 The new cells  required for the process of growth , repair and replacement are formed by the process of cell division.
 The process of cell division includes two phases namely
 (i) Cytokinesis : division of the cytoplasm  and
 (2) Karyokinesis :  Division of the nucleus
 There are two main types of cell division namely
 Mitosis : This is the process by which the cells of the body , namely somatic cells divides. In this process two cells identical to the parent are produced
 [image: File:Mitosis cell division.jpg]
 “Mitosis “ by Schoolbag.info is licensed under CC BY-SA 4.0
 Meiosis : This is the process of cell division of the gametic cells ( Cells that give rise to sperm and ova). This process is also called reduction division as this division produces 4 cells with half the number of chromosomes than the parent cell.
 [image: File:Mitosis vs. meiosis.png]
 “Mitosis Vs Meiosis” by Community College Consortium for Bioscience Credentials, is licensed under CC BY 3.0
  
 To know more about Mitosis and Meiosis click on the link
 IIII .DNA Replication and Protein synthesis
 DNA Replication
 Deoxyribonucleic acid (abbreviated DNA) is the molecule that carries genetic information for the development and functioning of an organism.
 DNA has a double helical structure i.e., it is made of two linked strands that wind around each other to resemble a twisted ladder
 Each strand of DNA has a backbone made of alternating sugar (deoxyribose) and phosphate groups.
 Each sugar is attached to one of four bases: adenine (A), cytosine (C), guanine (G) or thymine (T). 
 The two strands of the DNA are connected by chemical bonds between the bases: adenine bonds with thymine, and cytosine bonds with guanine.
 The sequence of the bases along DNA’s backbone encodes biological information for the synthesis of  a protein or RNA molecule. 
 The DNA must be replicated once before every cell division.
  Watch the interactive video on DNA replication
 
  An interactive H5P element has been excluded from this version of the text. You can view it online here:
 https://pressbooks.justwrite.in/interactive-biology-secondary/?p=132#h5p-39 
 
 
 Watch this scrollable interactive simulation  on overview of DNA replication and the key enzymes involved,
 Read the Chapter on Replication of the Microbiology book from Open stax 
  
 Protein Synthesis
 Yet another important function of the cell is protein synthesis.
 Proteins serve as both structural and functional elements of the cell.
 The synthesis of proteins consumes more of a cell’s energy than any other metabolic process. 
 Proteins account for more mass than any other macromolecule of living organisms. 
  The molecular process of protein synthesis, is calledTranslation .
 it is the second part of gene expression and  involves the decoding  of the m RNA by a ribosome  into a polypeptide product.
 Click the link of Thomson River University to know more about Protein Synthesis 
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		2.Plant  Physiology

	

	
		 Key Takeaways
  At the end of this chapter learners will be able to
 	Explain the process of photosynthesis, including the light and dark reactions, and appreciate its significance in energy production and the biosphere.
 	Describe the mechanism of transpiration and its role in maintaining water balance and nutrient transport in plants.
 	Explain the process of gas exchange in plants, focusing on the role of stomata and the balance between photosynthesis and respiration.
 	Analyze the factors influencing plant growth and development
 	Describe the different modes of plant reproduction
 

 
  
 
	

		


		
	
		
			
	
		

		2.1 Photosynthesis
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				Photosynthesis is an essential  biological process to all life forms on earth that captures energy originating in space  ( from sunlight) and convert it into  chemical compounds ( like carbohydrates) that powers the metabolism of every organism.
 Global carbon cycle involves the The building and breaking of carbon-based material. It involves the building up of complex organic molecules  through photosynthesis from carbon dioxide and then back to carbon dioxide through the process of respiration.
 The energy from coal and petroleum products which we use today represents the energy captured from sunlight  by photosynthesis around 200 million years ago. These  fossil fuels are the ancient remains of once-living organisms, and they provide best example of the carbon  cycle .
 The carbon cycle would not be possible without photosynthesis, because this process accounts for the “building” portion of the cycle 
 Plants, algae, and cyanobacteria are the only organisms capable of performing photosynthesis .
 These organisms use light to manufacture their own food, and are called autotrophs (“self-feeders”).
 Other organisms, such as animals, fungi, and most other bacteria rely on the sugars produced by the autotrophs for their energy and are termed heterotrophs (“other feeders”),
 The importance of photosynthesis 
 	Capture sunlight’s energy.
 	  Store the energy in solar radiation as high-energy electrons in the carbon-carbon bonds of carbohydrate molecules.
 	Essential to the global carbon cycle
 	 Photosynthesis powers Earth’s ecosystems.
 
 The Process 
 Photosynthesis is a multi-step proces
 It requires sunlight, carbon dioxide, and water as substrates . The products of the process include Oxygen and Glyceraldehyde-3-phosphate ( GA3P). 
 GA3P can subsequently converted into glucose, sucrose or other sugars , which the living things need for their energy,
 [image: image]
  on Earth.
 
 
 
 
 
 What Cells and Organelles Are Involved in Photosynthesis?
 All photosynthetic cells contain special pigments that  absorb light energy.
 
 
 Different pigments respond to different wavelengths of visible light.
 Chlorophyll, which is present in chloroplast in plants is  the primary pigment used in photosynthesis,
 Chlorophyll reflects green light and absorbs red and blue light most strongly.
 Refer to chapter 1.5 to know/ recollect about the chloroplast structure
 Chlorophyll A is the major pigment used in photosynthesis
 There are also several types of chlorophyll and numerous other pigments that respond to light, including red, brown, and blue pigments. These  pigments may help channel light energy to chlorophyll A or protect the cell from photo-damage.
  
 
 What Are the Steps of Photosynthesis?
 Photosynthesis takes place in two stages namely : 
 
 	the light-dependent reactions and 
 	The light independent reaction called the Calvin cycle.
 
 [image: File:Photosynthesis overview.png]
 “Photosynthesis “ by E Laurent, via Wikimedia Commons is licensed under CC BY-SA 4.0
 The light-dependent reactions
 These reactions take place at the thylakoid membrane,
 Chlorophyll absorbs energy from sunlight and then converts it into chemical energy with the use of water.
 The light-dependent reactions release oxygen from the hydrolysis of water as a byproduct.
 When light energy reaches the pigment molecules, it energizes the electrons within them,
 These electrons are shunted to an electron transport chain in the thylakoid membrane.
 Every step in the electron transport chain then brings each electron to a lower energy state and harnesses its energy by producing ATP and NADPH.
 Meanwhile, each chlorophyll molecule replaces its lost electron with an electron from water; this process essentially splits water molecules to produce oxygen
 Water (H2O) is oxidized, and oxygen (O2) is released. The electrons that freed from the water are transferred to ATP and NADPH.
 The light independent reaction or the dark reaction or  the Calvin cycle 
 These reactions takes place outside the thylakoid in the stroma,.
 In these reactions, the energy from ATP and NADPH is used to fix carbon dioxide (CO2). hence this process is also known as carbon fixation.
 Energy from the ATP and NADPH molecules generated by the light reactions drives a chemical pathway during which the carbon in atmospheric carbon dioxide is used to build  a three-carbon sugar called glyceraldehyde-3-phosphate (GA3P).
 GA3P is then built in to a   wide variety of other sugars (such as glucose) and organic molecules.
 Many of these interconversions occur outside the chloroplast, following the transport of G3P from the stroma.
 The products of these reactions are then transported to other parts of the cell, including the mitochondria, where they are broken down to make more energy carrier molecules to satisfy the metabolic demands of the cell.
 In plants, some sugar molecules are stored as sucrose or starch.
 The carriers that move energy from the light-dependent reactions to the Calvin cycle reactions can be thought of as “full” because they bring energy.
 
 After the energy is released, the “empty” energy carriers return to the light-dependent reactions to obtain more energy.
 
 
 
 Video references
  	Watch the video from Khan academy to understand the process of Photosynthesis 
 	Watch the video Travel deep inside a leaf from California academy of sciences for an exciting virtual tour inside the plant leaf and to know understand the process of photosynthesis 
 	Watch the video from Khan academy to know the factors affecting photosynthesis 
 
 
 
 
 
 
 
 
 
 
 
 
 Test your Understanding
 
 
 
 
 
 
 
 
  An interactive H5P element has been excluded from this version of the text. You can view it online here:
 https://pressbooks.justwrite.in/interactive-biology-secondary/?p=40#h5p-23 
 
 Drag and drop the options in to suitable boxes
 
  An interactive H5P element has been excluded from this version of the text. You can view it online here:
 https://pressbooks.justwrite.in/interactive-biology-secondary/?p=40#h5p-111 
 
 
 
	

			
			


		
	
		
			
	
		

		2.2 Transpiration 
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				Transpiration is the loss of water from plant in the form of water vapor. About  97-99% of water absorbed by a plant is lost through transpiration ,mainly from the stomata in leaves and also through evaporation from the surfaces of leaves, flowers, and stems.
 Stomata 
 The stomata are apertures in the epidermis, each bounded by two guard cells. In Greek, stoma means “mouth”, The plural of stoma is stomata. Stomata occur in Vascular plants, gymnosperms and angiosperms.
 The stomata are commonly seen  on green aerial parts of plants, particularly  on the upper and lower sides of leaves, on flower petals, on stems, and on roots. Stomata are also found on stamens and gynoecia.
 The stomata connect the inner air space of the plant cells  with the atmosphere. The stomata is the  major route for gaseous exchange, The stomata helps to bypass the  impermeable cuticle that forms on the outer epidermal surface.. The stomatal aperture leads into a substomatal intercellular space . This is called the substomatal chamber and is continuous with the intercellular spaces in the mesophyll.   
 Stomata respond both to the environmental and as well as  endogenous  signals such as the chemical and hydraulic signals by opening and closing the pore.
 It thereby regulates both photosynthesis , regulating the CO2 entry as well as transpiration by limiting the water loss.
 [image: File:Figure 30 02 05abc.jpg]
 “Stomata” by CNX OpenStax, is licensed under CC BY 4.0
 Stomatal Opening and Closure
 Stomatal Opening
 The guard cells  are a pair of bean or kidney-shape control the size of the stomatal aperture by changing their shape.
 During extreme weather conditions such as high CO2 levels, O3, low air humidity, and drought, the turgor pressure of the guard cells exhibits an appropriate response against these stresses and closes the stomata. This phenomenon involves a complex network of ion channels and their regulation.
 When turgor pressure increases in guard cells, the cells swell but the thickened inner walls  of the guard cells near the stoma cannot expand and as a result they curve to accommodate the expanding outer walls. This curving of the guard cells opens the stoma
 What is the role of light in the opening of stomata?
 Light-induced stomatal opening can be divided into two different pathways, including the red light responses and blue light responses.
 Distinct wavelengths of solar irradiance are detected by multiple plant photoreceptors 
 These include :
 	blue/ultraviolet-A absorbing cryptochromes (CRY1/2) and phototropins (PHOT1/2), 
 	red/far-red absorbing phytochromes (PhyA-E), and 
 	ultraviolet-B absorbing photoreceptor UVRESISTANCE LOCUS 8
 
 PHOT1 and PHOT2 are the major blue light-specific photoreceptors in guard cells modulating stomatal movement.
 Guard cells use ATP, generated by light reaction s of photosynthesis  to drive H+ out of the cell via H+-ATPases, 
 This generates a membrane voltage, negative inside, and an electrochemical potential difference 
 The cytosol usually more negative than the extracellular solution, 
 This difference in charge (membrane potential) increases as protons leave the cell and is called hyperpolarization.
 It causes the movement of  potassium (K+)  down its electrochemical gradient into the cytosol.
 Further through the symport channels protons also move down their electrochemical gradient back into the cytosol along with  chloride (Cl–) ions.
 Meanwhile, starch is broken down, producing sucrose and malate. Nitrate (NO3–) also enters the cell. 
 The solute potential resulting from  high concentrations of potassium, chloride, sucrose, malate, and nitrate in the cytosol drives the osmosis of water into the the guard cells which  increases turgor pressure of the guard cells .
 The guard cells as a consequence expand and bend, opening the stoma
 In general when the osmotic pressure of the guard cells became greater than that of the surrounding cells, the stomata is opened. 
 In the evening, when the osmotic pressure of the guard cells dropped to nearly that of the surrounding cells, the stomata closed.
 [image: Two curved guard cells fill with water in response to light, curving and opening the stoma between them.]
 “Guard cells” by  Jen Valenzuela is licensed under CC BY-NC 4.0
 Stomatal Closure
  When water is low, roots synthesize abscisic acid (ABA),
 Xylem conducts ABA  to the leaves.
 In the leaves  abscisic acid causes calcium channels to open.
 Calcium (Ca2+) opens anion channels and as a result malate, chloride, and nitrate exit the cell.
 The membrane potential decreases as anions leave the cell and is called depolarization
 Potassium exits the cell in response to this depolarization.
 The loss of these solutes in the cytosol results in water leaving the cell and a decrease in turgor pressure.
 The guard cells regain their original shape, and the stoma closes
  
  
 [image: Guard cells import calcium, potassium, and anions in response to water stress, signaled by abscisic acid.] “Guard cells” by June Kwak is in the Public Domain, CC0
 Stomatal transpiration accounts for between 50-97%of total transpiration.
  Though stomata make up only 3% of the leaf surface area most water loss happens through these openings due to the  opening of the stomata to let in  carbon dioxide  for photosynthesis during which the water in the mesophyll tissue in leaves evaporate if the air outside is drier due to factors like high temperature.
 Cuticular transpiration
 The leaf surface has a waxy cuticle through which water vapor can evaporate.
 Water loss here is lower compared to stomatal transpiration,
 The cuticle loses roughly 5-10% of the water in the leaves. 
  Lenticular  transpiration
 Lenticels, small openings found in some plants’ bark and twigs.
 Not all plants have lenticels.
 The amount of water lost though lenticels  is quite modest compared to stomatal transpiration.
 This may rise if a plant is in a dry environment, just as in cuticular transpiration.
 Click here to read the article from BBC BITESIZE to explore more about Transcription
 Watch the video from Khan Academy to understand how and why transpiration happens?
 Explore this interactive simulation on Transpirationhttps://www.labxchange.org/library/items/lb:LabXchange:2fe9ccf6:lx_simulation:1?fullscreen=true
 Watch this interesting video from Lab X Change to view the stomata
 Test your Understanding of the process of Transpiration by attempting the Cross word Puzzle
 
  An interactive H5P element has been excluded from this version of the text. You can view it online here:
 https://pressbooks.justwrite.in/interactive-biology-secondary/?p=229#h5p-42 
 
 
  
 
	

			
			


		
	
		
			
	
		

		2.3 Gas Exchange

					Gas Exchange in plants
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				During the process of photosynthesis green plants need carbon dioxide and release oxygen.
 For cellular respiration plant cells need oxygen and release carbon dioxide.
 Some of the unique features regarding plant respiration are:
 	Plants do not have specialized organs for gas exchange.
 	Each part of the plant takes care of its own gas exchange.
 	The rate of respiration is relatively much slower in plants compared to animals.
 	The liquid transport system of plants is not involved in gas transport
 	The parenchymal cells of leaves, stems and roots are loosely packed with air spaces . The gases diffuse through thee intercellular air spaces.
 	Oxygen and carbon dioxide pass through the cell wall and plasma membrane by diffusion. Membrane channels called aquaporin also help in the diffusion of carbon dioxide.
 
 Gaseous exchange in the leaves
 The exchange of oxygen and carbon dioxide in the leaf  occurs through stomata .
 Refer to chapter 2.2 to understand more about the Stomata and its role in gas exchange and transpiration.
 Factors like temperature, humidity , light intensity and atmospheric concentration of CO2 influence the density of stomata produced on leaves .
 Interestingly studies have reported that  as the concentration of CO2 goes up, the number of stomata produced goes down, and vice versa. 
 Stomatal index : it is  the ratio of the number of stomata in a given area divided by the total number of stomata and other epidermal cells in that same area.
 A 45-amino acid peptide called stomagen released by mesophyll cells  induces the formation of stomata in the epidermis .
  Could fossil leaves tell us about past levels of CO2 in the atmosphere?
 It is intresting to know that fossil leaves could tell us about the levels of atmospheric CO2 .
 In a study reported in  Nature, 411:287, 17 May 2001) by Gregory Retallack  it was said that the fossil leaves of the ginkgo and its relatives showed high stomatal indices  late in the Permian period (275–290 million years ago) and again in the Pleistocene epoch (1–8 million years ago). Geological evidence show that both these periods are known for low levels of atmospheric CO2 and ice ages. On the contrary  during the Cretaceous period, a time of high CO2 levels and warm climate , stomatal indices were  reported to be low.
 These studies support the role of  carbon dioxide as a greenhouse gas and its contribution in global warming.
 Gaseous Exchange in Roots and Stems
 Mature woody stems and roots are covered by dead cells called Cork cells that are filled with a waxy, air and water proof substance called Suberin which makes the roots and stems impervious to water and air . But  the cork of both mature roots and woody stems  contain non suberized  pores called lenticels. These enable the gaseous exchange in roots and stem.
 The stems of many annual plants are green and they take part in photosynthesis . In such stems the stomata are used for gas exchange rather than the lenticels.
 In Cacti and succulents have a different adaptation . Their stomata remain closed during in order to prevent moisture loss in the hot, dry environments .However their stomata open at night instead, and the CO2 is stored as an acid in large sacs (called vacuoles) within their cells until it’s needed for photosynthesis . These fluid-filled vacuoles create the thick, fleshy leaves and stems that are characteristic of these plants. 
  
 Read the chapter on Plant respiration from National Institute of Open Schooling (NIOS) to know more
 Watch the video  from meriSTEM Education to understand the process of gaseous exchange in plants
  One or more interactive elements has been excluded from this version of the text. You can view them online here: https://pressbooks.justwrite.in/interactive-biology-secondary/?p=237#oembed-1 
 
 Test your Understanding by attempting the Drag and Drop exercise below
 
  An interactive H5P element has been excluded from this version of the text. You can view it online here:
 https://pressbooks.justwrite.in/interactive-biology-secondary/?p=237#h5p-40 
 
 
  
 
	

			
			


		
	
		
			
	
		

		2.4 Transport of water, minerals and assimilates

					Transport of water ,mineral and assimilates

	Dr V Malathi

			

	
				Transport of nutrients, gasses, water, and waste is essential for all living organisms . This is made possible through the process of diffusion in some small plants and animals while carried out by organized  transport systems in larger plants and animals.
 The structure of plant roots, stems, and leaves facilitates the transport of water, nutrients, and products of photosynthesis throughout the plant.
 Click on the link to the Chapter on Plant transport from the  pressbook on Introductory Biology : Ecology, Evolution and Biodiversity  to understand about plant tissues  
 The   xylem is the tissue primarily responsible for movement of water and the phloem for the transport of  nutrients and photosynthetic products. 
 Plants are able to transport water from their roots up to the tips of their tallest shoot through
 	 water potential, 
 	evapotranspiration, and 
 	stomatal regulation 
 
 As we had discussed about  transpiration and stomatal regulation in previous chapters we will focus on water potential.
 Water Transport from Roots to Shoots
 Water potential is a measure of the potential energy in water. It is based on potential water movement between two systems. It is the difference in potential energy  at atmospheric pressure and ambient temperature  between any given water sample and pure water .
  Water potential is denoted by the Greek letter Ψ (psi)
 and is unit od water potential is megapascals (MPa).
 The potential of pure water (Ψpure H2O) is ignored and considered  as zero .
 Water potential is calculated using the equation
 Ψ system= Ψ total= Ψs + Ψp +Ψg +Ψm
 Water potential can be positive or negative,
 Ψ system= Ψs + Ψp, where 
 Ψs = solute potential, and Ψp = pressure potential.
 Addition of solutes decreases the water potential and vice- versa.
 While addition of pressure increases the water potential and vice-versa.
 Water always moves from a region of high to low water potential until equilibrium is reached.
 The water potential at a plant’s roots is predicted to be  higher than the water potential in each leaf and the water potential of the lef is predicted to be higher than the water potential in the atmosphere.
 This fact enables water to continuously move through the plant from the soil to the air without equilibrating
 Mathematically: Ψsoil must be > Ψroot > Ψstem > Ψleaf > Ψatmosphere.
  
 The solute potential (Ψs)
 This is also called osmotic potential,
 The solute potential of pure water is 0.
 Further it is to be recollected that as solute concentration increases the water potential decreases.
 The high concentration of solutes in the cytoplasm of the plant cell makes the solute potential of the plant cell to be negative.
 Water will move from the soil into a plant’s root cells via osmosis until the water potential in the plant root cells is lower than the water potential of the water in the soil.
 Further plants can metabolically change their solute potential by adding or removing  solute molecules to increase water uptake from the soil during drought conditions.
 Pressure potential (Ψp)
 This is also called turgor potential,
 It may be positive or negative.
 Positive pressure or compression increases Ψp, while  negative pressure or vacuum decreases Ψp.
 The turgor pressure produced because of the rigid cell wall creates positive pressure inside cells and can be as high as  1.5 MPa in a well-watered plant.
 Plant cells can modify pressure potential by the process of osmosis and by changing the  Ψs 
 If cytoplasmic solute concentration is increased   then Ψs will decline and water will move into the cell by osmosis.
 This causes Ψp to increase.
 The opening and closing of stomata also regulates Ψp 
 When stomata opens  water evaporates from the leaf, reducing Ψp and Ψtotal of the leaf
 This increases the water potential difference between the water in the leaf and the petiole and allows the water to flow from the petiole into the leaf.
  “Water potential” by Open Stax is licensed under CC BY 4.0[image: ] “Water potential” by Open Stax is licensed under CC BY 4.0 
 Movement of Water and Minerals in the Xylem
 The water on the surface of mesophyll cells of the leaf  saturates the cellulose microfibrils of the primary cell wall.
 The leaf contains many large intercellular air spaces for the exchange of  gases.o
 When the wet cell wall is exposed to this leaf internal air space the water on the surface of the cells evaporates into the air spaces,
 This decreases the thin film on the surface of the mesophyll cells and creates a tension  on the water in the mesophyll cells thereby increasing the pull on the water in the xylem vessels.
 The xylem vessels and tracheids are structurally adapted to cope with large changes in pressure. 
 Rings in the vessels maintain their tubular shape. 
 Small perforations between vessel elements reduce the number and size of gas bubbles that can form via a process called cavitation.
 The formation of gas bubbles in xylem interrupts the continuous  flow of xylem sap and the the water from base to the top of the plant. This break is termed as embolism.
 The taller the tree, the greater the tension forces needed to pull water, and the more cavitation events. In larger trees, the resulting embolisms can plug xylem vessels, making them non-functional.
 Transportation of Photosynthates
 The products of photosynthesis are called photosynthates, which are usually in the form of simple sugars such as sucrose.
 Structures that produce photosynthates for the growing plant are referred to assources.
 The sugars produced in sources like leaves are delivered to the growing parts of plants through Phloem by a process called Translocation
 These sugars are delivered to required places such as roots, young shoots, and developing seeds. These structures are  called sinks.
 Seeds, tubers, and bulbs can be either a source or a sink, depending on the plant’s stage of development and the season.
 Translocation: Transport from Source to Sink
 The mesophyll cells of photosynthesizing leaves produce sugars /photosynthates such as sucrose.
 The phloem then   translocate these to structures where they are used or stored.
 The photosynthates move through cytoplasmic channels called plasmodesmata that connect the mesophyll cells and reach phloem sieve-tube elements (STEs) in the vascular bundles.
 From the mesophyll cells, the photosynthates are loaded into the phloem STEs through active transport. This is coupled to the uptake of sucrose with a carrier protein called the sucrose-H+ symporter.
 Phloem STEs have reduced cytoplasmic contents.
 They are  connected by a sieve plate with pores
 This facilitates pressure-driven bulk flow, or translocation, of phloem sap.
 The energy for STEs are produced through the metabolic activities of companion cells  associated with STEs
 
 [image: Illustration shows phloem, a column-like structure that is composed of stacks of cylindrical cells called sieve-tube elements. Each cell is separated by a sieve-tube plate. The sieve-tube plate has holes in it, like a slice of Swiss cheese. Lateral sieve areas on the side of the column allow different phloem tubes to interact.]
 “Pholem” by Open Stax is licensed under CC BY 4.0 
 The photosynthates are then translocated from the phloem to the nearest sink.The phloem sap is an aqueous solution  containing 30 percent sugar, minerals, amino acids, and plant growth regulatorsThe high percentage of sugar decreases Ψs, This decreases the total water potential .Therefore water to moves by osmosis from the adjacent xylem into the phloem tubes, thereby increasing pressure. This increase in total water potential causes the bulk flow of phloem from source to sink .As the sucrose concentration in the sink cells has been metabolized for growth, or converted to polymers such as starch ( for storage)  or cellulose (for structural integrity) . Unloading at the sink end of the phloem tube occurs by either diffusion or active transport . Water diffuses from the phloem by osmosis and is then transpired or recycled via the xylem back into the phloem sap.[image: Illustration shows the transpiration of water up the tubes of the xylem from a root sink cell. At the same time, sucrose is translocated down the phloem to the root sink cell from a leaf source cell. The sucrose concentration is high in the source cell, and gradually decreases from the source to the root.] “Pholem” by Open Stax is licensed under CC BY 4.0  Watch the video from FuseSchool – Global Education   One or more interactive elements has been excluded from this version of the text. You can view them online here: https://pressbooks.justwrite.in/interactive-biology-secondary/?p=231#oembed-1 
  
  An interactive H5P element has been excluded from this version of the text. You can view it online here:
 https://pressbooks.justwrite.in/interactive-biology-secondary/?p=231#h5p-46 
 
 
 Passive Transport Interactive questions by Charles Molnar and Jane Gair is licensed under CC BY 4.0 [image: image][image: image]
 
   
 
	

			
			


		
	
		
			
	
		

		2.5 Growth and development

					Plant Growth and Development

	Dr V Malathi

			

	
				Plant growth and development
 Plants use their growth and development as essential biological processes to help them adapt, live, and procreate in their surroundings. Hormonal, environmental, and genetic factors all play a role in these processes
  
 
  An interactive H5P element has been excluded from this version of the text. You can view it online here:
 https://pressbooks.justwrite.in/interactive-biology-secondary/?p=233#h5p-50 
 
 
  
 [image: nature, growth, plant, leaf, flower, environment, young, green, macro, soil, botany, environmental, yellow, flora, sprout, life, seedling, close up, growing, sapling, new, development, macro photography, flowering plant, new life, plant stem, land plant]
 “Plant Growth and Development” is in the Public Domain, CC0
 1. Plant Growth:
 Growth in plants refers to the irreversible increase in size and mass . This is due to the division and enlargement of cells.
 Stages of Growth Includes:
 	Cell division, or mitosis : is mainly carried out in the plant’s meristems, which are areas where cells are actively dividing. Apical meristems, which are found at the terminals of roots and shoots, and lateral meristems, which add to the thickness of the plant, are the two primary types.
 	Cell Elongation: Cells extend their cell walls and absorb water to elongate themselves after dividing.
 	Cell Differentiation: Cells become specialized kinds with distinct roles, resulting in the formation of tissues such as ground tissue, xylem, phloem, and epidermis.
 
 2. Plant Development
 The processes by which a plant travels through its life cycle, from germination to senescence (aging and death), are referred to as development.
 Important Phases of Development:
 Germination :The process via which a seed becomes a new plant is called germination. It starts with the imbibition (absorption of water), and then the radicle (root) and plumule (branch) develop.
 Vegetative Growth: The stage in which a plant grows larger, develops roots, stems, and leaves, and settles in to begin photosynthesis.
 The process of reproductive development involves the emergence of fruits, seeds, and flowers. This phase is essential to the species’ ability to reproduce.
 Senescence  : This is the last stage of development, during which the plant ages and loses its reproductive organs (leaves, flowers, etc.).
  
 3. Factors Influencing Plant Growth and Development:
 	Environmental Elements:
 Light: Influences blooming and other developmental processes by affecting photosynthesis and photoperiodism, which is a plant’s response to the length of day and night.
 Water: Required for turgor pressure, which maintains cells firm, as well as for cellular functions and the transportation of nutrients.
 Temperature: Affects metabolic rates and enzymatic activity; particular temperatures are necessary for various processes, such as germination and flowering.
 Nutrients: Building cellular structures and metabolic processes require the presence of essential elements such as potassium, phosphorus, nitrogen, and others.
 	Genetic Factors: 	Genotype: A plant’s genetic composition dictates how it will grow, develop, and react to its surroundings.
 	Hormonal Regulation: Auxins, gibberellins, cytokinins, ethylene, and abscisic acid are examples of plant hormones, or phytohormones, that are important in controlling the processes of growth and development.
 	Epigenetics: Plant development can also be impacted by heritable variations in gene expression that do not include modifications to the DNA sequence.
 
 
 
 4. Hormonal Control:
 	Auxins: Involved in tropic responses (such as phototropism and gravitropism), they also encourage cell elongation and root initiation.
 	Gibberellins: Promote flowering, seed germination, and stem elongation.
 	Cytokinins: Initiate shoots, encourage cell division, and postpone the senescence of leaves.
 	Ethelene :Fruit ripening, leaf abscission, and stress response are all influenced by ethylene.
 	Abscisic Acid (ABA): Aids in the plant’s response to stressors such as drought by inhibiting growth and promoting seed dormancy.
 
 Watch the video from Khan Academy to Understand about plant hormones 
 5. Photoperiodism and Vernalization:
 	 Photoperiodism :A plant’s reaction to the relative durations of day and night is known as photoperiodism. It influences other developmental processes as well as flowering. Based on their responses to photoperiod, plants can be categorized as short-day, long-day, or day-neutral.
 	 Vernalization: Some plants need a period of cold exposure to trigger flowering. This procedure guarantees that blossoming takes place in the spring or summer at the proper period
 
 6. Plant Responses to External Stimuli (Tropisms):
 		 Phototropism :Growing toward or away from light is known as phototropism.
 	Geotropism  : Growth in reaction to gravity is known as gravitropism (Geotropism); roots usually exhibit positive gravitropism (growing downward) while shoots exhibit negative gravitropism (growing upward).
 	Thigmotropism: A plant’s reaction to physical contact or touch; observed in climbing plants such as vines.
 Growth toward wetness, or hydrotropism, is mostly seen in roots
 
 
 
 7. Plant Senescence and Death:
 
 Senescence: This is a  genetically regulated process that causes plant organs to lose their ability to function and to degrade their cellular structures, ultimately leading to death.
 Programmed cell death” (PCD) : The process by which particular cells, tissues, or organs are methodically disassembled and removed as a part of development or in response to environmental cues is known as “programmed cell death” (PCD).
 In order to ensure that plants successfully complete their life cycles and adapt to their surroundings, a variety of internal and external factors control the intricate and interrelated processes that make up plant growth and development.
 For further learning visit the link on  Plant Growth and Development from Georgia Tech Biological Sciences
 Also watch the video from Fuse School to understand about plant growth
  One or more interactive elements has been excluded from this version of the text. You can view them online here: https://pressbooks.justwrite.in/interactive-biology-secondary/?p=233#oembed-1 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 

	

			
			


		
	
		
			
	
		

		2.6 Reproduction (including ferns and mosses)

					Plant Reproduction
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				  Plant Reproduction
 Different reproductive techniques have evolved in plants to ensure the survival of their species. Unlike animal species, which nearly always reproduce sexually, certain plants reproduce asexually while others do it sexually.
 Asexual reproduction in plants occurs without the need for pollination agents, whereas sexual reproduction typically depends on them.
 Often, the most visually striking or fragrant parts of plants are their flowers. In order to fulfill their need for pollination, flowers draw insects, birds, and animals with their vivid colors, intriguing forms, and sizes. Some plants self-pollinate, while others are pollinated by the wind or water.
 
 Asexual Reproduction
 Asexual reproduction is a common method used by plants to reproduce. This mode of reproduction does not need  resources to create a flower, draw pollinators, and figure out a way to distribute seeds.
 As there is no mixing of male and female gametes during asexual reproduction, the resultant plants are genetically identical to the parent plant which has enabled these plants to fare better in stable environments than plants resulting from sexual reproduction.
 
 Asexual reproduction is seen in a wide variety of roots . For example Garlic and gladiolus both use the corm. Other examples are bulbs, as the tunicate bulb in daffodils and the scaly bulb in lilies.
  Stem tubers such as potatoes also propagate asexually .
 Rhizomes  produced by ginger , runners, or stolons of chrysanthemum are other examples for asexual propagation .
 [image: Shown are photos of various roots. Part A shows bulbous garlic roots. Part B shows a tulip bulb that has sprouted a leaf. Part C shows ginger root, which has many branches. Part D shows three potato tubers. Part E shows a strawberry plant.]
 
 
 
 
 
 
 
  (a) & (b) Bulbs   ; (c) Rhizome ; (d) Tuber ; (e) Runner or Stolons
 “Asexual Reproduction” by OpenStaxCollege is licensed under CC BY 4.0
 Apomixis
 Plants that produce seeds without fertilization are said to reproduce by a method called apomixis. In this method either the diploid ovule or part of the ovary  gives rise to a new seed.
 
 Natural methods of Asexual/Vegetative Propagation
 	This is a method of propagation by which  plants may emerge from the roots, stem and leaves of the parent plant.and grow naturally in to a new plant without any human intervention.
 	Plant structures allowing natural vegetative propagation include bulbs, rhizomes, stolons or runners and tubers.
 	The plants propagated vegetatively are
 	 Stem- The vegetative plant structures arising from the stem are known as rhizomes, bulbs, runners, tubers, etc. 	Rhizomes are horizontal underground plant stem capable of producing the shoot and root systems of a new plant. Rhizomes are used to store starches and proteins and enable plants to perennate i.e.,survive an annual unfavourable season, underground.
 	 A stolon, or runner, is a stem that runs along the ground. At the nodes, it forms adventitious roots and buds that grow into a new plant..
 	Bulbs can branch below the ground,The branches appear at first as miniature bulbs called bulbils or bulblets. Bulblets take their energy from the parent bulb and produce aerial stems or leaves which can be separated from the parent.
 
 
 
 Artificial Methods of Asexual Reproduction
 These methods include grafting, cutting, layering, and micropropagation.
 Grafting 
 	Plants such as citrus species and new types of roses have long been created through grafting.
 	Two plant species are utilized in grafting;
 	The desired plant’s stem is partially grafted onto the stock, a rooted plant.
 	The term “scion” refers to the portion that is joined or grafted. Both are retained together after being cut at an oblique angle—any angle other than a straight angle—and brought into close proximity to one another .
 	Since these two surfaces will be holding the plant together, it is crucial that they match as closely as possible.
 	The two plants’ vascular systems develop and unite to produce a graft.
 	The scion gradually begins to produce shoots and eventually bears fruit after a certain period of time.
 
 Cutting
 	Stem cuttings are a method of propagating certain plants, like coleus and money plant,
 	Here a section of the stem with nodes and internodes is buried in damp soil and allowed to take root.
 	The stems of certain species have the ability to produce roots even while submerged in water alone. For instance, if African violet leaves are left in water unattended for a few weeks, they will eventually root.
 
 Layering
 	In this method the  stem attached to the plant is bent and covered with soil.
 	It is best to use young stems that bend easily without breaking . Example include  Jasmine and bougainvillea (paper flower)
 
 Micropropagation
 	Micropropagation, also known as plant tissue culture, is a technique used in laboratories to quickly multiply a large number of plants from a single plant
 	This technique makes it possible to propagate uncommon and endangered species that would be challenging to produce in the wild, have significant economic value, or are in high demand as disease-free plants.
 	Micropropagation requires sterile conditions  to propagate plants
 
 
 Sexual Reproduction in Angiosperms 
 Involving gametes
 	All flowering plants show sexual reproduction
 	The end products of sexual reproduction, in plants are the fruits and seeds.
 	Before flowering several hormonal and structural changes are initiated in the plant
 	This lead to the differentiation and further development of the floral primordium.
 	Inflorescences are formed which bear the floral buds and then the flowers.
 	In the flower the male and female reproductive structures, the androecium and the gynoecium differentiate and develop.
 	 The androecium consists of a whorl of stamens and represents  the male reproductive organ
 	 The gynoecium represents the female reproductive organ.
 
 [image: File:Parts-of-a-flower.png]
 “Parts of a flower” by Anjubaba is licensed under CC BY 4.0
 Stamens
 	Stamens are the male reproductive organs of flowering plants. 
 	They consist of an anther, the site of pollen development, 
 	In most species a stalk-like filament transmits water and nutrients to the anther and positions it to aid pollen dispersal.
 	The stamens comprise of two parts
 	 The long and slender stalk called the filament,
 	and the terminal generally bilobed structure called the anther.
 	The proximal end of the filament is attached to the thalamus or the petal of the flower.
 	The number and length of stamens are variable in flowers of different species
 
 Anthers
 	An anther is the top, bulbous portion of the stamen
 	  The male gametophytes, or male reproductive cells, are produced in the anther in a flower.
 	A typical angiosperm anther is bilobed
 	Each lobe have two theca, i.e., they are dithecous .
 	Often a longitudinal groove runs lengthwise separating the theca.
 	The anther has a four-sided (tetragonal) structure
 	It consist  of four microsporangia located at the corners, two in each lobe.
 	The microsporangia develop further and become pollen sacs.
 	They extend longitudinally all through the length of an anther and are packed with pollen grains.
 
 Microsporangium
 	A microsporangium ( pl. microsporangia) is a sporangium produces microspores that give rise to male gametophytes when they germinate.
 	Microsporangia occur in all vascular plants that have heterosporic life cycles, such as seed plants, spike mosses and the aquatic fern genus Azolla.
 	 A microsporangium appears  circular in outline in the transverse section.
 	It is generally surrounded by four wall layers namely the epidermis, endothecium, middle layers and the tapetum.
 	The outer three wall layers protect and help in dehiscence of anther to release the pollen.
 	The innermost wall layer is called the tapetum.
 	It nourishes the developing pollen grains.
 	Cells of the tapetum possess dense cytoplasm and generally have more than one nucleus.
 
 [image: Illustration A shows cross section of an anther, which has four lobes each containing a pollen sac, or microsporangium. Inside the pollen sac is a layer called the tapetum, and within this ring are the microspore mother cells. As the microsporangium matures, two pollen sacs merge and an opening forms between them so that the pollen can be released. Micrographs in part B show pollen sacs with a visible opening between them.]
 “Reproductive Development and Structure “ by Open Stax is licensed under CC BY 4.0
 Microsporogenesis 
 	It is the process of formation of microspores
 	They are formed from the cells of sporangenous tissue through the process of meiosis
 	Each cell of the sporogenous tissue is also called the pollen or microspore mother cell.
 	The microspores, as they are formed, are arranged in a cluster of four cells–the microspore tetrad
 	As the anthers mature and dehydrate, the microspores dissociate from each other and develop into pollen grains
 	  Each microsporangium contains several thousands of microspores or pollen grains
 	They are released with the dehiscence of anther
 
 [image: Illustration shows the formation of pollen from a microspore mother cell. The mother cell undergoes meiosis to form a tetrad of cells, which separate to form the pollen grains. The pollen grains undergo mitosis without cytokinesis, resulting in four mature pollen grains with two nuclei each. One is called the generative nucleus, and the other is called the pollen tube nucleus. Two projective layers form around the mature pollen grain, the inner intine and the outer exine. Micrograph shows a pollen grain, which looks like puffed wheat.]
 “Reproductive Development and Structure “ by Open Stax is licensed under CC BY 4.0
 Watch the Video on Microsporogenesis by Khadijatul Qubra from Khan Academy
 
 Female Gametophyte (The Embryo Sac)
 	The development of the female gametophyte has two distinct phases.
 	Megasporogenesis,
 	A single cell in the diploid megasporangium—an area of tissue in the ovules—undergoes meiosis
 	This  produces four megaspores, only one of which survives.
 	 The second phase is called megagametogenesis,
 	During the megagametogenesis  the surviving haploid megaspore undergoes mitosis
 	This produces an eight-nucleate, seven-cell female gametophyte, also known as the megagametophyte or embryo sac.
 	Of the eight  two of the nuclei called the polar nuclei move to the equator and fuse, forming a single, diploid central cell. 
 	This central cell later fuses with a sperm to form the triploid endosperm. 
 	Three nuclei position themselves on the end of the embryo sac opposite the micropyle . These develop into the antipodal cells
 	 These  later degenerate.
 	While the nucleus closest to the micropyle becomes the female gamete, or egg cell, and the two adjacent nuclei develop into synergid cells .
 	The synergids guide the pollen tube for successful fertilization, after which they disintegrate.
 	Once fertilization is complete, the resulting diploid zygote develops into the embryo, and the fertilized ovule forms the other tissues of the seed.
 	A double-layered integument protects the megasporangium and, later, the embryo sac. 
 	After fertilization the integument will develop into the seed coat and protect the entire seed. 
 	The ovule wall will become part of the fruit. 
 	The integuments, while protecting the megasporangium, do not enclose it completely, but leave an opening called the micropyle.
 	The micropyle allows the pollen tube to enter the female gametophyte for fertilization.
 
 [image: Illustration depicts the embryo sac of an angiosperm, which is egg-shaped. The narrow end, called the micropylar end, has an opening that allows pollen to enter. The other end is called the chalazal end. Three cells called antipodals are at the chalazal end. The egg cell and two other cells called synergids are at the micropylar end. Two polar nuclei are inside the central cell in the middle of the embryo sac.]
 “Reproductive Development and Structure “ by Open Stax is licensed under CC BY 4.0
 Sexual Reproduction in Gymnosperms
 			Like  angiosperms, the lifecycle of a gymnosperm is also characterized by alternation of generations ( i.e., consist of sporophytic and gametophytic generation) 
 	In conifers such as pines, the green leafy part of the plant is the sporophyte, 
 	 The cones contain the male and female gametophytes . T
 	The female cones which are positioned towards the top of the tree, are larger than the male cones 
 	The male cones are smaller and are  located in the lower region of the tree. 
 	Because the pollen is shed and blown by the wind
 	This requirement makes it difficult for a gymnosperm to self-pollinate.
 	Pollen from male cones blows up into upper branches, where it fertilizes female cones.
 
 
 
 
 
 [image: The conifer life cycle begins with a mature tree, which is called a sporophyte and is diploid (2n). The tree produces male cones in the lower branches, and female cones in the upper branches. The male cones produce pollen grains that contain two generative (sperm) nuclei and a tube nucleus. When the pollen lands on a female scale, a pollen tube grows toward the female gametophyte, which consists of an ovule containing the megaspore. Upon fertilization, a diploid zygote forms. The resulting seeds are dispersed, and grow into a mature tree, ending the cycle. Both the male and female cone are made up of rows of scales, but the male the female cone is round and wide, and the male cone is long and thin with thinner scales.]Reproductive Development and Structure “ by Open Stax is licensed under CC BY 4.0
 Reproduction in Mosses:
 	 Mosses, liverworts and hornworts are the three groups of plants lacking vascular tissue
 	Mosses are  the gametophyte plant that lives the longest
 	Life Cycle: 	Dominant Gametophyte Generation: In mosses, the gametophyte is the dominant, visible phase of the life cycle. It consists of small, green, leaf-like structures.
 	
 
 	Sexual Reproduction:
 
 
 
 Gametangia Formation:
 			The Male gametophyte is  antheridia (singular = antheridium) and produces sperms
 	The female gametophyte is called archegonia (singular = archegonium) and produces eggs
 	These structures are typically produced in the midst of modified ‘leaves’ at ends of stems/branches in mosses 
 
 
 
 
 
 Fertilization:
 	The sperm swims through water to reach the egg in the archegonium,
 	This leads to fertilization and the formation of a diploid zygote.
 
 Sporophyte Formation:
 	The zygote develops into a sporophyte, which remains attached to the gametophyte.
 	The sporophyte produces spores in a capsule through meiosis.
 
 Spore Dispersal:
 Spores are released from the capsule, dispersed by wind or water, and germinate into new gametophytes, completing the cycle.
 Asexual Reproduction:
 		Fragmentation: Mosses can reproduce asexually through fragmentation, where a piece of the gametophyte breaks off and grows into a new plant.
 
 
 
 Reproduction in Ferns:
 Dominant Sporophyte Generation: The sporophyte stage of a fern’s life cycle is the most noticeable. It is made up of stems, roots, and fronds, or leaves.
 Sexual Reproduction:
 Production of Spores: On the undersides of their fronds, fern sporophytes create spores known as sporangia, which are frequently arranged in groups known as sori.
 Germination: After being discharged, spores develop into prothalli, which are tiny, heart-shaped gametophytes that are typically only a few millimeters in size.
 Formation of Gametangia: The prothallus, or gametophyte, gives rise to both female archegonia and male antheridia. Sperm are released from the antheridia and swim to the archegonia to fertilize the eggs.
 Fertilization: A diploid zygote is formed through fertilization, which takes place inside the archegonium.
 Development of the Sporophyte: The zygote gives rise to a new Sporophyte that finally separates from the Gametophyte.
 Asexual Reproduction:
 		Rhizome Propagation: Ferns can reproduce asexually through the spread of rhizomes, horizontal underground stems that produce new fronds and roots.
 
 
 
 Comparison of Mosses and Ferns:
 	Mosses 	Ferns 
 	Generally small and simple, with no true roots, stems, or leaves.  
 	Larger and more complex, with true roots, stems, and leaves (fronds). 
 	The gametophyte is the dominant and most visible stage 	The sporophyte is the dominant and most visible stage. 
 	Require water for sperm to swim to the egg, making them dependent on moist environments for sexual reproduction.  
 	Require water for sexual reproduction.  
 
  
 Both ferns and mosses demonstrate unique adaptations to their environments and life cycles, showcasing the diversity and complexity of plant reproduction.
 For Further reading visit the link to the Chapter on Plant Reproduction from Organismal Biology by Georgia Tech Biological Sciences
 Test your understanding about Plant Reproduction by attempting the practice problems with videos from Numerade 
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		3.Human Physiology

	

	
		 Key Takeaways
  At the end of this chapter learners will be able to
 	Recall the major organs and components involved in circulation, respiration, digestion, excretion, and coordination systems
 	Explain the processes of gas exchange, nutrient absorption, waste elimination, and signal transmission in the human body.
 	Analyze the roles of neuronal and hormonal coordination in regulating bodily functions and maintaining homeostasis.
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				The Circulatory System
 The circulatory system is also known as the cardiovascular system.
 The chief function of the circulatory system includes transporting blood, nutrients, oxygen, carbon dioxide, and hormones throughout the body. It consists of the heart, blood vessels (arteries, veins, and capillaries), and blood.
 Key Components of the circulatory system 
 	Heart: A muscular organ that pumps blood throughout the body.
 	Arteries: Blood vessels that carry oxygenated blood away from the heart.
 	Veins: Blood vessels that carry deoxygenated blood back to the heart.
 	Capillaries: These tiny blood vessels permit the exchange of oxygen, carbon dioxide, and other substances between blood and tissues.
 
 Major Functions of the circulatory system:
 	Oxygen and Nutrient Transport: Delivers oxygen and nutrients to cells.
 	Waste Removal: Removes carbon dioxide and other metabolic wastes from cells.
 	Hormone Distribution: Transports hormones to target organs and tissues.
 	Temperature Regulation: Helps maintain body temperature by distributing heat.
 
 The Heart
 	The heart is a muscular organ that pumps blood through the three divisions of the circulatory system namely 	the coronary (vessels that serve the heart), 
 	pulmonary (heart and lungs), and
 	systemic (systems of the body)
 
 
 
 Structure of the Heart 
 The myocardial, endocardium, and epicardium are the three layers that make up the heart.
 The endocardium is the lining that lines the inside of the heart.
 The middle layer of the heart wall and the majority of its heart muscle cells make up the myocardium.
 The pericardium, a layered structure made of membranes that surrounds and protects the heart, is the second layer of cells that make up the epicardium.
 This layer gives the heart enough room for vigorous pumping while also keeping it stationary to lessen friction between the heart and other structures.
 The heart contains four chambers namely:
 	Right Atrium: Receives deoxygenated blood from the body.
 
 The right atrium receives deoxygenated blood from the superior vena cava, which drains blood from the jugular vein that comes from the brain and from the veins that come from the arms, as well as from the inferior vena cava which drains blood from the veins that come from the lower organs and the legs. In addition, the right atrium receives blood from the coronary sinus which drains deoxygenated blood from the heart itself. 
 	Right Ventricle: Pumps deoxygenated blood to the lungs.
 
 The deoxygenated blood from heart then passes to the right ventricle through the atrioventricular valve or the tricuspid valve, a flap of connective tissue that opens in only one direction to prevent the backflow of blood. The biscuspid or mitral valve separates the chambers on the left side of the heart.
  After the right ventricle is filled, it pumps the blood through the pulmonary arteries. This blood passes through the semilunar valve (or pulmonic valve) and is taken to the lungs for re-oxygenation. 
 After blood passes through the pulmonary arteries, the right semilunar valves close preventing the blood from flowing backwards into the right ventricle.
 	Left Atrium: Receives oxygenated blood from the lungs.
 	 The left atrium then receives the oxygen-rich blood from the lungs through the pulmonary veins. This blood passes through the bicuspid valve or mitral valve (the atrioventricular valve on the left side of the heart) to the left ventricle
 
 Left Ventricle: Pumps oxygenated blood to the body.
 From the left ventricle the blood is pumped out through aorta.
 The aorta is the major artery of the body, taking oxygenated blood to the organs and muscles of the body. 
 Once blood is pumped out of the left ventricle and into the aorta, the aortic semilunar valve (or aortic valve) closes preventing backward flow of blood into the left ventricle. 
 This pattern of pumping is referred to as double circulation and is found in all mammals.
 The pumping action of the heart is a function of the cardiac muscle cells, or cardiomyocytes, 
 These cardiomyocytes make up the heart muscle. 
 Cardiomyocytes, are striated muscle cells. They pump rhythmically and involuntarily. They are connected by intercalated disks exclusive to cardiac muscle.
  
 The Cardiac Cycle
 
 
 
 The repeating sequence of pumping of blood by the heart is called Cardiac cycle ,
 Electrical signals cause the heart muscles to contract and relax. This causes the filling and emptying of the heart with blood
 The human heart beats over 100,000 times per day.
 In each cardiac cycle, the heart contracts ( systole), pushing out the blood and pumping it through the body;
 This is followed by a relaxation phase ( diastole), where the heart fills with blood.
 The atria contract at the same time, forcing blood through the atrioventricular valves into the ventricles.
 The closing of the atrioventricular valves produces a “lup” sound.
 Following a brief delay, the ventricles contract at the same time forcing blood through the semilunar valves into the aorta and the artery transporting blood to the lungs (via the pulmonary artery).
 Closing of the semilunar valves produces a “dup” sound.
 Blood Vessels
 	There are three types of blood vessels: the arteries, veins, and capillaries. 
 	Arteries 
 
 Arteries are blood vessels that carry oxygenated blood away from the heart to various parts of the body.
 Layers of Artery Walls include : 
 There are three distinct layers, or tunics, that form the walls of blood vessels; namely
 		Tunica Intima: The innermost layer, consisting of endothelial cells and elastic fibers.
 	Tunica Media: The middle layer, made up of smooth muscle cells and elastic fibers, which helps control the diameter of the artery.
 	Tunica Externa: The outermost layer, composed of elastic fibers and collagen, providing structure and support.
 
 
 
 Types of Arteries:
 			Elastic Arteries: These are closer to the heart (e.g., the aorta) and contain more elastic fibers to handle the high pressure of blood pumped from the heart.
 	Muscular Arteries: These are further from the heart and contain more smooth muscle tissue, allowing them to regulate blood flow by constricting or dilating.
 
 
 
 
 
 Major Arteries
 	Aorta: The largest artery in the body, originating from the left ventricle of the heart and branching into smaller arteries.
 	Coronary Arteries: Supply blood to the heart muscle itself.
 	Carotid Arteries: Supply blood to the brain, neck, and face.
 	Femoral Arteries: Supply blood to the lower limbs.
 
 Functions of the arteries 
 	Oxygen and Nutrient Transport: Arteries carry oxygenated blood and nutrients to tissues and organs.
 	Blood Pressure Regulation: The smooth muscle in the tunica media helps regulate blood pressure by adjusting the diameter of the arteries.
 	Pulse: The expansion and contraction of elastic arteries with each heartbeat create the pulse that can be felt in various parts of the body.
 
 Arterial Circuits:
 	Systemic Circuit: Carries oxygenated blood from the heart to the body.
 	Pulmonary Circuit: Carries deoxygenated blood from the heart to the lungs for oxygenation
 
 Veins
 
 
 	Layers of Vein Walls: 	Tunica Intima: The innermost layer, consisting of endothelial cells.
 	Tunica Media: The middle layer, thinner than in arteries, containing smooth muscle cells and elastic fibers.
 	Tunica Externa: The outermost layer, composed of connective tissue, providing support and structure.
 
 
 
 Types of Veins:
 			Superficial Veins: Located close to the surface of the skin.
 	Deep Veins: Located deeper within the body, usually alongside arteries.
 	Pulmonary Veins: Carry oxygen-rich blood from the lungs to the heart.
 	Systemic Veins: Carry deoxygenated blood from the body back to the heart.
 
 
 
 
 
 Functions of Veins 
 	Blood Return: Veins return deoxygenated blood from the body to the heart, except for the pulmonary veins, which carry oxygenated blood from the lungs.
 	Valves: Veins contain one-way valves that prevent the backflow of blood, ensuring it moves towards the heart.
 	Blood Reservoir : Veins act as a reservoir and hold about 75% of the body’s blood
 
 Major Veins 
 	Superior and Inferior Vena Cava: Large veins that return deoxygenated blood from the body to the right atrium of the heart.
 	Jugular Veins: Drain blood from the head and neck.
 	Femoral Veins: Drain blood from the lower limbs.
 
 Venous Circuits:
 	Systemic Circuit: Returns deoxygenated blood from the body to the heart.
 	Pulmonary Circuit: Returns oxygenated blood from the lungs to the heart.
 
 Capillaries
 
 
 Capillaries are the smallest and most numerous blood vessels in the body, playing a crucial role in the circulatory system
 
 
 
 
 Structure:
 The capillaries are tiny vessels with a diameter of about 5 to 10 microns
 Layers:
 		Endothelial Cells: The inner lining of capillaries, which controls the exchange of substances between the blood and surrounding tissues.
 	Basement Membrane: A thin, supportive layer surrounding the endothelial cells.
 
 
 
 
 Types of Capillaries:
 	Continuous Capillaries: Have a continuous endothelial lining and are found in muscles, skin, and the central nervous system. They allow the passage of small molecules like water and ions.
 	Fenestrated Capillaries: Have pores (fenestrae) in their endothelial lining, allowing for the rapid exchange of substances. These are found in the kidneys, intestines, and endocrine glands.
 	Sinusoidal Capillaries: Have larger openings and a discontinuous basement membrane, allowing the passage of larger molecules and cells. These are found in the liver, spleen and bone marrow.
 
 Functions of Capillaries 
 	Exchange of Gases: Capillaries facilitate the exchange of oxygen and carbon dioxide between blood and tissues.
 	Nutrient and Waste Exchange: They allow nutrients to pass from the blood to tissues and waste products to move from tissues to the blood.
 	Hormone Delivery: Capillaries transport hormones to target organs and tissues.
 	Fluid Balance: They help maintain fluid balance by allowing the movement of water and solutes between blood and tissues.
 
 Capillary Beds:
 	Network: Capillaries form extensive networks called capillary beds, which increase the surface area for exchange.
 	Regulation : Blood flow through capillary is regulated by precapillary sphincters
 
  
 For further learning about circulatory system visit the pressbook on Circulatory system from BC campus 
 Watch the video from drugs.com to know how a healthy heart works?T
 
 
 
 
 
 
 
 
 
 
 
 
  One or more interactive elements has been excluded from this version of the text. You can view them online here: https://pressbooks.justwrite.in/interactive-biology-secondary/?p=248#oembed-1 
 
  
 Test your Understanding about the Circulatory system by attempting the interactive exercises below
 
  An interactive H5P element has been excluded from this version of the text. You can view it online here:
 https://pressbooks.justwrite.in/interactive-biology-secondary/?p=248#h5p-51 
 
 
  
 
  An interactive H5P element has been excluded from this version of the text. You can view it online here:
 https://pressbooks.justwrite.in/interactive-biology-secondary/?p=248#h5p-53 
 
 
  
 
  An interactive H5P element has been excluded from this version of the text. You can view it online here:
 https://pressbooks.justwrite.in/interactive-biology-secondary/?p=248#h5p-54 
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				Respiration refers to the movement of air into and out of the lungs . This process comprises of
 	Inspiration is the process that causes air to enter the lungs, and 
 	Expiration is the process that causes air to leave the lungs  
 
 Functions of the Respiratory system are :
 	To provides oxygen to body tissues for cellular respiration,
 	Removal of  the waste product carbon dioxide, 
 	To maintain acid–base balance .
 
  A respiratory cycle  is one sequence of inspiration and expiration .
 Respiratory rates vary based on age. 
 The normal resting respiratory rate is as follows :
 	for adults is 10–20 breaths per minute . 
 	For Children less  than one year is  30–60 breaths per minute,
 	For children by the age is usually 18–30 . 
 	By adolescence, the respiratory rate is  12–18 breaths per minute (Much similar to adults ). 
 	The normal respiratory rates  decreases from birth to adolescence and often increase slightly over the age of sixty-five.
 
 The Respiratory System
 Nose and Nasal Cavity
 The upper respiratory tract begins with the nose and ends with the larynx. The nose externally extends from the frontal bone to the maxilla. The nose consists of a central cartilage (the septum) with two lateral processes. The openings to the nose are the nares.
 The nares are lined with coarse hairs to aid in the filtration of particulate matter.The visible nose is actually the entryway into the nasal cavity, where the major functions of the nose occur.  The area immediately inside the nares contains a large number of sebaceous glands, sweat glands, and hair follicles.
  The olfactory epithelium found in the nasal cavity is used to detect odors .The nasal cavity is divided into the right and left sides by the nasal septum.The roof of the nasal cavity consists of parts of the ethmoid and sphenoid bones.The of the nasal cavity floor is called the palate which forms the roof of the mouth. The palate  is separated into the hard and soft palate. 
 The anterior hard palate is formed from part of the palatine bone. The posterior soft palate  called the uvula does not contain bone. The uvula moves up during swallowing to close off the nasal cavity, thus preventing material from entering the mouth.
 Within the bones surrounding the nasal cavity are hollow spaces called  paranasal sinuses , which function to make the skull lighter as well as moisten and warm incoming air. 
 The nasal cavity opens into the nasopharynx.
 Pharynx (Throat)
 The pharynx connects the nasal passage to the larynx in the throat. The pharynx  has three distinct areas namely, the nasopharynx, the oropharynx, and the laryngopharynx. 
 The pharyngeal tonsils are located at the top of nasopharynx. The pharyngeal tonsils contains rich supply of lympocytes and ciliated epithelium which traps and destroys the invading pathogens .
 The pharyngeal tonsils are large in children, but tend to regress as they age and eventually may even disappear.
 Auditory or the Eustachian tubes open into the nasopharynx. This explains  why colds often lead to ear infections.
 Larynx (Voice Box)
 After air leaves the pharynx, it enters a complex cartilaginous structure called the larynx. It extends from the laryngopharynx and the hyoid bone to the trachea.
 The larynx serves to regulate the volume of air that enters and leaves the lungs.
 The larynx is formed by several pieces of cartilage of which the thyroid cartilage is the largest piece of cartilage that makes up the larynx.
 The thyroid cartilage consists of the laryngeal prominence, or “Adam’s apple,” which is more prominently seen in males.
 The larynx directs air and food to the appropriate tubes.  During swallowing the airway is blocked by closing off the opening of the trachea with a structure called  epiglottis. 
 The larynx also contains the  vocal cords, which are used in making sounds and speech.
 Trachea (Windpipe)
  The trachea or the wind pipe  is a cylindrical structure about 25 to 35 cm long. It  begins just below the larynx, and ends with the terminal bronchioles.The trachea funnels the inhaled air to the lungs and the exhaled air back out of the body.It is made of C-shaped rings of cartilage and smooth muscle. The cartilage provides strength and support to the trachea to keep the passage open. The last cartilage in the trachea . The trachea is lined with cells that have cilia and secrete mucus. The mucus catches particles in the inhaled air, and the cilia moves the particles toward the pharynx.
 Bronchi and Bronchioles
 The end of the trachea divides into two bronchi that enter the right and left lungs.
 Air enters the lungs through the primary bronchi. Each primary bronchus divides further creating smaller and smaller diameter bronchi.
 The bronchi further divide and are called broncioles when the passages are under 1 mm (.03 in) in diameter.. Like the trachea, the bronchus and bronchioles are also made of cartilage and smooth muscle.
 Bronchi are supplied with nerves of both the parasympathetic and sympathetic nervous systems.
 These nerves control muscle contraction (parasympathetic) or relaxation (sympathetic) in the bronchi and bronchioles,
 The final bronchioles are the respiratory bronchioles.
 Lungs
  Lungs are a pair of organs on each side of the heart, inside the chest cavity.
 They are the main organs of the respiratory system. 
 The right lung is divided into three lobes, and the left lung is divided into two lobes. 
 The left lung is slightly smaller than the right lung, 
 During breathing in, the air enters the airways and travels down into the air sacs, or alveoli, in the lungs. This is where gas exchange takes place. 
 Alveoli
 The end of each respiratory bronchiole are attached to the Alveolar ducts .
  At the end of each duct are alveolar sacs, each containing 20 to 30 alveoli (air sacs). Gas exchange occurs only in the alveoli. 
 The alveoli are thin-walled tiny bubbles within the alveolar sacs and are in direct contact with the capillaries of the circulatory system.
 The oxygen diffuses from the alveoli into the blood and carbon dioxide  diffuses from the blood into the alveoli which is then exhaled
  
 Watch the Course presentation below to understand the process of Respiration
 
  An interactive H5P element has been excluded from this version of the text. You can view it online here:
 https://pressbooks.justwrite.in/interactive-biology-secondary/?p=246#h5p-60 
 
 
  
  
 Test your Understanding about the process of Respiration ,
  
 
  An interactive H5P element has been excluded from this version of the text. You can view it online here:
 https://pressbooks.justwrite.in/interactive-biology-secondary/?p=246#h5p-59 
 
 
 
  An interactive H5P element has been excluded from this version of the text. You can view it online here:
 https://pressbooks.justwrite.in/interactive-biology-secondary/?p=246#h5p-58 
 
 
  
 
  An interactive H5P element has been excluded from this version of the text. You can view it online here:
 https://pressbooks.justwrite.in/interactive-biology-secondary/?p=246#h5p-62 
 
 
  
 Watch the interactive video and answer the questions
 
  An interactive H5P element has been excluded from this version of the text. You can view it online here:
 https://pressbooks.justwrite.in/interactive-biology-secondary/?p=246#h5p-56 
 
 
  
 Turn the Dialogue cards and explore the Respiratory system medical terms
  
 
  An interactive H5P element has been excluded from this version of the text. You can view it online here:
 https://pressbooks.justwrite.in/interactive-biology-secondary/?p=246#h5p-61 
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				Digestion
 Digestion is the mechanical and chemical break down of food into small organic fragments. During the process of digestion large complex  proteins, polysaccharides, and lipids molecules are reduced to simple molecules  such as simple sugar, acids acids and fatty acids  before they can be absorbed by the intestinal epithelial cells. 
 Main Components of the Digestive System
 	Mouth: Digestion of food  begins in the mouth. The food is chewed and mixed with saliva in the mouth so as to break it down into a form that can be easily swallowed and digested.
 	Esophagus: It is the muscular tube that connects the mouth to the stomach. The food  moves from the mouth through  esophagus by a wave-like muscle contraction process called  peristalsis  .
 	Stomach: The food is further broken down in the stomach  using stomach acids and enzymes.  The food is now turned into a semi-liquid form called chyme.The stomach links the esophagus to the duodenum. The empty stomach is only about the size of  fist, but can stretch to hold as much as 4 liters of food and fluid,  and then return to its resting size when empty. There are four main regions in the stomach: the cardia, fundus, body, and pylorus. 	The cardia (or cardiac region) : This is the point where the esophagus connects to the stomach and through which food passes into the stomach. 
 	Fundus : is located inferior to the diaphragm, above and to the left of the cardia. It  is the dome-shaped . 
 	Body : This is  the main part of the stomach and is located below the fundus. 
 	Pylorus : This is  funnel-shaped. The  pylorus connects the stomach to the duodenum. The wider end of the funnel is called  the pyloric antrum, This  connects to the body of the stomach. The narrower end is called the pyloric canal, which connects to the duodenum. The pyloric sphincter is located at the bottom of the stomach, between the stomach and the duodenum. It controls stomach emptying. In the absence of food, the stomach deflates inward, and its mucosa and submucosa fall into a large fold called a ruga.
 
 
 	Small Intestine: The small intestine includes the the duodenum, jejunum, and ileum. Most of the digestion and absorption of nutrients occurs in the small intestine. It is the longest part of the alimentary canal, the small intestine is about 3.05 meters (10 feet) long in a living person. The diameter of the small intestine is about 2.54 cm (1 in).The folds and projections of the lining of the small intestine gives  an enormous surface area of about  200 m2 
 	Large Intestine: The large intestine runs from the appendix to the anus and includes the cecum, colon, and rectum. The water and salts from the material that has not been digested are absorbed in the large intestine. The large intestine  is responsible for forming and expelling feces. The large intestine frames the small intestine on three sides and has a  diameter more than twice of the small intestine, about 3 inches. The ileocecal valve, located at the opening between the ileum and the large intestine. It controls the flow of chyme from the small intestine to the large intestine. The cecum is a sac-like structure that is suspended inferior to the ileocecal valve. It is about 6 cm (2.4 in) long. It  receives the contents of the ileum, and continues the absorption of water and salts. Attached to the cecum is the appendix (or vermiform appendix) which is a winding tube . The 7.6-cm (3-in) long appendix contains lymphoid tissue, suggesting an immunologic function. The cecum blends seamlessly with the colon. On the right side of the abdomen, the food residue initially passes through the ascending colon. The colon becomes the transverse colon at the inferior surface of the liver, where it bends to form the right colic flexure (hepatic flexure).The final third of the transverse colon marks the start of the area known as the hindgut. After passing through the transverse colon, food waste reaches the left side of the abdomen, where it reaches the left colic flexure (splenic flexure), where the colon angles abruptly just inferior to the spleen. From there, food residue goes through the descending colon, which runs down the left side of the posterior abdominal wall. It becomes the s-shaped sigmoid colon after entering the pelvis .Food residue leaving the sigmoid colon enters the rectum in the pelvis, near the third sacral vertebra. The final 20.3 cm (8 in) of the alimentary canal, the rectum extends anterior to the sacrum and coccyx. 
 	Anus: This is the  final part of the digestive tract. Anus expels feces  from the body. The anal canal is located in the perineum and is  completely outside of the abdominopelvic cavity. This 3.8–5 cm (1.5–2 in) long structure opens to the exterior of the body at the anus. The anal canal has two sphincters namely  the internal anal sphincter  and the external sphincter .The internal sphincter is made of smooth muscle, and its contractions are involuntary. The external anal sphincter is made of skeletal muscle, which is under voluntary control.  Both the sphincters usually remain closed except when defecating.
 
 Accessory Organs of the digestive system
 	Liver: The bile is produced in the liver  which helps digest fats.
 	Gallbladder: The bile produced in the liver is stored and concentrated in the Gall bladder from where it is released  into the small intestine.
 	Pancreas: Produces digestive enzymes and bicarbonate, which are released into the small intestine to aid in digestion.
 
 Phases of Digestion
 	Cephalic Phase: Triggered by the sight, smell, or thought of food, stimulating saliva and digestive juices.
 	Gastric Phase: Begins when food enters the stomach, stimulating the release of gas
 	Intestinal Phase: Starts when chyme enters the small intestine, triggering the release of digestive enzyme and bile
 
 Carbohydrate Digestion
 	Mouth: Digestion begins with salivary amylase in the saliva, which breaks down starches into maltose and dextrins.
 	Stomach: Carbohydrate digestion pauses in the acidic environment of the stomach.
 	Small Intestine: Pancreatic amylase continues the breakdown of starches into maltose. Enzymes like maltase, sucrase, and lactase on the intestinal brush border convert disaccharides into monosaccharides (glucose, fructose, and galactose).
 	Absorption: Monosaccharides are absorbed into the bloodstream through the intestinal lining
 
 Protein Digestion
 	Stomach: Proteins are denatured by stomach acid (HCl) and broken down into smaller peptides by the enzyme pepsin.
 	Small Intestine: Pancreatic enzymes (trypsin, chymotrypsin, and carboxypeptidase) further break down peptides into smaller peptides and amino acids. Brush border enzymes (peptidases) complete the digestion into amino acids.
 	Absorption: Aminoacids are absorbed into the bloodstream through the intestinal lining
 
 Fat Digestion
 	Mouth: Minor digestion of fats begins with lingual lipase.
 	Stomach: Gastric lipase continues the digestion of fats into smaller droplets.
 	Small Intestine: Bile from the liver emulsifies fats, increasing the surface area for pancreatic lipase to act. Pancreatic lipase breaks down triglycerides into monoglycerides and free fatty acids.
 	Absorption: Monoglycerides and fatty acids form micelles, which are absorbed into the intestinal cells, where they are reassembled in to triglycerides and are packaged into chylomicrons which then enter the lymphatic system and then the blood stream.
 
 
 
 
 
 
 
 
 
 
 Watch the Interactive video on the process of digestion and absorption
 
  An interactive H5P element has been excluded from this version of the text. You can view it online here:
 https://pressbooks.justwrite.in/interactive-biology-secondary/?p=244#h5p-63 
 
 
 Explore the image hotspot to know about the digestive system
 
  An interactive H5P element has been excluded from this version of the text. You can view it online here:
 https://pressbooks.justwrite.in/interactive-biology-secondary/?p=244#h5p-64 
 
 
 Drag and Drop thereby label the parts of the Digestive system
 
  An interactive H5P element has been excluded from this version of the text. You can view it online here:
 https://pressbooks.justwrite.in/interactive-biology-secondary/?p=244#h5p-65 
 
 
 Test your knowledge about the digestive system
 
  An interactive H5P element has been excluded from this version of the text. You can view it online here:
 https://pressbooks.justwrite.in/interactive-biology-secondary/?p=244#h5p-66 
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				 Theexcretory systemremoves waste products and excess water from the body and helps to maintain homeostasis.
 Excretion
 The process of eliminating metabolic wastes and toxins from the body is called excretion.
 Excretion maintains the body’s internal environment and prevents damage from toxic substances.
 Some of the specific waste products that must be excreted from the body include
 	carbon dioxide produced from cellular respiration, 
 	ammonia and urea produced from protein catabolism, and
 	uric acid produced from nucleic acid catabolism.
 
 Excretory System Organs
 	Kidneys: The primary organs of the excretory system  are the kidneys which are a pair of bean-shaped structures that are located just below the liver in the body cavity. They filter blood to remove urea, excess salts, and water, forming urine. There are more than a million tiny units called nephrons in each kidneys. The nephrons functions to filter blood containing the metabolic wastes from cells. All the blood in the human body is filtered about 60 times a day by the kidneys. The functions of the nephrons are : removal of  wastes, concentrate them, and form urine which is collected in the bladder.
 
 The three regions of the kidney are
 			Outer cortex: contains the nephrons—the functional unit of the kidney
 	Middle medulla
 	renal pelvis : collects the urine and leads to the ureter on the outside of the kidney.[image: Illustration on the left shows the placement of the kidneys and bladder in a human man. The two kidneys face one another and are located on the posterior side, about halfway up the back. A renal artery and a renal vein extend from the inside middle of each kidney, toward a major blood vessel that runs up the middle of the body. A ureter runs down from each kidney to the bladder, a sac that sits just above the pelvis. The urethra runs down from the bottom of the bladder and through the penis. The adrenal glands are lumpy masses that sit on top of the kidneys. The illustration on the right shows a kidney, shaped like a kidney bean standing on end. The inside of the kidney consists of three layers: the outer cortex, the middle medulla and the inner renal pelvis. The renal pelvis is flush with the concave side of the kidney, and empties into the ureter, a tube that runs down outside the concave side of the kidney. Several renal pyramids are embedded in the medulla, which is the thickest kidney layer. Each renal pyramid is teardrop-shaped, with the narrow end facing the renal pelvis. The renal artery and renal vein enter the concave part of the kidney, just above the ureter. The renal artery and renal vein branch into arterioles and venules, respectively, which extend into the kidney and branch into capillaries in the cortex.]The human excretory system” by Charles Molnar and Jane Gair is licensed under CC BY 4.0
 
 
 
 
 
 	Ureters: Tubes that carry urine from the kidneys to the bladder.
 	Bladder: Stores urine until it is excreted.
 	Urethra: The duct through which urine is expelled from the body.
 	Liver: The liver performs a variety of important tasks, such as producing bile for fat digestion, manufacturing a large number of proteins and other molecules, storing glycogen and other materials, and secreting endocrine hormones. The liver is a vital organ for excretion in addition to doing all of these other duties. Toxins are among the numerous chemicals in the blood that the liver breaks down. For instance, the liver converts ammonia, a toxic byproduct of protein breakdown, into urea, which the kidneys remove from the blood and eliminate as urine. The protein bilirubin, which is produced when red blood cells are broken down as a result of hemoglobin catabolism, is also excreted by the liver in its bile. After passing through the small intestine, the big intestine eliminates the bile as feces.
 
 	Skin: The skin which is a part of the integumentary system  excretes sweat , produced by the sweat glands in the dermis . Sweat contains water, salts, and small amounts of urea. Though sweat functions mainly to cool the body and maintain temperature,  homeostasis, it also participates in excretion by eliminating  the waste
 	Lungs:  Lungs are in charge of eliminating gaseous waste from the body. Carbon dioxide, a waste product of cellular respiration in all body cells, is the primary waste gas expelled by the lungs. In the lungs’ tiny air sacs known as alveoli, carbon dioxide is diffused from the blood into the surrounding air (shown in the inset diagram). The lungs contribute to the preservation of acid-base balance by eliminating carbon dioxide from the blood. Actually, the blood’s pH regulates how quickly people breathe. As the exhaled air passes past the moist linings of the lungs and other respiratory tract organs, water vapor is also picked up from these organs and is expelled with the carbon dioxide. Trace amounts are in charge of eliminating gaseous waste from the body. Carbon dioxide, a waste product of cellular respiration in all body cells, is the primary waste gas expelled by the lungs. In the lungs’ tiny air sacs known as alveoli, carbon dioxide is diffused from the blood into the surrounding air (shown in the inset diagram). The lungs contribute to the preservation of acid-base balance by eliminating carbon dioxide from the blood. Actually, the blood’s pH regulates how quickly people breathe. As the exhaled air passes past the moist linings of the lungs and other respiratory tract organs, water vapor is also picked up from these organs and is expelled with the carbon dioxide.
 	Large Intestine: Removes solid waste and some water in the form of feces. As the last organ in the gastrointestinal tract, the large intestine plays a significant role in the digestion process. Its primary job as an excretory organ is to get rid of solid wastes that are left behind after food is digested and water is extracted from indigestible materials in food waste. Wastes are also gathered in the large intestine from all throughout the body. Bilirubin, a waste product of the liver, is present in bile released into the gastrointestinal tract, for instance. The brown pigment bilirubin is responsible for the distinctive brown color of human feces.
 
 Functions of the Excretory System
 	Filtration: Kidneys filter blood to remove waste products.
 	Reabsorption: Essential nutrients and water are reabsorbed back into the bloodstream.
 	Secretion: Additional waste products are secreted into the urine.
 	Excretion: Final removal of urine from the body.
 
 Importance
 The excretory system plays a vital role in:
 	Regulating fluid balance: Ensuring the body maintains adequate levels of water and salts.
 	Maintaining pH balance: Keeping the body’s internal environment stable.
 	Removing toxins: Preventing the build-up of harmful substances.
 
 
 
 
 
 Test your understanding
 Mark the parts of the excretory system by Dragging and dropping the options at correct position
 
 
 
 
  An interactive H5P element has been excluded from this version of the text. You can view it online here:
 https://pressbooks.justwrite.in/interactive-biology-secondary/?p=250#h5p-69 
 
 

 
 Identify the functions of the kidneys by dragging  and dropping the correct options in the answer box
  An interactive H5P element has been excluded from this version of the text. You can view it online here:
 https://pressbooks.justwrite.in/interactive-biology-secondary/?p=250#h5p-70 
 
 

 
 Identify the functions of the excretory organs by attempting the quiz given below
  An interactive H5P element has been excluded from this version of the text. You can view it online here:
 https://pressbooks.justwrite.in/interactive-biology-secondary/?p=250#h5p-71 
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				 Human movement is a complex process involving the coordinated action of various systems in the body.
 Types of Movements
 	Flexion and Extension:Flexion and extension are motions of the body or limbs that occur in the sagittal plane and can be either anterior or posterior. In terms of the vertebral column, extension refers to a posterior-directed motion, such as straightening from a flexed posture or bending backward, whereas flexion, or anterior flexion, is the anterior (forward) bending of the neck or body. Bending the body or neck to the right or left is known as lateral flexion. The corresponding intervertebral disc and the joints of the vertebral column are both involved in these movements.
 	Abduction and Adduction: Medial-lateral motions of the limbs, fingers, toes, or thumb are involved in abduction and adduction actions, which take place inside the coronal plane.
 
 		Abduction: Moving a limb away from the midline of the body (e.g., raising the arms sideways).
 	Adduction: Moving a limb towards the midline of the body (e.g., lowering the arms to the sides).
 
 
 
 3.Rotation: There are three possible locations for rotation: the ball-and-socket joint, the pivot joint, and the spinal column. The twisting motion that results from the accumulation of the minute rotational movements possible between neighboring vertebrae produces the rotation of the neck or body.
 The ball-and-socket joints in the hip and shoulder can also rotate. Here, the anterior surface of the arm or thigh is moved either toward or away from the body’s midline as a result of the humerus and femur rotating about their long axes.
 4.Circumduction: It is the movement of a body region in a circular manner. It is a combination of  flexion, extension, abduction, and adduction (e.g., moving the arm in a circular motion).In this type of movement one end of the body region being moved stays relatively stationary while the other end describes a circle.
 5. Pronation and Supination: These are movements of the forearm. The upper limb is held adjacent to the torso in the anatomical position, palm facing forward. This shows the forearm in a supinated position. The ulna and radius are parallel to one another in this configuration. When the forearm is in the pronated posture, the ulna and radius form an X, and the palm faces backward. 
 		Pronation: Rotating the forearm so the palm faces downwards.
 	Supination: Rotating the forearm so the palm faces upwards.
 
 
 
 6.Dorsiflexion and Plantar flexion : The ankle joint is a hinge joint, and its movements include dorsiflexion and plantar flexion. Dorsiflexion is the lifting of the foot’s front so that its top travels (upward) toward the anterior leg; plantar flexion is the lifting of the foot’s heel off the ground or pointing the toes downward. The ankle joint can only be moved in certain ways.
 7. Inversion and eversion : These are complex movements that involve the multiple plane joints among the tarsal bones of the posterior foot (intertarsal joints) .They are not motions that take place at the ankle joint.
 These are vital movements that provide fast side-to-side direction changes during energetic sports like basketball, racquetball, or soccer as well as help to support the foot when running or walking on an uneven surface.
 	Inversion : turning of the foot to angle the bottom of the foot toward the midline,
 	Eversion  :  turns the bottom of the foot away from the midline.
 	The foot has a greater range of inversion than eversion motion.
 
 8.Depression and Elevation : In this type of movement the scapula or mandible moves upward (Elevation) and downward (depression). The depression and elevation movements of the scapula is  utilized to shrug the shoulders.
 Similar to this, depression of the mandible is the downward movement that results in the opening of the mouth, and elevation of the mandible is the upward movement of the lower jaw used to seal the mouth or bite on something.
 Systems Involved
 	Skeletal System: Provides the framework and support for movement. The skeletal system is composed of bones, cartilage, and ligaments. Each bone serves a particular function and varies in size, shape, and strength. The general functions of the skeletal system include: Supporting the body, facilitating movement, protecting  internal organs, producing blood cells, storing and releasing  minerals and fat
 
 To know more about the skeletal system visit the chapter on skeletal system fromMedical Terminology for Healthcare Professions
 2.Muscular System: Muscles, one of the four primary tissue types of the body, contract and relax to produce movement. There are three different types of muscle tissue in the body: cardiac, smooth, and skeletal muscle . A characteristic shared by all three muscle tissues is excitability, which is the ability of their plasma membranes to transition from polarized to depolarized states and to transmit an electrical wave known as an action potential throughout the membrane’s whole length. Muscles are surrounded by fibrous connective tissue, or fascia.
 Muscles work as antagonistic pairs i.e., when one muscle contracts, the other muscle relaxes. This contraction pulls on the bones and assists with movement. Muscle fibers shrink during contraction and lengthen during rest. The neurological system mediates this contraction and relaxation process. Additionally, muscles help to maintain the body’s posture. This is accomplished by contracting the muscles in the trunk, which is maintained during sitting or standing.
 To know more about the muscular system visit the chapter on muscular system fromMedical Terminology for Healthcare Professions
 To know more about the muscular contraction visit the chapter on Muscle Contraction and Locomotion from Concepts of Biology – 1st Canadian Edition
 3.Nervous System: Sends signals to muscles to initiate and control movement.
 4. Cardiovascular System: Supplies oxygen and nutrients to muscles.
 5. Respiratory system : provides oxygen for muscles.
  An interactive H5P element has been excluded from this version of the text. You can view it online here:
 https://pressbooks.justwrite.in/interactive-biology-secondary/?p=252#h5p-72 

 

  An interactive H5P element has been excluded from this version of the text. You can view it online here:
 https://pressbooks.justwrite.in/interactive-biology-secondary/?p=252#h5p-73 
 
 
 
 
 
 
 
 
 
 
 
	

			
			


		
	
		
			
	
		

		3.6 Neuronal Coordination
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				Human neuronal coordination involves the complex interaction between the nervous system and various parts of the body to maintain homeostasis and respond to external stimuli.
 The neural system of all animals is composed of neurons . These neurons  detect, receive and transmit different types of stimuli. 
 Components of the Nervous System
 	Central Nervous System (CNS): Comprising the brain and spinal cord, the CNS processes information and coordinates activities.
 	Peripheral Nervous System (PNS): Consists of nerves that connect the CNS to the rest of the body. It includes: 	Somatic Nervous System: Controls voluntary movements.
 	Autonomic Nervous System: Regulates involuntary functions and is further divided into: 	Sympathetic Nervous System: Prepares the body for ‘fight or flight’ responses. The sympathetic nervous system prepares the body in response to stress by activating the organs and glands in the endocrine system.
 	Parasympathetic Nervous System : This functions opposite to the sympathetic system and allows the body to recover , for example clams the body by slowing the heart and breathing.
 
 
 
 
 
 Neuronal Communication
 	Neurons: The basic units of the nervous system. The nervous system comprises about 100 billions of neurons. The function of neurons is to receive and transmit signals .Neurons transmit signals through electrochemical impulses.
 	The structure of neurons include three majorts namely 	a cell body or soma  : contains nucleus of the cell and keeps the cell alive.
 	Dendrite : This has a branching tree like structure . It collects information from other cells and sends it to soma. Some neurons have hundreds or even thousands of dendrite
 	axon: This is a long, segmented fibre . This tranmits information away from soma to other neurons or to muscles and glands. 	Myelin sheath :  is a layer of fatty tissue surrounding the axon of a neuron that both acts as an insulator and allows faster transmission of the electrical signal. 
 	Axons branch out toward their ends, and at the tip of each branch is a terminal button.
 
 
 
 
 	Watch the interesting video from Gregl on neuron impulse 
 
  One or more interactive elements has been excluded from this version of the text. You can view them online here: https://pressbooks.justwrite.in/interactive-biology-secondary/?p=254#oembed-1 
 
 	Synapses : These are junctions where neurons communicate with other neurons, muscles or glands through neurotransmitters.A synaptic connection between a neuron and a muscle cell is called a neuromuscular junction. Also called: neuronal junction. Synapses can be  chemical i.e. these synapses communicate using chemical messengers. 
 	Or can be electrical; in these synapses, ions flow directly between cells.
 	At a chemical synapse, an action potential triggers the presynaptic neuron to release neurotransmitters. These molecules bind to receptors on the postsynaptic cell and make it more or less likely to fire an action potential.
 
 	Upon binding with its receptor on a receiving cell, a neurotransmitter opens or closes ion channels. As a result the voltage across the membrane, or membrane potential, of the receiving cell may alter locally .
 	Neurotransmitter molecules attach to receptor proteins on postsynaptic cells after diffusing across the synaptic cleft. Ion channels in the cell membrane open or close in response to postsynaptic receptor activation. Depending on the ions involved, this might be either hyperpolarizing, making the inside of the cell more negative, or depolarizing, making the inside of the cell more positive.
 	The alteration may increase the target cell’s propensity to fire its own action potential in specific situations. Here, the membrane potential change is referred to as an excitatory postsynaptic potential, or EPSP.
 In other situations, the alteration is known as an inhibitory post-synaptic potential, or IPSP, and it reduces the likelihood that the target cell will fire an action potential.
 An EPSP depolarizes a cell by increasing its internal potential and moving the membrane potential closer to the point at which an action potential would be fired. Occasionally, a single EPSP isn’t very big , but it can sum together with other EPSPs to trigger an action potential.
 
 Coordination Mechanism
 	Sensory Input: Sensory neurons detect changes in the environment and send signals to the CNS.
 	Integration: The CNS processes these signals and determines the appropriate response.
 	Motor output : Motor neurons carry signals from the CNS to effectors to excute the response.
 
 Reflex Actions
 Reflexes are rapid, involuntary responses to stimuli, involving a simple pathway called the reflex arc.Reflex actions, which minimize bodily harm from potentially hazardous situations like touching something hot, are instinctive (involuntary) and quick responses to stimuli. For many organisms, therefore, reflex behaviors are vital to survival.
 reflex action bypasses the conscious brain. This explains why the reaction is so quick.
 Skin receptors pick up on a stimulation, such as a temperature shift.
 Relay neurons are found in the spinal cord of the central nervous system (CNS) and receive electrical signals from sensory neurons. Motor neurons and sensory neurons are linked by relay neurons.
 An effector receives electrical signals from a motor neuron.
 Effector triggers a reaction (muscle twitch to remove hand).
 Test your Undrstanding
 
  An interactive H5P element has been excluded from this version of the text. You can view it online here:
 https://pressbooks.justwrite.in/interactive-biology-secondary/?p=254#h5p-28 
 
 
  
  
  An interactive H5P element has been excluded from this version of the text. You can view it online here:
 https://pressbooks.justwrite.in/interactive-biology-secondary/?p=254#h5p-27 
 
  
 For further reading visit the chapter on Nervous system from Anatomy and Physiology
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 Chemical coordination in human physiology is primarily managed by the endocrine system, which uses hormones to regulate various bodily functions. Hormones are released into body fluids such as usually blood , which carries these chemicals to their target cells. The receptors on the target cells bind the hormones (  signal or ligand) and thereby elicit a response.
 The cells, tissues, and organs that secrete hormones make up the endocrine system.
 Classes of Hormones
 Although there are many different hormones in the human body, they can be divided into three classes based on their chemical structure as
 	Lipid-derived hormones :  These can diffuse across plasma membranes.Steroid hormones are the main class of lipid hormones in humans. Chemically speaking, these hormones are typically either ketones or alcohols; the last letter in their names will be “-one” for ketones or “-ol” for alcohols. Estradiol, an estrogen and the female sex hormone, and testosterone, an androgen and the male sex hormone, are two examples of steroid hormones. The male and female reproductive systems release these two hormones, respectively. Together with certain other androgens, the adrenal glands also secrete cortisol and aldosterone, which are other steroid hormones. Transport proteins in blood carry steroid hormones, which are soluble in water. They therefore stay in the body longer than peptide hormones. Cortisol, for instance, has a half-life of 60.
 
 [image: Figure_37_01_01abc]
 “The structures of (a) cholesterol, plus the steroid hormones (b) testosterone and (c) estradiol.” is licensed under CC BY 4.0
 	Amino acid-derived hormones :  These are water-soluble and insoluble in lipids and hence cannot pass through the plasma membrane. The chemical name of these hormone’s  will conclude with “-ine” if it is generated from amino acids.  These hormones  are derived from the amino acids tyrosine and tryptophan.
 	Amino acids derived hormones include 	Thyroxine: produced by the thyroid gland,
 	Epinephrine and norepinephrine : made by adrenal gland medulla
 	Melatonin :  controls sleep cycles and is produced and secreted by the pineal gland in the brain.
 
 
 
 [image: image]
 “Aminoacid derived hormones” is licensed under CC BY 4.0
 	Peptide (peptide and proteins) hormones : These are water-soluble and insoluble in lipids and hence cannot pass through the plasma membrane. These hormones can be either poly peptides or proteins. 	Examples of peptide hormones are oxytocin and antidiuretic hormone ( secreted by the pituitary gland in the brain).
 	Examples of protein hormone includes Growth hormones , insulin and  follicle-stimulating hormone
 
 
 
 Endocrine System
 The endocrine system consists of glands that secrete hormones directly into the bloodstream. Major Endocrine Glands and Their functions :
 	Hypothalamus: 	Located in the brain, it links the nervous system to the endocrine system via the pituitary gland.
 	Produces releasing and inhibiting hormones that control the pituitary gland.
 
 
 	Pituitary Gland: 	Often called the “master gland” because it controls other endocrine glands.
 	Secretes hormones like growth hormone (GH), thyroid-stimulating hormone (TSH), and adrenocorticotropic hormone (ACTH).
 
 
 	Thyroid Gland: 	Located in the neck, it regulates metabolism through the secretion of thyroid hormones (T3 and T4).
 
 
 	Adrenal Glands: 	Located above the kidneys, they produce hormones like cortisol (stress response) and aldosterone (regulates salt and water balance).
 
 
 	Pancreas: 	Produces insulin and glucagon, which regulate blood sugar levels.
 
 
 	Gonads (Ovaries and Testes): 	Produce sex hormones like estrogen, progesterone, and testosterone, which are crucial for reproductive functions.
 
 
 
 Watch the video from Khan academy to know about the major hormones and their function
  
  One or more interactive elements has been excluded from this version of the text. You can view them online here: https://pressbooks.justwrite.in/interactive-biology-secondary/?p=256#oembed-1 
 
 Hormonal Functions
 	Growth and Development: Hormones like Growth hormone and thyroid hormones are essential for normal growth and development.
 	Metabolism: Thyroid hormones regulate metabolic rate, while insulin and glucagon control blood glucose levels.
 	Reproduction: Sex hormones regulate reproductive cycles and secondary sexual characteristics.
 	Homeostasis: Hormones help maintain internal balance such as blood pressur ,fluid balance and electrolyte levels
 
 Mechanism of Hormone Action
 Hormones bind to specific receptors on target cells, triggering a response that can alter cellular activity. This process ensures that the body’s functions are coordinated and regulated efficiently.
 Attempt the exercises given below and test your understanding about hormones and their function
 
  
  An interactive H5P element has been excluded from this version of the text. You can view it online here:
 https://pressbooks.justwrite.in/interactive-biology-secondary/?p=256#h5p-74 
 
 
  
 
  An interactive H5P element has been excluded from this version of the text. You can view it online here:
 https://pressbooks.justwrite.in/interactive-biology-secondary/?p=256#h5p-78 
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		 Key Takeaways
  At the end of this chapter learners will be able to
 	Identify the different modes of reproduction (asexual and sexual) and describe their characteristics.
 	Explain the processes of reproduction in plants.
 	Illustrate the structure and function of human reproductive systems
 	Explain the physiological processes of gamete formation and fertilization
 	Analyze the importance of reproductive health
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				 The two primary modes of reproduction in living organisms are : asexual and sexual reproduction. Each mode has distinct characteristics and mechanisms.
 Asexual Reproduction
 Asexual reproduction involves a single parent  resulting in  offspring that are genetically identical to the parent.
 Some Common methods of asexual reproduction includes:
 	Binary Fission: The parent organism divides into two equal parts, each becoming a new organism (e.g., bacteria).
 	Budding: A new organism grows from a bud on the parent and eventually detaches (e.g., Hydra).
 	Fragmentation: The parent organism breaks into fragments, each capable of growing into a new organism (e.g., Planaria).
 	Spore Formation: Spores are produced by the parent and can develop into new individuals (e.g., fungi).
 	Vegetative Propagation: New plants grow from parts of the parent plant, such as roots, stems, or leaves (e.g., potatoes, onions).
 
 Sexual Reproduction
 Sexual reproduction involves the fusion of gametes (sperm and egg) from two parents, resulting in genetically diverse offspring. Key processes include:
 	Fertilization: The union of male and female gametes to form a zygote.
 	Internal Fertilization: Fertilization occurs inside the female’s body (e.g., mammals, birds).
 	External Fertilization: Fertilization occurs outside the female’s body, typically in water (e.g., fish, amphibians).
 
 Specialized Modes of Reproduction
 Some organisms exhibit unique reproductive strategies that combine elements of both asexual and sexual reproduction:
 	Parthenogenesis: Development of an egg without fertilization, resulting in offspring that are genetically identical to the mother (e.g., some reptiles, insects).
 	Hermaphroditism: An organism has both male and female reproductive organs and can produce both sperm and eggs (e.g., earthworms, some fish).
 
 Examples in Animals and Plants
 	Animals: Most animals reproduce sexually, but some, like starfish, can also reproduce asexually through fragmentation.
 	Plants: Many plants reproduce sexually through the formation of seeds, while others can reproduce asexually through methods like vegetative propagation.
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				Explore the interactive book below to know the types of reproduction
  
 
  An interactive H5P element has been excluded from this version of the text. You can view it online here:
 https://pressbooks.justwrite.in/interactive-biology-secondary/?p=262#h5p-77 
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				Human reproduction is a complex process involving the interaction of male and female reproductive systems to produce offspring. The development of reproductive tissues of male and female humans are similar in utero until about the seventh week of gestation during when a low level of testosterone is released from the gonads of the developing male.
 Under the influence of testosterone the primitive gonads differentiate into male sexual organs.
 In the absence of testosterone  the primitive gonads develop into ovaries. 
 Under the hormonal influence the tissues that produce a penis in males produce a clitoris in females. The tissue that will become the scrotum in a male becomes the labia in a female. 
 Thus from the  common embryonic structures ,the male and female anatomies arise from the different developmental pathways  .
 Male Reproductive System
 The male reproductive system consists of a number of sex organs that play a role in the process of human reproduction and includes:
 	Testes: The testes are a pair of male gonads . The testes produce sperm and reproductive hormones ( Testosterone). Each testis is approximately 2.5 by 3.8 cm (1.5 by 1 inch) in size .It is  divided into wedge-shaped lobes by septa.  These lobes houses the coiled seminiferous tubules that produce sperm.
 	Epididymis: This is a narrow ,tightly coiled tube attached to the testicles that  stores sperm as they mature. The Sperm cells finish maturing in the epididymis and stored. 
 	Vas Deferens:  Vas deferens is a long , muscular tube that carries mature sperm from the epididymis to the urethra prior to ejaculation
 	Seminal Vesicles and : The seminal vesicles  are also called vesicular glands or seminal glands .These are a pair of convoluted glands that lie  behind the urinary bladder of males . They secrete seminal fluid that nourishes and transports sperm.
 	Prostate Gland :  The  prostrate gland is located  just below the bladder and in front of the rectum in men. It is the largest accessory gland of the male reproductive system. The prostatic fluid comprise about one-third volume of the ejaculate .The main constituents of the prostatic fluid include Zinc, citric acid, choline , acid phosphatase ( enzyme), seminin, plaminogen activator and Prostate Specific Antigen (PSA).PSA is an important blood marker of prostate size and proliferation and its concentration increases in benign prostate hypertrophy, inflammation and prostatic cancer.
 	Penis:  The penis is located at the front of the body at the base of pelvis .The scrotum containing the testes is situated beneath the penis.  The penis delivers sperm into the female reproductive tract. The penis drains urine from the urinary bladder and is a copulatory organ during intercourse.
 
 Test your understanding about the male reproductive system
 
  An interactive H5P element has been excluded from this version of the text. You can view it online here:
 https://pressbooks.justwrite.in/interactive-biology-secondary/?p=265#h5p-76 
 
 
 Female Reproductive System
 The female reproductive system consists of :
 	Ovaries:  The ovaries are a pair of egg shaped  female glands ,on each side of the uterus , that produce eggs (ova) and hormones like estrogen and progesterone. These hormones play an important role in the development of female traits, such as breast development, body shape, and body hair and  are also involved in the menstrual cycle, fertility, and pregnancy. Each of the egg produced by the ovary is located inside a structure called a follicle. The cells in the follicle protect the egg and help it mature.
 	Fallopian Tubes:  These extend from the upper corners of the uterus and connect the ovaries to the uterus . The ovary end of the tube has a fringelike structure that moves in waves. The motion sweeps eggs from the ovary into the tube. The fallopian tubes are the site of fertilization.
 	Uterus:  The uterus is a muscular organ shaped like an inverted pear. The uterus has a thick lining of tissues called the endometrium. The uterus houses and nourishes the developing fetus until birth. During pregnancy the uterus can expand and can accommodate the developing fetus The contractions of the muscular walls of the uterus push the baby through the cervix and out of the body during birth . 
 	Cervix: The lower part of the uterus that opens into the vagina. It is a muscular tunnel like organ. The cervix is about 4 cm long and 3 cm in diameter, and its size varies according to a woman’s age and reproductive history.The sperm travel from the vagina up the cervical canal into the uterine cavity, then into the fallopian tubes to fertilize the egg. Fluids such as the menstrual blood, to pass from the uterus into the vagina through the cervix.  It also widens during the birth of a baby. The cervix has two main parts, the ectocervix  ( outer part of the cervix ) and the endocervix ( inner part of the cervix that forms a canal that connects the vagina to the uterus). The area between the endocervix and ectocervix  is called the squamocolumnar junction (also called the transformation zone). Most abnormal cell changes and cervical cancers begin in the squamous cells (thin, flat-looking cells under a microscope) of the squamocolumnar junction.
 	Vagina:  This is a tube-like structure about 9 centimeters (3.5 inches) long. The  vagina begins at the vulva  and extends upward to the uterus. It has muscular walls lined with mucous membranes. It Receives sperm during intercourse and serves as the birth canal.
 	Vulva :  The external female reproductive structures are referred to collectively as the vulva and include the labia , which are the “lips” of the vulva. The labia protect the vagina and urethra.  Both of vagina and urethra have openings in the vulva .
 
 Test your understanding about the female reproductive system
 
  An interactive H5P element has been excluded from this version of the text. You can view it online here:
 https://pressbooks.justwrite.in/interactive-biology-secondary/?p=265#h5p-75 
 
 
  
 
  An interactive H5P element has been excluded from this version of the text. You can view it online here:
 https://pressbooks.justwrite.in/interactive-biology-secondary/?p=265#h5p-24 
 
 
 The Process of Human Reproduction
 	Ovulation: Ovulation is the release of egg cells from the ovaries as part of the ovarian cycle. Women are born with about 1 million to 2 million eggs of which  only 300 to 400 are released  through ovulation during their lifetimes. Ovulation is a phase in the menstrual cycle of a women. On average, it happens on day 14 of a 28-day menstrual cycle. The process of ovulation begins when the hypothalamus of the  brain releases the  Gonado tropin releasing hormone  (GnRH). GnRH causes your pituitary gland of the brain to secrete Follicle Stimulating Hormone (FSH) and Luteinizing Hormone (LH). FSH stimulates the maturation of the follicles in the ovary and at around the 14th day of the mensural cycle the LH surges causing the ovary to release the egg which is referred to as ovulation.. After ovulation, the hormone progesterone rises and prepares the uterus for pregnancy.
 	Fertilization: Fertilization is a complex process that refers to the process of union of the sperm and ova to form a zygote ( fertilized egg). The zygote which is a single cell, contains all the genetic information ( half from mother, half from father) needed to become a baby and initiates embryonic development. Fertilization marks the beginning of pregnancy. Of the millions of sperm released in to the vagina during ejaculation many are overcome by the acidity of the vagina ( pH 3.8). Further the thick  cervical mucus prevent their entry in to the uterus. In addition to all these ,  of the sperms that enter , thousands are destroyed by the phagocytic uterine leukocytes. The journey of the sperm is thought to be facilitated by uterine contractions and usually takes from 30 minutes to 2 hours. If the sperm do not encounter an oocyte immediately, they can survive in the uterine tubes for another 3–5 days. On the other hand  oocyte can survive independently for only approximately 24 hours following ovulation.
 
 [image: This figure shows the process of sperm fertilizing an egg. There are many sperm trying to attach to the egg.]
 “Sperm and the Process of Fertilization” by Rice University is licensed under CC BY 4.0
 3. Implantation: The cilia ( hair-like structures)  in the cells lining the fallopian tube help to sweep the fertilized egg (zygote) through the tube and into the uterine cavity. As the zygote moves down the cells of the zygote divide (split into 2 cells) repeatedly The zygote enters the uterus within 3 to 5 days. The cells continue to divide, becoming a hollow ball of cells called a blastocyst. The blastocyst implants in the wall of the uterus about 6 days after fertilization. The blastocyst connects to the uterine wall approximately six days after fertilization, generally near the top. By day nine or ten, the implantation process is completed. The blastocyst wall is one cell thick. The placenta develops from the outside cells in the thickened area of the blastocyst, which burrow into the uterine wall, while the inner cells in the thickened area become the embryo.  The placenta produces numerous hormones that aid in maintaining the pregnancy . Human chorionic gonadotropin, for instance, is a hormone produced by the placenta that stimulates the ovaries to continually generate progesterone and estrogen while inhibiting the ovaries from releasing eggs. Additionally, the placenta transfers nutrients and oxygen from the mother to fetus
 4. Gestation: The embryo develops within the amniotic sac, under the lining of the uterus on one side. The embryo grows and develops into a fetus over approximately nine months. Most of the internal organs and external body structures are formed during this stage. At about 16 days after fertilization, the heart and major blood vessels develop. Almost all organs are completely formed by about 12 weeks of pregnancy. The brain and spinal cord are exceptions—they continue to form and develop throughout pregnancy. By about 14 weeks of pregnancy the sex can be identified on ultrasound. By about 16 to 20 weeks the pregnant woman can feel the fetus moving. The brain accumulates new cells throughout pregnancy and the first year of life after birth. The lungs continue to mature until near the time of delivery.
 5. Birth: The fully developed baby is delivered through the birth canal.
 Watch the video from Khan Academy on Female reproductive system
 For further reading visit the chapter on human reproduction from Concepts of Biology – 1st Canadian Edition
 and also the chapter 43.3 Human Reproductive Anatomy and Gametogenesis from Biology from openstax
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				Reproductive health encompasses all aspects of an individual’s physical, mental, and social well-being, rather than just the lack of illness or disability, with regard to the reproductive system and all of its operations. Reproductive health suggests that individuals can have fulfilling and safe sexual relationships, reproduce, and have the autonomy to choose if, when, and how frequently to do so (as defined by WHO).
 Reproductive health entails the healthy operation of hormone-producing glands and reproductive organs, such as the testicles in men and the ovaries in women
 Female Reproductive Health:
 This Includes conditions like menstrual health, pregnancy, and menopause.
 Menstrual health
 Menstrual health is   refers to a  state of physical, mental and social well-being in relation to the menstrual cycle. It includes access to information, education, and products, as well as the ability to participate in all aspects of life.
 Numerous factors can impact menstrual health, such as:
 	Lack of resources : Access to menstruation products and facilities may be restricted by poverty.
 	Taboos in culture : Menstruation goods and facilities may be difficult for some people to access due to cultural taboos.
 	Absence of essential services :Access to menstruation goods and facilities may be restricted by the absence of basic amenities like sanitary products and bathrooms.
 
 According to the WHO/UNICEF Joint Monitoring Programme 2012, menstrual hygiene management is defined as:
 “Women and adolescent girls are using a clean menstrual management material to absorb or collect menstrual blood, that can be changed in privacy as often as necessary, using soap and water for washing the body as required, and having access to safe and convenient facilities to dispose of used menstrual management materials. They understand the basic facts linked to the menstrual cycle and how to manage it with dignity and without discomfort or fear.” 
 Serious health risks due to poor menstrual hygiene include reproductive and urinary tract infections which can result in future infertility and birth complications. 
  Studies by  Benshaul Tolonen et al. 2019 and  Phillips-Howard et al. 2016 had found that giving out sanitary pads to girls leads to a significant reduction in sexually transmitted infections and bacterial vaginosis .The lack of means for hygienic management of menstruation can cause discomfort and psychological stress in women. Promoting menstrual health and hygiene is an important for safeguarding women’s dignity, privacy, bodily integrity, and, consequently, their self efficacy. 
 Family planning/contraception methods
 Women who use contraception avoid health risks associated with pregnancy. Infant mortality risk increases by 60% for children born within two years of an older sibling and by 10% for those born within two to three years, when compared to those born three years or later.Oral contraceptive tablets, implants, injectables, patches, vaginal rings, intrauterine devices, condoms, male and female sterilization, lactational amenorrhea techniques, withdrawal, and fertility awareness-based techniques are some of the contraceptive methods available. The efficiency and mechanisms of action of these techniques vary when it comes to avoiding unplanned pregnancies.
 Common issues of Female Reproductive System
 Endometriosis : Endometriosis is a complicated illness that affects a large number of women worldwide from the time of their menarche until menopause. Endometriosis occurs when tissue that resembles the lining of the uterus grows outside of it. It can make getting pregnant more difficult and result in excruciating pelvic pain.
 Development is assumed to be influenced by a wide range of circumstances like :
 	Retrograde menstruation : where menstrual blood including endometrial cells flows back through the fallopian tubes and into the pelvic cavity.
 	Cellular metaplasia : Cells outside the uterus change into endometrial-like cells and start to grow.
 	 Estrogen : which increases the inflammation, growth and pain associated with the disease
 
 Increased knowledge, together with prompt diagnosis and treatment, may be able to lessen the long-term effects of Endometriosis symptoms. There’s no treatment as of yet.
 Polycystic ovary syndrome ( PCOS)  : PCOS, or polycystic ovarian syndrome, is a prevalent hormonal disorder affecting women . The onset of PCOS commonly occurs in adolescence. The symptoms of PCOS  are hormonal abnormalities, irregular periods, high testosterone levels, and ovarian cysts . Unusual menstrual cycles  typically accompanied by insufficient ovulation, can pose challenges to conceiving . Other symptoms include:
 	acne or oily skin
 	excessive hair on the face or body
 	male-pattern baldness or hair thinning
 	weight gain, especially around the belly.
 
 PCOS is a chronic illness, there is no known cure. On the other hand, medication, lifestyle modifications, and fertility treatments can all help with some symptoms. PCOS has no established cause, women who have type 2 diabetes or a family history are more susceptible.
 People with PCOS are more likely to have other health conditions including:
 	type 2 diabetes
 	hypertension (high blood pressure)
 	high cholesterol
 	heart disease
 	endometrial cancer
 
 There is no cure for PCOS, but treatments can improve symptoms.
 	 Lifestyle changes : Eating a healthy diet and getting enough exercise 
 	Birth control medicines  or contraceptive pill :  can help regulate the menstrual cycle and reduce symptoms.
 	Surgery :  to stimulate regular ovulation. 
 
 Uterine fibroids  : Tumors that develop in a woman’s womb (uterus) are called uterine fibroids. Most of the time, these growths are benign (not malignant) and do not progress to malignancy. Symptoms may include pain during sex, back ache, heavy menstrual bleeding, and frequent urination. Larger fibroids may require surgery or medication for therapy, although smaller fibroids frequently don’t.Fibroids can grow as a single nodule (one growth) or in a cluster. Clusters of fibroids can range in size from 1 millimeter to more than 20 centimeters (8 inches) in diameter or even larger. 
 Risk factors for uterine fibroids are :
 	Obesity and a higher Body mass index( BMI)
 	Family history of fibroids.
 	Not having children.
 	Early onset of menstruation
 	Late age for menopause
 
 Common issues of Male reproductive system
 	Erectile dysfunction : The inability to consistently get or sustain a penile erection strong enough for satisfying sexual performance is known as erectile dysfunction. The common risk factors may include : Prostate problems, Type 2 Diabetes ,Hypogonadism and other endocrinologic conditions ,Hypertension, Vascular disease/surgery, High levels of blood cholesterol, Low levels of HDL (high-density lipoprotein), Chronic sleep disorders ,Drugs, Neurogenic disorders , Peyronie’s disease (distortion or curvature of the penis),Priapism (inflammation of the penis),Depression, Alcohol use and smoking (  exacerbates the effects of other risk factors, such as vascular disease or hypertension).
 
 2.  Low sperm count :  known as oligospermia, is  a condition of low concentration of sperm in semen. The count may be fewer than 15 million sperm per milliliter of semen, or fewer than 39 million sperm total per ejaculate. The main cause for oligospermia are genetic abnormalities, hormonal imbalances, infections, environmental toxins, heat, drugs, and more.
 
 3. Prostate Health :
 The prostate is prone to three main conditions:
 	Prostatitis:infection or inflammation of the prostate.Acute prostatitis and chronic prostatitis are the two primary varieties. An infection, typically caused by bacteria, causes acute prostatitis, which manifests as an abrupt onset of painful urination, a short stream, and frequently fever and chills. Chronic prostatitis, often known as chronic pelvic pain syndrome, is a less well defined disorder. Its symptoms can include burning or pain when urinating, increasing urges to urinate, trouble emptying their bladders, painful ejaculation, and/or persistent or recurrent pelvic discomfort. Either an infection or a persistent inflammation may be the root cause.
 	Benign prostatic hyperplasia (BPH):  Commonly called enlarged prostate is a aging-related enlargement of the prostate gland. The urethra, which transports urine from the bladder to the penis, is effectively pinched off when the prostate grows in size, placing additional strain on the bladder’s muscular walls and making urination difficult.
 	Prostate cancer:the growth of cancerous cells inside the prostate.Obesity, family history, and advanced age are the risk factors. Urinary incontinence can result from prostate cancer as well as its treatment. Prostate cancer and its therapies, such as surgery, radiation, or hormone therapy, can cause erectile dysfunction.
 
 Sexually Transmitted Diseases (STDs).
 Sexually transmitted infections are the source of sexually transmitted Diseases  (STDs) (STIs).The main method of transmission is through sexual interaction. STIs are caused by bacteria, viruses, or parasites. Through sexual contact, more than 30 distinct germs, viruses, and parasites have been documented to spread. Vaginal secretions, blood, and semen are examples of biological fluids that might transmit an STD. Non-sexual methods can also infrequently be used to spread sexually transmitted illnesses. For example, STIs can spread to babies during pregnancy or childbirth. Furthermore, STIs can spread through obtaining blood transfusions or sharing needles. The highest prevalence of STIs is associated with eight infections. Of them, gonorrhea, chlamydia, trichomoniasis, and syphilis are the four that are currently treatable. The remaining four are caused by viruses: hepatitis B, herpes simplex virus (HSV), Human Immune Deficiency Virus (HIV)
 STI symptoms might include:
 	Sores or bumps on the genitals or in the oral or rectal area.
 	Painful or burning urination.
 	Discharge from the penis.
 	Unusual or odorous vaginal discharge.
 	Unusual vaginal bleeding.
 	Pain during sex.
 	Sore, swollen lymph nodes, particularly in the groin but sometimes more widespread.
 	Lower abdominal pain.
 	Fever.
 	Rash over the trunk, hands or feet.
 
 Symptoms of STI may appear a few days after exposure.However, depending on what’s causing the STI, it can take years before having any notable symptoms.
 STI treatment
 For a number of STIs, there is currently effective treatment available. Most STIs can be treated with current single-dose antibiotic regimens, including one parasitic (trichomoniasis) and three bacterial (chlamydia, gonorrhoea, and syphilis).
 The best treatments currently available for HIV and herpes are antivirals, which slow the progression of the illness but are unable to reverse it. Antivirals for hepatitis B can aid in battling the virus and reducing liver damage.
 Environmental and Lifestyle Factors  influence on Reproductive Health
 Environmental  factors can significantly impact reproductive health such as :
 Pollution:  The results of conception and pregnancy can be impacted by exposure to pollutants such as heavy metals and particulate matter. Chemicals such as industrial pollution and pesticides can upset the hormonal balance . Endocrine Disruptors such as chemicals in pesticides, personal care items, and plastics (such as Bisphenol A ,BPA) can disrupt hormone function.
 Occupational Hazards: Working in certain industries exposes people to substances that are damaging to their reproductive systems.
 Radiation: Regular exposure to radiation during medical procedures , including X-rays, can affect a woman’s ability to conceive. Extended exposure to high radiation levels in the environment can potentially be dangerous.
 Factors related to lifestyle include  :
 Nutrition and Diet: A balanced diet is crucial for preserving hormonal equilibrium and general reproductive health.
 Infertility problems and irregular menstrual cycles can result from both obesity and malnutrition.
 Exercise: Frequent exercise improves reproductive health by promoting a healthy weight and lowering stress. Overexercise may cause irregular menstruation and hormonal abnormalities.
 Smoking: Raises the chance of pregnancy problems and lowers fertility.
 Drugs and alcohol: May have a deleterious effect on menstrual health and sperm quality.
 Persistent Stress: Can cause hormone imbalances.
 Watch the video on Menstruation and Reproductive Health from TicTacLearn English
 
 Find the words related to reproductive health from the grid
  
 
 
  An interactive H5P element has been excluded from this version of the text. You can view it online here:
 https://pressbooks.justwrite.in/interactive-biology-secondary/?p=268#h5p-79 
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		5 Genetics and Evolution

	

	
		 Key Takeaways
  At the end of this chapter Learners will be able to
 	Recall key terms and concepts such as genes, chromosomes, alleles, Mendelian laws, and the Hardy-Weinberg principle.
 	Explain the principles of Mendelian inheritance and their role in understanding heredity and variation.
 	Solve genetic problems involving Mendelian ratios, sex-linked inheritance, and multiple alleles
 	Analyze the role of linkage and recombination in genetic variation and the inheritance of traits.
 	Evaluate the significance of Hardy-Weinberg equilibrium in predicting allele frequencies in a population and its implications for evolutionary biology.
 

 
  
 
	

		


		
	
		
			
	
		

		5.1 Hereditary and Variation

					Heredity and variation

	Dr V Malathi

			

	
				 Heredity
 The process by which characteristics are transferred from parents to children is known as heredity. Genes, which are sections of DNA found on chromosomes. Genes are the means by which this transmission of traits takes place. Each gene can exist in different forms called alleles, which contribute to the diversity of traits observed in a population.
 Heredity explains why you may have the smile or eyes of your father. DNA, which carries the instructions needed to create and maintain an organism, is the medium via which this genetic information is transferred. Gregor Mendel initially proposed the theory of Mendelian inheritance, which describes how dominant and recessive alleles cause features to be inherited in predictable ways. However, heredity is more than just what you inherit—it’s essential to evolution. Natural selection is fueled by the interaction of genetic variety and inherited qualities, which accounts for the diversity of life on Earth.
 Fundamentally, heredity is the process that maintains the genetic heritage of life and ties generations together.
 
 
 
 Variation
 The differences in characteristics between members of a population are referred to as variation. Variation may arise due to environmental or genetic cause.
 Sources of Genetic Variation:
 	Mutations: Changes in the DNA sequence that can introduce new genetic variations. Essentially, mutations are the building blocks of evolution. Mutations can result from errors in DNA replication. These can be brought on by a number of things, including external effects like radiation or specific substances, or they can even happen on their own. The majority of mutations are either detrimental or neutral, however on rare occasions, they can confer a positive characteristic that aids in reproduction for an organism. Here’s when genetic diversity becomes relevant. The ability of a population to adapt to changing conditions depends heavily on genetic variation. A single alteration in the surroundings may lead to the extinction of the entire population if all people shared the same genetic makeup. New alleles brought about by mutations can be switched around during reproduction to provide a varied gene pool. After that, natural selection affects this variance, favoring advantageous mutations and removing the detrimental ones over many generations. This process allows populations to evolve, adapt, and thrive in their specific environments. 	For further reading about Mutation , visit the chapter on Mutations and Variation  from Crop Genetics
 
 
 
 	Genetic recombination : The genetic rearranging that occurs during sexual reproduction is basically known as genetic recombination. Homologous chromosomes exchange DNA fragments during meiosis, the process that creates gametes (sperm and egg cells). The genes from each parent are mixed together during this process, which is known as crossing over. What was the outcome? A distinct genetic makeup is present in every gamete. Genetic diversity within a population is increased by this recombination, which guarantees that kids have a distinct gene combination than either parent. Similar to nature’s insurance policy is genetic variety. Populations can resist diseases, prevent genetic abnormalities, and adapt to changing environments by developing a wide range of genetic features. It explains why siblings who have the same parents can still appear and behave so differently from one another.
 	Gene Flow : Gene flow, sometimes referred to as gene migration, is the transfer of genetic material across distinct populations. Consider it as nature’s method of blending the genetic ingredients. New genetic material is added to the gene pool when individuals from distinct populations interbreed and have offspring that contain a combination of genes from both populations. A population’s genetic variety can be greatly increased by this introduction of new genes. Gene flow has the power to disperse beneficial features more broadly and keep populations from diverging genetically, both of which are essential for a species’ survival and adaptability
 
 
 
 
 Types of Variation:
 	Continuous Variation: The term “continuous variation” describes the variety of minute variations that we observe in a common feature among members of the same species. Consider the range of human heights—not just the tall and the small, but also all points in between. This category includes characteristics like IQ, skin tone, and weight. Environmental variables can also shape these variances, which are often impacted by numerous genes (polygenic inheritance). Instead of discrete classifications, the outcome is a continuous gradient of phenotypes. It’s similar to combining paints to achieve the ideal shade as opposed to selecting from a limited palette.
 It’s what makes each person uniquely themselves!
 	Discontinuous Variation: Characteristics classified into discrete groups as opposed to a continuous range are referred to as discontinuous variation. Consider your blood type: there are no intermediate types; you are either type A, B, AB, or O. This type of variation is less affected by the environment and is often regulated by one or a small number of genes.
 The capacity to roll your tongue, the color of a plant’s bloom, and the existence or absence of specific inherited conditions are a few examples of discontinuous variation. It’s how nature decides on some characteristics in black and white while leaving others open to interpretation.
 
 Importance of Variation
 
 Variety adds flavor to life. It offers the genetic variety required for a population to adjust to shifting environmental conditions. A population would be more vulnerable to illnesses, alterations in the environment, and other difficulties without it. Natural selection can lead to the creation of features that enhance survival and reproduction because variation drives evolution. Genetic diversity is essential in agriculture and conservation to develop robust crops and preserve healthy ecosystems. It’s why a monoculture—farming a single crop variety—can be devastating, leading to vulnerability to pests and diseases. In the end, variety is nature’s arsenal for fostering flexibility and resilience, ensuring that life can persist and flourish in a constantly shifting environment.
 
 
 
 
	

			
			


		
	
		
			
	
		

		5.2 Mendelian inheritance

					Mendelian Inheritance
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				 Mendelian Genetics
 
 Johann Gregor Mendel is regarded as “Father of modern genetics,”
 •Genetics is the study of heredity.
 •Mendel was born in Austria in 1822. He was a monk and he discovered the basic principles of heredity
 • He conducted experiments on Pea plant in his monastery’s garden.
 •His experiments laid the foundation of modern Genetics
 • The postulates put forth by Mendel form the basis of classical, or Mendelian, genetics.
  
  
 [image: image]
 Pea plants – his primary model system to study a specific biological phenomenon to be applied to other systems.
 In 1865, Mendel presented the results of his experiments with nearly 30,000 pea plants to the local Natural History Society.
 He demonstrated that traits are transmitted faithfully from parents to offspring independently of other traits and in dominant and recessive patterns.
 In 1866, he published his work, Experiments in Plant Hybridization, in the proceedings of the Natural History Society of Brünn in 1866
 The scientific world largely ignored Mendel’s discoveries because they mistakenly thought that heredity involved combining parental features to give kids an intermediate physical appearance.
 During his lifetime, Mendel did not receive recognition for his outstanding contributions to science. It was not  until 1900 that his work was rediscovered, by three European botanists working independently namely, Hugo de Vries: From Holland , Carl Correns: From Germany ,Erich von Tschermak: From Austria .
 Mendel’s Experiments with Pisum sativum as Model System
 Mendel carried out his experiments in  the garden pea, Pisum sativum, to study inheritance.
 	Mendel performed hybridizations Experiments which involves mating two true-breeding individuals that have different traits.
 	Pea, is naturally self-pollinating.
 	Mendel pollinated the pea plants by manually transferring pollen from the anther of a mature pea plant of one variety to the stigma of a separate mature pea plant of the second variety.
 	In plants, pollen carries the male gametes to the stigma, a sticky organ that traps pollen and allows the male gamete to move down the pistil to the female gametes (ova)
 	To prevent the pea plant that was receiving pollen from self-fertilizing and confounding his results, Mendel removed all of the anthers from the plant’s flowers before they had a chance to mature.
 
 	Plants used in first-generation crosses were called P0, or parental generation one, plants .
 
 	Mendel collected the seeds belonging to the P0 plants that resulted from each cross and grew them the following season.
 
 	These offspring were called the F1, or the first filial (filial = offspring, daughter or son), generation.
 
 	Once Mendel examined the characteristics in the F1 generation of plants, he allowed them to self-fertilize naturally.
 
 	He then collected and grew the seeds from the F1 plants to produce the F2, or second filial, generation.
 
 	Mendel’s experiments extended beyond the F2 generation to the F3 and F4generations, and so on.
 
 	Interestingly it was the ratio of characteristics in the P0−F1−F2 generations that were became the basis for Mendel’s postulates.
 
 
 
 [image: image]
 Why did Mendel choose pea plant for his experiments?
 	This species naturally self-fertilizes, such that pollen encounters ova within individual flowers. 
 	The flower petals remain sealed tightly until after pollination, preventing pollination from other plants. The result is highly inbred, or “true-breeding,” pea plants and produce offspring that look like the parent. 
 	By carrying out his experiments with true-breeding pea plants, Mendel avoided the appearance of unexpected traits in offspring that might occur if the plants were not true breeding.
 	The garden pea also grows to maturity within one season, meaning that several generations could be evaluated over a relatively short time.
 	Large quantities of garden peas could be cultivated simultaneously, allowing Mendel to conclude that his results did not come about simply by chance.
 
 
 
 Mendel reported the results of his crosses involving seven different characteristics, each with two contrasting traits .A trait is defined as a variation in the physical appearance of a heritable characteristic.
 The contrasting characteristics  studied by Mendel in  pea plant included plant height, seed texture, seed color, flower color, pea pod size, pea pod color, and flower position.
 For the characteristic of flower color, for example, the two contrasting traits were white versus violet.
 "Mendel hybridization experiment" by Nancy Barrickman; Kathy Bell, DVM, MPH; and Chris Cowan, M.S. is licensed under CC BY 4.0
 Mendel generated large numbers of F1 and F2 plants in order to fully examine each characteristic. His findings were consistent.
 Reginald Punnett, who developed a simple tool, now known as the Punnett Square, to predict the probability of genotypes and phenotypes from controlled crosses.
 
 [image: image]
 "Mendel hybridization experiment" by Nancy Barrickman; Kathy Bell, DVM, MPH; and Chris Cowan, M.S. is licensed under CC BY 4.0
 Monohybrid Cross
 
 • A monohybrid cross – is a cross between two homozygous individuals resulting in the hybrid of two individuals
 • It can be easily shown through a Punnett Square.
 [image: This illustration shows a monohybrid cross. In the P generation, one parent has a dominant yellow phenotype and the genotype YY, and the other parent has the recessive green phenotype and the genotype yy. Each parent produces one kind of gamete, resulting in an F_{1} generation with a dominant yellow phenotype and the genotype Yy. Self-pollination of the F_{1} generation results in an F_{2} generation with a 3 to 1 ratio of yellow to green peas. One out of three of the yellow pea plants has a dominant genotype of YY, and 2 out of 3 have the heterozygous phenotype Yy. The homozygous recessive plant has the green phenotype and the genotype yy.]
 "Monohybrid cross" by Shelli Carter and Lumen Learning. is licensed under CC BY 4.0
 •Based on this experimental findings Mendel concluded that the characteristics could be divided into expressed and latent traits.
 •He called these, respectively, dominant and recessive traits.
 •Dominant traits are those that are inherited unchanged in a hybridization.
 •Recessive traits become latent, or disappear, in the offspring of a hybridization.
 •The recessive trait does, however, reappear in the progeny of the hybrid offspring.
 •For example pea plants that are true-breeding for the dominant yellow phenotype are crossed with plants with the recessive green phenotype. This cross produces F1 heterozygotes with a yellow phenotype.
 • Punnett square analysis can be used to predict the genotypes of the F2 generation.
 	A self-cross of one of the Yy heterozygous offspring can be represented in a  Punnett square because each parent can donate one of two different alleles.
 	Therefore, the offspring can potentially have one of four allele combinations: YY,Yy, yY, or yy . 
 	There are two ways to obtain the Yy genotype: a Y from the egg and a y from the sperm, or a y from the egg and a Y from the sperm ( Reciprocal cross)
 	Both of these possibilities must be counted. 
 	The result of these heterozygous combinations are genotypically and phenotypically identical offsprings despite their dominant and recessive alleles deriving from different parents. They are grouped together.
 	Because fertilization is a random event, we expect each combination to be equally likely and for the offspring to exhibit a ratio of YY:Yy:yy genotypes of 1:2:1 . ( genotypic ratio)
 	Furthermore, because the YY and Yy offspring have yellow seeds and are phenotypically identical, applying the sum rule of probability, we expect the offspring to exhibit a phenotypic ratio of 3 yellow:1 green. 
 	 Mendel observed approximately this ratio in every F2 generation resulting from crosses for individual traits.
 	Mendel validated these results by performing an F3 cross 
 	In F3 he self-crossed the dominant- and recessive-expressing F2 plants. When he self-crossed the plants expressing green seeds, all of the offspring had green seeds, confirming that all green seeds had homozygous genotypes of yy. 
 	When he self-crossed the F2 plants expressing yellow seeds, he found that one-third of the plants bred true, and two-thirds of the plants segregated at a 3:1 ratio of yellow:green seeds. 
 	In this case, the true-breeding plants had homozygous (YY) genotypes, whereas the segregating plants corresponded to the heterozygous(Yy) genotype. When these plants self-fertilized, the outcome was just like the F1 self-fertilizing cross.
 
 Based on these experimental results Mendel postulated the Laws of Heredity , which are popularly called as Mendel’s Laws of Inheritance.
 Law of dominance:
 The law of dominance states that “In a cross between a pair of organisms with pure contrasting characteristics, only the dominant of the pair expresses itself phenotypically while the other remains hidden in the F1 generation”. The character that expresses in F1 is called Dominant character While that is hidden is called Recessive character”
 Test cross
 
 •In genetics, a test cross, first introduced by Gregor Mendel,
 •Involves the breeding of an individual with a phenotypically recessive individual,
 •To determine the zygosity of the former
 •By analyzing proportions of offspring phenotypes.
 • Zygosity can either be heterozygous or homozygous.
 
 
 [image: image]
 "Mendel hybridization experiment" by Nancy Barrickman; Kathy Bell, DVM, MPH; and Chris Cowan, M.S. is licensed under CC BY 4.0


 Back Cross
 • Backcrossing is a crossing of a hybrid with one of its parents or an individual genetically similar to its parent,
 • In order to achieve offspring with a genetic identity which is closer to that of the parent.
 • It is used in horticulture, animal breeding and in production of gene knockout organisms.
 [image: DominantBc.png]
 “Back cross” by WikiLectures, project of the First Faculty of Medicine, Charles University is licensed under CC BY-SA 4.0
 Law of Segregation
 • This law is also known as Mendel’s Law of purity of gametes
 • The law states that “each characteristic of an organism is controlled by two alleles. During gametes formation in meiosis I, the alleles from each gene will segregate from each other and each gamete will only carry one of the alleles”
 	When a pair of alleles are brought together in the F1 generation, they remain together without mixing or contaminating each other and separate completely during the gametogenesis.
 	Also called Law of purity of gametes because each gamete remains pure in itself i.e., having T gene for Tallness and t gene for dwarfness.
 
 Dihybrid cross
 Dihybrid cross is a cross between two different genes that differ in two observed traits
 A dihybrid cross is a cross between two true-breeding parents that express different traits for two characteristics. 
 for example consider the characteristics of seed color and seed texture for two pea plants, one that has green, wrinkled seeds (yyrr) and another that has yellow, round seeds (YYRR). 
 Because each parent is homozygous, the law of segregation indicates that the gametes for the green/wrinkled plant all are yr, and the gametes for the yellow/round plant are all YR. Therefore, the F1 generation of offspring all are YyRr i.e., each gamete receives either an R allele or an r allele along with either a Y allele or a y allele.
 The cross is based on Mendel’s Law of Independent Assortment which states that“When two or more characteristics are 
 inherited, individual hereditary factors assort independently during gamete production and the inheritance of one trait 
 does not affect the inheritance of another”
 The law of independent assortment states that a gamete into which an r allele sorted would be equally likely to contain either a Y allele or a y allele.
 Therefore when the F1 heterozygote is self-crossed : four equally likely gametes that can be formed lows: YR, Yr, yR, and yr.
 Arranging these gametes along the top and left of a 4 by 4 Punnett square gives us 16 equally likely genotypic combinations.
 From these genotypes, we infer a phenotypic ratio of 9 round/yellow:3 round/green:3 wrinkled/yellow:1 wrinkled/green.
 The 9:3:3:1 dihybrid phenotypic ratio can be divided into two 3:1 ratios due to separate assortment and dominance; these ratios are typical of any monohybrid cross that exhibits both dominant and recessive traits.
 In the aforementioned dihybrid cross, if we were to ignore seed color and simply take seed texture into account, we would anticipate that three quarters of the F2 generation progeny would be round and one quarter would be wrinkled.
 If we were to separate out solely the color of the seeds, we would predict that three-quarters of the F2 offspring would be yellow and the remaining one-quarter would be green.
 We can use the product rule because the sorting of alleles for texture and color is an independent occurrence. Consequently, it is anticipated that the proportion of round and yellow F2 offspring would be (3/4) Å~ (3/4) = 9/16, and the proportion of wrinkled and green offspring is expected to be (1/4) Å~ (1/4) = 1/16.
 These ratios are the same as what a Punnett square would yield. Because each of these genotypes has a dominant and a recessive phenotype, the product rule can also be used to determine the round, green, wrinkled, yellow offspring.
 Thus, the formula for calculating each proportion is  calculated as (3/4) Å~ (1/4) = 3/16.
 The law of independent assortment also indicates that a cross between yellow, wrinkled (YYrr) and green, round (yyRR) parents would yield the same F1 and F2 offspring as in the YYRR x yyrr cross.
 [image: image]
 “Mendel hybridization experiment” by Nancy Barrickman; Kathy Bell, DVM, MPH; and Chris Cowan, M.S. is licensed under CC BY 4.0
 
 Co dominance
 Codominance is a form of inheritance
 • In this case the alleles of a gene pair in a heterozygote are both expressed.
 • As a result, the phenotype of the offspring is a combination of the phenotype of both the parents.
 • Thus, the trait is neither dominant nor recessive
 
 ABO Blood Group system as an example for Codominance
 [image: File:Blood Type Codominance.png]
 “Co Dominance “ by DylanAudette, via Wikimedia Commons is in the Public Domain, CC0
 • There are different types of red blood cells such as A, B, AB and O
 • These blood groups can be with or without the Rh factor.
 • The difference is in the antigen present on the RBC surface
 • This determines the specific blood group in an organism.
 • For example: If a person is blood group A, it means the RBC surface consists of antigen-A, coded by the gene I.
 • The gene I have three types of alleles namely, IA, IB and i.
 • The alleles IA and IB produce two different antigens A, B respectively
 • The allele-i do not produce any antigen.
 • Hence, alleles IA and IB are dominant over the allele i.
 • As we know, each diploid organism bears two pairs of alleles.
 • Hence, depending on the allelic combination and dominance of allele,  blood type of an individual could be determined.
 •So if an individual inherits allele A from one parent and allele B from other parent, they have blood type AB
 
 Sickle Cell Anaemia as an example for Co dominance
 Sickle cell anaemia is a genetic disease which affects the heamoglobin of the red blood cells.
 • Haemoglobin is normally a ball-shaped molecule
 • The sickle cell allele makes it form long strands.
 • As the result the shape of the RBCS is distorted.
 • They assume sickle shape. Hence prone to more degradation
 • As a consequence ,anaemia results, called Sickle cell anemia.
 • The shape of the haemoglobin molecule is controlled by two alleles:
 • Normal Haemoglobin allele
 • Sickle Cell Haemoglobin allele
 There are three phenotypes
 • Normal : Normal individuals have two normal haemoglobin alleles
 • Sickle cell anaemia : A severe form where all the red blood cells are affected. Sickle cell anaemia patients have two sickle cell alleles in their genotype
 • Sickle cell trait : A mild condition where 50% of the red blood cells are affected. Sickle cell trait individuals are heterozygotes, having one copy of each allele
 The heterozygotes have their own phenotype
 • Hence this gives rise to different proportions amongst their offspring
 • Unlike with crosses between heterozygotes for dominant and recessive alleles
 Sickle cell anemic person has one copy of the sickle cell allele
 • As a result half of their red blood cells will be misshapen.
 • In this way, the allele is codominant, since both normal and sickled shapes are seen in the blood
 Visit this website to learn more about how a mutation in DNA leads to sickle-cell anemia: Biology & 3D Animation Library – Sickle Cell,
  
 Incomplete Dominance
 A heterozygous condition in which both alleles at a gene locus are partially expressed and produces an intermediate phenotype is
 called Incomplete Dominance
 • Incomplete dominance occurs because neither of the two alleles is completely dominant over the other. As a result the phenotype is a combination of both alleles.
 • Gregor Mendel studied on seven characters with contrasting traits and all of them showed a similar pattern of inheritance in Pisum
 sativum . Based on this, he generalized the law of inheritance.
 • Later, researchers repeated Mendel’s experiment on other plants.
 • Surpisingly, they noted that the F1 Generation showed variation from the usual pattern of inheritance.
 • F1 Progeny of the monohybrid cross didn’t show any resemblance to either of the parents, but instead appeared an intermediate progeny.
  
 Example :
 Consider a Monohybrid cross between the red and white coloured flowers of Snapdragon plant.
 • Thepure breed of the red flower has RR pair of alleles and that for the white flower is rr.
 • Pure-breeding red (RR) and white (rr) coloured flowers of snapdragon were crossed.
 • The F1generation produced a pink coloured flower with Rr pair of alleles.
 • When F1 progeny was self-pollinated • it resulted in red (RR), pink (Rr) and white (rr) flowers in the ratio of 1:2:1.
 • Here the genotype ratio of F2 generation is same as the monohybrid cross Mendel of 1:2:1.
 • However, the phenotype ratio has changed from 3:1 to 1:2:1.
 • The reason for this variation is the incomplete dominance of the allele R over the allele r which led to the blending of colour in flowers.
 [image: File:Intermediate inheritance - incomplete dominance.png]
 "Incomplete Dominance " by Sciencia58, via Wikimedia Commons is in the Public Domain, CC0
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		5.3 Genes and Chromosomes

					Genes and Chromosomes

	Dr V Malathi

			

	
				To know more about  Genes , visit the chapter on Genes-Characteristics and Function from the book Understanding Gene Regulation and Gene Expression 
 Read the chapter on Chromosomes  and chromosomes types, structure and function  from Understanding Gene Regulation and Gene Expression 
 Test your understanding
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		5.4 Sex Determination

					Sex determination

	Dr V Malathi

			

	
				Sex Chromosomes
 In humans and in many other animal species the sex of the organism is determined by specific chromosomes.
 • The chromosomes that carry those genes related to sexual characteristics are called the sex chromosomes.
 • Experiments conducted by German biologist Hermann Henking in 1891 showed that sex chromosomes were unique from all other
 chromosomes.
 Henking was studying sperm formation in wasps. Henking saw that some wasp sperm cells had 12 chromosomes, while others had only 11.
 • While observing the stages of meiosis that formed these sperm cells, Henking noticed that the twelfth chromosome looked different from all the others.
 • He thus named this chromosome the “X element,” to represent its unknown nature.
 • Henking hypothesized that this extra chromosome must play some role in sex determination in insects.
 Humans and most other mammals have two sex chromosomes, the X and the Y.
 • Females have two X chromosomes in their cells, while males have both X and a Y chromosomes in their cells.
 • Egg cells all contain an X chromosome, while sperm cells contain an X or Y chromosome
 Animals with two different sex chromosomes are of heterogametic sex. These are able to produce two types of gametes.
 • While members of the homogametic sex can only produce one type of gamete.
 • In humans (as well as many other animals), males are heterogametic, while females are homogametic .
 • This system is reversed in butterflies and moths (order Lepidoptera): females are the heterogametic sex, while males are
 homogametic
 Sex Determination in Mammals
 • In placental mammals, the presence of a Y chromosome determines sex.
 • Normally, cells from females contain two X chromosomes, and cells from males contain an X and a Y chromosome.
 • Occasionally, individuals are born with sex chromosome aneuploidies, and the sex of
 these individuals is always determined by the absence or presence of a Y chromosome
 The Y Chromosome
 • The Y chromosome of the males is the smallest chromosome .
 • It’s a kind of hemizygous- single chromosome.
 • It is inherited from fathers to their male child.
 • It has very few genes present on its single-arm, in comparison with other chromosomes.
 • The Y chromosome evolved before 300,000 years ago from autosomes.
 • The Y chromosome is the smallest acrocentric chromosome
 • The size of it is 57,227,415bp.=57.2 Mb
 • Genes on Y chromosome: around 200 in which the structure and function of only 50 to 60 genes are known to us.
 • The centromere is located at the position of 10.4Mb.
 • Only a single Y chromosome is present in the male individuals of the mammalian population
 Note:
 • kilo base pairs = 1,000bp
 • 1 Mb (Mbp) = mega base pairs = 1,000,000bp
 [image: undefined]
 “Human male Karyotype after G-banding. Y chromosome highlighted” by National Human Genome Research Institute, via Wikimedia Commons is in the Public Domain, CC0
  
 Structure:
 • Structurally, the Y chromosome is a smaller- acrocentric chromosome having a short p arm and a long q arm.
 • The p arm mostly contains genes and DNA sequences that are necessary for maleness, for example, the TDF and SRY.
 • The short Yp regions are more euchromatin in nature, which is transcriptionally active.
 • Around 95% portion of the Y chromosomes is dedicatedly present for maleness while the rest of the 5% region is known as PAR
 pseudoautosomal regions. Usually, the PAR sequences are transcriptionally inactive.
 • The centromere between the p and q arm helps in correct chromosomal segregation during the cell division. The centromere is
 also heterochromatin, a transcriptionally inactive region.
 • The approximate size of the Y chromosome is 59 million base pairs with 100 to 200 known genes. However, only 40 to 75 genes’ functions are known to us.
 • Usually, the Y chromosome is almost the same in all other mammals as well.
 • For instance, the Y chromosome of our closest relative chimpanzee is only 30% different in terms of sequences, not size.
 Genes of Y Chromosome
 	SRY 	Sex determining region on Y 
 	ZFY 	Zinc finger protein 
 	PRKY 	  Protein kinase, Y linked
  
 
 	TDF 	Testing determining region 
 	AMGL 	Amelogenin 
 	AZF1 	Azoospermia factor 1 
 	AZF2 	  Azoospermia factor 2
  
 
 	DAZ 	Deleted in azoospermia 
 	UTY 	Ubiquitously transcribed TPR gene on the Y chromosome 
 	RBM 	The RNA-binding motif on Y 
  
 [image: File:Y Chromosome.png]
 “Y Chromosomes” by Christinelmiller is licensed under CC BY-SA 4.0
 MSY- Male-specific region of Y:
 • This is the major portion of the Y chromosome
 • It is made up of the euchromatin and heterochromatin regions,
 • These are all collectively known as male-specific regions of Y.
 • This region possesses genes for the traits such as – male gonadal development, spermatogenesis, and testis development.
 • The euchromatin region has SRY, TDF and AZF like genes
 • While the heterochromatin region contains around 5000 copies of tandemly repetitive sequences called SINES throughout the MSY region.
 SRY gene:
 • The SRY gene is located in the MSY ,on the p arm
 • It is very important for the development of maleness.
 • The SRY gene is the Sex-determining Region on Y,
 • It has a single function exon which encodes a protein of approximately 204 amino acids.
 • Structurally, the SRY gene is located within the specific region on the Y chromosome known as Testis determining region
 • Scientists believe that the SRY gene might have evolved from the SOX gene of the X chromosome.
 • The SRY gene is one of the most important genes in the pathway of male sex determination and differentiation, thus it is known as the ‘candidate gene’ in the gonadal development.
 The early embryo has two systems of ducts,
 • Namely the Wolffian and Müllerian ducts,
 • These are capable of developing into the male and female reproductive tracts, respectively.
 • The SRY gene product stimulates the indifferent gonad to develop into a testis.
 • The testis then begins producing two hormones, testosterone and anti-Müllerian hormone, or AMH.
 • Testosterone and one of its derivatives, dihydrotestosterone, induce formation of other organs in the male reproductive
 system.
 • While AMH causes the degeneration of the Müllerian duct.
 • In females, who do not contain the SRY protein, the ovary forming pathway is activated by a different set of proteins.
 • The fully developed ovary then produces estrogen
 • Estrogen triggers development of the uterus, oviducts, and cervix from the Müllerian duct.
 PAR:
 • The PAR is known as a pseudoautosomal region
 • It is located on extreme ends of Y chromosomes.
 • The PAR on p arm is around 2.5Mb in size while the PAR on q arm is around 1Mb in size.
 • The PAR has genes homologous to the X chromosomes that take part in the recombination during meiosis cell division.
 • During the meiosis in males the PAR regions of X and Y combine and exchange genetic material.
 • However, the rest of the regions of Y remain conserved
 The AZF gene
 • This gene is known as AZF- azoospermia factor.
 • It is concerned with sperm formation.
 • The AZF locus is comparatively larger in size than the SRY gene
 • It is divided into three regions namely– AZFa, AZFb and AZFc.
 • Mutation in the regions of AZF leads to failure in spermatogenesis.
 • This condition is commonly known as azoospermia
 ZFY gene
 • This is another candidate gene,which is located on the Y chromosome,
 • It encodes a zinc finger protein.
 • It lies close to the pseudoautosomal boundary on the short arm of the human Y chromosome.
 • In the mouse, Zfy was found to consist of two duplicated genes, Zfy-1 and Zfy-2, which are both present on the normal human Y chromosome.
 Functions of Y chromosome
 • Development of maleness
 • Male gonadal differentiation and development
 • Male sex determination
 • Sperm cell development
 • Testis development
 • Development of other secondary male reproductive phenotypes
 Inheritance pattern of Y chromosome:
 	The Y chromosome follows a unique pattern of inheritance that is known as the Y-linked inheritance
 	 In this type of inheritance the genes on the Y chromosome transmit only from father to their male child only
 	The inheritance pattern of the Y chromosome is widely useful for tracing the lineage of family.
 	 Genes located on Y chromosomes only inherited to male individuals and hence diseases or traits associated with the Y chromosome are thus inherited only in the males.
 
 The X Chromosome
 • The DNA of the X chromosome spans about 155 million base pairs
 • It represents approximately 5 percent of the total DNA in cells.
 • It represents about 800 protein-coding genes
 • Each person normally has one pair of sex chromosomes in each cell.
 • Females have two X chromosomes, while males have one X and one Y chromosome.
 • During the embryonic development in females, one of the two X chromosomes is randomly and permanently inactivated in cells
 other than egg cells.
 • This phenomenon is called X-inactivation or Lyonization and creates a Barr body. Barr bodies are commonly used to determine
 sex.
 • Thus females, like males, have one functional copy of the X chromosome in each body cell.
 • Because X-inactivation is random, in normal females the X chromosome inherited from the mother is active in some cells, and
 the X chromosome inherited from the father is active in other cells
 Some genes on the X chromosome escape X inactivation.
 • The genes are located at the ends of each arm of the X chromosome is known as the pseudoautosomal regions escape inactivation.
 • Genes in the pseudoautosomal regions are present on both sex chromosomes.
 • As a result, men and women each have two functional copies of these genes.
 • Many genes in the pseudoautosomal regions are essential for normal development
 [image: File:45,X.jpg]
 “X chromosome “ by No machine-readable author provided. The cat~commonswiki assumed (based on copyright claims). , via Wikimedia Commons is licensed under CC BY-SA 3.0
 Diseases due to Changes in the structure or number of X chromosomes
 For example, trisomy X syndrome is caused by the presence of three X chromosomes instead of two.
 • Turner syndrome occurs when women inherit only one copy of the X chromosome.
 • Some women have a rare super color vision trait called tetrachromacy, which is linked to the X chromosome.
 • These women can see up to 100 million shades of color because they have four types of cone cells in their eye instead of the usual three
 Functions of X chromosome
 Many X chromosome genes, about one-fifth, appear to play a role in human cognition and brain development.
 • Females are more immunoreactive than males and, although sex hormones have an important role in immune functions, the X chromosome is fundamental in shaping sex-specific immune responses.
 • X-linked specific diseases usually affect only males, simply because they are hemizygous for X chromosome alleles.
 Sex Determination
 A sex-determination system is a biological system that determines the development of sexual characteristics in an organism.
 • Most organisms that create their offspring using sexual reproduction have two sexes.
 • Sex determination in animals is an integral part of reproduction.
 • In general, sex determination describes the genetic and environmental processes that influence sex differentiation
  
 Sex Determination in Mammals-XX/XY System
 Primary sex determination is the determination of the gonads.
 • In mammals, primary sex determination is strictly chromosomal and is not usually influenced by the environment.
 • In most cases, the female is XX and the male is XY. Every individual must have at least one X chromosome.
 • Since the female is XX, each of her eggs has a single X chromosome.
 • The male, being XY, can generate two types of sperm: half bear the X chromosome, half the Y.
 • If the egg receives another X chromosome from the sperm, the resulting individual is XX, forms ovaries, and is female;
 • if the egg receives a Y chromosome from the sperm, the individual is XY, forms testes, and is male.
 • The Y chromosome carries a gene that encodes a testis-determining factor.
 • This factor organizes the gonad into a testis rather than an ovary.
 • the mammalian Y chromosome is a crucial factor for determining sex in mammals.
 • A person with five X chromosomes and one Y chromosome (XXXXXY) would be male.
 • Furthermore, an individual with only a single X chromosome and no second X or Y (i.e., XO) develops as a female and begins making ovaries, although the ovarian follicles cannot be maintained. For a complete ovary, a second X chromosome is needed
 XX-XOType
 • This method of sex determination is seen in bugs, some insects such as cockroaches and grasshoppers.
 • Thefemale with two X chromosomes are homogametic (XX)
 • while the males with only one X chromosome are heterogametic (XO).
 • Thepresence of an unpaired X chromosomes determines the male sex.
 • The males with unpaired ‘X’ chromosome produce two types of sperms, one half with X chromosome and other half without X chromosome.
 • The sex of the offspring depends upon the sperm that fertilizes the egg
 [image: undefined]
 “Critique of the theory of evolution” by Thomas Hunt Morgan, via Wikimedia Commons is in the Public Domain, CC0
 ZO-ZZ Type
 This method of sex determination is seen in certain moths, butterflies and
 domestic chickens.
 • In this type, the female possesses single ‘Z’ chromosome in its body cells and is heterogametic (ZO) producing two kinds of eggs some with ‘Z’ chromosome and some without ‘Z’ chromosome, while the male possesses two ‘Z’ chromosomes and is homogametic (ZZ)
 ZW-ZZ type
 This method of sex determination occurs in certain insects (gypsy moth) and
 in vertebrates such as fishes, reptiles and birds.
 • In this method the female has one ‘Z’ and one ‘W’ chromosome (ZW) producing two types of eggs, some carrying the Z chromosomes and some carry the W chromosome.
 • The male sex has two ‘Z’ chromosomes and is homogametic (ZZ) producing a single type of sperm
 [image: File:Avian sex determination.jpg]
 “Avian sex determination” by CFCF via wikimedia commons is licensed under CC BY-SA 3.0
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		5.5 Multiple allelism, Recombination, Sex linkage

					Mutliple alleles, Recombination, Linkage
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				Multiple allelism
 According to Mendel, only two alleles, one dominant and one recessive, could exist for a given gene.
 Most diploid organisms including humans can only have two alleles for a given gene
 However multiple alleles may exist at the population level .
 In such cases many combinations of two alleles are observed. 
 When many alleles exist for the same gene, it is convention to denote the most common phenotype or genotype as the wild type (often abbreviated “+”); 
  All other phenotypes or genotypes are considered variants of this standard, meaning that they deviate from the wild type. The variant may be recessive or dominant to the wild-type allele.
  
 Example :  Coat color in rabbits . 
 Here, four alleles exist for the c gene. 
 	The wild-type version,  has Genotype : C+C+, is expressed as brown fur. 
 	The chinchilla , genotype : has  cchcch, is expressed as black-tipped white fur. 
 	The Himalayan phenotype, has genotype :  chch, has black fur on the extremities and white fur elsewhere. 
 	 The albino, or “colorless” phenotype,  genotype cc, is expressed as white fur. 
 
 In cases of multiple alleles, dominance hierarchies can exist.
 In above case, the wild-type allele is dominant over all the others, chinchilla is incompletely dominant over Himalayan and albino, and Himalayan is dominant over albino. 
 [image: This illustration shows the four different variants for coat color in rabbits at the c allele. The genotype CC produces the wild type phenotype, which is brown. The genotype c^{ch}c^{ch} produces the chinchilla phenotype, which is black-tipped white fur. The genotype c^{h}c^{h} produces the Himalayan phenotype, which is white on the body and black on the extremities. The genotype cc produces the recessive phenotype, which is white]
 “Four different alleles of rabbit” by Lumen learning is licensed under CC BY 4.0
 Another example for multiple allelism is ABO blood grouping in humans
 The ABO blood groups is determined according to the type of the antigen protein expressed on the surface of the Red Blood Cells .The three alleles: IA, IB, and i determine the blood group
 	The A blood group blood RBCs express the Antigen A on their  surface ; Expressed by the alleles IA IA   and  IA    i
 	The B blood group blood RBCs express the Antigen B on their  surface ; Expressed by the alleles IB IB   and  IB   i
 	The A Bblood group blood RBCs express both the Antigen A and B on their  surface ; Expressed by the alleles   IA IB   
 	The O blood group blood RBCs do not express any Antigen A on their  surface ; These possess the alleles   ii
 
 Alleles IA and IB are codominant with respect to one another, and both are dominant to i. These three alleles in the population result in six genotypes, and four phenotypes.
 [image: ] ” ABO blood system in humans “ by Melissa Hardy is licensed under CC BY-NC 4.0
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 Genetic Recombination
 Genetic recombination involves the exhange of genetic material between organisms. This leads to the production of offspring with combinations of traits that differ from either parent.
 In eukaryotes ,genetic recombination occurs during meiosis .
 Recombination can be classified in to two types
 	Interchromosomal recombination : This occurs through independent assortment of alleles, which are on different but on homologous chromosomes.
 	Intrachromosomal recombination : Occurs through crossing over
 
 Crossing over
 Each parent cell has pairs of homologous chromosomes,
 • One homolog from the Paternal and one from the maternal origin.
 • These chromosomes are replicated before cell division
 • In prophase I of meiosis, the replicated homologous pair of chromosomes comes together and this process is called Synapsis.
 • Sections of the paired chromosomes are exchanged.
 • This exchange occurs by a process called crossing over.
 • After crossing over, the resultant chromosomes are neither resemble entirely maternal nor entirely paternal, but contain genes from both parents.
 • This ensures genetic variation in sexually reproducing organisms
 The main features of crossing over are given below:
 1.Crossing over takes place during meiotic prophase, i.e., during pachytene. Each pair of chromosome has four chromatids at that time.(Tetrad)
 2. Crossing over occurs between non-sister chromatids.
 3. One chromatid from each of the two homologus chromosomes is involved in crossing over.
 4. Each crossing over involves only two of the four chromatids of two homologus chromosomes.
 5.Rarely double or multiple crossing over may involve all four, three or two of the four chromatids.
 6. Crossing over leads to re-combinations or new combinations.
 7.Crossing over generally yields two recombinant types or crossover types and two parental types or non-crossover types.
 6. Crossing over generally leads to exchange of equal segments or genes and recombination is always reciprocal. However, unequal crossing over has also been reported.
 7. The value of crossover or recombinants may vary from 0-50%.
 Chiasma and Crossing Over
 • The point of exchange of segments between non-sister chromatids of homologous chromosomes during meiotic prophase is called chiasma (pleural chiasmata).
 • It is the place where crossing over takes place.
 • Depending on the position, chiasma is of two types, viz., terminal and interstitial.
 • When the chiasma is located at the end of the pairing chromatids, it is known as terminal chiasma
 • when it is located in the middle part of non-sister chromatids, it is referred to as interstitial chiasma.
 • Later on interstitial chiasma is changed to terminal position by the process of chiasma terminalization.
 • The number of chiasma per bivalent may vary from one to more than one depending upon the length of chromatids.
 Chiasma Terminalization
 • The movement of chiasma away from the centromere and towards the end of tetrads is called terminalization.
 • The total number of chiasmata terminalized at any given stage or time is known as coefficient of terminalization.
 • Generally, chiasma terminalization occurs between diplotene and metaphase I
 Mechanism of Crossing Over
 • Crossing over begins with a double strand break in one of the DNA molecules.
 • This leads to two hanging single-stranded regions
 • These single strand regions get coated with proteins called recombinase that catalyze recombination.
 • The first invading strand behaves like a primer and  this synthesizes a double stranded region for itself using one strand of its non-sister chromatid as a template.
 • This leads to its complementary strand getting displaced and base pairing with the second single stranded region that was initially generated by the exonuclease.
 • Ultimately, this results in two strands being exchanged with the formation of a cross-like structure called the Holliday junction
 [image: File:Homologous Recombination.jpg]
 Repair of the gap can lead to crossover (CO) or non-crossover (NCO) of the flanking regions. CO recombination is thought to occur by the Double Holliday Junction (DHJ) model, illustrated on the right. NCO recombinants are thought to occur primarily by the Synthesis Dependent Strand Annealing (SDSA) model, illustrated on the left. Most recombination events appear to be the SDSA type.
 “Homologous Recombination” by Harris Bernstein, Carol Bernstein and Richard E. Michod is licensed under CC BY 3.0
 Linkage
 There are more genes than the chromosome
 • Therefore each chromosome contains more than one gene.
 • The genes for different characters may be either situated in the same chromosome or in different chromosome
 • When the genes are situated in different chromosomes the characters they control appear in the next generation either together or apart. i.e they assort independently according to Mendel’s Law of Independent Assortment.
 	But if genes are situated in the same chromosome and if they are fairly close to each other ,they tend to be inherited together. This is called Linkage
 • The linked genes do not assort independently but tend to stay together in the same combination as they were in the parents.
 	Genetic linkage describes the tendency of allele that are located close together on a chromosome to
 be inherited together during the meiosis phase of sexual reproduction.
 • Genes whose loci are nearer to each other are less likely to be separated onto different chromatids during chromosomal crossover.
 • Such genes are said to be genetically linked i.e., the nearer two genes are on a chromosome, lesser is the chance of a crossing occurring between them, and therefore they are more likely they are to be
 inherited together.
 	Genetic linkage was first discovered by the British geneticists William Bateson, Edith Rebecca Saunders and Reginald Punnett shortly after Mendel’s laws were rediscovered.
 • The study about genetic linkage was expanded by the work of Thomas Hunt Morgan.
 • Morgan observed that the amount of crossing over between linked genes differs
 • This observation led to the idea that crossover frequency might indicate the distance separating genes on the chromosome.
 
 Chromosomes Theory of Linkage
 Morgan & castle formulated the chromosome theory of linkage which states that :-
 1. The genes which show the phenomenon of linkage are situated in the same chromosomes and inherited together
 during the process of inheritance.
 2. The distance between the linked genes determines the strength of linkage. The closely located genes show strong linkage than the widely located genes which show the weak linkage.
 3. The genes are arranged in linear fashion in the chromosomes.
 Genetic maps or Linkage maps 
 Alfred Sturtevant (student of Morgan’s) first developed genetic maps.These are also known as linkage maps.
 • He proposed that the greater the distance between linked genes, the greater the chance that non-sister
 chromatids would cross over in the region between the genes.
 • By calculating the number of recombinants it is possible to measure the distance between the genes.
 • This distance is expressed in terms of a genetic map unit (m.u.), or a centimorgan
 • It is defined as the distance between genes for which one product of meiosis in 100 is recombinant.
 A recombinant frequency (RF) of 1% is equivalent to 1 m.u.
 • This equivalence approximation holds good only for small percentages;
 • The largest percentage of recombinants cannot exceed 50% ,which would be the situation where the two
 genes are at the extreme opposite ends of the same chromosomes
 Types of Linkage:
 Linkage is of two types, complete and incomplete.
 1. Complete Linkage (Morgan, 1919):
 The genes located on the same chromosome do not separate and are inherited together over the generations due to the absence of crossing over.
 Complete linkage allows the combination of parental traits to be inherited as such. It is rare but has been reported in male Drosophila and some other heterogametic organisms
 Example:
 • In Drosophila, genes of grey body and long wings are dominant over black body and vestigial (short)
 wings.
 • If pure breeding grey bodied long winged Drosophila (GL/ GL) flies are crossed with black bodied vestigial winged flies (gl/gl), the F2shows a 3 : 1 ratio of parental phenotypes (3 grey body long winged and one black body vestigial winged).
 • This is explained by assuming that genes of body colour and wing length are found on the same chromosome and are completely linked.
 Incomplete Linkage:
 • Genes present in the same chromosome have a tendency to separate due to crossing over and hence produce recombinant progeny besides the parental type.
 • The number of recombinant individuals is usually less than the number expected in independent assortment.
 • In independent assortment all the four types (two parental types and two recombinant types) are each 25%.
 • In case of linkage, each of the two parental types is more than 25% while each of the recombinant types is less than 25%
 Example
 A red eyed normal winged or wild type dominant homozygous female Drosophila is crossed to homozygous recessive purple eyed and vestigial winged male. The progeny or F1 individuals are heterozygous red eyed and normal winged. F1 female flies are test crossed with homozygous recessive males. It does not yield the ratio of 1: 1: 1: 1. Instead the ratio comes out to be 9: 1: 1: 8. This shows that the two genes did not segregate independently of each other.
 Only 10.7% recombinant types were observed which is quite different from 50% recombinants in case of independent assortment. This shows that in the oocytes of the F1 , generation only some of the chromatids undergo crossover while the majority is preserved intact.  This produces 90.3% parental types in the progeny
 Watch the video, (AP Biology) Linked Genes, Unlinked Genes, Incomplete Linkage, and Gene Mapping, by Mr. Cronin’s Videos (2019) on YouTube
 Test your Understanding
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		5.6 Molecular basis of inheritance
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				DNA
 The genetic (hereditary) material for all living things is composed of DNA (deoxyribonucleic acid). It is the blue print of an organism. The DNA stores the coded information that control the biological function of cells.
   The genetic material transmits this hereditary information in a stable form for the cell and organism through a molecular process called  replication of DNA. 
 The replication process ensures high accuracy in copying the genetic information so that all progeny cells receive the same information. 
 Chemical Structure of DNA Subunits
 DNA is a polymer made of nucleotide subunits.
 A nucleotide consists of 3 chemical groups; a sugar, a phosphate and a nitrogenous base . In the case of DNA, the sugar is deoxyribose and in Ribonucleic acid (RNA), the sugar is ribose
 DNA contains  four types of nitrogenous bases namely Adenine (A) and guanine (G) , which are double-ringed purines, and cytosine (C) and thymine (T) , which are smaller, single-ringed pyrimidines. The nucleotide is named according to the nitrogenous base it contains.
 [image: image]
 “DNA Nucleotide” by Charles Molnar and Jane Gair is licensed under CC BY 4.0
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 “Purines and Pyrimidines” by Charles Molnar and Jane Gair is licensed under CC BY 4.0
 DNA molecule is actually composed of two single strands held together along their length with hydrogen bonds between the bases.
 Each of the DNA strand  is a long polymer of  nucleotides is formed by the nucleotide polymerisation where a phosphate group of one nucleotide bonds covalently with the sugar molecule of the next nucleotide, and so on, . 
 The sugar–phosphate groups line up in a “backbone” for each single strand of DNA, and the nucleotide bases stick out from this backbone. 
 The carbon atoms of the five-carbon ,deoxy ribose sugar are numbered clockwise from the oxygen as 1′, 2′, 3′, 4′, and 5′ (1′ is read as “one prime”).
 The phosphate group is attached to the 5′ carbon of one nucleotide makes a nucleophilic attack on the OH group at 3′ carbon of the next nucleotide and forms a phospho di ester bond , linking the nucleotides together.
 The two strands  strands of DNA are twisted around each other to form a right-handed  double helix.
 Base-pairing takes place between a purine and pyrimidine: namely, A pairs with T, and G pairs with C.
 This is the basis for Chargaff’s rule i.e., due to the complementarity of the bases , there is as much adenine as thymine in a DNA molecule and as much guanine as cytosine. 
 Adenine and thymine are connected by two hydrogen bonds, and cytosine and guanine are connected by three hydrogen bonds. 
 The two strands of DNA are anti-parallel in nature; that is, one strand will have the 3′ carbon of the sugar in the “upward” position, whereas the other strand will have the 5′ carbon in the upward position.
  
 [image: image]
 “DNA” by Charles Molnar and Jane Gair is licensed under CC BY 4.0
 The Structure of RNA
 There is a second polymer of nucleotides in the cell ,  called ribonucleic acid, or RNA.
 Each of the nucleotides in RNA is made up of
 	a nitrogenous base- namely adenine,  guanine, uracil and cytosine (they do not contain thymine, which is instead replaced by uracil, symbolized by a “U.)”
 	a five-carbon  Ribose sugar, and
 	a phosphate group.
 
 Ribose has a hydroxyl group at the 2′ carbon, unlike deoxyribose, which has only a hydrogen atom
   [image: A figure showing the structure of ribose and deoxyribose sugars. In ribose, the OH at the 2' position is highlighted in red. In deoxyribose, the H at the 2' position is highlighted in red.] “Ribose and Deoxyribose” by Charles Molnar and Jane Gair is licensed under CC BY 4.0
  Unlike DNA which is double stranded , RNA exists as a single-stranded molecule.
 Based on their function , RNA is classified int o three types namely:  messenger RNA (mRNA), transfer RNA (tRNA), and ribosomal RNA (rRNA)
 All of these RNA molecules are involved in the production of proteins from the DNA code.
 Test your Understanding
 
  An interactive H5P element has been excluded from this version of the text. You can view it online here:
 https://pressbooks.justwrite.in/interactive-biology-secondary/?p=282#h5p-86 
 
 
 To know more about DNA packaging in to the nucleus visit the chapter on Eukaryotic gene organization – Packaging of DNA to Chromosome, from Understanding Gene Regulation and Gene expression
 DNA Replication
 When a cell divides, each daughter cell receives an identical copy of the DNA.
 This is accomplished by the process of DNA replication which occurs during the synthesis phase, or S phase, of the cell cycle, before the cell enters mitosis or meiosis.
 During DNA replication, each of the two strands of the DNA  double helix serves as a template from which new strands are copied. 
 The new strand will be complementary to the parental or “old” strand. 
 Each newly formed DNA  double strand consists of one parental strand and one new daughter strand. This is known as semiconservative replication. 
 The two DNA copies  formed have an identical sequence of nucleotide bases and are divided equally into two daughter cells.
 DNA Replication in Eukaryotes
 The eukaryotic genomes are very complex and therefore DNA replication is a very complicated process 
 It  involves several enzymes and other proteins. 
 It occurs in three main stages namely : initiation, elongation, and termination.
 Initiation
 There are specific nucleotide sequences called origins of replication at which replication begins. As eukaryotic DNA is very long there are multiple origins of replication on the eukaryotic chromosome
 Certain proteins  called Origin Recognition Complexes ( ORCs) bind to the origin of replication 
  An enzyme called helicase unwinds the DNA  and opens up the DNA helix. 
 As the DNA opens up, Y-shaped structures called replication forks are formed . 
 Two replication forks are formed at the origin of replication, and these get extended in both directions as replication proceeds. 
 Replication can occur simultaneously from several Origins  in the genome.
 Elongation
 During elongation, an enzyme called DNA polymerase adds DNA nucleotides to the 3′ end of the template.
 But DNA polymerase requires a primer for its action.
 Therefore a short stretch of RNA is synthesised by an enzyme called Primase, serves as the primer.
 This primer is removed later, and the nucleotides are replaced with DNA nucleotides.
 One strand, which is complementary to the parental DNA strand, is synthesized continuously toward the replication fork so the polymerase can add nucleotides in this direction. This continuously synthesized strand is known as the leading strand. Because DNA polymerase can only synthesize DNA in a 5′ to 3′ direction, 
 Whereas the other new strand is synthesized in short pieces called Okazaki fragments. 
 Each of the Okazaki fragments  require a primer made of RNA to start the synthesis. T
 The strand with the Okazaki fragments is known as the lagging strand. 
 As synthesis of the lagging strand proceeds, an enzyme called endonuclease removes the RNA primer, which is then replaced with DNA nucleotides, and the gaps between fragments are sealed by an enzyme called DNA ligase.
 Termination
 Telomere Replication
 As  eukaryotic chromosomes are linear, DNA replication comes to the end of a line in eukaryotic chromosomes.  The DNA polymerase enzyme adds nucleotides in the leading strand until the end of the chromosome is reached; however, on the lagging strand there is no place for a primer to be made for the DNA fragment to be copied at the end of the chromosome.
 This presents a problem for the cell  which is referred as End Replication problem.
 If this is not solved ,  over time these ends get progressively shorter as cells continue to divide.
 The ends of the linear chromosomes are known as telomeres, which have repetitive sequences that do not code for a particular gene. As a consequence, it is telomeres that are shortened with each round of DNA replication instead of genes. These telomeres are synthesized by enzymes called telomerases 
 For example, in humans, a six base-pair sequence, TTAGGG, is repeated 100 to 1000 times.
 The telomerase comprises of an an template RNA and a protein. 
 The RNA of Telomerase attaches to the end of the eukaryotic chromosome.
 Complementary bases to the RNA template are added 
 Once the lagging strand template is sufficiently elongated, DNA polymerase can now add nucleotides that are complementary to the ends of the chromosomes. 
 Thus, the ends of the chromosomes are replicated.
 [image: Telomerase has an associated RNA that complements the 5' overhang at the end of the chromosome. The RNA template is used to synthesize the complementary strand. Telomerase then shifts, and the process is repeated. Next, primase and DNA polymerase synthesize the rest of the complementary strand.]
 “Ends of eukaryotic chromosomes” by Charles Molnar and Jane Gair is licensed under CC BY 4.0
 DNA Replication in Prokaryotes
 The prokaryotic chromosome is a circular molecule with a less extensive coiling structure than eukaryotic chromosomes.
 The 4.6 million base pairs that make up an Escherichia coli single circular chromosome are duplicated every around 42 minutes, beginning at a single replication origin and moving in both directions around the chromosome. Accordingly, about 1000 nucleotides are inserted per second. Compared to eukaryotes, the process is far faster.
 DNA Repair
 Errors can occur when DNA polymerase adds nucleotides. Every newly inserted base is proofread.During the replication if incorrect bases are added , the incorrect bases are removed  and substituted with the proper ones by the Proof reading activity of DNA polymerase and the DNA polymerization proceeds .
 The majority of errors are fixed during replication, however in cases when this is not possible, the mismatch correction process is used. The incorrectly integrated base is identified by mismatch repair enzymes, which then remove it from the DNA and replace it with the proper base
 Another kind of repair, known as nucleotide excision repair, involves unwinding and separating the DNA double strand, removing the erroneous bases along with a few bases on the 5′ and 3′ ends, and then using DNA polymerase to duplicate the template and replace them .
 Nucleotide excision repair is very crucial in the correction of thymine dimers formed by UV light   . Two thymine nucleotides next to one another on a single strand are covalently bound to one another instead of their complementary  forming a thymine dimer. A mutation will result if the dimer is not taken out and fixed. People who have defects in their genes that repair nucleotide excision are extremely sensitive to UV light and develop skin cancer
 To know about other molecular process  Transcription and Translation visit the chapters from Understanding Gene Regulation and Gene expression
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 The Hardy-Weinberg Law, also known as the Hardy-Weinberg Principle or Hardy-Weinberg Equilibrium was formulated byG.H. Hardy, a British mathematician, and Wilhelm Weinberg, a German physician, in 1908.
 It is a foundational concept in population genetics providing  a mathematical framework for understanding how gene frequencies in a population remain constant over generations under certain conditions.
 The Hardy–Weinberg principle/ law, states that allele and genotype frequencies in a population will remain constant from generation to generation in the absence of other evolutionary influences.
 This condition is called genetic equilibrium.
 Key Assumptions of the Hardy-Weinberg Equilibrium
 The Hardy-Weinberg equilibrium is based on a set of ideal conditions:
 	Large Population Size: Genetic drift (random changes in allele frequencies) is minimal in large populations.
 	Random Mating: Individuals pair by chance, not according to genotype or phenotype.
 	No Mutation: No new alleles are introduced or altered.
 	No Migration: No new members enter or leave the population, keeping allele frequencies stable.
 	No Natural Selection: All genotypes have equal chances of surviving and reproducing.
 
 The Hardy-Weinberg Equation
 The Hardy-Weinberg equation is used to predict the genetic variation in a population under these ideal conditions.
 Let us assume that there are two alleles for a particular gene in a population, typically represented by:
 	p (frequency of the dominant allele, Y)
 	q (frequency of the recessive allele, y)
 
 Then: According to Hardy-Weinberg equation the sum of the allele frequencies must equal 1
 i.e., p + q = 1
 Using these allele frequencies, we can predict the genotype frequencies in the population with the formula:
  
 
 where:
 	p² = frequency of individuals with the homozygous dominant genotype (YY)
 	2pq = frequency of individuals with the heterozygous genotype (Yy)
 	q² = frequency of individuals with the homozygous recessive genotype (yy)
 
 Example of the Hardy-Weinberg Principle
 Suppose in a population, 80% of alleles for a certain gene are dominant (A), and 20% are recessive (a):
 	p = 0.8
 	q = 0.2
 
 Using the Hardy-Weinberg equation:
 	p² = (0.8)² = 0.64 (64% are AA)
 	2pq = 2 * 0.8 * 0.2 = 0.32 (32% are Aa)
 	q² = (0.2)² = 0.04 (4% are aa)
 
 This means that in this ideal population, 64% would be homozygous dominant, 32% heterozygous, and 4% homozygous recessive.
 while no population can satisfy those conditions, the principle offers a useful model against which to compare real population changes.
  
 [image: The Hardy-Weinberg principle is used to predict the genotypic distribution of offspring in a given population. In the example given, pea plants have two different alleles for pea color. The dominant capital Y allele results in yellow pea color, and the recessive small y allele results in green pea color. The distribution of individuals in a population of 500 is given. Of the 500 individuals, 245 are homozygous dominant (capital Y capital Y) and produce yellow peas. 210 are heterozygous (capital Y small y) and also produce yellow peas. 45 are homozygous recessive (small y small y) and produce green peas. The frequencies of homozygous dominant, heterozygous, and homozygous recessive individuals are 0.49, 0.42, and 0.09, respectively. Each of the 500 individuals provides two alleles to the gene pool, or 1000 total. The 245 homozygous dominant individuals provide two capital Y alleles to the gene pool, or 490 total. The 210 heterozygous individuals provide 210 capital Y and 210 small y alleles to the gene pool. The 45 homozygous recessive individuals provide two small y alleles to the gene pool, or 90 total. The number of capital Y alleles is 490 from homozygous dominant individuals plus 210 from homozygous recessive individuals, or 700 total. The number of small y alleles is 210 from heterozygous individuals plus 90 from homozygous recessive individuals, or 300 total. The allelic frequency is calculated by dividing the number of each allele by the total number of alleles in the gene pool. For the capital Y allele, the allelic frequency is 700 divided by 1000, or 0.7; this allelic frequency is called p. For the small y allele the allelic frequency is 300 divided by 1000, or 0.3; the allelic frequency is called q. Hardy-Weinberg analysis is used to determine the genotypic frequency in the offspring. The Hardy-Wienberg equation is p-squared plus 2pq plus q-squared equals 1. For the population given, the frequency is 0.7-squared plus 2 times .7 times .3 plus .3-squared equals one. The value for p-squared, 0.49, is the predicted frequency of homozygous dominant (capital Y capital Y) individuals. The value for 2pq, 0.42, is the predicted frequency of heterozygous (capital Y small y) individuals. The value for q-squared, .09, is the predicted frequency of homozygous recessive individuals. Note that the predicted frequency of genotypes in the offspring is the same as the frequency of genotypes in the parent population. If all the genotypic frequencies, .49 plus .42 plus .09, are added together, the result is one]
 “Hardy-Weinberg Principle of Equilibrium” by Libre Texts Biology is licensed under CC BY 4.0
 Applications of the Hardy-Weinberg Principle
 	Detecting Evolutionary Forces: Deviations from Hardy-Weinberg equilibrium in a population indicate the role of evolutionary forces  for example like  selection or mutation.
 	Estimating Carrier Frequency: The proportion of a recessive allele for genetic disorders in a population can be calculated
 	Population Genetics Studies:The principle offers a useful model against which to compare real population changes. It serves as a null hypothesis in studies analyzing changes in allele frequencies over time.
 
 Limitations of the Hardy-Weinberg Principle
 	The principle holds good only under specified conditions (no evolution, no gene flow, etc.),
 	These conditions  are rarely met in real populations.
 	Factors like natural selection, gene flow, and genetic drift often disrupt Hardy-Weinberg equilibrium in natural populations which leads to changes in allele frequencies.
 
 Test your Understanding
 
  An interactive H5P element has been excluded from this version of the text. You can view it online here:
 https://pressbooks.justwrite.in/interactive-biology-secondary/?p=284#h5p-87 
 
 
 
  An interactive H5P element has been excluded from this version of the text. You can view it online here:
 https://pressbooks.justwrite.in/interactive-biology-secondary/?p=284#h5p-88 
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				 Evolution refers to processes that change the genetic make up of a population over time.
 Evolution is the basis for diversity of life.
 Evolution occurs when there are changes in the allele frequencies within a population across generations.
 Natural selection, genetic drift, gene flow, and mutation are the main mechanisms that drive evolution
 Although each process has a distinct impact on populations, they frequently cooperate to influence evolutionary outcomes.
 1. Mutation
 Mutation refers  to change in the DNA sequence of an organism. Mutation is the main cause  of genetic variation and introduces new alleles into a population. Errors in DNA replication, exposure to environmental factors (like radiation or chemicals) etc., lead to mutation. Mutations sometimes can occur spontaneously also.
 Mutations can have different effects:
 	Beneficial mutations : These are advantageous to individuals favouring their survival and propagation
 	Neutral mutations :   These mutations do not affect the individual but add variation to the gene pool.
 	Harmful mutations : These mutations may reduce an individual’s  chances  of survival or reproductive success.
 
 Irrespective of the types ,mutations can be favored by natural selection, contributing to adaptation and evolutionary change.
 2. Gene Flow
 Gene flow (or migration) refers to  the transfer of alleles from one population to another . This is achieved through the movement of individuals or their gametes (e.g., pollen in plants). Gene flow introduces new alleles into populations, increasing genetic variation and potentially changing allele frequencies.For instance, new genetic material is introduced into a population when individuals with distinct alleles from one population relocate to another. This introduces beneficial alleles in a population that can be acted upon by natural selection.
 Examples of Gene Flow in Evolution
 Human Populations: Intermarriage and migration in contemporary human populations result in gene flow, which reduces regional distinctions and creates shared genetic features across continents.
 Island Species: Occasional gene flow from mainland populations can preserve genetic diversity and introduce advantageous alleles into island populations where isolation can cause fast genetic drift.
 Hybrid Zones: Gene flow can obfuscate species boundaries in areas where two species or different populations converge and breed. It’s possible for hybrid offspring to acquire a mix of features from both populations, which could result in novel adaptive combinations.
 3. Genetic Drift
 Genetic drift refers to random changes in allele frequencies within a population. It results from random chance, particularly in small populations.
 Unlike natural selection, genetic drift does not favor beneficial alleles
 There are two key types of genetic drift:
 	Bottleneck Effect:  This refers to dramatic reduction in size in population  due to events like natural disasters. In such a case only a small subset of the population’s alleles may survive, reducing genetic diversity.
 	Founder Effect:When a small group breaks away from a larger population to establish a new population, it may carry only a fraction of the genetic diversity of the original population.
 
 Genetic drift can lead to significant evolutionary changes over time, especially in small populations where random events have a larger impact.
 4. Natural Selection
 Natural selection is the process by which nature selects  individuals with certain heritable traits that  are more likely to survive and reproduce than others due to those traits. With time , natural selection increase the frequency of beneficial alleles and decrease the frequency of harmful ones.It leads to adaptation and organisms become better suited to the environment.
 There are several types of natural selection:
 	Directional Selection:This type of natural selection favors one extreme phenotype over others. This causes a shift in allele frequencies in that direction.
 	Stabilizing selection reduces diversity and preserves the status quo by favoring the average phenotype.
 	Disruptive selection may result in the emergence of new species by favoring extreme phenotypes at both extremes of the spectrum.
 
 5. Sexual Selection
 A type of natural selection known as sexual selection occurs when traits icrease an individual’s chances of attracting mates and reproduction. It may result in pronounced behavioral or physical variations between a males and females (sexual dimorphism).
 Competition for mates within one sex (often males) is known as intrasexual selection.
 Intersexual selection is the process by which members of one sex—typically females—select partners based on specific desirable characteristics.
 Sexual selection can lead to the evolution of traits that may not necessarily enhance survival but do improve mating success, such as bright plumage in birds .
 6. Non-Random Mating
 Non-random mating occurs when individuals in a population choose mates based on specific traits, which can affect allele frequencies over time. This mechanism doesn’t directly cause evolution but can influence how other evolutionary processes work.
 	Assortative Mating: Individuals prefer mates with similar phenotypes (e.g., size, color), which can increase the proportion of homozygous individuals.
 	Disassortative Mating: Individuals prefer mates with different phenotypes, which increases heterozygosity and genetic diversity.
 
 Interplay of Mechanisms in Evolution
 In natural populations, these mechanisms often interact in complex ways. For instance:
 	Gene flow can restore lost alleles in isolated populations, thereby counteracting genetic drift.
 	The genetic variety brought about by mutation and gene flow may be subject to natural selection.
 	The features that become more prevalent in subsequent generations can be influenced by sexual selection and non-random mating.
 
 Together, these evolutionary processes drive adaptation, speciation, and long-term population shifts, so influencing the diversity of life on Earth.
 	Watch the video of Five fingers of evolution by Paul Andersen from TED-Ed to understand the mechanism of evolution
 	Test your Understanding
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		6 Ecology and Environmental Biology

	

	
		 Key Takeaways
  At the end of this chapter learners will be able to :
 	Recall key terms and concepts such as population density, biotic communities, ecosystems, biosphere, pollution, and climate change
 	Explain the structure and functions of ecosystems, including the interactions among biotic and abiotic components.
 	Demonstrate the impact of human activities on the biosphere through examples of environmental pollution and climate change.
 	Propose strategies for sustainable solid waste management and the use of bioremediation techniques to reduce environmental pollution.
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 Population is defined as group of individuals of the same species that live in a particular area and interact with each other.
 Members within a population share a common gene pool. They can interbreed, in case they are sexually reproducing organisms and are subjected to the same environmental conditions and pressures.
 Population studies are fundamental unit of study in ecology, genetics, and evolution. Population studies help to understand how species adapt, survive, and change over time.
 Key characteristics of a biological population include:
 	Population Size: The number of individuals within the population. Within a particular habitat, a population can be characterized by its population size (N), the total number of individuals, and its population density. For example, populations with more individuals may be more stable than smaller populations based on their genetic variability, and thus their potential to adapt to the environment.
 	Population Density: The number of individuals per unit area or volume.
 	Population Distribution: The spread of individuals across habitat (e.g., clumped, random, or uniform distribution).
 	Gene Pool: The collection of all genetic material (alleles) in a population.
 	Population Dynamics: Changes in population size and composition over time, often influenced by birth rates, death rates, immigration, and emigration.
 
 Population research aids in the comprehension of ecological balance, biodiversity, and ecosystem evolution.
 1. Population and Biodiversity
 The diversity of life forms within an environment is referred to as biodiversity, and populations are its fundamental units. Multiple populations of distinct species are necessary for biodiversity, as they all add to the stability and complexity of an ecosystem. By encouraging distinctive features that adapt to local conditions, genetic variety among populations within a single species also improves biodiversity. Over time, this genetic variety may result in speciation, enhancing the diversity of life forms.
 2. Population and Ecology
 Populations in ecology interact with their physical surroundings and with one another to form dynamic systems with intricate interactions. Ecological communities are made up of populations of numerous species that perform a variety of functions, including:
 Producers that use photosynthesis to generate energy, such as plants.
 Consumers that rely on other people for energy, such as herbivores and carnivores.
 Decomposers that recycle nutrients back into the environment include bacteria and fungi.
 Energy flow and nutrient cycle in ecosystems depend on these functions. Furthermore, population dynamics (growth, decline, and migration) affect ecological balance and resource availability, which in turn affects species distribution and ecosystem stability.
 3. Population and Evolution
 The fundamental unit of evolution is a population. Natural selection, mutation, genetic drift, and gene flow are the processes that cause evolutionary changes over time within populations. For instance:
 Natural Selection: In a population, environmental forces favor particular features, enabling better-adapted individuals to live and procreate. As a result, characteristics gradually shift from generation to generation.
 Genetic Drift: Over time, substantial evolutionary shifts may result from haphazard variations in gene frequency, particularly in small populations.
 Gene Flow: New genetic material can be introduced by gene flow between populations, which can promote adaptation and possibly result in speciation.
 As populations change, new species are produced, increasing biodiversity and the diversity of life forms. Population variations throughout generations are a reflection of the adaption process.
 In conclusion, populations are essential for:
 biodiversity by promoting species and genetic diversity.
 ecology by working together within ecosystems to maintain the flow of nutrients and energy.
 evolution by providing the framework for speciation and adaptive modifications.
 Populations are responsible for the tenacity, complexity, and ongoing existence of life on Earth through several processes.
 
 Population Growth
 Exponential Growth
 With the depletion of resources, population growth declines. Exponential expansion is the term used to describe this rapid pattern of population growth.
 Bacteria provide the clearest illustration of exponential growth. Prokaryotic fission is how bacteria, which are prokaryotes, reproduce. For many bacterial species, this division takes approximately one hour. A single round of division occurs after an hour, producing 2000 organisms—an increase of 1000—if 1000 bacteria are put in a big flask with an infinite supply of nutrients (so the nutrients won’t run out). Each of the 2000 creatures will double in another hour, resulting in 4000, an additional 2000 organisms. The number of bacteria in the flask should have increased by 4000 to 8000 after the third hour.
 The key idea behind exponential growth is that the number of organisms added in each reproductive generation, or the population growth rate, is increasing at an ever-increasing rate. The population would have grown from 1000 to over 16 billion people after one day and twenty-four of these cycles. A J-shaped growth curve is created when the population size, N, is plotted with time.
 Logistic Growth
 The real world does not have endless natural resources, which is a prerequisite for exponential growth. Individuals will compete (with members of their own or other species) for scarce resources, according to Charles Darwin’s theory of the “struggle for existence.” Because of natural selection, the successful will live to pass on their own features and characteristics—which we now know are passed down through genes—to the following generation more quickly. The logistic growth model was created by population ecologists to simulate the reality of scarce resources.
 [image: Both graphs (a) and (b) plot population size versus time. In graph (a), exponential growth results in a curve that gets increasingly steep, resulting in a J-shape. In graph (b), logistic growth results in a curve that gets increasingly steep, then levels off when the carrying capacity is reached, resulting in an S-shape]
 “Exponential and Logisitic growth” by Shelli Carter and Lumen Learning. is licensed under CC BY 4.0
 Test your Understanding
 
  An interactive H5P element has been excluded from this version of the text. You can view it online here:
 https://pressbooks.justwrite.in/interactive-biology-secondary/?p=289#h5p-94 
 
 
 
 
 
 
 
 
  
  
  
 [image: Seal population from 1975 to 2000; in 1975, there are 1800 seals, then it increases until reaching 7500 seals at 1995, and then population growth levels off.]
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  A collection of interacting living things of various species that live in the same region and depend on one another either directly or indirectly for survival is called a biotic community, or simply a community in ecology. All of the flora, fauna, fungus, bacteria, and other species that create intricate connections within an ecosystem are included in this community.
 
 
 
 
 Main Aspects of Biotic Communities
 	Diversity of Species:Diversity of Species: The ecosystem’s total biodiversity is influenced by the various species that make up a biotic community. Depending on variables like climate, resource availability, and habitat stability, species richness can vary greatly. In general, communities with high species diversity are more resilient and stable.
 	Trophic Structure: The energy flow within biotic communities is represented by the trophic levels into which they are frequently organized. Important levels consist of: 	Producers: These are organismss that are at the base of the food chain and use photosynthesis to transform sunlight into energy, such as plants and algae.
 	Consumers: These are herbivores, carnivores, and omnivores that get their energy from eating other living things.
 	Decomposers: Microorganisms that break down dead matter, such fungi and bacteria, to replenish the soil with nutrients and finish the nutrient cycle.[image: File:TrophicWeb.jpg]
 
 
 
 “Trophic Web” by Thompsma Via creative commons and Wikimedia commons is licensed under CC BY 3.0
 	Species Interactions: Different interactions among species within a community influence survival and shape relationships. Among these exchanges are:
 
 		Predation is the process by which one creature (the predator) hunts and devours another (the prey).
 	Competition: When species vie for the same resources, such food, water, or territory, population expansion may be constrained.
 	Mutualism: When bees pollinate flowers, both species gain from the relationship.
 	Commensalism: Like barnacles on whales, one species gains an advantage without harming the other.
 	Parasitism: When ticks feed on mammals, one creature gains an advantage at the expense of the other.
 
 
 
 4. Niche Differentiation: Depending on its behavior, nutrition, and environmental needs, each species in a group fills a certain niche, or role. By using various resources or adjusting to diverse environments, niche differentiation helps lessen direct competition and permits many species to coexist.
 5. Succession and Change: a process called ecological succession enables biotic communities change over time.
 There are two types of succession: primary (beginning from scratch) and secondary (occurring after a disturbance in an established community). A more mature and stable community is the outcome of succession, which causes some species to be gradually replaced by others.
 Importance of Biotic Communities
 As biotic communities provide a variety of ecosystem services, including pollination, soil formation, nutrient cycling, and climate regulation, they are crucial to the stability and health of ecosystems. Through their intricate relationships, these communities sustain the life cycles of individual species, contribute to the preservation of genetic diversity, and guarantee the survival of ecosystems. They are essential for resilience and sustainability on a broader scale because they enable ecosystems to bounce back from shocks and adjust to shifting environmental conditions.
 
 Major types of biotic communities
 1. Forest Communities
 	Tropical Rainforest:  High biodiversity, thick canopy layers, and year-round warmth and precipitation are characteristics of tropical rainforests. These forests are divided into different strata, or layers. The vegetation is organized into a vertical pattern from the top of the soil to the canopy. There are many different kinds of plants, insects, birds, mammals, and reptiles in tropical rainforests.
 	Temperate Forest: Found in areas with distinct seasons and a moderate climate, temperate forests are primarily made up of coniferous trees like pines and firs and deciduous trees that lose their leaves once a year. temperate forests are the major source of ecosystem services such as timber, biomass, carbon, soil fertility and regulating water, nitrogen, carbon cycles locally and globally
 	Boreal Forest (Taiga):The boreal forest or taiga exists as a nearly continuous belt of coniferous trees across North America and Eurasia. The taiga corresponds with regions of subarctic and cold continental climate.  Boreal forests are home to a few tree species, primarily evergreens, and are home to animals that have adapted to the cold, such as bears, moose, and a variety of birds.
 
 [image: forest, wilderness, wildlife, deer, pasture, fauna, wetland, woodland, habitat, ecosystem, biome, old growth forest, natural environment, temperate broadleaf and mixed forest, temperate coniferous forest]
 ” Forest, wilderness, wildlife, deer, pasture, fauna, wetland, woodland, habitat, ecosystem, biome, “ is in the Public Domain, CC0
 2. Grassland Communities
 	Savannas: These are grasslands with sporadic trees. They are found in tropical and subtropical areas. They are home to huge herbivores like zebras and elephants as well as predators like lions and cheetahs.
 	Temperate Grasslands: These grass-dominated communities, which are referred to as steppes in Europe or prairies in North America, are home to small burrowing mammals as well as grazing species like antelope and bison.
 
 3. Desert Communities
 	Hot Deserts:  These dry areas with high temperatures and little precipitation are home to communities that have adapted to the tough environment. Common creatures include reptiles, tiny mammals (such as kangaroo rats), succulents, and cacti.
 	Cold Deserts: Located in arctic or high-altitude areas, cold deserts are characterized by a lack of vegetation, including grasses and bushes, and are home to hares, jackrabbits, and some birds.
 
 4. Aquatic Communities
 	Freshwater Communities: These are found in rivers, lakes, ponds, and streams. They are home to a variety of fish, amphibians, and invertebrates as well as plant species like algae and aquatic plants.
 	Marine Communities: Consist of maritime areas with diverse ecosystems, such as deep-sea habitats, open oceans, and coral reefs. Fish, marine animals, mollusks, crabs, and coral are among the species that call these ecosystems home.
 
 5. Tundra Communities
 Tundra communities, which are found in high mountain ranges and polar regions, are characterized by permafrost, minimal biodiversity, and extreme cold. Small shrubs, lichens, and mosses make up the majority of the vegetation. Caribou, arctic foxes, polar bears, and migratory birds are among the common fauna.
 6. Wetland Communities
 	Marshes and Swamps: Located in regions with stagnant or slowly flowing water, wetlands are home to a diverse range of flora and fauna, including fish, amphibians, waterfowl, insects, and reeds and water lilies.
 	Mangrove Forests: Found around tropical coasts, mangroves are salt-tolerant trees that provide as crucial coastal protection habitats for fish, crabs, birds, and other marine life.
 
 7. Coral Reef Communities
 	One of the planet’s most varied ecosystems, coral reefs are located in the warm, shallow waters of tropical oceans. They are home to a variety of animals, such as fish, crabs, mollusks, corals, and sea turtles. For many marine species, coral reefs are also crucial nurseries.
 
 8. Urban and Suburban Communities
 	Urban and suburban populations contain creatures that have evolved to living in human-dominated regions. Common species include insects, plants that have adapted to disturbed habitats, small animals like squirrels and raccoons, and birds like pigeons and sparrows.Every member of these biotic communities has a distinct function in the environment, promoting nutrient cycling, sustaining intricate food webs, and enhancing biodiversity. These communities’ unique environmental circumstances and ecological forces have a significant impact on the species composition, adaptations, and interactions among them.
 
 To explore more on the topic visit BIOLOGY4ISC.
 
  An interactive H5P element has been excluded from this version of the text. You can view it online here:
 https://pressbooks.justwrite.in/interactive-biology-secondary/?p=291#h5p-96 
 
 
 
 
 
 
 
 
 
 
  
	

			
			


		
	
		
			
	
		

		6.3 Ecosystems

					Ecosystems

	Dr V Malathi

			

	
				An ecosystem is a community of living organisms  such as plants, animals and microorganisms and their interactions with their abiotic (non-living) environment. Ecosystems can vary in size and complexity, from a tiny pond to a vast forest or ocean.
 The Biotic and Abiotic factors of the Ecosystem
 	Biotic Factors: These are the living parts of an ecosystem and include: 	Producers:are living things that use photosynthesis to create their own food, such as plants and algae.
 	Herbivores (plant-eaters), carnivores (meat-eaters), omnivores (plant-and meat-eaters), and
 	Consumers: Organisms that eat other living things for energy, including herbivores (plant-eaters), carnivores (meat-eaters), omnivores (both plant and meat-eaters), and decomposers (organisms like fungi and bacteria that break down dead matter).
 	Decomposers  : These organisms break down dead materials and  returns nutrients to the soil.
 
 
 	Abiotic Factors: These are the non-living elements of an ecosystem, which include: 	Sunlight: The majority of ecosystems rely on sunlight as their main energy source
 	Water : is necessary for all living things.
 	Soil: Supports a variety of species and gives plants nutrition.
 	Climate and temperature  :have an impact on whether species can survive and flourish in a given ecosystem.
 
 
 
 Energy flow and Nutrient cycling in an Ecosystem
 Energy Flow: Producers (plants and algae) use photosynthesis to absorb energy from sunlight that enters ecosystems. After consumers devour plants or other animals, energy is transferred to decomposers, which repurpose nutrients in the environment.
 Nutrient cycling is the movement of elements such as carbon, nitrogen, and phosphorus through the environment and living things. In the carbon cycle, for example, carbon is taken up from the atmosphere by plants, passed on to animals when they consume the plants, and then released back into the atmosphere when creatures respire or decompose.
 The food chain and food web are models that describe how energy and nutrients move through ecosystems via interactions among organisms.
 Food Chain
 A food chain is a linear series that illustrates how energy moves across an ecosystem as one organism eats another. Trophic levels are the names given to each stage of the food chain. This is an illustration of a basic food chain:
 	Producers: Algae or plants that use photosynthesis to create their own nourishment. (For instance, grass)
 	 Primary consumers :Herbivores that consume producers are the  Primary consumers. (grasshopper, for instance)
 	Test your understanding
 
 
 
  An interactive H5P element has been excluded from this version of the text. You can view it online here:
 https://pressbooks.justwrite.in/interactive-biology-secondary/?p=293#h5p-97 
 
 
 	Secondary Consumers : Carnivores or omnivores  that consume herbivores are examples of secondary consumers. (For instance, frogs)
 	Test your understanding
 
 
 
  An interactive H5P element has been excluded from this version of the text. You can view it online here:
 https://pressbooks.justwrite.in/interactive-biology-secondary/?p=293#h5p-99 
 
 
 	Tertiary consumers : Carnivores that ingest secondary consumers are known as tertiary consumers. (for instance, a snake)
 	Quaternary consumers :Top predators with few or no natural enemies are known as quaternary consumers. (For instance, hawk)
 	Test your understanding
 
 
 
  An interactive H5P element has been excluded from this version of the text. You can view it online here:
 https://pressbooks.justwrite.in/interactive-biology-secondary/?p=293#h5p-100 
 
 
 A single pathway of energy flow is represented by each link in the chain, but this is usually a simplified picture because few creatures depend on a single food source.
 Food Web
 A food web is an intricate network of interrelated food chains that shows the different feeding interactions between creatures in an ecosystem. Given that most species participate in several chains and have diverse diets, it offers a more accurate depiction of energy flow.
 For instance:
 Mice, grasshoppers, and rabbits all consume grass.
 Birds and frogs may consume grasshoppers.
 Birds and snakes may feast on frogs, while hawks may consume the snake.
 This structure resembles a web, demonstrating the multidirectional flow of energy that strengthens and stabilizes the ecosystem. Given that organisms frequently depend on several food sources and act as food for numerous others, a food web more accurately captures the complexity of nature.
 Differences Between Food Chain and Food Web
 	Aspect 	Food Chain 	Food Web 
  	Structure 	Linear sequence of energy transfer 	Interconnected network of food chains 
 	Complexity 	Simple, one-to-one relationships 	Complex, many-to-many relationships 
 	Stability 	Less stable, relies on few species 	More stable due to diversity 
 	Representation 	Basic model of energy flow 	Realistic model of ecosystem interactions 
  
 Scroll the image slider to know about the interactions among factors of an ecosystem and Components of an ecosystem
 
  An interactive H5P element has been excluded from this version of the text. You can view it online here:
 https://pressbooks.justwrite.in/interactive-biology-secondary/?p=293#h5p-104 
 
 
 Ecosystem Types
 Ecosystems can be divided into two categories: aquatic (found in water) and terrestrial (found on land):
 Terrestrial Ecosystems
 Forests, tundras, grasslands, and deserts are examples of terrestrial ecosystems.
 Terrestrial ecosystems are divided into broad groups known as biomes, which include tundra, savannas, tropical rain forests, deserts, coniferous forests, and deciduous forests. The enormous diversity of the different ecosystems within these biomes is obscured when they are grouped into a small number of biome categories. Desert vegetation, for instance, varies greatly. In the Sonoran Desert in the United States, saguaro cactus and other plant life are very abundant, in contrast to the barren rocky desert of Boa Vista, an island off the coast of Western Africa.
 Aquatic ecosystems
 These can be either marine (such as coral reefs and seas) or freshwater (such as rivers, lakes, and ponds).
 Marine ecosystems 
 These are the most common type of ecosystem. They make up to 75 percent of the Earth’s surface.
 These include the shallow ocean, deep ocean water, and deep ocean surfaces (the low depth regions of the deep oceans)  Ecosystems.
 The deep ocean surface is renowned for the vast amounts of plankton and krill (small crustaceans) that sustain it, whereas the shallow ocean ecosystems feature incredibly biodiverse coral reef ecosystems. Since 40 percent of all photosynthesis on Earth is carried out by phytoplankton, these two habitats are particularly significant to aerobic respirators worldwide. Deep ocean habitats are home to a rich range of marine creatures, however not as many as the other two. Even at the ocean’s bottom, where light cannot pass through the water, such ecosystems can be found.
 [image: File:Conceptual diagram of marine coastal ecosystems.png]
 “Natural Coastal Ecosystems with connections to the Great baririer Reef” by Great Barrier Reef Marine Park Authority, Australian Government is licensed under CC BY-SA 4.0
 Freshwater Ecosystems
 Only 1.8 percent of the Earth’s surface is home to freshwater ecosystems, making them the rarest. These systems, which are made up of lakes, rivers, streams, and springs, are highly varied and home to a wide range of fish, amphibians, reptiles, insects, phytoplankton, fungi, and bacteria.
 Habitat and niche
 Habitat and niche are fundamental ecological concepts that describe where organisms live and how they interact with their environment.
 Habitat
 The physical setting in which a species resides is known as its habitat. It encompasses every element that surrounds and influences an organism’s life, both biotic (living) and abiotic (non-living). The resources required for survival, including food, water, shelter, and space, are provided by a habitat. Coral reefs, rivers, woods, and deserts are a few examples of habitats.
 It is an organism’s “address” or location.
 For a frog, it can be as small as a pond, while for a whale, it can be as big as an ocean.
 The same habitat can be occupied by several species with distinct niches.
 Niche
 The function or “job” that an organism performs in its environment is known as a niche. It encompasses all of the interactions an organism has with its surroundings, both living and non-living.It describes how an organism lives, behaves, and interacts with its surroundings.
 According to the competitive exclusion principle, no two species can spend a significant amount of time in the same habitat occupying the exact same niche.
 Through somewhat differing resource use, niche differentiation enables species to coexist in the same habitat.
 A niche covers aspects like:
 	What the organism consumes and what consumes the organism.
 	its habits, such when it hunts or when it reproduces.
 	its effects on the ecosystem and other species, such as soil enrichment or pollination.
 
 The niche concept can be divided into two main parts:
 	Fundamental Niche: The optimal range of resources and conditions that a species could exploit in the absence of competition is known as its fundamental niche.
 	Realized Niche: A species’ actual resources and conditions as a result of competition, predation, and other interactions are known as its realized niche.
 
 Differences Between Habitat and Niche
 	Aspect 	Habitat 	Niche 
  	Definition 	The physical location where an organism lives 	The role an organism plays within its ecosystem 
 	Function 	Provides the resources for survival 	Defines the organism’s interactions and activities 
 	Uniqueness 	Can be shared by multiple species 	Unique to each species to avoid competition 
 	Example 	A forest for a woodpecker 	The woodpecker’s role as an insect predator and cavity creator in trees 
  
  
  
 
	

			
			


		
	
		
			
	
		

		6.4 Biosphere and man

					Biosphere and Man
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				All life on Earth and the conditions in which it exists are collectively referred to as the biosphere. It encompasses water (aquatic ecosystems), land (terrestrial ecosystems), and even the atmosphere, up to the point where life is possible. The constant cycling of materials and energy within the biosphere enables organisms to endure and adjust to shifting environmental conditions.
 Biosphere and Man
 Humans are an integral part of the biosphere and interact with it in numerous ways like:
 	Dependence on Ecosystem Services:The biosphere provides vital ecosystem services that sustain life and human well-being, including: 	Food, water, fuel, fiber, and medical supplies are examples of provisioning services.
 	Services that are regulated include garbage decomposition, illness prevention, flood control, and climate regulation.
 	Cultural services include spirituality, education, and recreation.
 	Photosynthesis, nitrogen cycling, and soil formation are examples of supporting services.
 
 
 	Impact of Human Activities: 	Deforestation: Forests are cut down for logging, agriculture, and urban growth, which disrupts the carbon and water cycles, reduces biodiversity, and destroys habitat.
 	Pollution: Air pollutants, plastic pollution, industrial waste, and agricultural runoff threaten species and ecosystems.
 	Global warming, altered weather patterns, and rising sea levels are all results of human actions like burning fossil fuels and deforestation, which raise greenhouse gas emissions.
 	Overexploitation: Excessive hunting, fishing, and resource extraction endanger ecosystem stability and diminish biodiversity.
 
 
 	Conservation and Sustainability Efforts: Global initiatives for environmental protection, sustainable development, and conservation are being made to offset these effects. These consist of: 	Protected areas: Marine reserves, wildlife sanctuaries, and national parks that are protected to preserve biodiversity.
 	Sustainable practices :sustainable methods for preserving ecological balance in forestry, fishery, and agriculture.
 	Renewable energy : Hydroelectric, wind, and solar energy are examples of renewable energy sources that can help lessen reliance on fossil fuels.
 	Awareness and Education programs :initiatives for raising awareness and educating people to promote environmentally conscious behavior.
 
 
 
 Ethical and Moral Responsibility:
 Humans have a moral obligation to preserve the ecosystem for coming generations as we are the only species with substantial environmental control. Increasing biodiversity, lessening ecological footprints, and pursuing environmental justice are all part of this.
 In conclusion, humans have the ability to greatly influence the biosphere, which is both a system and a provider. Maintaining the biosphere’s viability for all living forms, including humans, requires striking a balance between development and conservation.
 		
 
 
 
  
 [image: ]
 Biosphere reserves are nominated by national governments and remain under the sovereign jurisdiction of the states where they are located. Their status is internationally recognized. Their functions are reviewed every 10 years under the periodic review process. – UNESCO

 Browse the Interactive map of Bio reserves across the world by UNESCO.
  
 There are 18 biosphere reserves in India. Below are the twelve of the eighteen biosphere reserves are a part of the World Network of Biosphere Reserves details, based on the UNESCO Man and the Biosphere (MAB) Programme list.-Wikipedia
  
 
  An interactive H5P element has been excluded from this version of the text. You can view it online here:
 https://pressbooks.justwrite.in/interactive-biology-secondary/?p=295#h5p-38 
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				Ecosystems, human health, and the stability of the planet’s climate are all seriously threatened by environmental pollution and climate change, two interrelated global challenges. Although their causes, effects, and extent of impact vary, both are mostly caused by human activity.
 Environmental Pollution
 When dangerous materials or activities contaminate the natural environment, it can have a negative impact on ecosystems, wildlife, and human health. This is known as environmental pollution. There are numerous types of pollution, including:
 	Air Pollution: The release of toxic gases and particles into the atmosphere by automobiles, factories, burning fossil fuels, and deforestation is known as air pollution. Particulate matter, sulfur dioxide, nitrogen oxides, carbon monoxide, and other pollutants damage respiratory systems, generate smog, and contribute to acid rain.
 	Water Pollution: Chemicals, plastics, heavy metals, and sewage are among the contaminants that find their way into rivers, lakes, and seas, upsetting aquatic ecosystems and rendering water unfit for human consumption or recreational use. The main causes include oil spills, agricultural pesticides, and industrial runoff.
 	Soil Pollution: Heavy metals, industrial waste disposal, and overuse of pesticides all contribute to soil contamination. Plant development is impacted, soil fertility is decreased, and dangerous substances may enter the food chain as a result.
 	Noise Pollution: Excessive noise from industrial, building, and traffic activities can harm human mental and physical health as well as disturb wildlife habitats.
 	Light Pollution: Artificial illumination disturbs ecosystems by changing animal behaviors like nocturnal activity and migration patterns. Sleep quality and human circadian rhythms are also impacted.
 
  
 
  An interactive H5P element has been excluded from this version of the text. You can view it online here:
 https://pressbooks.justwrite.in/interactive-biology-secondary/?p=297#h5p-102 
 
 
 Climate Change
 Long-term changes in temperature, precipitation, wind patterns, and other aspects of the Earth’s climate system are referred to as climate change. The current warming trend is mostly caused by human activities that raise the concentrations of greenhouse gases (GHGs) in the atmosphere.Methane (CH₄), nitrous oxide (N₂O), and carbon dioxide (CO₂) are important greenhouse gases. Even though Earth’s temperature has naturally changed throughout millennia the current trend of warming is alarming.
 Causes of Climate Change:
 Fossil Fuel Burning: The main greenhouse gas, CO₂, is released in significant quantities when coal, oil, and natural gas are burned for energy.
 Deforestation: When trees are felled, the stored carbon is released and the effect of trees absorbing CO₂ is diminished.
 Agricultural Practices: Fertilizers emit nitrous oxide and livestock production generates methane, two powerful greenhouse gasses.
 Industrial Processes: For instance, the making of cement produces CO₂, and other manufacturing procedures emit additional greenhouse gases.
  
 Impacts of Climate Change:
 Rising Temperatures: As a result of rising global temperatures, heatwaves are occurring more frequently and with greater intensity, which can be fatal for both people and wildlife.
 Melting Ice Caps and Increasing Sea Levels: As a result of warming, polar ice and glaciers melt, causing sea levels to rise and endangering tiny islands and coastal regions.
 Extreme Weather Events: Hurricanes, droughts, and floods are among the more extreme weather patterns that climate change is associated with.
 Ocean Acidification: Coral reefs and marine biodiversity are harmed by the increased absorption of CO₂ by the oceans.
 Loss of Biodiversity: Species that are unable to adapt swiftly are put in risk as a result of habitat disruption caused by temperature and weather changes.
 Watch the video from fuse school to visualize the impacts of climate change 
  One or more interactive elements has been excluded from this version of the text. You can view them online here: https://pressbooks.justwrite.in/interactive-biology-secondary/?p=297#oembed-1 
 
 Connection Between Pollution and Climate Change
 Pollution and climate change are interconnected in several ways:
 Pollutants from Greenhouse Gases: Methane and CO₂ are examples of greenhouse gases that contribute to climate change. Burning fossil fuels releases greenhouse gases into the atmosphere, which exacerbates global warming.
 Feedback Loops: Pollution issues may get worse due to climate change. For example, an atmospheric contaminant called ground-level ozone can increase when temperatures rise. Warming can be accelerated by the release of more methane and CO₂ from melting glaciers and permafrost.
 Degradation of Ecosystems: Both pollution and climate change are factors in ecosystem degradation, which makes it more difficult for species to adapt and survive. This damages the planet’s capacity to naturally regulate these environmental problems and lowers biodiversity.
 Watch the videos from fuse school on What Is The Natural Greenhouse Effect?and Burning Fossil Fuels and Climate Change
  One or more interactive elements has been excluded from this version of the text. You can view them online here: https://pressbooks.justwrite.in/interactive-biology-secondary/?p=297#oembed-2 
 
  One or more interactive elements has been excluded from this version of the text. You can view them online here: https://pressbooks.justwrite.in/interactive-biology-secondary/?p=297#oembed-3 
 
 Mitigating Pollution and Climate Change
 Global cooperation is necessary to address these problems:
 Reducing Emissions: GHG emissions can be decreased by switching to renewable energy sources (solar, wind, and hydropower), increasing energy efficiency, and utilizing cleaner modes of transportation.
 Sustainable Practices: Using sustainable methods for waste management, industry, and agriculture lowers pollution and preserves natural resources.
 Reforestation and conservation: Preserving and repairing wetlands, forests, and other habitats promotes biodiversity and helps sequester carbon.
 Global Agreements: The Montreal Protocol targets pollutants that destroy the ozone layer, while the Paris Agreement aims to limit global warming by lowering greenhouse gas emissions.
 Public Education and Awareness: Educating people about pollution control, climate change impacts, and sustainable practices encourages them to advocate for change and adopt eco-friendly decisions.
 Climate change and environmental pollution are major worldwide issues with interrelated causes and consequences. In order to address them, comprehensive solutions are needed, ranging from lowering pollutants and emissions to promoting international collaboration for a sustainable future.
  
 
  An interactive H5P element has been excluded from this version of the text. You can view it online here:
 https://pressbooks.justwrite.in/interactive-biology-secondary/?p=297#h5p-101 
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				Bioremediation is a branch of biotechnology that employs the use of living organisms, like microbes and bacteria, in the removal of contaminants, pollutants, and toxins from soil, water, and other environments. Microorganisms destroy organic contaminants in the course of using the chemical pollutants for their own growth and reproduction.
 Bioremediation is the most effective, economical, eco-friendly management tool to manage the polluted environment.
 How Bioremediation Works ?
 Bioremediation relies on the metabolic processes of microorganisms that “digest” contaminants. These microorganisms can use pollutants as a their source of energy or nutrients and in the process break down complex pollutants molecules into simpler, harmless substances.  The effectiveness of bioremediation depend on factors like temperature, pH, oxygen levels, and nutrient availability, as these conditions affect microbial activity.
 Types of Bioremediation
 	In Situ Bioremediation / On site treatment for detoxification : Treatment occurs directly at the site of contamination, making it less disruptive and cost-effective.
 
 In-situ bioremediation is of two types; these are intrinsic and engineered bioremediation
 Intrinsic bioremediation
 Intrinsic bioremediation also known as natural reduction.It  is an in-situ bioremediation technique, which involves passive remediation of polluted sites, without any external force (human intervention). This process deals with stimulation of indigenous or naturally occurring microbial population. The process based on both microbial aerobic and anaerobic processes to biodegrade polluting constituents. This technique is less expensive compared to other in-situ techniques.
 [image: File:In Situ Bioremediation.png]
 
 “In -situ Bioremediation” by Hoodlind via CreativeCommons.org, via Wikimedia Commons is licensed under CC BY-SA 4.0
 Engineered in-situ bioremediation
 Genetically Engineered microorganisms used in the in-situ bioremediation accelerate the degradation process by enhancing the physicochemical conditions to encourage the growth of microorganisms.
 
 
 		Bioventing: Adds oxygen to contaminated soil to enhance the growth of aerobic (oxygen-using) bacteria that can break down pollutants.
 	Biosparging: Injects air into groundwater to stimulate microbial activity, which helps degrade pollutants in underground water sources.
 	Phytoremediation: Uses plants to absorb and sometimes metabolize contaminants in soil or water.
 
 
 
 [image: File:Phytoremediation Process.svg]
 “Phyto remediation process” by Townie (Arulnangai & Xavier Dengra from the original in .png extension) is licensed under CC BY-SA 4.0
 	Ex Situ Bioremediation/Of site treatment toxic materials
  Contaminated materials are removed from their original location and treated elsewhere, allowing for better control of conditions. Techniques include: 	Landfarming: In this type the contaminated soil is spread over a large area and periodically tilled. This allows microbes to break down contaminants with the help of oxygen and sunlight.
 	Composting: This involves mixing of organic pollutants  with composting materials to foster microbial growth and thereby accelerates decomposition of the pollutants.
 	Bioreactors:  The contaminated water or soil is placed in a controlled tank  called bioreactor,where microbes are introduced to break down pollutants in optimal conditions.
 
 
 
 Applications of Bioremediation
 Bioremediation is applied in various scenarios where pollutants are present, including:
 	Oil Spill Cleanup: Some bacteria have the ability to degrade hydrocarbons in oil spills, which aids in clearing contaminated shorelines and water.
 	Heavy Metal Removal: To help remediate soil and water, certain microbes have the ability to sequester or change heavy metals like lead, mercury, and cadmium into less harmful forms.
 	Industrial Waste Treatment:By breaking down complex organic contaminants, bioremediation aids in the treatment of hazardous waste from industries like chemical manufacture.
 	Agricultural Pollution: By lowering pesticide and herbicide residues in soils, bioremediation can help make agricultural land safe to use again.
 
 [image: File:Biodegradation of Pollutants.png]
 “Biodegradation of pollutants” by Timmer26 Via Timmer26, creativecommons.org, via Wikimedia Commons is licensed under CC BY-SA 4.0
 Advantages of Bioremediation
 	Environmentally Friendly: Because it is a natural process and does not involve harsh chemicals, ecosystems are frequently less disturbed.
 	Cost-Effective: Bioremediation can be less expensive than other cleanup techniques, especially for large-scale contamination sites.
 	Minimal Waste Production: Bioremediation frequently results in less trash because it breaks down toxins instead of physically removing them.
 	Versatile:It can be used on a variety of contaminants, including heavy metals and organic compounds.
 
 Limitations of Bioremediation
 	Dependence on Environmental Conditions:Bioremediation requires a number of environmental conditions to function, such as adequate oxygen and nutrients, which can be difficult to control on-site.
 	Time-Consuming: Cleaning up areas may take longer time than with some chemical or physical repair methods.
 	Limited by Pollutant Type: Certain pollutants might be too dangerous for most microbes or have a high resistance to microbial degradation.
 
 Watch the video on
 Bioremediation: Restoring Contaminated Ecosystems, Naturally (Short) from THE ROYAL SOCIETY OF VICTORIA
  One or more interactive elements has been excluded from this version of the text. You can view them online here: https://pressbooks.justwrite.in/interactive-biology-secondary/?p=299#oembed-1 
 
 Test your Understanding
 
  An interactive H5P element has been excluded from this version of the text. You can view it online here:
 https://pressbooks.justwrite.in/interactive-biology-secondary/?p=299#h5p-103 
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				The procedures involved in gathering, handling, and getting rid of solid items that are thrown away as waste are referred to as solid waste management. Reducing pollution, preserving resources, and safeguarding the environment and public health all depend on efficient waste management.
 These days, open burning and careless dumping are frequent occurrences. Waste that is burned or dumped in the open poses major health and environmental hazards. They have caused serious pollution of the air, water, and land. Pollution from municipal solid waste raises disease morbidity and death.
 1. Waste Collection and Segregation
 	Collection Collection refers to the process of gathering waste from different sources, including homes, companies, and enterprises.
 	Segregation The process of classifying garbage at the source into categories such as hazardous, organic, recyclable, and non-recyclable is known as segregation. For recycling and garbage treatment to be effective, this stage is crucial.
 
 2. Recycling and Reuse
 	Recycling  : reduces the requirement for raw materials .By recycling discarded materials can be used to make new products.
 	Reuse : The goal of reuse is to prolong the life of objects, utilize them more than once, and produce less trash.
 
 3. Composting and Anaerobic Digestion
 	Composting organic waste, such as food scraps and yard trash, can create nutrient-rich compost that can improve soil.
 	By using microorganisms to break down organic waste without oxygen, anaerobic digestion produces digestate, which can be used as fertilizer, and biogas, a renewable energy source.
 
 4. Incineration and Energy Recovery
 	Incineration is the process of burning garbage at high temperatures in order to produce energy and reduce its volume.
 	Although energy recovery from garbage incineration can generate heat and power, improper management can also result in the release of contaminants.
 
 5. Landfilling
 	Waste that cannot be recycled is disposed of in landfills.
 	By using techniques like liners, gas collection systems, and leachate treatment, properly managed landfills can avoid contamination of the environment.
 
 6. Environmental and Public Health Concerns
 	Air, soil, and water pollution can result from improper waste management.
 	When hazardous waste is not managed properly, exposure to harmful chemicals can endanger both human and animal health.
 
 7. Waste Management Policies and Regulations
 	Governments establish rules, laws, and policies to guarantee safe and sustainable waste management techniques.
 	To promote appropriate waste management, policies may include pollution controls, recycling requirements, and waste reduction incentives.
 
 Emerging Technologies in Waste Management
 1. Waste-to-energy technologies
 Technologies known as “waste to wealth” turn waste materials into useful goods, promoting resource recovery, sustainability, and economic expansion. These technologies assist reduce landfill use, mitigate pollution, and create jobs by utilizing novel techniques.
 	Incineration with Energy Recovery: Burning waste at high temperatures to produce electricity or heat. Even though this drastically lowers trash volume, emissions must be managed through pollution control.
 	Gasification and Pyrolysis: These procedures breakdown garbage at high temperatures in low-oxygen settings to produce syngas, which can generate power, biofuels, or chemicals.
 	Anaerobic Digestion: Without oxygen, microorganisms break down organic waste to produce digestate, which can be used as fertilizer, and biogas, a renewable energy source.
 	Bioplastic Production from Organic Waste : Bioplastics can be produced by processing organic waste, such as food scraps and agricultural wastes. Common bioplastics made from waste are polylactic acid (PLA) and polyhydroxyalkanoates (PHAs), which are biodegradable substitutes for plastics made from petroleum.
 	Composting and Vermiculture : Composting is the process of breaking down organic waste, such as leftover food and yard trash, to create nutrient-rich compost that can increase the fertility of soil.
 Vermiculture is the process of turning organic waste into vermicompost, a very useful organic fertilizer for gardening and farming, by using earthworms.
 	Upcycling and Repurposing :  	Construction Materials and Textiles: Waste materials like glass, scrap metal, plastic bottles, and textiles can be recycled into new items like eco-friendly building materials, apparel, and furniture.
 	Repurposing E-Waste: Extracting precious metals from electronic waste (e-waste), such as copper, gold, and rare earth elements, so they can be used in new electronic products.
 
 
 	Biofuel and Biodiesel Production :  	Biofuel from Agricultural Waste: Biofuels are renewable energy sources made from agricultural wastes such as rice husks, corn stover, and sugarcane bagasse.
 	Biodiesel Made from Used Cooking Oil: By processing used cooking oil, biodiesel can be produced, which can power cars with lower emissions than conventional diesel.
 
 
 
 2. AI for sorting waste
 AI-enabled “smart bins” can identify the kind of waste being disposed of and direct users as to where to put things (landfill, compost, or recycling). In order to help customers properly sort their waste at the source, these bins frequently use sensors or computer vision to recognize objects and display instructions.
 In order to help cities or institutions better understand garbage generation and manage collection schedules, smart bins can also collect data on waste disposal habits.
 3.Circular economy principles
 [image: File:The Circular Economy concept.png]
 “Circular Economy Concept” by Geissdoerfer, M., Pieroni, M.P., Pigosso, D.C. and Soufani, K., is licensed under CC BY 4.0
 Effective solid waste management should aim at reduced trash production and increased resource recovery. Governments, businesses, and individuals must work together to manage solid waste effectively.The circular economy places a strong emphasis on extending the lifecycle of goods and materials through recycling, remanufacturing, repair, and refurbishment.This method reduces waste by establishing a “closed-loop” system in which resources are continuously recycled back into the market.By utilizing methods and resources that refill and restore nature, such as biodegradable materials or regenerative agriculture, the concept seeks to support ecosystems.
 Self -Check
 
  An interactive H5P element has been excluded from this version of the text. You can view it online here:
 https://pressbooks.justwrite.in/interactive-biology-secondary/?p=301#h5p-106 
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		 Key Takeaways
  At the end of this chapter Learners will be able to
 	Explain the Principles of Taxonomy
 	Explore Biodiversity and its Importance
 	Examine the Role of Phylogenetics in Taxonomy
 	Investigate Molecular Techniques in Taxonomy
 	Discuss Conservation Strategies and Taxonomy
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				The scientific study of taxonomy involves naming and categorizing species according to their evolutionary ties and common traits. Taxonomy offers a universal framework for recognizing, examining, and comprehending the diversity of life by arranging life forms into an ordered system. The foundation of the system can be found in the work of Carolus Linnaeus, who created a system for classifying species in the 18th century.
 Levels of Taxonomic Classification
 In taxonomy, organisms are categorized using a hierarchical structure that progresses from general to more specialized categories. From highest (most inclusive) to lowest (most specific), the conventional rankings are as follows:
 	Domain: : This is the highest level of classification, which divides life into three major groups namely: Eukarya, Bacteria, and Archaea.
 	Kingdom:  This is the next level of classification which divides life into major groups like Animalia (animals), Plantae (plants), Fungi, Protista, and Monera (for bacteria).
 	Phylum (for animals) or Division (for plants):  In this level the organisms are classified  according to their main body plans or structural characteristics.
 	Class: This is an additional division within phyla, such as the phylum Chordata’s Mammalia (mammals).
 	Order: Groups related families; for instance, Carnivora includes families of carnivorous mammals.
 	Family: Assembles families that are connected to one another; for example, the Carnivora family includes families of carnivorous mammals ,  Felidae, the family of cats etc.,
 	Genus: In this level of classification species that are very similar are grouped together ,for example, Panthera includes large cats like lions, tigers, and leopards.
 	Species: This is the most specific level of classification. In this level organisms that can interbreed and produce fertile offspring are grouped together. The species name is always italicized and consists of the genus name followed by the specific epithet (e.g., Panthera leo for lions).
 
 [image: The illustration shows the classification of a dog, which belongs in the domain Eukarya, kingdom Animalia, phylum Chordata, class Mammalia, order Carnivore, family Canidae, genus Canis, species Canis lupus, and the subspecies is Canis lupus familiaris.]
 ” The taxonomic classification system” by modification of work by Janneke Vreugdenhil is licensed under CC BY 4.0
 Binomial Nomenclature
 [image: undefined]
 “Carolus Linnaeus “ by Hendrik Hollander, via Wikimedia Commons is in the Public Domain, CC0
 This is system of naming organisms with two name . This system of naming was popularized by Carolus Linnaeus.
 This Linnaeus’s binomial (two-name) system is the standard format for naming species. In this system each organism is given a Latin name consisting of:
 	Genus: Always capitalized.
 	Species epithet: Always lowercase.
 
 The binomial name is This two-part name is universally recognized enabling scientists worldwide to identify species without language barriers. Example Homo sapiens, is the binomial system of  naming of humans .
 Taxonomy of Humans
 
 Domain: Eukaryota
 Kingdom: Animalia
 Phylum: Chordata
 Subphylum: Vertebrata
 Class: Humania
 Order: Humaniformes
 Family: Humanidae
 Genus: Homo
 Taxon: Homo sapiens
 Watch the video from Fuse School to know How Are Organisms Classified? 
  One or more interactive elements has been excluded from this version of the text. You can view them online here: https://pressbooks.justwrite.in/interactive-biology-secondary/?p=305#oembed-1 
 
 Types of Taxonomy
 	Classical or Linnaean Taxonomy: Traditional classification based on physical attributes and observable qualities is known as classical or Linnaean taxonomy.
 	Phylogenetic or Cladistic Taxonomy:Using branching diagrams known as phylogenetic trees or cladograms, phylogenetic or cladistic taxonomy groups species according to their genetic links and evolutionary lineage.
 	Numerical Taxonomy: Numerical taxonomy assigns weights or scores to shared traits in order to evaluate how similar organisms are to one another.
 	Molecular Taxonomy: This classification system uses genetic studies, such as DNA sequencing, to identify links between organisms that are not readily apparent from morphological characteristics.
 
 Importance of Taxonomy
 	Organizational Structure: Offers a framework for biological study and aids in the organization of a large number of species.
 	Evolutionary Understanding:Evolutionary understanding demonstrates the interconnectedness of life on Earth by revealing the relationships and evolutionary histories of organisms.
 	Conservation: Identifies species and highlights hotspots for biodiversity and endangered species to support conservation efforts.
 	Communication: Makes it possible for scientists across the world to successfully communicate about organisms by enabling uniform and universal naming.
 
 The study of taxonomy is dynamic and ever-evolving, allowing us to classify and understand the diversity of life. It provides information about the natural world through organized classification, assisting disciplines from agriculture and medicine to ecology and conservation.
 Test your understanding
 
  An interactive H5P element has been excluded from this version of the text. You can view it online here:
 https://pressbooks.justwrite.in/interactive-biology-secondary/?p=305#h5p-107 
 
 
  
 
	

			
			


		
	
		
			
	
		

		7.2 Biodiversity and Conservation

					Biodiversity and Conservation

	Dr V Malathi

			

	
				The term “biodiversity” describes the variety of life on Earth, including the various plant, animal, fungal, and microbe species, as well as the genetic variations among these species and the ecosystems they create. It is essential for sustaining life cycles, preserving ecosystems, and supplying resources including materials, food, and medicine.
 There are several organizational levels at which biodiversity can be measured. Ecologists have historically used the number of species and the number of individuals of each species (sometimes referred to as relative abundance) to calculate biodiversity. To help concentrate efforts to conserve the ecologically and technologically significant components of biodiversity, scientists are employing a variety of biodiversity metrics, such as genetic diversity.
  
 [image: ]
 “Biodiversity” by Dasgupta Review’s photo is licensed under CC BY 2.0
 Types of Biodiversity
 Biodiversity can be broadly categorized into three main types:
 
 
 
 
 1. Genetic Diversity : This refers to a species’ diversity of genes. It encompasses genetic differences between populations as well as between individuals within a population.For animals to adapt to shifting environmental conditions, genetic diversity is crucial. It supplies the building blocks for natural selection and evolution, allowing organisms to become resistant to environmental changes, pests, and illnesses. As an illustration of genetic diversity within a species, consider several dog breeds or rice types. It’s possible that every population has distinct characteristics that fit particular circumstances.
 2. Species Diversity :Refers to the range of species found in a specific area or environment. It takes into account both the total number of species and their relative abundance. Because various species have distinct responsibilities within an ecosystem, high species diversity promotes ecological resilience and stability. More alternatives for resources and ecological services are also offered by a more diversified species pool. For instance, thousands of plant, animal, and insect species coexist in a tropical rainforest, making it a highly species-diverse environment.
 3. Ecosystem Diversity: Refers to the range of ecosystems found in a specific location. Forests, deserts, marshes, grasslands, rivers, oceans, and other habitats are all included, and each has its own distinct organismal community and interactions.Diverse habitats and niches are made possible by ecosystem diversity, which supports a variety of life forms. Additionally, it improves ecosystem services like nutrient cycling, climate regulation, and water filtration.As an illustration of ecosystem diversity, consider the variations among seagrass beds, mangroves, and coral reefs in a coastal area. Each of these habitats supports unique species and processes.
 [image: File:Biodiversity Hotspots Map.jpg]
 
 “Biodiversity Hotspots Map” by Conservation International, creativecommons.org, via Wikimedia Commons is         licensed under CC BY-SA 4.0
 Biodiversity Loss
 The reduction or extinction of species, ecosystems, and genetic variety within species is known as biodiversity loss, and it frequently happens as a result of human activity. Because biodiversity supports ecosystems that sustain life, control the temperature, supply resources, and have cultural and recreational value, it is an important concern.
 Causes of Biodiversity Loss
 Habitat Destruction: Many species find it more difficult to survive when their habitat is fragmented and lost due to land conversion for infrastructure, urbanization, and agriculture.
 Climate Change: The habitats, migration patterns, and reproductive cycles of species are impacted by global warming, shifting weather patterns, and extreme occurrences.
 Pollution: Plastic, industrial, and agricultural pollutants poison the air, water, and soil, endangering ecosystems and wildlife.
 Overexploitation: Many species experience population reductions as a result of unsustainable hunting, fishing, and logging practices.
 Invasive Species: Human-introduced non-native species frequently cause ecosystem disruption by outcompeting, preying on, or infecting native species.
 Impacts of Biodiversity Loss
 
 
 
 
 
 Ecosystem Collapse: When biodiversity declines, ecosystems become unstable and lose functions like pollination, water filtering, and soil fertility.
 Climate Effects: The loss of carbon-sequestering wetlands and forests hastens climate change.
 Food security risks : Includes decreased agricultural resilience and a smaller genetic pool for crop and livestock adaptation to novel situations due to biodiversity loss.
 Economic Repercussions: The loss of biodiversity has an impact on a number of sectors, including fishing, tourism, and pharmaceuticals.
 Health Risks: By reducing the natural checks on disease-carrying species like ticks and mosquitoes, reduced biodiversity raises the risk of disease.
 Biodiversity Conservation
 The process of safeguarding, controlling, and reestablishing biodiversity in order to maintain species, genetic variety, and ecosystems is known as biodiversity conservation. It is necessary to preserve the resilience, health, and benefits that ecosystems offer to both people and wildlife.
 Types of Biodiversity Conservation
 1. In-Situ Conservation
 Conserving species in their natural habitats to maintain natural evolutionary processes is referred as In-situ conservation.
 Strategies:
 Protected areas : National parks, animal reserves, and marine sanctuaries are examples of protected areas that are created to shield ecosystems and habitats from human interference.
 Community conservation: Participating in conservation initiatives with local people is known as “community conservation,” and it is frequently more sustainable since it serves their interests.
 Ecosystem restoration : Rehabilitating damaged ecosystems in order to restore ecosystem functionality and biodiversity is known as ecosystem restoration.
 In-Situ Biodiversity conservation in India
 The creation of protected areas, including national parks, wildlife sanctuaries, biosphere reserves, and community reserves, is the main way that in-situ conservation is carried out in India.
 Here are a few Examples:
 The National Parks
 The oldest national park in India, Jim Corbett National Park in Uttarakhand, was created in 1936 and is a crucial location for Bengal tiger conservation.
 Assam’s Kaziranga National Park is home to tigers, elephants, and water buffalo in addition to its population of one-horned rhinoceroses.
 West Bengal’s Sundarbans National Park is a UNESCO World Heritage Site and is well-known for its mangrove forests and Royal Bengal tiger.
 Wildlife Sanctuaries
 Periyar Wildlife Sanctuary of  Kerala ,situated in the Western Ghats, is a hotspot for biodiversity. This sanctuary is well-known for its populations of tigers and elephants.
 One of the greatest locations to witness Bengal tigers in their native environment is the Ranthambore Wildlife Sanctuary in Rajasthan.
 One of the biggest tiger reserves in India is Kanha Wildlife Sanctuary in Madhya Pradesh
 Biosphere Reserves
 The Nilgiri Biosphere Reserve, which spans Tamil Nadu, Kerala, and Karnataka, is home to a variety of species, including indigenous plants and the Nilgiri tahr.
 The Valley of Flowers, a UNESCO World Heritage Site, is located in the Nanda Devi Biosphere Reserve in Uttarakhand, which is well-known for its abundant variety of plants and animals.
 Tamil Nadu’s Gulf of Mannar Biosphere Reserve houses numerous marine species, such as seagrass beds, coral reefs, and endangered dugongs.
 Community Reserves
 The first green village in India, Khonoma Village in Nagaland, created a community-led sanctuary to preserve the biodiversity of the forest, particularly its birdlife.
 Odisha’s Chilika Lake is the biggest brackish water lagoon in Asia and is a vital home for migratory birds and endangered species, such as the Irrawaddy dolphin.
 2. Ex-Situ Conservation
 Ex-situ conservation refers to conserving species outside their natural habitats, which is useful when species are at high risk of extinction in the wild.
 Strategies : 
 Zoos and Botanical Gardens: By sustaining breeding programs and educating the public, zoos and botanical gardens help to safeguard endangered species.
 Seed Banks: Seed banks are collections of seeds from various plants, especially crops, that are kept safe to preserve genetic diversity.
 Cryopreservation: Maintaining plant tissues, animal gametes, or embryos at extremely low temperatures for possible use in breeding and restoration is known as cryopreservation.
 Ex-situ conservation in India
 In order to save species from extinction and preserve genetic diversity, ex-situ conservation is practiced in India. In India, some of the most popular techniques and illustrations of ex-situ conservation include:
 Wildlife Parks and Zoos
 The National Zoological Park in New Delhi is home to numerous endangered species, including as the Asiatic lion, brow-antlered deer, and white tiger.
 Indian elephants, Asiatic lions, and a variety of birds have all been successfully reared in the Mysore Zoo in Karnataka, which is well-known for its efforts to preserve endangered species.
 Tamil Nadu’s Arignar Anna Zoological Park is home to numerous endangered species, such as the Bengal tiger and lion-tailed macaque.
 Botanical Gardens
 The Indian Botanical Garden in Kolkata is well-known for its extensive collection of exotic plants, which includes orchids, palms, ferns, and the Great Banyan Tree.
 Bengaluru’s Lalbagh Botanical Garden preserves a variety of plant species, including endangered and therapeutic plants from different areas.
 Kerala’s Tropical Botanic Garden and Research Institute is well-known for its rare and endangered tropical plant conservation and research initiatives.
 Seed Banks
 New Delhi’s National Bureau of Plant Genetic Resources (NBPGR): In order to preserve agricultural biodiversity, the NBPGR oversees one of India’s biggest seed banks, which houses crop variety seeds.
 The regional seed banks, which are spread across several climate zones, protect the genetic diversity of plants and crops, especially those that are native to a certain area.
 Cryopreservation and Tissue Culture
 The National Bureau of Plant Genetic Resources also employs cryopreservation, which involves storing seeds, pollen, and plant tissues at very low temperatures for preserving the genetic material for later use.
 The Tamil Nadu-based Institute of Forest Genetics and Tree Breeding (IFGTB) carries out tissue culture studies for the preservation and large-scale multiplication of tree species.
 To grow rare and endangered plants, several agricultural research institutes in India, including the Indian Agricultural Research Institute (IARI), use tissue culture.
 Conservation Breeding Programs
 Central Zoo Authority (CZA) oversees species-specific breeding programs for animals that are critically endangered, including the Asiatic lion, snow leopard, and red panda.
 Madras Crocodile Bank in Tamil Nadu is well-known for breeding and conserving endangered crocodile species, including the saltwater crocodile, gharial, and mugger.
 To counteract the sharp reduction in vulture populations, India has breeding facilities for endangered vultures in locations like Pinjore, Haryana.
 Gene Banks
 The National Animal Gene Bank, housed at the National Bureau of Animal Genetic Resources (NBAGR) in Haryana, conserves the genetic material of native animal breeds, including cattle, sheep, and buffalo embryos and semen.
 Gene Banks for Fish: Institutions like the National Bureau of Fish Genetic Resources (NBFGR) in Lucknow focus on saving the genetic material of endangered fish species.
 Why Biodiversity Conservation is important?
 A stable environment that can sustain both human and non-human life depends on biodiversity conservation. Conservation promotes resilience against natural disasters, lessens the effects of environmental change, and protects ecosystems for coming generations.
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 The study of evolutionary relationships among organisms is called Phylogenetics. It reconstructs the evolutionary history of species and charts their relationships in a phylogenetic tree using genetic, morphological, and biochemical data. Understanding the relationships between species, the history of their evolutionary divergence, and the evolution of features across time is made easier by phylogenetics.
 Phylogenetic Trees
 To illustrate the evolutionary relationships and paths between organisms, scientists employ a particular kind of model known as a phylogenetic tree  also called as evolutionary trees. It is an illustration of the evolutionary links between individuals or groups of organisms  . As the suggested linkages cannot be verified in the past, scientists view phylogenetic trees as a hypothesis of the evolutionary past.
 Terminology that characterizes a phylogenetic tree.
 The lines in the tree are called branches. Branches on the tree indicate lineages of organisms. At the tips of the branches are present-day species or sequences known as taxa (the singular form is taxon) or operational taxonomic units.The connecting point where two adjacent branches join ( branch point) is called a node, which represents a common ancestor.In a phylogenetic tree, closely related organisms are joined by nodes. These nodes suggest common ancestry.  two taxa stemming from the same most recent node are called  sister taxa.
 
 Rooted and Unrooted trees 
 A common ancestor is represented by a single lineage at the base of many phylogenetic trees. Such trees are referred  as rooted phylogenetic tree, indicating that all of the creatures shown in the diagram are related to a single ancestral lineage, usually drawn from the bottom or left. The three domains of bacteria, archaea, and eukarya branch off from a single point in the rooted phylogenetic tree.In this image, the little branch that plants and animals—including humans—occupy demonstrates how recent and insignificant these groupings are in relation to other species. Unrooted  phylogenetic trees reveal links between species but not a common ancestor.
 [image: ]
 Clade or monophyletic group 
 A group of taxa descended from a single common ancestor is defined as a clade or monophyletic group. In a monophyletic group, two taxa share a unique common ancestor not shared by any other taxa. They are also referred to as sister taxa to each other (e.g., taxa B and C). Example: In mammals, the clade of primates includes humans, chimpanzees, gorillas, and all other primates with their common ancestor.
 The branch path depicting an ancestor–descendant relationship on a tree is called a lineage. 
 
 
 Paraphyletic group
 When a number of taxa share more than one closest common ancestors, they do not fit the definition of a clade.In this case, they are referred to as paraphyletic (e.g., taxa B, C, and D).
 
 
 
 [image: File:Taxonomy and phylogenetics.svg]
 “Taxonomy and Phylogenetics” by BoldLuis via Creative commons .org via wikimedia commonsis licensed under CC BY-SA 4.0
 Tree topology
 The branching pattern in a tree is called tree topology. When all branches bifurcate on a phylogenetic tree, it is referred to as dichotomy. In this case, each ancestor divides and gives rise to two descendants.
 Sometimes, a branch point on a phylogenetic tree may have more than two descendents, resulting in a multifurcating node. The phylogeny with multifurcating branches is called polytomy. A polytomy can be a result of either an ancestral taxon giving rise to more than two immediate descendants simultaneously during evolution, a process known as radiation, or   an unresolved phylogeny in which the exact order of bifurcations cannot be determined precisely
 
 
 
 
 
 
 [image: ]
 Forms of Tree Representation 
 Phylogram and Cladogram
 The topology of branches in a tree defines the relationships between the taxa. The trees can be drawn in different ways, such as a cladogram or a phylogram.
 In a phylogram, the branch lengths represent the amount of evolutionary divergence. Such trees are said to be scaled.The scaled trees have the advantage of showing both the evolutionary relationships and information about the relative divergence time of the branches.
 In a cladogram, however, the external taxa line up neatly in a row or column. Their branch lengths are not proportional to the number of evolutionary changes and thus have no phylogenetic meaning. In such an unscaled tree, only the topology of the tree matters, which shows the relative ordering of the taxa.
 [image: ]
 Molecular Phylogenetics:
 enables researchers to track lineages back to common ancestors by analyzing evolutionary relationships using DNA, RNA, or protein sequences.
 Molecular techniques have transformed phylogenetics by offering information that helps elucidate connections in situations when morphological evidence is unclear or lacking.
 Methods of Building Phylogenetic Trees
 	Distance Methods: 	These methods create a tree based on overall similarity.These techniques determine the genetic distance between two sequence pairs.
 	Neighbor-joining is a popular distance method  that reduces the tree’s overall branch length.
 
 
 	Maximum Parsimony: 	This approach assumes that simpler evolutionary pathways are more plausible than complex ones, and it looks for the tree with the fewest evolutionary changes.
 
 
 	Maximum Likelihood and Bayesian Methods: 	The Bayesian and maximum likelihood statistical techniques determine the likelihood of a specific tree given an evolutionary change model.
 While Bayesian approaches predict a range of plausible topologies, Maximum Likelihood uses sequence data to determine which tree has the highest likelihood.
 
 
 
 Applications of Phylogenetics
 	Classification and Taxonomy: Contributes to the improvement of the biological categorization system by grouping species according to evolutionary links.
 	Understanding Evolutionary History: The chronology and order of evolutionary events, including speciation and trait development, can be known by an understanding of evolutionary history.
 	Tracking Disease Evolution: This method is used in epidemiology to investigate the causes and dissemination of infections, including monitoring the genetic development of viruses such as SARS-CoV-2 and HIV.
 	Conservation Biology: Assists in identifying evolutionary distinct species that, because of their distinct genetic heritage, may be conservation priorities.
 	Comparative Genomics: Phylogenetics helps to compare genomes across species, identify conserved genes, and to study gene function and evolution.
 
 
 Test your Understanding
 
  An interactive H5P element has been excluded from this version of the text. You can view it online here:
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				In order to categorize species based on genetic information and elucidate evolutionary relationships that may not be evident from morphology alone, scientists now rely heavily on molecular techniques in taxonomy. These methods, which frequently offer more accuracy and insight than conventional morphological methods, use DNA, RNA, and protein sequence analysis to identify, categorize, and investigate relationships among species.
 Key Molecular Techniques in Taxonomy
 	DNA Sequencing 	The exact arrangement of nucleotides in a DNA molecule is ascertained through DNA sequencing. This offers a genetic blueprint that can be utilized for molecular species comparison.By comparing the DNA sequences of particular genes or genomes across species, species connections are frequently clarified and new species are frequently discovered.
 	DNA sequencing has revolutionised the field of taxonomy.  Morphological qualities, which can be unclear or inconsistent, particularly in species with few distinguishable physical characters, were a major problem in  traditional taxonomy. By examining genetic data, DNA sequencing gets over these restrictions and offers a more accurate and impartial classification.
 
 
 
 [image: File:Genome Skimming.png]
 “DNA sequencing” by DYCLDYCL, creativecommons.org via Wikimedia Commons is licensed under CC BY-SA 4.0
 Role of DNA Sequencing in Taxonomy
 	Identification and Categorization: DNA sequences function as distinct molecular “barcodes” that allow for the identification of species. While ribosomal RNA (rRNA) genes are frequently employed for plants and microorganisms, mitochondrial genes, such as cytochrome c oxidase I (COI), are frequently used for animal DNA barcoding.
 
 	Phylogenetic Analysis: The construction of evolutionary links between species is aided by DNA sequencing.
 Taxonomists can track lineage divergence and comprehend evolutionary history by comparing DNA sequences.
 	Resolving Cryptic Species: Species that have the same morphology but differ genetically are known as cryptic species. These subtle variations can be found by DNA sequencing, which improves categorization accuracy.
 	Microbial Taxonomy: Microorganisms cannot be adequately classified using morphological approaches. A fundamental component of microbial taxonomy is DNA sequencing, particularly of 16S rRNA genes.
 	Classification Revision: Sequencing can support or contradict current taxonomic classifications. Genetic information can be used to remedy morphologically based misclassifications.
 
 2. DNA Barcoding
 		DNA barcoding is a contemporary method for classifying and identifying species. It has transformed taxonomy by offering a quick, accurate, and economical way to differentiate between species. DNA barcoding utilizes short standardized DNA sequences from particular genomic areas,  for classifying and identifying species.
 
 
 
 Core Principles of DNA Barcoding
 		Standardized DNA Regions: A  shortgenomic sequence is selected to serve as the “barcode.”
 The mitochondrial DNA-derived cytochrome c oxidase I (COI) gene is extensively utilized in mammals.
 Chloroplast DNA contains genes like matK and rbcL that are frequently found in plants.
 The internal transcribed spacer (ITS) region is typical for fungus.
 	Species-Specific Variability: To guarantee precise identification, the selected area must differ greatly between species while remaining conserved within a species.
 	Reference Databases: In order to compare species, DNA barcoding uses databases like GenBank and BOLD (Barcode of Life Data System), which contain reference sequences.
 
 
 
 [image: File:Scheme DNA Barcoding.png]
 “DNA Barcoding” by LarissaFruehe, creativecommons.org via Wikimedia Commons is licensed under CC BY-SA 4.0
 Applications of DNA Barcoding
 Species Identification: By matching barcodes with reference databases, it can quickly identify recognized species.
 Helps detect mislabeled or misidentified organisms.
 The discovery of new species  :reveals cryptic species that differ genetically yet have the same morphology.
 Biodiversity Monitoring: Using eDNA (environmental DNA) barcoding, it is possible to identify species in environmental samples like soil, water, or air.
 Conservation biology: Supports population genetic diversity monitoring and endangered species identification.
 Food safety and agriculture: identifies pollutants, pests, or invasive species in agricultural products. Avoids fraud and confirms the legitimacy of food goods.
 Biosecurity and Forensics: Applied in wildlife forensics to stop the illicit wildlife trade. Detects harmful or invasive species during biosecurity operations.
 3. Polymerase Chain Reaction (PCR) 
 Modern taxonomy relies heavily on the Polymerase Chain Reaction (PCR), a molecular biology technology that amplifies particular DNA sequences. PCR has greatly improved the accuracy and efficiency of species identification, categorization, and phylogenetic studies by making it possible to analyze minuscule amounts of DNA. Its ability to amplify specific DNA regions has broadened the scope of taxonomic studies, from ancient DNA analysis to environmental biodiversity monitoring.
 PCR makes it easier to study species that are challenging to sample, including ancient specimens or environmental DNA (eDNA), by amplifying particular areas of DNA, even from tiny or deteriorated samples.Combining PCR with sequencing is crucial for characterizing microbial communities, particularly those that are cannot be cultured in  laboratory .
 4.Restriction Fragment Length Polymorphism (RFLP)
 By detecting variations in the lengths of DNA fragments generated by restriction enzymes, a molecular approach known as restriction fragment length polymorphism (RFLP) examines variations in DNA sequences.Variations in the DNA sequence can cause changes in the pattern of fragment lengths,after cut by restriction enzymes.In taxonomy, RFLP has been extensively utilized for phylogenetic analysis, genetic diversity research, and species identification.
 [image: File:Gel Electrophoresis in DNA Fingerprinting.svg]
 “Gel Electrophoresis in DNA Fingerprinting” by Jennifer 0328,creativecommons.org, via Wikimedia Commons is licensed under CC BY-SA 4.0
 Limitations of Molecular Techniques in Taxonomy
 	Cost and Technical Requirements: Certain molecular techniques can be expensive and requires specific equipments
 	Data Interpretation: In the absence of supplementary morphological or ecological information, molecular data alone can occasionally be deceptive.
 	Complexity of Genomic Data: Accurate analysis and interpretation of large datasets necessitate the use of computational tools and bioinformatics knowledge.By offering reliable ways to recognize, categorize, and investigate the relationships between species, molecular tools have completely changed taxonomy and greatly improved our knowledge of biodiversity and evolutionary history.
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		 Key Takeaways
  At the end of this chapter Learners will be able to:
 	Explain the Fundamentals of Recombinant DNA (rDNA) Technology
 	Explore the Development of Transgenic Plants
 	Examine the production of Transgenic Animals
 	Investigate Plant and Animal Cell Culture Techniques
 	Analyze the Principles and Applications of Gene Therapy
 	Describe the Role of Vaccines in Disease Prevention
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				What is r DNA ?
 Recombinant DNA molecules are hybrid DNA molecules formed by joining the DNA sequences /segments from varied sources . Recombinant DNA is DNA that has been created artificially. DNA from two or more sources is
 incorporated into a single recombinant molecule. Genetic engineering involves the use of recombinant DNA technology.
 Molecular cloning is a set of methods used to construct recombinant DNA and incorporate it into a host organism.
 If the DNA that is introduced comes from a different species, the host organism is now considered to be transgenic.
 Applications of r DNA
 	Recombinant DNA (rDNA) is widely used in biotechnology, medicine and research
 	Recombinant DNA technology has been used to produce various human proteins in microorganisms
 • Examples of products of recombinant DNA technology in medicine and research include: human recombinant insulin, growth hormone, blood clotting factors, hepatitis B vaccine, diagnosis of HIV infection.
 • Examples of products of recombinant DNA technology in agriculture include: herbicide-resistant crops, and insect-resistant crops.
 
 What are cloning Vectors ?
 Cloning vectors are vehicles that are used to introduce foreign DNA into host cells, where that DNA can be reproduced (cloned) in large quantities.
 • Examples of cloning vectors are : plasmids, cosmids, bacterial artificial chromosomes (BACs), and yeast
 artificial chromosomes (YACs).
 What are Tools of r DNA Technology?
 Recombinant DNA requires 3 key molecular tools:
 1.Cutting DNA at specific sites – most often performed by enzymes called restriction endonucleases (restriction enzymes).
 • Restriction enzymes often make staggered cuts at specific 4, 6, or 8-bp palindromic sequences in duplex DNA, leaving characteristic “sticky ends” that can anneal to each other via hydrogen bonding between complementary bases on the single-stranded overhangs.
 2.Ligating DNA fragments with an enzyme called DNA ligase.
 • DNA ligase, creates covalent phosphodiester bonds between any two DNA fragments that have been cut by the same restriction enzyme, or have the same compatible “sticky ends”.
 3.A “vector”, such as a plasmid, that can be used to insert a new segment of DNA via restriction enzyme cutting and ligation. The plasmid containing the inserted DNA segment will replicate in host cells.
 What are steps to construct a  r DNA?
 [image: File:A typical recombinant DNA experiment depicting the cloning of eukaryotic genomic DNA fragments into a plasmid that is transformed into E. coli.png]
 “Recombinant DNA” by Angela N.H. Creager,creativecommons.org via Wikimedia Commons is licensed under CC BY 4.0
 Step 1: Isolation of Gene of interest
 Gene of interest is first isolated. For this, initially the cells containing the gene of interest is isolated and disrupted to release nucleus. From the nuclear fraction, the gene of interest is released by using the restriction enzyme which posses the appropriate restriction sites at both ends of the gene of interest. After the gene of interest fragmented, they are separated by using normal isolating procedures like electrophoresis or chromatography. Building a DNA library, which is an extensive collection of cloned DNA fragments from a cell, tissue, or organism, is frequently the first step in isolating a particular gene.
 Step 2 : Selection of suitable Vector
 The function of the vector is to enable the foreign genes to get introduced into and become established within the host cell. Naturally occurring DNA molecules that satisfy the basic requirements for a vector are plasmids and the genomes of bacteriophages and eukaryotic viruses. They are further classified as cloning and expression vectors depending on the stage of genetic engineering at which these vectors are used. Many bacteria contain extra-chromosomal DNA elements called plasmids. These are usually small (a few 1000 bp), circular, double stranded molecules that replicate independently of the chromosome and can be present in high copy numbers within a cell.  Plasmids can be used as Cloning Vectors
 Step 3 : Creating a r DNA- Restriction Digestion & Ligation
 To insert a DNA fragment into a plasmid, both the fragment and the circular plasmid are cut using a restriction
 enzyme that produces compatible ends. Restriction enzymes extensively for cutting DNA fragments that can then be spliced into another DNA molecule to form recombinant molecules. Each restriction enzyme cuts DNA at a characteristic recognition site, a specific, usually palindromic, DNA sequence typically between four to six base pairs in length.  A palindrome is a sequence of letters that reads the same forward as backward. (The word “level” is an example of a palindrome).Palindromic DNA sequences contain the same base sequences in the 5ʹ to 3ʹ direction on one strand as in the 5ʹ to 3ʹ direction on the complementary strand.
 A restriction enzyme recognizes the DNA palindrome and cuts each backbone at identical positions in the
 palindrome. Some restriction enzymes cut to produce molecules that have complementary overhangs (sticky ends) while others cut without generating such overhangs, instead producing blunt ends.After restriction digestion, the desired fragments may be further purified or selected before they are mixed together with ligase to join them together.
 Following a short incubation, the newly ligated plasmids, containing the gene of interest are transformed into a
 suitable host.
 Molecules with complementary sticky ends can easily anneal, or form hydrogen bonds between complementary bases, at their sticky ends. The annealing step allows hybridization of the single-stranded overhangs.  Hybridization refers to the joining together of two complementary single strands of DNA.
 Blunt ends can also attach together, but less efficiently than sticky ends due to the lack of complementary overhangs facilitating the process. In either case, ligation by DNA ligase can then rejoin the two sugarphosphate backbones of the DNA through covalent bonding, making the molecule a continuous double strand.
 The ligase enzymes of E. coli and phage T4 have the ability to seal the single stranded nicks between nucleotides in a duplex DNA.
 Step 4: Transformation in to host
 Transformation is accomplished by mixing the ligated DNA with host cells e.g., E. coli cells that have been specially
 prepared (i.e. made competent) to uptake DNA. Competent cells can be made by exposure to compounds such as
 CaCl2 or to electrical fields (electroporation)
 Step 5: Selection of Transformed cells
 Only a small fraction of cells that are mixed with DNA will actually be transformed,
 Directional selection
 The phenotypes conferred by the cloned genes on the host are used as markers of selection. All useful vector molecules carry a selectable genetic marker or have a genetically selectable property. Plasmid vectors generally possess drug resistance or nutritional markers and in phage vectors the plaque formation itself is the selectable property
 Insertional inactivation
 The technique depends upon homologous recombination between DNA cloned and the host genome. If the cloned sequence lacks both promoter and sequences encoding essential regions of the carboxyl terminus of the protein, recombination with homologous genomic sequences will cause gene disruption and produce a mutant genotype.
 On the other hand, if the cloned fragment contains appropriate transcriptional and translational signals, homologous recombination will result in synthesis of a functional mRNA transcript, and no mutant phenotype will be observed
 Step 6 :Expression of cloned genes
 An expression vector, otherwise known as an expression construct. It is usually a plasmid or virus designed for gene expression in cells.
 The vector is used to introduce a specific gene into a target cell .It can control the cell’s mechanism for protein synthesis to produce the protein encoded by the gene. Therefore in addition to the gene of interest, these expression constructs also contain regulatory elements like enhancers and promoters so that efficient transcription of the gene of interest occurs.
 Step 7 : Collection & Purification of Recombinant proteins
 As the recombinant proteins are produced by the cloned genes, they start accumulating. The next task is to collect and purify the specific gene product i.e., the requisite protein. This is not an easy job since many a times the recombinant protein is foreign to the host cell which possesses an enzyme machinery to degrade the outside proteins.
 The yield of production of recombinant proteins is efficient if they are quickly exported and secreted into the environment (surrounding medium). Further, the recovery and purification of foreign proteins is easier from
 the exported proteins. Serious efforts have been made to develop methods for increasing the export of recombinant proteins. Some of the species of the bacterium, Bacillus subtilis normally secrete large quantities of extracellular proteins. A short DNA sequence, called signal sequence from such species is introduced into other B. subtilis. These bacteria produce recombinant DNA tagged with signal peptide, which promotes export and secretion. The signal peptide can be removed after purification of foreign protein.
 [image: File:OSC Microbio 12 01 MolCloning.jpg]
 “Molecular Cloning” by CNX OpenStax via Wikimedia Commons is licensed under CC BY 4.0
 Watch the wrap on Recombinant DNA Technology created by Dr.V.Malathi using the invideo AI  and the Prompt
 Create a video on Recombinant DNA Technology using the content from https://pressbooks.justwrite.in/interactive-biology-secondary/chapter/8-1-r-dna-technology/
  One or more interactive elements has been excluded from this version of the text. You can view them online here: https://pressbooks.justwrite.in/interactive-biology-secondary/?p=315#oembed-1 
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		8.2 Transgenic plants
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				Transgenic plants are genetically modified organisms (GMOs).  These plants carry foreign genes introduced through genetic engineering. These plants  can take up desirable traits such as pest resistance, enhanced nutrition, and tolerance to environmental stress and thus have revolutionized agriculture, medicine, and environmental science.Bt cotton, Bt corn, Bt potato, and Bt tobacco are a few types of transgenic plants. Endotoxin, which is present in these genetically modified plants, inhibits the activity of a variety of pests that are members of the order Lepidoptera, Coleoptera, Hymenoptera, Diptera, and Nematoda.
 Development of Transgenic Plants
 Genetic engineering techniques are used to create transgenic plants. These plants are produced by inserting foreign genes into a plant’s genome.These genes provide the plant additional features or attributes, such enhanced nutritional value or resistance to pests, herbicides, or environmental stressors.
 The following steps are typically included in the process
 	Gene Identification and Isolation: 	The first step involves the identification of  the gene of interest from another organism that confers a desirable trait (e.g., pest resistance or drought tolerance).
 	The donor organism—such as a bacteria, mammal, or other plant—has the desired gene has to be identified
 	This gene is then isolated using molecular biology techniques.
 
 
 	Gene Cloning: 	The isolated gene is then cloned using vectors such as plasmids or viral genomes.
 	This is done by inserting the desired gene  into a suitable vector (a carrier DNA molecule, such as a plasmid or a virus).
 	To make sure the gene works correctly in the target plant, a promoter sequence—which regulates gene expression—is attached to it.
 
 
 	Gene Insertion into Plant Cells: 	The next steps involves the introduction of  the transgene  into plant cells .
 	This is done by using methods such as:
 	Agrobacterium-mediated transformation: The gene is inserted into the plant genome by use of Agrobacterium tumefaciens, a naturally occurring soil bacterium.
 Gene gun (Biolistics): tiny particles coated in DNA are injected into plant cells.
 Electroporation: The process of making holes in the cell membrane for DNA entrance using electric pulses.
 Microinjection : This is direct injection of DNA into the nucleus of plant cells .
 
 
 	Selection and Regeneration: 	Selectable indicators, such as resistance to antibiotics or herbicides, are used to identify plant cells that have successfully incorporated the transgene.
 	Using tissue culture techniques, the transformed cells are cultivated in hormone-rich, nutrient-rich conditions to grow back into complete plants.
 
 
 	Screening and Verification: 	Transgenic plants are examined using methods such as PCR, Southern blotting, or protein assays to verify the introduced gene’s existence, expression, and stability.
 
 
 
 6. Commercialization and Field Testing : 
 		The performance of the transgenic plants is evaluated in the field. Prior to commercial cultivation, regulatory approval is sought to guarantee safety.
 
 
 
 Agrobacterium-mediated plant transformation
 One popular technique for transferring foreign genes into plants is agrobacterium-mediated gene transfer. This method takes advantage of the soil bacterium Agrobacterium tumefaciens‘ innate capacity to introduce DNA into plant cells. Crown gall disease in plants is caused by the bacterium Agrobacterium tumefaciens.
 It causes tumors by transferring a portion of its DNA, known as T-DNA, from the Ti (tumor-inducing) plasmid into the plant genome.
 Ti Plasmid
 The size of the Ti plasmid is considerable, usually between 200 and 800 kilobases.T-DNA (Transfer DNA) Region which is between 10 and 30 kilobases long, gets incorporated into the plant’s DNA during infection.
 The Ti plasmid contains the following genes /regions
 T-DNA  : this region contains genes responsible for Tumor formation: These genes cause unchecked cell division, which results in the creation of a crown gall and tumor and Opine synthesis: The bacterium uses the opines produced by the enzymes encoded by these genes as a source of nutrition.
 Border Sequences : The left border (LB) and right border (RB) are two brief (about 25 base pairs) direct repeat sequences that flank the T-DNA. The removal and integration of T-DNA into the plant genome depend on these sequences.
 Vir (Virulence) Region : This area, which lies outside the T-DNA, is home to genes that facilitate the transfer process. Proteins that excise the T-DNA are encoded by the Vir genes. These Deliver the T-DNA to the nucleus of the plant cell and aid in its incorporation in the plant’s genome.
 Origin of Replication : permits independent replication of the Ti plasmid in the Agrobacterium.
 Opine Catabolism Genes :Opines, which are formed by infected plant cells, can be used by Agrobacterium as a source of carbon and nitrogen
 Steps involved in Agrobacterium mediated gene transfer in plants
 The following crucial steps are involved in the process:
 Engineering the Ti Plasmid ( disarmed Ti plasmids ):  To stop tumor formation, the T-DNA’s tumor-inducing genes are eliminated. The desired gene and a selectable marker gene (such as tolerance to antibiotics or herbicides) are added to the T-DNA region.
 Preparation of the Vector : A non-tumorigenic, disarmed form of the bacteria is employed.The modified Ti plasmid carrying the desired gene is introduced into Agrobacterium tumefaciens.
 Preparing Plant Cells : In order to expose cells for infection, plant tissues or explants (such as leaf discs) are injured. Agrobacterium infection susceptibility is increased by wounding.
 Co-Cultivation : The explants are incubated with Agrobacterium tumefaciens.The T-DNA containing the desired gene is then transferred by the  bacterium into the plant cell’s genome through the following steps:
 		Attachment: Agrobacterium attaches to the plant cell wall.
 	T-DNA Transfer: T-DNA is excised from the plasmid and transported into the plant cell nucleus . The bacterium’s Vir (virulence) proteins mediates this transport.
 	Integration: The T-DNA then integrates randomly into the plant’s chromosomal DNA.
 
 
 
 Selection and Regeneration : A selectable marker, such as resistance to antibiotics or herbicides, is used to identify plant cells that have the transgene. To grow into whole plants, the chosen cells are cultivated in a nutritional medium with plant hormones.
 Confirmation of Transformation : Successful integration and expression of the transgene are verified by molecular methods (such as Southern blot, PCR, or reporter genes like GUS).
 [image: File:Transfection by Agrobacterium.svg]
 A.Agrobacterium cell, B. Agrobacterium DNA, C. Ti Plasmid
 a.T-DNA ; b.vir genes ; c.replication origin; d.opines catabolism

D. Plant cell ; E. Plant mitochondria ; F.Plant chloroplast ; G.Plant nucleus
 	VirA recognition
 
 	VirA phosphorylates VirG
 
 	VirG causes transcription of Vir genes
 
 	Vir genes cut out T-DNA and form nucleoprotein complex ("T-complex")
 
 	T-complex enters plant cytoplasm through T-pilus
 
 	T-DNA enters into plant nucleus through nuclear pore
 
 	T-DNA achieves integration
 
 
 “Transfection by Agrobacterium” by Chandres is licensed under CC BY-SA 3.0
 [image: File:Mango (Mangifera indica) Probably crown gall caused by Agrobacterium tumefaciens (32589809932).jpg]
 “Mango (Mangifera indica) Probably crown gall caused by Agrobacterium tumefaciens” by Scot Nelson Via Wikimedia commons is in the Public Domain, CC0
 Applications of transgenic plants
 Agricultural Applications
 Production of Pest and Disease Resistance crops 
 For instance, genes from the bacteria Bacillus thuringiensis are present in Bt crops (such as Bt cotton and Bt maize), which reduce the need for pesticides by creating a protein that is harmful to particular pests.
 Crop losses are reduced by plants that have been genetically modified to be resistant to bacterial, viral, or fungal diseases.
 Resistance to Herbicides
 Certain pesticides are tolerated by transgenic plants, enabling effective weed management without endangering crops.
 For instance, roundup Glyphosate tolerance in ready soybeans makes controlling weeds easier.
 Stress Tolerance
 Abiotic stressors such as drought, salt, high temperatures, and unfavorable soil conditions are things that plants are designed to survive.
 For instance, rice cultivars that can withstand salt on saline soils.
 Increased Production and Development
 Increased productivity results from genetic alterations that enhance growth rates, nutrient intake, and photosynthetic efficiency.
 Nutritional Improvements
 Biofortification
 In order to combat malnutrition, transgenic plants are created to increase the nutritional value of food.
 For instance, provitamin A (beta-carotene)-enriched golden rice helps people who are vitamin A deficient.
 Improved Quality
 Features like improved shelf life, taste, or texture are added. For instance, Flavr Savr tomatoes have a longer shelf life since they don’t rot.
 Applications in Medicine and Pharmacy
 Manufacturing Biopharmaceuticals
 Plants serve as biofactories that produce medicinal proteins, antibodies, and vaccines. For instance, tobacco plants were modified to yield the ZMapp medication, which is used to treat Ebola.
  Edible Vaccines 
 Antigens produced by transgenic plants boost immunity when ingested. Hepatitis B vaccination antigen-expressing potatoes are an example.
  Reduction of Allergens
 It is possible to reduce or completely eradicate allergenic substances in crops such as wheat and peanuts.
 
 Industrial Applications
 Biofuel Production
 Transgenic plants with altered lignin or increased cellulose content increase biomass for the manufacture of biofuel.
 For instance, switchgrass that has been genetically modified to produce ethanol.
 Bioplastics
 Biodegradable plastics are made from modified plants.
 Transgenic corn that produces polyhydroxyalkanoates (PHAs) is one example.
 Phytoremediation
 Toxins, hydrocarbons, and heavy metals are among the contaminants that are cleaned up by transgenic plants.
 For instance, plants designed to take up mercury or arsenic from polluted soil.
 Environmental  Applications
 Decreased Use of Chemicals
 Crops that are resistant to pests and herbicides reduce the need for chemical pesticides and herbicides, which in turn lessens pollution in the environment.
  Sequestration of Carbon
 Climate change can be lessened by producing plants that have improved carbon fixation.
  
 Examples of Transgenic Crops and Their Traits
 	Crop 	Trait 	Purpose 
  	Bt cotton 	Insect resistance 	minimizes damage from pests 
 	Golden rice 	Vitamin A enrichment 	Prevents malnutrition 
 	Herbicide-tolerant soybean 	Herbicide resistance 	Makes weed control easier 
 	Virus-resistant papaya 	Resistance to Papaya Ring Spot Virus 	Prevents viral diseases 
 	Arctic apple 	Non-browning 	enhanced appearance and shelf life 
  
 Test Your Understanding
 
  An interactive H5P element has been excluded from this version of the text. You can view it online here:
 https://pressbooks.justwrite.in/interactive-biology-secondary/?p=317#h5p-116 
 
 
 
  An interactive H5P element has been excluded from this version of the text. You can view it online here:
 https://pressbooks.justwrite.in/interactive-biology-secondary/?p=317#h5p-117 
 
 
 
	

			
			


		
	
		
			
	
		

		8.3 Transgenic Animals

					Transgenic animals

	Dr V Malathi

			

	
				Animals that have had foreign genes purposefully added to their genomes are known as transgenic animals. These genes, also referred to as transgenes, are inserted to imitate human diseases, enhance livestock, create medications, or investigate gene function. Usually, genetic engineering methods are used to create transgenic animals.
 While bacteria can successfully create a number of recombinant proteins used in medicine, some proteins require a eukaryotic animal host in order to be processed properly. As a result, genes have been cloned and expressed in mice, sheep, goats, and chickens. Transgenic animals are those that have been modified to express recombinant DNA.
 Steps to Produce Transgenic Animals
 1.Identification and Isolation of the Gene
 A donor organism—such as bacteria, plants, or animals—is used to identify a particular gene of interest.
 In order to guarantee expression in the intended organism, the gene is extracted and prepared with regulatory sequences, including a promoter and a terminator.
 2.Preparation of the Vector
 To make it easier for the gene to enter the animal’s genome, it is placed into a vector (such a plasmid or viral vector). To regulate the location and timing of gene expression, regulatory sequences are incorporated, such as constitutive or tissue-specific promoters.
 3. Gene Transfer Techniques
 		Microinjection :A thin glass needle is used to inject the gene straight into the pronucleus of a fertilized egg.To create a transgenic animal, the altered egg is inserted into a surrogate mother. For instance, transgenic mice are used in biomedical research.
 	Gene Transfer Mediated by Retroviruses  : The desired gene is inserted into a retrovirus that infects embryonic cells. Stable expression is ensured by the virus’s integration of the gene into the host DNA.
 	Embryonic Stem (ES) Cell-Mediated Gene Transfer : In vitro, the transgene is inserted into embryonic stem cells.Early-stage embryos are then placed into a surrogate mother after modified stem cells have been added.
 In order to produce fully transgenic animals, additional breeding may be necessary if the progeny are chimeric.
 	Gene editing using CRISPR-Cas9 CRISPR (Clustered Regularly Interspaced Short Palindromic Repeats) are the repeated DNA sequences found in bacterial genomes. They serve as a memory of past viral infections by storing fragments of viral DNA  which are called spacers.The ground-breaking gene-editing tool CRISPR-Cas9 is based on a defense system naturally present in bacteria and archaea. It enables the precise addition, deletion, or change of particular genetic sequences to an organism’s DNA. Because of CRISPR-Cas9’s effectiveness, adaptability, and relative simplicity, it has emerged as a key component of modern biotechnology.
 	Sperm-Mediated Gene Transfer (SMGT) : Sperm cells are used as carriers to transfer foreign DNA into an egg during fertilization in a process known as sperm-mediated gene transfer (SMGT). Compared to previous techniques for creating transgenic animals, this method is comparatively easy and non-invasive.
 
 
 
 4. Selection and Screening
 Molecular methods like PCR (Polymerase Chain Reaction) , Southern blotting and western blotting ( to detect the expressed proteins) are used to screen the progeny to verify the transgene’s existence and expression.
 5. Breeding
 In order to guarantee that the transgene is heritable and expressed consistently in succeeding generations, transgenic animals are bred to create a stable line.
 [image: alt]
 “Methods to produce Transgenic mice” by John W. Kimball via source content is licensed under CC BY 3.0
 Applications of Transgenic Animals
 Increased Productivity in Agriculture
 Transgenic animals are designed to grow more quickly, produce more milk, and use feed more efficiently.
 As an illustration, consider transgenic cows that provide milk with increased casein content for improved cheesemaking.
 Resistance to Disease
 Antibiotics and other treatments are less necessary when animals are resistant to particular diseases. Porcine Reproductive and Respiratory Syndrome (PRRS)-resistant pigs are one example.
 Human Disease Models
 Researchers can better understand disease causes and create treatments by using transgenic animals to imitate human diseases. For example: Mice genetically altered to develop cancer or Alzheimer’s disease.
 Gene Knockouts 
 A genetically modified mouse known as a “knockout mouse” is one in which a particular gene has been totally deactivated, or “knocked out,” in order to examine its function. This is accomplished by causing the gene to become dysfunctional or non-expressed. In biomedical research, knockout mice are incredibly useful tools that are frequently employed to simulate human diseases, investigate gene function, and test novel treatments.
 Drug Testing
 New medications are tested for safety and efficacy using transgenic animals. For instance, drug-target interactions can be ascertained by using knockout mice deficient in particular genes.
 Manufacturing Biopharmaceuticals
 Therapeutic proteins are produced in the milk, blood, or eggs of transgenic animals. For instance, goats that have been genetically modified to generate the blood-clotting protein antithrombin in their milk.
 Xenotransplantation
 In order to decrease organ rejection during transplants, transgenic animals—especially pigs—are genetically engineered to produce organs that are compatible with humans. Pigs deficient in specific antigens, for instance, can shield humans from immunological rejection.
 Industrial Applications-Biomaterial Production
 Transgenic animals are created to produce industrially useful materials like spider silk in their milk or wool.
 For instance, goats produce spider silk proteins in their milk, which are then used to make strong, lightweight fabrics.
 Conservation
 Through improved disease resistance or environmental adaptation, transgenic approaches are being investigated to conserve endangered species.
 Examples of Transgenic Animals
 	Animal 	Transgene 	Purpose 
  	Transgenic mice 	Human oncogenes 	Cancer research 
 	Transgenic goats 	Antithrombin gene 	Blood-clotting protein synthesis 
 	GloFish 	Fluorescent protein genes 	Aesthetic and educational purposes 
 	EnviroPig 	Phytase gene 	Decreased waste-related phosphorus pollution 
 	AquaBounty salmon 	Growth hormone gene 	Increased growth for food production 
  
 Challenges and Ethical Considerations
 	Possible problems with transgenic animals’ welfare.
 	Unanticipated ecological effects of releasing transgenic animals into the wild.
 	Ethical considerations for manipulating animal genomes for human benefit.
 
 Although there is great potential for transgenic animals to improve science, medicine, and agriculture, they must be carefully regulated to address ethical, environmental, and health concerns.
  
 Watch the video from Fuse school to know about GMOs ( Genetically Modified Organisms)
  One or more interactive elements has been excluded from this version of the text. You can view them online here: https://pressbooks.justwrite.in/interactive-biology-secondary/?p=319#oembed-1 
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				Gene therapy is a cutting-edge biomedical procedure that includes changing or modifying genes. Gene therapy is used to restore normal function in cells, it is used to repress malfunctioning genes,it introduce therapeutic genes, or fix damaged genes. Gene therapy has enormous promise for treating cancer, genetic abnormalities, and other illnesses brought on by defective or missing genes.Both inherited genetic diseases (e.g., hemophilia and sickle cell disease) and acquired disorders (e.g., leukemia) have been treated with gene therapy.
 How Does Gene Therapy Work?
 The process of gene therapy involves adding, deleting, or changing genetic material in a patient’s cells.
 The three main strategies of gene therapy include:
 	Replacing a Mutated Gene : A functional copy of a gene is substituted for a defective or absent one.
 Example: Replacing the faulty ADA gene to treat severe combined immunodeficiency (SCID).
 	Inactivating a Faulty Gene : A disease-causing gene that isn’t working properly is switched off.
 For instance, turning off genes that encourage the growth of cancer.
 	Introducing a New Gene : To aid the body in fighting sickness, a whole new gene is added.
 For instance, introducing genes to create therapeutic proteins to treat conditions like hemophilia.
 
 Types of Gene Therapy
 Gene therapy can be classified into different types
 Based on Target Cells
 a. Germline Gene Therapy :  Involves altering the DNA of germ cells, such as sperm, eggs, or embryos. Future generations will be affected by these inherited alterations.
 Applications include the potential to treat hereditary illnesses like Huntington’s disease and cystic fibrosis while they are still in the embryonic stage. This type of gene therapy is not approved for use in humans in the majority of nations due to ethical considerations.
 b. Somatic Gene Therapy Definition: This type treats genetic abnormalities by targeting somatic (non-reproductive) cells. Only the person receiving treatment is impacted; children are not affected. This type of gene therapy is
 frequently used to treat genetic problems in diseases like cancer, and hemophilia.
 
 
 Based on Method of Gene Delivery
 
 
 
 a.In Vivo Gene Therapy: In this method the therapeutic gene is introduced into the patient’s body directly in to the target organs or tissues. It makes use of either non-viral or viral vectors. Example :Direct gene injection into muscle tissue to treat genetic diseases like muscular dystrophy. Challenges include accuracy in targeting, avoiding off -targets.
 b. Ex Vivo Gene Therapy: Here cells from the patient are taken out, genetically altered in a lab, and then reintroduced into the body. This type of therapy is used in  CAR-T Cell Treatment which involves altering immune cells to specifically target cancer. This type of therapy is advantageous as the controlled environment reduces risks of unintended effects.
 Based on Therapeutic Approach
 a. Gene Augmentation Therapy : This is the addition of a functional gene to replace a missing or damaged gene.
 This is used for treating illnesses like muscular dystrophy and cystic fibrosis brought on by mutations that induce loss of function.
 b. Gene silencing therapy :  is defined as suppressing the expression of genes that are dangerous or dysfunctional.
 Applications include silencing genes that support viral replication or malignancy by using RNA interference (RNAi) or antisense oligonucleotides.
 c.Gene Editing Therapy : Directly alters the  DNA using genome editors like  CRISPR-Cas9.Applications include introducing therapeutic sequences for targeted therapies or fixing point mutations.
 d. Suicide Gene Therapy: Introduces a gene that generates toxic compounds to destroy particular cells, like cancer cells.Applications include cancer therapies that only target tumor cells.
 e. Immune-Modulatory Gene Therapy: Boosts or alters the immune system to combat illnesses, especially infections and malignancies. Applications include modifying T cells to target malignancies in CAR-T treatment.
 Based on Vectors Used
 1. Viral Gene Therapy  : Delivers therapeutic genes by means of genetically modified viruses, such as lentivirus and adenovirus. It is highly effectiveness but could elicit immunological reactions.
 The use of an adenovirus vector may cause an unexpected inflammatory immunological response in certain patients, which could result in organ failure. Furthermore, as viruses frequently target more than one type of cell, the virus vector may infect cells that are not the target of the therapy, harming those cells and potentially causing diseases like cancer. Another possible danger is that the altered virus can become contagious again and infect the patient. Last but not least, the inserted gene may inadvertently deactivate another crucial gene in the patient’s genome, interfering with regular cell cycle and perhaps resulting in the development of tumors and cancer.
 [image: A diagram of gene therapy. A virus vector contains modified viral DNA that includes an inserted gene. First the vector binds to the cell membrane. The vector is then packaged in a vesicle. The vesicle then breaks down releasing the vector. The cell now makes protein using the new gene.]
 ” Gene therapy using an adenovirus vector can be used to treat or cure certain genetic diseases in which a patient has a defective gene” by modification of work by National Institutes of Health via Lumen learning is licensed under CC BY 4.0
 2. Non-viral gene therapy makes use of physical techniques (such as electroporation) or synthetic vectors like liposomes or nanoparticles. It is less effective than viral techniques, but safer.
 Some of the types of Non-Viral Gene Delivery Systems include :
 a. Electroporation : Uses electrical pulses to create temporary pores in the cell membrane, allowing DNA or RNA to enter.
 b. Gene Gun (Biolistics) :DNA is coated onto microscopic particles (often gold or tungsten) and “shot” into cells using high velocity.
 c. Ultrasound (Sonoporation) : High-frequency sound waves generate microbubbles that temporarily disrupt cell membranes, facilitating DNA/RNA entry.
 d.Liposomes (Lipid-Based Nanoparticles) : Lipid molecules encapsulate DNA or RNA in vesicles, which merge with the cell membrane to deliver their cargo.
 Gene Therapy for Cystic Fibrosis
 A promising treatment option for cystic fibrosis (CF), a hereditary condition brought on by mutations in the CFTR (Cystic Fibrosis Transmembrane Conductance Regulator) gene, is gene therapy. A protein that controls the flow of water and salt into and out of cells is encoded by this gene. Severe respiratory and gastrointestinal problems are caused by mutations in the CFTR gene, which cause thick, sticky mucus to accumulate in the lungs, digestive tract, and other organs.
 Cystic Fibrosis Gene Therapy  aims to replace or repair the faulty CFTR gene to restore normal protein function.
 Gene therapy for Severe Combined Immunodeficiency (SCID)
 A collection of uncommon illnesses known as severe combined immunodeficiency (SCID) are brought on by abnormalities in many genes essential to the growth and operation of immune cells that fight infection. Although they seem healthy at birth, infants with SCID are more vulnerable to serious illnesses. Unless babies get immune-restoring therapies such gene therapy, enzyme therapy, or blood-forming stem cell transplants, the illness is deadly, usually within the first year or two of life.
 The most common inheritance pattern for SCID is autosomal recessive, meaning that both copies of a given gene—one from the father and one from the mother—have flaws. Adenosine deaminase (ADA) deficiency, in which babies lack the ADA enzyme required for T-cell survival, is the most well-known type of autosomal recessive SCID. Male newborns are the main victims of X-linked SCID, which is brought on by mutations in a gene on the X chromosome. White blood cells in boys with this kind of SCID proliferate and develop abnormally. They consequently have low levels of natural killer cells and T cells, and their B cells are dysfunctional.
 Watch the video from National Institute of Health on Gene Therapy for X-Linked SCID
  One or more interactive elements has been excluded from this version of the text. You can view them online here: https://pressbooks.justwrite.in/interactive-biology-secondary/?p=321#oembed-1 
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				plant tissue culture are used to cultivate plants or plant cells on a nutritional medium in a sterile, controlled setting. This technique has numerous benefits for plant study, conservation, and agriculture by enabling the growth of plants from a small amount of tissue or cells.
 Steps in Plant Tissue Culturing
 Plant tissue culture requires a sterile and optimal growth conditions. The procedure involves a series of well defined steps as follows:
 1. Selection and Preparation of Explant
 The tissue or cells taken from a plant (e.g., leaf, stem, root, meristem) for culturing are called explants. The explant is chosen based on the purpose of the culture.To guarantee effective growth, only healthy, disease-free plants are chosen.
 2. Sterilization
 a. Explant Sterilization : To get rid of dirt, the explant is cleansed under running water. Chemicals like 70% ethanol (short rinse)  and Hydrogen peroxide or sodium hypochlorite (for a few minutes)are used to sterilize surfaces.
 To get rid of these sterilizing chemicals, the explant is repeatedly rinsed with sterile distilled water.
 b. Sterilizing Equipment : Culture vessels and instruments (such as scalpels and forceps) are sterilized, usually for 15 to 20 minutes at 121°C in an autoclave. The workspace is then sanitized using alcohol or UV light under a laminar airflow hood.
 3. Nutrient Medium Preparation
 Macronutrients (such as potassium, phosphorus, and nitrogen) are included in a nutrient medium (such as Murashige and Skoog [MS] medium). Micronutrients, such as zinc and iron; Vitamins (such as nicotinic acid and thiamine) ; plant growth regulators  such as auxins for root growth , cytokinins for shoot growth; source of carbon (such as sucrose) are also included in the medium. If a solid medium is needed, use a gelling agent (such as agar) is used. The medium is then sterilized by autoclaving.
 4. Inoculation
 Inside a laminar airflow cabinet, the sterile explant is placed on the nutritive medium in an aseptic environment.
 During handling, precautions are taken to prevent contamination.
 5. Incubation
 A controlled atmosphere is used to incubate the culture. Depending on the species, the temperature ranges from 22 to 28°C. Controlled Photoperiods using fluorescent or LED lights (e.g., 16 hours of light and 8 hours of dark) and
 Optimal humidity levels are maintained. The type of culture and growth regulators utilized determine whether callus, branches, or roots form.
 6. Subculturing
 The growing tissues are moved to new media as the explant grows or the medium is depleted for the nutrient factors. This process is repeated at regular intervals until adequate growth is attained.
 7. Regeneration
 The callus or cultured tissues are used to regenerate shoots, roots, or plantlets. The medium’s growth regulators are modified to promote regeneration.
 8. Hardening
 In this step the plantlets are acclimatized to natural conditions by moving them  to pots filled with compost or sterile soil and placed in a greenhouse with indirect light with high humidity. The plants are then gradually exposure to external environments to ensure their survival
 9. Field Transfer
 Fully acclimatized plants are then transplanted to the field or garden for their further growth.
 Techniques in Plant Tissue Culture
 	Micropropagation: This is a specific method in plant tissue culturing. This method is used to quickly multiply plants in sterile environments. In order to create many genetically identical plants, or clones,  plant tissues, organs, or cells are cultivated  in a controlled setting. This method is frequently employed in conservation, horticulture, and agriculture. By micropropagation large numbers of genetically identical plants are produced rapidly.This is referred to as clonal propagation. This method helps to conserve plant species that are at risk of extinction. Further it is used for mass production of ornamental plants, fruit trees, and vegetables. micropropagation facilitates the propagation of plants with desirable traits, such as higher yield or pest resistance.[image: File:Micropropagation.jpg]“Micropropagation” by mw-parser-This image has been created during “DensityDesign Integrated Course Final Synthesis Studio” at Politecnico di Milano, organized by DensityDesign Research Lab., creativecommons.org, via Wikimedia Commons is licensed under CC BY-SA 4.0
 	Callus Culture: A cluster of unorganized, undifferentiated plant cells that forms in response to wounding or hormonal signals is called as Callus . Callus can be induced from various plant tissues such as leaves, stems, roots, or meristems. Callus cultureis a plant tissue culture technique where the callus is grown on a nutrient medium under sterile conditions for the purpose of  plant research, genetic engineering, and plant propagation. Callus can differentiate into complete plants via organogenesis or somatic embryogenesis.                 Watch the video from PRINCIPIA on callus culture  One or more interactive elements has been excluded from this version of the text. You can view them online here: https://pressbooks.justwrite.in/interactive-biology-secondary/?p=323#oembed-1 
 
 
 	Somatic embryogenesis : Using the plant tissue culture technique known as “somatic embryogenesis,” somatic (non-reproductive) cells can grow into embryos that have the potential to become whole plants. This process, which usually takes place in controlled in vitro settings, starts with somatic cells and resembles zygotic embryogenesis, which happens in seeds.Somatic cells from explants  such as from leaves, roots, or immature embryos  are placed on a nutrient medium containing plant growth regulators, such as auxins .The auxins induce dedifferentiation.  This makes the somatic cells to become totipotent (capable of developing into any plant structure).These cells either grow directly into embryogenic cells or divide to produce a callus.  The two types of Somatic Embryogenesis are : 	Direct Somatic Embryogenesis- Here the somatic embryos do not go through a callus phase before forming from the explant.This method is quicker and more reliable.
 	Indirect Somatic Embryogenesis– In this type  the callus phase, which starts in the explant, gives rise to somatic embryos. Higher rates of multiplication are possible, but somaclonal variation may be introduced.
 
 
 	Somaclonal Variation : Genetic or phenotypic changes that arise in plants regenerated from somatic cells during plant tissue culture are referred to as somaclonal variation. This phenomenon is brought on by genetic or epigenetic alterations that take place during the tissue culture procedure, especially when plants are regenerated using suspension or callus cultures.Somaclonal variation is used for producing  improved yield, disease resistance, drought tolerant plants . this method creates genetic diversity without the need for crossbreeding and also useful for introducing desirable traits into plants.
 	Embryo Culture: A plant embryo is cultivated in vitro (apart from the seed or ovule) on a nutritional medium in a sterile environment using the embryo cultivation technique. The main purpose of this technique is to save embryos that might not normally grow into adult plants because of problems including seed dormancy, hybrid incompatibility, or adverse environmental circumstances. the two types of Embryo Culture are 	Mature Embryo Culture: involves growing mature seeds into fully formed embryos. this is used to help seedlings that have viability or dormancy problems during germination.
 	Immature Embryo Culture ( also known as Embryo Rescue): This  involves growing immature embryos from seeds that wouldn’t make it under typical circumstances. this method is used to save embryos from incompatible crossings in hybridization projects.
 
 
 	Protoplast Culture: Plant cells without their cell walls are called as protoplast .Protoplast culture is a plant tissue culture technique where isolated protoplasts are cultured in vitro under sterile condition to carry out additional cellular functions like somatic hybridization or to grow back into whole plants. The cell walls can be physically or enzymatically removed to produce protoplasts. The process of protoplast culturing involves isolation of protoplasts from leaf mesophyll, suspension cultures, or callus tissues. This includes enzymatic digestion using: Cellulase: To degrade cellulose and Pectinase: To break down pectin in the middle lamella. The cells are treated with these enzymes in an osmotic solution (e.g., mannitol or sorbitol) to prevent protoplast lysis.Protoplasts are then separated from debris by filtration and centrifugation in a density  gradient. Protoplasts divide to form a small cell mass. This cell mass grows into a callus.
 	Anther/Pollen Culture: Anther or pollen culture is a method of plant tissue culture in which isolated pollen grains (microspores) or anthers (male reproductive organs) are cultivated in vitro under sterile conditions to create haploid plants. Because they only have one set of chromosomes, these haploid plants are useful for genetic study and plant breeding. Immature flower buds are chosen when pollen grains are at the right developmental stage (e.g., uninucleate or early binucleate).Flower buds are sterilized with disinfectants (e.g., ethanol, sodium hypochlorite) to ensure aseptic conditions.For anther cultures ,anthers are excised and placed on the nutrient medium and for pollen cultures the pollen grains (microspores) are isolated from the anthers and cultured separately.
 
 Test your Understanding
 
  An interactive H5P element has been excluded from this version of the text. You can view it online here:
 https://pressbooks.justwrite.in/interactive-biology-secondary/?p=323#h5p-121 
 
 
  An interactive H5P element has been excluded from this version of the text. You can view it online here:
 https://pressbooks.justwrite.in/interactive-biology-secondary/?p=323#h5p-26 
 
  
 
	

			
			


		
	
		
			
	
		

		8.6 Animal Tissue Culture

					Animal Cell culture

	Dr V Malathi

			

	
				The process of cultivating animal cells, tissues, or organs outside of the body in a regulated, artificial environment is known as animal tissue culture. This procedure has several uses in research, medicine, and biotechnology and allows the controlled study of cell behavior, biology, and function.Connective tissues including fibroblasts, skeletal, cardiac, and smooth muscle, epithelial tissues, neuronal cells, endocrine cells, and numerous tumor cell types are among the various cell types that may currently be cultivated in culture.
 For in vitro growth of cells, the culture conditions may not mimic in vivo conditions with respect to temperature, pH, CO2, O2, osmolality, and nutrition. In addition, the cultured cells require sterile conditions along with a
 steady supply of nutrients for growth and sophisticated incubation conditions
 [image: ]
 “Image of cell culture dish” is in the Public Domain, CC0
 First animal cell culturing on Industrial scale
 First animal cell culture was performed at an industrial scale in 1950s .The polio epidemic in 1940s and 1950s and the accompanying requirement for viral vaccines necessitated the the need for cell cultures on a large scale . The polio vaccine from a deactivated virus became one of the first commercial products developed from cultured animal cells
 Applications of Animal cell culture
 Animal cell cultures provided a model system for various research  like:
 	The study of basic cell biology, cell cycle mechanisms, specialized cell function, cell to cell and cell – matrix
 interactions.
 	Toxicity testing to study the effects of new drugs.
 	Gene therapy for replacing nonfunctional genes with functional gene-carrying cells.
 	The characterization of cancer cells, the role of various chemicals, viruses, and radiation in cancer cells.
 	Production of vaccines, mono clonal antibodies, and pharmaceutical drugs.
 	Production of viruses for use in vaccine production (e.g., chicken pox, polio, rabies, hepatitis B, and measles).
 	For manufacturing biological therapeutics such as hormones, antibodies, interferons, clotting factors, and
 vaccines
 
 Culture media
 One of the most important factors in animal cell culture is the medium composition. In vitro growth and maintenance of animal cells require appropriate nutritional, hormonal, and stromal factors that resemble their in vivo condition as closely as possible.
 The other important factors include : the medium in which the cells are surrounded, the substratum upon which the cells grow, temperature, oxygen and carbon dioxide concentration, pH, and osmolality. In addition, the cell requires chemical substances that cannot be synthesized by the cells themselves.
 Any successful medium is composed of isotonic, low-molecular-weight compounds known as basal medium and provides inorganic salts, an energy source, amino acids, and various supplements
 Basic components in culture media
 The 10 basic components that make up most of the animal cell culture media are as follows:
 	inorganic salts (Calcium, Magnesium , Sodium and Potassium)
 	nitrogen source (amino acids),
 	energy sources (glucose, fructose),
 	vitamins, fat and fat soluble component (fatty acids, cholesterols),
 	nucleic acid precursors,
 	growth factors and hormones,
 	antibiotics,
 	pH and buffering systems, and
 	oxygen & carbon dioxide concentrations.
 
 Complete formulation of media that supports growth and maintenance of a mammalian cell culture is very complex. The nutritional requirements of cells can vary at different stages of the culture cycle. Different cell types have highly specific requirements, and the most suitable medium for each cell type must be determined experimentally
 Types of Media
 Animal cell  culture media may be classified into two categories: as (1) natural media and (2) artificial media.
 • Natural media
 Natural media consist of naturally occurring biological fluids sufficient for the growth and proliferation of animals cells and tissues.
 These are of the following three types:
 1. Coagulant or clots: Plasma separated from heparinized blood from chickens or other animals is commercially available in the form of liquid plasma.
 2. Biological fluids: This includes body fluids such as plasma, serum lymph, amniotic fluid, pleural fluid, insect hemolymph, and fetal calf serum. These fluids are used as cell culture media after testing for toxicity and sterility.
 3. Tissue extract: Extracts of liver, spleen, bone marrow, and leukocytes are used as cell culture media. Chicken embryo extract is the most common tissue extract used in some culture media
 	Artificial media
 
 This media contains partly or fully defined components that are prepared artificially by adding several nutrients (organic and inorganic). It contains a balanced salt solution with specific pH and osmotic pressure designed for immediate survival of cells. Artificial media supplemented with serum or with suitable formulations of organic
 compounds supports prolonged survival of the cell culture.
 The artificial media may be grouped into the following four classes:
 • serum-containing media,
 • serum-free media,
 • chemically defined media, and
 • protein-free media
 Serum- Containing media
 Serum is the clear yellowish fluid obtained after fibrin and cells are removed from blood .It is an undefined media supplement of extremely complex mixture of small and large molecules and contains amino acids, growth factors, vitamins, proteins, hormones, lipids, and minerals, among other components .
 Advantages of serum in cell culture medium
 1. It has basic nutrients present either in soluble or in protein-bound form.
 2. It provides several hormones such as insulin and transferrin. Insulin is essential for the growth of nearly all cells in culture and transferrin acts as an iron binder.
 3. It contains numerous growth factors such as platelet-derived growth factor (PDGF), transforming growth factor beta (TGF-B), epidermal growth factor (EGF), and chondronectin. These factors stimulate cell growth and support specialized functions of cells.
 4. It supplies protein, which helps in the attachment of cells to the culture surface (e.g., fibronectin).
 5. It provides binding proteins such as albumin and transferrin, which helps transport molecules in cells.
 6. It provides minerals such as Ca, Mg, Fe, K,Na, Zn, etc., which promote cell attachment.
 7. It increases the viscosity of the medium, which provides protection against mechanical damage during agitation and aeration of suspension cultures.
 8. It provides appropriate osmotic pressure.
 Disadvantages of serum-containing medium
 	 Expensive: Fetal calf serum is expensive and difficult to obtain in large quantities.
 	Variation: Batch-to-batch variation occurs in serum, and there is no uniformity in composition of serum. This can affect growth and yields and can give inconsistent results.
 	Contamination: Serum medium carries a high risk of contamination with virus, fungi, and mycoplasma
 	Cytotoxic and inhibiting factors: The serum itself may be cytotoxic and may contain inhibiting factors, which in turn may inhibit cultured cell growth and proliferation. The enzyme polyamine oxidase in serum reacts with polyamines such as spermine and spermidine to form cytotoxic polyamino-aldehyde.
 	 Downstream processing: The presence of serum in culture media may interfere with isolation and purification of culture products. Additional steps may be required to isolate cell culture products.
 
 Serum-free media
 The use of serum in culture media presents a safety hazard and source of unwanted contamination for the production of biopharmaceuticals. As a number of cell lines can be grown in serum-free media supplemented with certain
 components of bovine fetal serum, the development of this type of medium with a defined composition has intensified in the last few decades.
 Eagle (1959) developed a “minimal essential medium” composed of balanced salts, glucose, amino acids, and vitamins.
 Advantages of serum-free culture media
 1. Serum-free media are simplified, and the composition is better defined.
 2. They can be designed specifically for a cell type. It is possible to create different media and to switch
 from growth-enhancing media to differentiation inducing media by altering the combination and types of growth factors and inducers.
 3. They decrease variability from batch to batch and improve reproduction between cultures.
 4. Downstream processing of products from cell cultures in serum-free media is easier.
 5. They reduce the risk of microbial contamination (mycoplasma, viruses, and prions).
 6. Serum-free media are easily available and ready to use. They are also cost-effective when compared
 with serum-containing media.
 Disadvantages of serum-free media
 1. Growth rate and saturation density attained are lower than those compared to serum-containing media.
 2. Serum-free media prove to be more expensive as supplementing with hormone and growth factors
 increases the cost enormously.
 3. Different media are required for different cell types as each species has its own characteristic requirements.
 4. Critical control of pH and temperature and ultra purity of reagent and water are required as compared to
 serum-containing media
 Fetal bovine serum (FBS)
 FBS supplemented media are commonly used in animal cell cultures. FBS is harvested from bovine fetuses taken from pregnant cows during slaughter. The common method of harvesting the fetus is by cardiac puncture without
 any anesthesia. This practice of harvesting FBS is inhumane as it exposes the fetus to pain and/or discomfort.
 In addition to moral concerns, numerous scientific and technical problems exist with regard to the use of FBS in cell culture. Efforts are now being made to reduce the use of FBS and replace it with synthetic alternatives
 Types of Animal Tissue Culture
 Primary Culture
 In this type of  culturing , cells are directly isolated from tissues by mechanical or chemical disintegration or by   enzymatic digestion and grown in culture. They represents the condition that is most similar to the in vivo        (natural) state. These cells have limited lifespan in culture. These cells are induced to grow in suitable glass or   plastic containers with complex media. These cultures usually have a low growth rate and are heterogeneous   however, they are still preferred over cell lines as these are more representative of the cell types in the tissues from which they are derived.
 The morphological structure of cells in culture is of various types:
 •Epithelium type, which are polygonal in shape and appear flattened as they are attached to a substrate and form a continuous thin layer (i.e., monolayer on solid surfaces);
 • Epitheloid type, which have a round outline and do not form sheets like epithelial cells and do not attach to the substrate;
 • Fibroblast type, which are angular in shape and elongated and form an open network of cells rather than tightly packed cells, are bipolar or multipolar, and attach to the substrate; and
 • Connective tissue type, which are derived from fibrous tissue, cartilage, and bone, and are characterized by a large amount of fibrous and amorphous extracellular materials
  
 [image: File:Fibroblast-2.jpg]
 “Fibroblasts” by Subtle Guest derivative work: Mfigueiredo, Creative commons .org via wiki media commons is licensed under CC BY 2.5
 Types of primary cell culture
 The primary cell culture can also be divided into two types.
 Anchorage-dependent/adherent cells
 These cells require a stable nontoxic and biologically inert surface for attachment and growth and are difficult to grow as cell suspensions. Mouse fibroblast STO cells are anchorage cells.
 Anchorage-independent/suspension cells
 These cells do not require a solid surface for attachment or growth. Cells can be grown continuously in liquid    media. The source of cells is the governing factor for suspension cells.Blood cells are vascular in nature and are suspended in plasma and these cells can be very easily established in suspension cultures
 Secondary cell culture
 When primary cell cultures are passaged or subcultured and grown for a long period of time in fresh medium, they form secondary cultures. These are long lasting (unlike cells of primary cell cultures) due to the availability of fresh nutrients at regular intervals. The passaging or subculturing is carried out by enzymatic digestion of adherent cells. This is followed by washing and re-suspending of the required amount of cells in appropriate volumes of growth media.
 Secondary cell cultures are preferred as these are easy to grow and are readily available.They have been useful in virological, immunological, and toxicological research
 Cell line
 The primary culture, when subcultured, becomes a cell line or cell strain that can be finite or continuous, depending on its lifespan in culture. They are grouped into two types on the basis of the lifespan of the culture.
 Finite cell lines
 Cell lines with a limited number of cell generations and growth are called finite cell lines. The cells are
 slow growing (24 -96 hours). These cells are characterized by anchorage dependence and density limitation
 Indefinite cell lines
 Cell lines obtained from in vitro transformed cell lines or cancerous cells are indefinite cell lines and can
 be grown in monolayer or suspension form. These cells divide rapidly with a generation time of 12-14 hours and have a potential to be subcultured indefinitely. The cell lines may exhibit aneuploidy or heteroploidy due to an altered chromosome number. Immortalized cell lines are transformed cells with altered growth properties.
 HeLa cells are an example of an immortal cell line. These are human epithelial cells obtained from fatal cervical carcinoma transformed by human papilloma virus 18 (HPV18). Indefinite cell lines are easy to manipulate and maintain. However, these cell lines have a tendency to change over a period of time.
 Organ culture
 Whole organs from embryos or partial adult organs are used to initiate organ culture in vitro. These cells in the  organ culture maintain their differentiated character, their functional activity, and also retain their in vivo             architecture. They do not grow rapidly, and cell proliferation is limited to the periphery of the explant. As these cultures cannot be propagated for long periods, a fresh explanation is required for every experiment this leads to inter experimental variation in terms of reproducibility and homogeneity.
 Organ culture is useful for studying functional properties of cells (production of hormones) and for examining the effects of external agents (such as drugs and other micro or macro molecules) .
 Explant culture
 Fragments exercised from animal tissue may be maintained in a number of different ways.  The tissue adheres to the surface. This is aided by an extracellular matrix (ECM) constituent, such as collagen or a plasma clot, and
 it can even happen spontaneously. This gives rise to cells migrating from the periphery of the explant. This culture is known as a primary explant, and migrating cells are known as outgrowth. This has been used to analyze the growth characteristics of cancer
 Steps in Animal Tissue Culturing
 [image: A multiphoton fluorescence image of HeLa cells in culture. Various fluorescent stains have been used to show the DNA (cyan), microtubules (green), and Golgi apparatus (orange). (credit: modification of work by National Institutes of Health)]
 “a.Primary cell Culture and b.Continuous cell culture” by micrographs”: modification of work by Centers for Disease Control and Prevention) is licensed under CC BY 4.0
 	Preparation of Explant : Sterile surgical techniques are utilized to remove tissue from an animal. Common sources include malignancies, the liver, kidneys, and skin.
 	Tissue Disintegration : The following methods are used to separate tissue into individual cells or smaller pieces. Mechanical techniques like grinding or cutting are used . Collagenase and trypsin are examples of enzymes that aid in enzymatic digestion.
 
 	Preparing the Culture Medium  : Essential nutrients, vitamins, and salts are included in nutrient-rich medium (such as DMEM and RPMI-1640). serum for growth factors, such as fetal bovine serum. Antifungals and antibiotics are added to stop contamination.
 	Seeding : The medium is added to culture dishes, flasks, or bioreactors containing cells or tissues.
 	Incubation : Cultures are preserved under particular circumstances: The usual temperature is 37°C.
 CO₂ Levels: 5–10% CO₂ to keep the pH in check. Humidity: Keeps the medium from drying out.
 	Passaging (subculturing) : To prevent overpopulation, cells are moved to new media as they attain confluence.
 	Cryopreservation (Optional)  : For long term use   cells are stored in liquid nitrogen (-196°C). This is achieved by using  cryoprotectants like Dimethyl Sulphoxide (DMSO) and this process is referred as Cryopreservation
 
 Listen to the  Wikipedia audio article on Cell culture 
  
 
	

			
			


		
	
		
			
	
		

		8.7  Vaccines

					Vaccines

	Dr V Malathi

			

	
				Vaccines are biological preparations that are intended to produce immunity against particular illnesses. They stimulate the immune system to identify and combat the disease in the future by introducing antigens that are weakened, inactive, or fragments of a pathogen—into the body.
 Type of Vaccines
 Live Attenuated Vaccines
 This type of vaccine  contain a weakened (attenuated) form of the live pathogen. Though the pathogen is  live it is altered so that it  cannot cause disease in healthy individuals. Examples of such vaccines are Measles, Mumps, and Rubella (MMR) vaccine,Varicella (chickenpox) vaccine, Oral Polio Vaccine (OPV), Yellow Fever vaccine. These live attenuated vaccines are strong and long lasting. However these are not suitable for people with weakened immune systems and requires careful storage (cold chain).
 Inactivated Vaccines
 These vaccines are produced using a killed (inactivated) version of the pathogen. Examples:Inactivated Polio Vaccine (IPV),Hepatitis A vaccine ,Rabies vaccine. These vaccines are safer for people with weakened immune systems but usually requires multiple doses and booster shots for long-term protection.
 Subunit, Recombinant, Polysaccharide, and Conjugate Vaccines
 These vaccines are produced using specific pieces of the pathogen (like protein, sugar, or capsid). Examples: Hepatitis B vaccine,Human Papillomavirus (HPV) vaccine,Pneumococcal vaccine,Meningococcal vaccine. These vaccines have a targeted immune response and usually exhibit fewer side effects. These vaccines also require multiple doses for complete protection.
 Toxoid Vaccines
 Toxoid vaccines  use inactivated toxins (toxoids) produced by bacteria, which cause disease symptoms. Examples:Tetanus vaccine ,Diphtheria vaccine. These provide immunity against toxins and not against the pathogen itself. For sustained immunity booster doses are required.
 mRNA Vaccines
 This type of vaccines introduce  the messenger RNA (mRNA) into cells, instructing them to produce a protein that triggers an immune response.Examples: Pfizer-BioNTech COVID-19 vaccine, Moderna COVID-19 vaccine.These are advantageous as no live virus is involved but require cold storage
 Viral Vector Vaccines
 This type of vaccines use a harmless virus (vector) to deliver genetic material from the target  pathogen. Examples: AstraZeneca COVID-19 vaccine,Johnson & Johnson COVID-19 vaccine. These vaccines elicit a strong   immune response but a pre-existing immunity to the vector may reduce effectiveness of the vaccine
 DNA Vaccines (Emerging)
 This type of vaccines use DNA plasmids to introduce genetic material coding for antigens.Examples include some experimental vaccines like  Zydus Cadila’s COVID-19 vaccine. These vaccines are stable and still under extensive study.
  Essential steps in vaccine production using Biotechnology
 [image: File:Fimmu-11-579250-g004.jpg]
 “Vaccines” by Katie L. Flanagan, Emma Best, Nigel W. Crawford, Michelle Giles, Archana Koirala, Kristine Macartney, Fiona Russell, Benjamin W. Teh, and Sophie CH Wen, on behalf of the Australasian Society for Infectious Diseases (ASID) Vaccination Special Interest group (VACSIG), creativecommons.org via wikimedia commons is licensed under CC BY 4.0
 	Identifying the Antigen and Pathogen : To find the elements that can trigger a potent immune response, scientists investigate the target pathogen (bacteria, virus, or toxin).
 Common targets include: surface proteins, such as the SARS-CoV-2 spike protein. Toxins from germs such as diphtheria or tetanus that have been inactivated.
 	Choosing a Production Platform :
 
 a) Recombinant DNA Technology: The method involves  identification of the genes encoding the target antigen. Plasmids (small, circular DNA) are used to introduce these genes into a host organism, such as bacteria, yeast, or mammalian cells. The antigen is produced in huge quantities by cultivating the host organism in bioreactors. For instance, the Hepatitis B vaccine is made by generating the Hepatitis B surface antigen (HBsAg) from yeast cells.
 b) mRNA Technology: in this method the target antigen’s mRNA is produced in a laboratory. Lipid nanoparticles are used to transport the mRNA into human cells.Example: Pfizer-BioNTech and Moderna COVID-19 vaccines.
 c) Viral Vector Technology:  A harmless virus, such as an adenovirus, is genetically altered to contain the targe antigen’s genetic material. The altered virus undergoes purification and culture. For instance, the COVID-19 vaccinations from AstraZeneca and Johnson & Johnson.
 d) Protein Subunit Vaccines: In this method recombinant technologies or cell cultures are used to manufacture        certain pathogen proteins. After purification, adjuvants are added to these proteins to strengthen the immune          response. For instance, the COVID-19 vaccination Novavax.
 3. Cultivation and Fermentation : In regulated bioreactors, large-scale cultures of host cells—such as bacteria, yeast, or mammalian cells—are cultivated. The viral particles or antigen are captured, purified, and expressed.
 4. Purification :  Methods like chromatography and centrifugation are used to extract and purify the antigens or other vaccine components.This guarantees that there are no pollutants or impurities in the finished product.
 5. Formulation : Stabilizers, preservatives, and adjuvants—substances that boost the immune response—are combined with the purified antigen. Certain vaccinations, like mRNA vaccines, are delivered by encapsulation in lipid nanoparticles.
 6.Quality Control and Testing : Vaccines are put through extensive testing for safety and effectiveness (in clinical studies, animal models, and in vitro). The vaccines are checked for stability ,potency and batch-to-batch uniformity.
 7. Packaging and Distribution : The vaccine is sterilely packed in syringes or vials. To preserve vaccine integrity, distribution adheres to stringent handling and temperature guidelines. or example cold chain requirements for mRNA vaccines).
 Vaccine Components
 	Component 	Description 
 	  Antigen
  
 	  the vaccine’s active ingredient that triggers an immunological reaction.  
 
 	  Adjuvants
  
 	Component that increases the efficacy of the vaccinations. Adjuvants based on aluminum are used in most vaccinations. They aid the immune response by causing a variety of inflammatory substances to be produced at the injection site. The kidneys eliminate aluminum from the body through urine.  
 
 	  Preservatives
  
 	  Preservatives prevent a vaccine from becoming unintentionally contaminated. 2-phenoxyethanol is the most widely used preservative and can also be found in a variety of cosmetics, baby care products, and ear and eye drops.
 Thimerosal, a preservative containing mercury that is used in multi-dose vaccines to stop pathogenic germs or fungi from contaminating them, may cause clients to worry.
 
 	  Stabilizers
  
 	  Gelatin and other stabilizers prevent the vaccine’s constituents from separating and inhibit chemical reactions. Lactose, potassium, salt, and amino acids—the building blocks of proteins—are further stabilizers.
  
 
 	  Buffers
  
 	  When modest amounts of an acid or an alkali are introduced to a buffer solution, the pH of the solution does not change. Buffers maintain the vaccine’s pH close to that of the body. The buffer is frequently a salt.
  
 
 	  Adjusting tonicity
  
 	  A salt may be added to the vaccine to maintain its isotonicity and lessen local responses.  Sodium chloride, or regular table salt is frequently used for this purpose
  
 
 	  Surfactants and emulsifiers
  
 	  These substances have a detergent-like effect. Polysorbate 80, also known as Tween®, is a surfactant that is frequently employed. Oleic acid, an omega fatty acid, and sorbitol, a sugar alcohol, are used to make this. Foods like ice cream frequently include polysorbate.
  
 
 	  Formaldehyde
  
 	   
 The live germ or toxin used in some vaccines is detoxified or rendered inactive by formaldehyde. Most of it is eliminated via the purifying procedure. It is significant to remember that all human bodies contain trace levels of formaldehyde, which is necessary for DNA synthesis. Formaldehyde degrades rapidly in the body and in the environment. Furthermore, a baby’s body contains roughly ten times as much formaldehyde as a vaccine does.
  
 
 	  Antibiotics
  
 	  Antibiotics are included in some vaccines to stop bacteria from growing while the vaccine is being stored.
  
 
  
 Vaccine components table adapted from Vaccine Practice for Health Professionals: 1st Canadian Edition
 [image: A vaccine vial with six colour coded layers of vaccine components. Beginning at the top of the vial the components are listed as antigens, adjuvants, preservatives, stabilisers, buffers, and antibiotics. Beside the vial there is a thought bubble which states, ‘Since 2001, routine childhood vaccinations do not contain thimerosal.”]
 “Vaccines components” by Oona St-Amant; Jennifer Lapum; Vinita Dubey; Karen Beckermann; Che-Sheu Huang; Carly Weeks; Kate Leslie; and Kim is licensed under CC BY-SA 4.0
 Test your understanding
 
  An interactive H5P element has been excluded from this version of the text. You can view it online here:
 https://pressbooks.justwrite.in/interactive-biology-secondary/?p=327#h5p-122 
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				 	 isoprenoids
 	Branched lipids also known as terpenoids
 
 	, chloroplasts
 	
 	Cellulose 
 	Primary Structural component of plant cell wall
 
 	Chromoplasts
 	makes and stores plant pigments .These pigments give flowers their colour
 
 	granum
 	Each stck of thylakoid
 
 	macromolecules.
 	Carbon chains form the skeletons of most organic molecules and functional groups combine with this chain to form biomolecules. As these biomolecules are  large they are called  macromolecules
 
 	micro nutrients or trace elements
 	These are required only in small amounts by the cell. These elements include sodium (Na), potassium (K), magnesium (Mg), zinc (Zn), iron (Fe), calcium (Ca), molybdenum (Mo), copper (Cu), cobalt (Co), manganese (Mn), or vanadium (Va)
 
 	Microfilaments 
 	These are thin cytoskeletal fibres and they help in cellular components movements 
 
 	stomata
 	Apertures in the epidermis of plant cell bounded by guard cells
 
 	Aquaporins
 	These are channel proteins that allow water to pass through the membrane at very high rate
 
 	autotrophs
 	Organisms capable of making their own food
 
 	carbohydrates.”
 	Hydrated carbon atom chains
 
 	cell wall
 	is located outside the cell membrane . It gives shape,support and protect the cell
 
 	cell wall,
 	The cell wall is a structure external to the plasma membrane . The cell wall is a rigid covering that protects the cell, provides structural support, and gives shape to the cell. Unique component of plant cell.Fungal and protist cells also have cell walls.
 
 	cellulose
 	A polysaccharide comprised of glucose units
 
 	central vacuole
 	it contains water and dissolved substances . Maitains pressure against the inside of the cell wall
 
 	centrosomes
 	The centrosome is an organelle present in an animal cell that acts as the microtubule-organizing center of the cell. It also regulates the cell cycle
 
 	chloroplasts,
 	Like mitochondria, chloroplasts also have their own DNA and ribosomes. Chloroplasts function in photosynthesis and can be found in eukaryotic cells such as plants and algae
 
 	chyme
 	The semi liquid form of the food after digestion by stomach acids and enzymes 
 
 	Cilia
 	Brush-like projections of plasma membrane 
 
 	Cytokinesis
 	Division of cytoplasm
 
 	D-glucose
 	A hexose, most abundant monosaccharide in nature
 
 	Electron transport chain
 	The electron transport chain is a series of four protein complexes that couple redox reactions, creating an electrochemical gradient that leads to the creation of ATP in a complete system named oxidative phosphorylation. It occurs in mitochondria in both cellular respiration and photosynthesis
 
 	Exocytosis
 	The process of moving material out of the cell
 
 	flagella
 	Whip-like extensions of the plasma membrane
 
 	Glycogen
 	Primary energy storage molecules in animals and bacteria
 
 	Glycolysis
 	Glycolysis is a central metabolic pathway that is used by all cells for the oxidation of glucose to generate energy in the form of ATP (Adenosine triphosphate) and intermediates for use in other metabolic pathway.
 
 	heterotrophs
 	Organisms that depend on other organisms for their food
 
 	hopanoids
 	Compounds similar to cholesterol produced by bacteria
 
 	Karyokinesis
 	Division of the nucleus
 
 	Lactose
 	Milk sugar
 
 	Liposomes:
 	Lipid spheres made of bilayer sheets
 
 	lysosomes
 	A lysosome is a membrane-bound cell organelle that contains digestive enzymes. Lysosomes are involved in various cell processes like break down excess or worn-out cell parts, destroying invading viruses and bacteria,programmed cell death, or apoptosis.
 
 	macronutrients
 	The most abundant elements in cells , These include carbon, oxygen,nitrogen, phosphorous and sulfur
 
 	Maltose
 	Grain Sugar
 
 	Meiosis
 	The process of cell division of the gametic cells
 
 	Microtubules
 	These are thickest cytoskeletal fibres ,they help in organelle movement . The pull the chromosomes to their poles during cell division
 
 	Microvilli
 	Finger-like projections of plasma membrane . They help in absorption 
 
 	Mitosis
 	Process by which the somatic cells divide
 
 	Peptide bond,
 	This bond is formed by the reaction of the carboxylic acid group of one aminoacid molecule with the amine group of another aminoacid molecule.
 
 	peristalsis
 	Wave like muscle contraction by which the food moves through the esophagus.
 
 	Phagocytosis
 	The process of cell eating
 
 	photosynthesis
 	The process by which plants make their own food like sugar and starch using carbon dioxide ,water and sunlight and liberate oxygen
 
 	Pinocytosis
 	Process of cell drinking
 
 	plasma membrane
 	The plasma membrane, also called the cell membrane, is the membrane found in all cells that separates the interior of the cell from the outside environment. In bacterial and plant cells, a cell wall is attached to the plasma membrane on its outside surface
 
 	plasmodesmata,
 	Plasmodesmata (singular = plasmodesma) are junctions between plant cells,
 
 	plastids
 	any of a class of small organelles in the cytoplasm of plant cells, containing pigment or food.
 
 	Starch
 	Energy storage molecule in plants
 
 	sterols
 	Most common type of steroids
 
 	stroma.
 	Fluid within the inner membrane of the chloroplast that surrounds the grana
 
 	Sucrose
 	Table sugar
 
 	thylakoids.
 	A set of interconnected and stacked fluid filled membrane sacs seen within the inner membrane of the chloroplast
 
 	Transcription.
 	It is the process by which cells copy a particular portion of its DNA nucleotide sequence—a gene—into an RNA nucleotide sequence.
 
 	Translation
 	The molecular process of protein synthesis
 
 	translation.
 	Translation is the process of conversion of nucleic acid information into amino acids.
 
 	Tri carboxylic acid cycle
 	TCA cycle or tricarboxylic acid cycle is also known as citric acid cycle or kreb's cycle and occurs in the matrix of mitochondria.The TCA cycle plays a central role in the breakdown, or catabolism, of organic fuel molecules.
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