BIOLOGY

GRADUATION TEST REVIEW

OBJECTIVE:
Explain the significance of biology


Explain the significance of biology (impact on daily life)


Explains the use of biology in daily life.


Defines biology and major divisions (botany, zoology, genetics, etc.)

WHY STUDY BIOLOGY?


Biology is the study of life and living organisms.  An organism is a complete, individual, living thing.  All organisms are formed from the same basic building block – cells.  Most cells are so small that you cannot see them.  Cells are not only the structural units of living things, they are the functional units as well.  They are the smallest units that carry on the activities of life.


People study biology for a variety of reasons, which include improving the lifespan and health of human beings.  This is done through the study of medicine, nutrition, and diseases.  People study biology because they are curious about themselves and the world around them.

DIVISIONS OF BIOLOGY


Originally, there were two fields of biology, only botany and zoology.  Now there are many.

1.  Anatomy

The study of the external and internal structures of organisms.

2.  Biochemistry

The study of the chemical make-up and processes of organisms.

3.  Botany

The study of plants.

4.  Cell Biology

The study of the structure and activities of living cells.

5. Ecology
The study of how organisms interact with one another and with their environments.

6. Evolutionary Biology
The study of how organisms have changed throughout time.

7. Genetics
The study of heredity, or how traits are transmitted from one generation to another.


8. Microbiology
The study of organisms too small to be seen without a microscope.

9. Physiology
The study of how organisms carry on their life processes and how various parts of the organisms perform their special functions.

10. Zoology

The study of animals.

11.  Immunology

Study of infection protection

OBJECTIVE:
Explain the cellular basis of life.

Distinguishes between living and nonliving things (characteristics of living things.)
CHARACTERISITICS OF LIVING THINGS

There are several criteria you must use to determine if something is living or not.

1. Organisms are highly organized.  Every living cell is a highly complex structural and chemical system.

2. Organism use energy.  All living things need energy because they are constantly building the substances that they need.  The sum of this chemical building up and breaking down is known as metabolism.

3. Organisms grow and develop.  Growth always takes place in a specific way and this is different for each kind of organism.

4. Organisms cannot live forever.  Every organism will eventually die although the lifespan of different organisms is different.

5. Organisms reproduce themselves.  One of the most vital activities of living things is the production of offspring.

6. Organisms respond to stimuli.  Any condition to which an organism responds to is called a stimulus.  What an organism does as a result of the stimulus is a response.  The ability to respond to stimuli is typical of all living organisms.  This property is called irritability.

7. Organisms adjust to their environment.  To survive, an organism must adjust to changes in its environment.  Any change in an organism that makes it better suited to its environment is called an adaptation.

State the cell theory.

THE CELL THEORY

Several scientists, between 1660 and 1830, studied the cell.  Three of the scientists’ findings are summarized in the cell theory:

1. All organisms are composed of cells.  (Schleiden and Schwann)

2. Cells are the basic units of structure and function in organisms.  (Schleiden and Schwann)

3. All cells come from preexisting cells.  (Virchow)

The virus does not fit this theory.  It is a packet of nucleic acid wrapped in a protein coating.  It possesses only a few structures of a cell.  It relies on cells to help it reproduce.  It cannot reproduce on its own.

Differentiates between prokaryotes and eukaryotes.

Distinguish between unicellular and multicellular organisms.

DIFFERENCES IN CELLS


Cells can be grouped according to their similarities and differences.  All cells can be divided into two categories – prokaryotes and eukaryotes.


A prokaryote is a cell that lacks a true nucleus and does not have membrane bound organelles.  The DNA in a prokaryote is a single circular molecule.  They have no mitochondria, chloroplasts, Golgi bodies, lysosomes, vacuoles, or endoplasmic reticulum.    They do have a cell wall and a cell membrane.  Bacteria and blue-green algae are prokaryotes.


A eukaryote is a cell that possesses a well-defined nucleus surrounded by a nuclear membrane.  The DNA is in the form of complex chromosomes.  The organelles are membrane bound.  There is a greater division of all the jobs to be done in an eukaryotic cell.  These cells are found in plants, animals, fungi, and protists.


Eukaryotic cells also differ between plants and animals.  Plant cells contain three structures not found in animal cells – cell walls, large central vacuoles, and plastids.  Centrioles are found in some, but not all types of plant cells.  They are found in all animal cells.

Identify common cell organelles and describes the function of each (in diagrams and microscopic examinations).

STRUCTURE AND FUNCTION OF CELLS

Cells differ in size, shape, and function.  But most cells share several common traits.  There are two main cell types: Animal and Plant.  Both of these cell types have the following ORGANELLES (cell structures):

Nucleus:
controls the activities of the cell and holds the DNA.  The “brain” of the cell.

Cytoplasm:
gel-like substance in which most of the cell’s life processes take place.

Vacuole:
storage containers for food, water, and other materials.  Not all animal cells have vacuoles.  The interior of plant cells has one large one.

Chromosomes:
contain complex genetic information that directs all the cell’s activities.  Located in the nucleus.

Cell membrane:
outer covering of the cell.  It regulates what enters or leaves the cell.

Mitochondria:
supplies the energy that the cell needs to do work.  They release this energy from the nutrients taken up in the cell.

Endoplasmic Reticulum (ER):
transports proteins from one part of the cell to another.  It is the internal support system for the cell.  There are two types – rough ER (contains ribosomes) and smooth ER (no ribosomes)

Ribosome:
Attached to ER, they make the proteins.  Ribosomes are located either on the endoplasmic reticulum or free within the cytoplasm of the cell.

Lysosomes:
storage containers that hold enzymes that break down larger food molecules into smaller ones.

Golgi Bodies
areas for the storage and packaging of chemicals.  They are formed from pinched off ER.  They look like flattened balloons.

Microtubules
long, slender tubes that hold the cells more rigid.  They support the cell and maintain its shape.

Spindle Fibers
microtubules that appear during cell division.  These are temporary structures that help guide the chromosomes through the cytoplasm.

Centrioles
small dark bodies located outside the nucleus in many cells.  They exist in pairs and perform a function only during cell division.  They appear only in animal cells.

Cilia
short, threadlike projections that stick out on the surface of the cell.    They aid in locomotion as well as moving substances along the surface of the cell.

Flagella
Long hairlike projection that sticks out on the surface of the cell.  There are usually just one or two per cell.  They aid in the locomotion of unicellular organisms.

Plant cells also have:

Cell wall:
rigid wall that supports and protects the cell and is located outside the cell membrane.

Chloroplasts:
a plastid that stores chlorophyll.  It allows plants to make their own food by converting light energy into chemical energy.

Plastids:


storage containers that hold food or pigments.

OBJECTIVE:
Analyze the transport of materials through cell membranes.


Explain homeostasis.
Explain the role of homeostasis in maintaining life.


Cites examples of homeostatic mechanisms in unicellular and multicellular organisms.

CHANGING TO STAY THE SAME


An important property of living things is the ability to maintain a nearly constant internal environment.  This is important because cells are extremely delicate.  They cannot tolerate a change in temperature and the surrounding concentration of chemicals cannot change much.  Cells might shrivel up like raisins or swell and burst.  You can compare the maintenance of the cell’s environment to that of a greenhouse.  The internal environment of a greenhouse is maintained so that the conditions are favorable for plant growth.


Not only do cells have to adjust to a changing environment, but they also have to adjust to the activity of the moment.  They may need to produce extra fuel to help your muscles run a race, they may have to make your lungs and heart work harder, and they may have to release extra heat generated by the hard work of these cells.  


Keeping this delicate balance is called homeostasis.  This is a self-adjusting balance of all the life functions and activities.

Describes processes whereby substances enter and leave the cell (passive and active transport mechanisms).

THE MOVEMENT OF MATERIALS


In liquids and gases, the movement of molecules is totally random.  The molecules in a liquid are confined to a space, for instance a beaker, but they can move anywhere within the liquid in the beaker.  Gas molecules are free to move anywhere within a container.  This constant movement of molecules is referred to as Brownian movement.


When we study cells, we are primarily concerned with the movement of molecules in a liquid.  All the substances important to life are often part of a solution.  A solution is a mixture where the molecules of one substance are evenly spread out in the molecules of another.  The substance that makes up the greater part of the solution (or the substance doing the dissolving) is called the solvent.  The molecules in the smaller amount (or the substance being dissolved) are called the solute.  In salt water, water is the solvent and the salt is the solute.  Water is the solvent of most solutions involved in cell activities.

Diffusion


Diffusion is the process by which molecules of a substance move from area of higher concentration to areas of lower concentration.  Think of a drop of food coloring in a beaker of water.  The drop is initially very concentrated.  Gradually the color molecules move throughout the whole beaker of water until the entire beaker is the same color.  The net, or overall, movement of the molecules results in a uniform concentration of food coloring throughout the whole beaker.  Diffusion is one of the major mechanisms of molecular transport in cells.  Many materials move into, out of, or through the cells due to diffusion.


The difference between the concentration of molecules of a substance from the highest to the lowest concentration is called a diffusion gradient.  Molecules move from the higher area of concentration to the lower area along this concentration gradient.  The steeper the gradient, the faster diffusion occurs.

Osmosis


The cell membrane controls what enters and leaves the cell.  They are selectively permeable.  This means they allow only certain substances to pass through them into or out of the cell.  The cell membrane is a lipid bilayer with proteins planted in it.  Oxygen and carbon dioxide can pass right through the membrane, but water cannot.  Water and other molecules that cannot dissolve in lipids pass through the cell through openings made by proteins in the membrane.


Water diffuses into cells by osmosis.  Osmosis is the diffusion of water through a membrane.  Water makes up 70-95% of a cell.  Since water is the most abundant substance in cells, its movement into and out of the cell is very important.  The cell has no control over osmosis.  It occurs due to differences in concentrations inside the cell and outside the cell.  Water will move back and forth across the cell membrane until equilibrium is reached.  Water molecules will always move to the area where they can make the water purer or “fresher”.

Compare the reaction of plant and animal cells in solutions of different solute concentrations (isotonic, hypertonic, and hypotonic solutions).


The movement across a cell membrane depends on the concentration gradient of the water across that membrane.  The concentration of water on each side of the cell membrane is determined by the concentration of the dissolved substances (solutes) in the water solution.


In an isotonic solution, the concentration of solutes outside the cell is the same as the concentration inside the cell.  They are equal.  In a hypertonic solution, the concentrations of the solutes outside the cell is greater than that inside the cell.  “Hyper-“ means more than, so there is more outside.  In hypotonic solutions, the concentration of solutes outside the cell is lower than that inside the cell.  "“Hypo-"“means less than, so there is less outside the cell.


Freshwater plants often exist in hypotonic solutions.  As water flows into the cell, the cell swells and increases its internal pressure.  (The cell inside has less fresh water, so the fresh water moves into the cell to try and make it more “fresh”.)  This is called turgor pressure (pressure built up as a result of osmosis).  Excess water is often stored in the large central vacuole.  The cell pushes against its cell wall and the cell stiffens.  This causes the plant to become more rigid.


In animal cells, if water flows in unchecked, the cell will swell and burst.  Cells have ways to get rid of the excess water.  Unicellular organisms have a contractile vacuole which pumps excess water out of the cell.  Freshwater fish remove excess water through their gills.


In a hypertonic solution, cells can shrivel up because more water flows out of the cell than into it.  Drinking seawater is dangerous to humans because the ocean is hypertonic with relation to the human body.  Drinking salt water causes the body’s cells to lose water through osmosis.  The cells lose more than they take in. 

OTHER MEANS OF TRANSPORT


Carrier molecules are proteins in the cell membrane that transfer large molecules or molecules that cannot dissolve in the lipids that make up the cell membrane.  They pick up molecules on one side of the membrane and carry them across to deposit them on the other side of the membrane.


Facilitated diffusion involves the use of a carrier molecule but follows the rules of simple diffusion – the molecules will move from an area of higher concentration to an area of lower concentration.  The carrier molecule speeds up the diffusion process.  The cell does not expend energy in this process.


Active transport is another transport method using carrier molecules.  Active transport is the movement of materials against the concentration gradient.  In active transport, molecules are moved from an area of low concentration to an area of high concentration.  This process requires energy.

OBJECTIVE:
Recognize that life has a chemical basis.

Demonstrate an understanding of basic chemical principles (phases of matter, atomic structure, bonding, acids, and bases).

BASIC CHEMISTRY

Properties of Matter


Every kind of matter has specific properties, or characteristics, that distinguish it from every other kind of matter.  There are two types of properties – physical and chemical.  Physical properties are characteristics that can be determined without changing the basic make-up of the substance.  For instance, you can measure the mass, volume, and hardness of a substance without changing it.  Chemical properties describe how a substance acts when it combines with other substances to form entirely different kinds of matter.


A substance can undergo a change in its physical properties without changing its chemical properties.  This is called a physical change.  Examples of this include ice melting into liquid water, a quartz rock breaking into grains of sand, or dry ice subliming into gaseous carbon dioxide.

Matter can be classified into three main states of matter – solids, liquids, and gases. Solids have definite shape and definite volume. For the most part, solids can be carried around without the help of a special container. The molecules or atoms in a solid are densely pack together and vibrate back and forth in their own space.  The atoms cannot change positions.  Examples:  rock, paper.

Liquids have no definite shape and a definite volume.  They take on the shape of the container that they are in.  The molecules or atoms in a liquid are packed together, but not as densely as a solid.  They can slide around each other but cannot break apart.  Examples: water, mercury.

Gases have no definite shape and no definite volume.  They expand to take on the shape and volume of the container they are in.  A gas’ molecules or atoms have more energy that a solid or liquid and they can go anywhere within their container.  Examples: helium, air.

Each of the three main states of matter can change into another state by going through a phase change.  Phase changes are physical changes where the properties of the substance change, but the substance remains the same kind of matter. Substances are made to change phases by adding or taking away heat energy.  There are five phase changes. 

Melting



solid becomes liquid

absorbs heat

Vaporization (boiling)

liquid becomes gas

absorbs heat

Sublimation


solid becomes gas

absorbs heat

Freezing



liquid becomes solid

loses heat

Condensation


gas becomes liquid

loses heat


A substance can also undergo a chemical change.  A chemical change involves changing a substance into something new, a substance that has different physical and chemical properties.  For example, when vinegar is added to baking soda, the resulting combination fizzes, producing hydrogen gas and a new compound called sodium acetate.  You experience chemical changes everyday.  Every time you eat, your food undergoes chemical changes to convert the food into energy.

Building Blocks of Matter


The building blocks of matter – living and nonliving alike – are called atoms.  Atoms are composed of even smaller parts – protons, neutrons, and electrons.  There are 92 natural elements found on earth.  The rest of the elements on the periodic table are man-made.  Elements cannot be broken down chemically into smaller substances.


Atoms join together to form molecules.  A molecule is the smallest part of a compound.  A compound is when two or more elements chemically combine to form a new substance.  The basic materials of living materials are complex compounds.

Acids and Bases


Acids are compounds that release hydrogen ions (called hydronium ions, H+) in water and increase the concentration of H+ ions in the solution.  The more H+ ions there are in a solution, the more acidic the solution is.  The fewer H+ ions there are in a solution, the more basic the solution is.  Bases are the chemical opposites of acids.  They release OH‑ ions or accept hydrogen, H+, ions (also called hydronium ions).

Identifies the elements of the earth’s atmosphere and crust that comprise living cells.


There are six elements that are especially important to life: carbon, hydrogen, nitrogen, oxygen, phosphorus, and sulfur (CHNOPS).  There are about twenty others that play lesser roles.  Iron, iodine and other trace elements make up less than 0.1% of the human body, but must be present for the body to function normally.

Explains the special role of water in living systems.

WATER


Water is an inorganic compound for living organisms.  Most cellular activities take place in water solutions.  Water is important to living things because it is an excellent solvent and it has a high heat capacity.  This means it can absorb and release a great deal of heat without changing temperature.  This helps keep organisms from overheating or freezing.


The chemical structure of a water molecule explains its effectiveness as a solvent and its high heat capacity.  The single oxygen atom in a water molecule strongly attracts the electrons of the two hydrogen atoms.   As a result, the oxygen atom in a water molecule has a slight negative charge, while each of the hydrogen atoms has a slight positive charge.  The opposite charges found at either end of the molecule make water a polar molecule.  Polarity makes water an excellent solvent.  It attracts other polar molecules as well as ions.


Water has a high heat capacity because water molecules also attract each other.  When water is heated, most of the heat energy is used first in breaking the bonds between water molecules.  Then only a relatively small amount of heat energy is available to increase the movement of the molecules and raise the water’s temperature.

Describes the four basic types of organic compounds (carbohydrates, lipids, proteins, and nucleic acids) and their functions.

ORGANIC COMPOUNDS


Carbon forms the backbone of all organic molecules.  Only carbon is versatile and stable enough to make up the tremendous variety of molecules that are found in living things.  Organic molecules are constructed of basic units called monomers.  When two monomers combine chemically, they form a new compound.  When two or more monomers combine to produce water and a new compound, the new compound is called a polymer.

Carbohydrates


Carbohydrates are organic compounds that contain carbon, and hydrogen and oxygen in the same ratio as water.  That is, two hydrogens to every one oxygen.  Carbohydrates that you are familiar with are sugars and starches, such as glucose and cellulose.  Carbohydrates like cellulose are used as structural materials.  Carbohydrates like glucose provide quick energy or store energy in cells. The largest carbohydrates are called polysaccharides.  These molecules consist of hundreds of monomers of glucose or simple sugars.  Plants store food in the form of starch, a polysaccharide of glucose.  Animals store excess sugars as glycogen, another polymer of glucose.  Cells break down glycogen or starch and energy is released.

Lipids











Lipids are a chemically diverse group of substances that include fats, oils, and waxes.  Examples include butter, beef fat, and olive oil.  Lipids also contain carbon, hydrogen, and oxygen like carbohydrates, but lipids are more complex than carbohydrates.  All lipids are insoluble in water.  They serve mainly as storage of energy in living things.  They provide the most stored energy and usually have the most calories.  Lipids are also part of the cell membrane and thus help regulate what enters and leaves cells. 


Many lipids have a backbone that is a three-carbon molecule called glycerol to which three fatty acids are attached.




Proteins


Proteins are basic building materials of all living things.  Protein molecules contain carbon, hydrogen, and oxygen.  But unlike carbohydrates and lipids, they also contain nitrogen, sulfur, and other elements.  All proteins are made of monomers (single molecules) called amino acids.  Examples of proteins include egg whites, gelatin, and hair. 


There are 20 amino acids.  These amino acids combine to form polypeptides.  All proteins consist of polypeptides.

Nucleic Acids


Nucleic acids are a class of organic compounds that carry all instructions for cellular activity.  There are two kinds of nucleic acids.  Deoxyribonucleic acid, DNA, records the instructions and transmits them from generation to generation.  Ribonucleic acid, RNA “reads” the instructions and carries them out.

OBJECTIVE:
Explain the cycle of photosynthesis and respiration.

Diagram and explain the ATP-ADP cycle.

ENERGY FOR LIVING CELLS


Cells require chemical energy to make tasks necessary for life.  This energy is stored in the form of chemical bonds between atoms in food.  The energy is taken from the food and stored in molecules that can provide the energy where it is needed in the cell.


Many reactions in the body are endergonic.  

This means that they require energy to keep them 

going.  In most cases, a molecule called ATP 

             ATP

(adenosine triphosphate) provides this energy.  

ATP consists of a sugar, base, and a chain of three 






phosphates.  The bond that holds the second and 

         P



P

third phosphate together is easily broken.  Enzymes 

             ADP

help ATP to transfer this phosphate to another 

molecule.  When this transfer takes place, energy is 

released that drives the chemical reactions in a cell.


For ATP to be effective, it must lose its final phosphate.  The phosphate is returned to ATP by adding a P to ADP.  The series of reactions between ATP and ADP form a cycle.  See the diagram to the right.  Think of it as a battery that is continually recharging itself.  The phosphate group is returned to ATP during a process called cellular respiration.  Glucose is broken down and the energy in its bonds is transferred to the energy bonds of ATP.  

List reactants, products, and other requirements of photosynthesis.

PHOTOSYNTHESIS


The ultimate source of the energy that powers cells is the sun.  Green plants and other organisms capture the light energy of the sun through the process of photosynthesis.  Photosynthesis requires light, chlorophyll, and raw materials.  Enzymes are also needed for the reactions to proceed.  Chlorophyll in the plants traps the light of the sun.  Carbon dioxide from the air and water from the ground are the raw materials for the process of photosynthesis.  Glucose is the end product.  Oxygen and water are also given off.

              enzymes,





         light, chlorophyll

6CO2  +  12H2O            (           C6H12O6  +  6O2  +   6H2O


The purpose of photosynthesis is to store the energy of the sun in the bonds of the glucose molecules.  These molecules are then used by organisms to provide energy for cellular activities.  The energy is removed from the glucose in a process called respiration.

List reactants, products, and other requirements of respiration.

RESPIRATION


Cellular respiration involves breaking the chemical bonds of organic food molecules and releasing energy that can be used by the cells.  The food molecules were the ones produced in plants during the process of photosynthesis.


Respiration involves several steps.  Glycolysis is the first step where glucose is broken down into a compound, pyruvic acid, and energy for 2 ATP.  From there, the pyruvic acid goes through Krebs cycle and releases energy for 36 ATP.  Glycolysis occurs in the cell’s cytoplasm and Krebs cycle occurs in the mitochondria.


Respiration requires glucose and oxygen and it produces carbon dioxide, water, and energy. 

enzymes

C6H12O6  +  6O2     (     6CO​2 +  6H2O  +  energy


The end result of respiration is the energy gain of 38 ATP.  Remember that plant and animal cells use ATP to run the chemical reactions they need to survive.

OBJECTIVE:
Explain the structure of DNA and RNA and their role in protein synthesis.


Describe the double helix model.

Explains the structure of DNA and RNA.


Describes the double helix model.

DNA

DNA is the genetic material of living things.  It is contained in the nucleus of  most organisms.  DNA stands for DeoxyriboNucleic Acid.  DNA contains three parts - nitrogen bases, a five carbon sugar, and a phosphate group.  The nitrogen bases are called adenine, guanine, thymine, and cytosine.  Each of these bases are attached to a sugar - deoxyribose, and a phosphate group.  Each unit that includes a base, sugar, and phosphate is called a nucleotide.

DNA is shaped in a double-helix.  A double-helix looks like a spiral staircase or a twisted ladder.  The sides of the helix are the phosphate groups and sugar molecules and the rungs on the helix are the nitrogen-carrying bases.  The bases pair up in a specific pattern.  Adenine always pairs with thymine and guanine always pairs with cytosine.

To give you an idea of size, all 46 of the human chromosomes are composed of more than 5 billion nucleotides.

The pairs of nucleotides that appear on the helix can appear in any order.  The sequence of the nucleotides is the code that controls the production of all the proteins of an organism.  A gene is a sequence of nucleotides that controls the production of a polypeptide (large protein) or an RNA molecule.

RNA

If DNA is located in the nucleus and the synthesis of proteins takes place in the ribosomes located in the cytoplasm, then there must be a way for DNA to instruct the ribosomes in protein production without leaving the nucleus. RNA acts as a messenger between DNA and the ribosomes.  RNA stands for RiboNucleic Acid.

RNA is similar to DNA in many respects, but differs in three important ways.  The sugar in RNA is ribose, not deoxyribose.  Also, uracil replaces thymine as a nitrogen base in RNA.  Finally, RNA is usually a single strand unlike DNA’s double-helix.

There are three types of RNA.  Messenger RNA (mRNA) carries the sequence of nucleotides from the DNA in the nucleus to the ribosomes.  Transfer RNA (tRNA)  picks up individual amino acids and brings them to the ribosome.  The amino acids are then joined together in proper order to form a protein.  Ribosomal RNA (rRNA) is contained in the ribosome and helps to bind mRNA and tRNA together in one step of protein synthesis.


Summarizes the processes of replication, transcription, and translation.

REPLICATION


Replication is the process in which DNA duplicates itself.  Remember that each new cell gets a copy of the genetic code.  DNA replicates before cell division.  During replication several steps take place.  

a.  Unzips  -  First, the chemical bonds between the nucleotides in the double-helix break and the double-helix splits into single strands.

b.  Attachment  -  Special enzymes bring the correct nitrogen base to pair with the complementary base on the strand.  Other enzymes link the new nucleotides into one long strand.  Each thymine pairs with an adenine.  Also, each guanine pairs with cytosine.

Each completed DNA molecule contains one old strand and one new strand.  ATP and the action of the enzymes power the entire process.

TRANSCRIPTION


Transcription is the process whereby mRNA is copied from DNA molecules.  This process transfers the DNA code to molecules of mRNA.  Several steps occur.

a.  Unzips  -  The DNA double-helix separates, exposing the two strands.  One of these strands will serve as a template for mRNA.

b.  Attachment -  mRNA nucleotides bind to their complementary pairs on the DNA.  The DNA strand determines the sequence of mRNA pairs.  The sequence of bases on the mRNA is a code for amino acids.  

c.  Removal  -  Once the mRNA is made, it detaches from the DNA and the DNA reattaches to the other DNA strand to become a double-helix again.

The code in the mRNA allows it to collect the right amino acids and assemble them in the correct sequence to synthesize a particular protein.  Each code is a three letter word with a base standing as a letter.  Each three letter code is called a codon.

TRANSLATION


The mRNA carries the codon information to the ribosome in the cytoplasm.  Translation is the process where the ribosome attaches to mRNA and carries out the formation of a protein.  Several ribosomes are involved in translation thus allowing one mRNA molecule to repeatedly produce a specific protein molecule.


The ribosome is made up of two parts.  The smaller part attaches to the mRNA.  The larger part contains a enzyme that helps to link amino acids together to form a protein.  The tRNA brings specific amino acids to the ribosome to be joined to a forming protein strand.  Each tRNA has an amino acid attached and an anticodon.  The anticodon pairs with a codon on the mRNA and thus amino acids are added in proper sequence.

       RIBOSOME

OBJECTIVE:
Describes the process of cell division, mitosis, and meiosis in sperm and egg formation.


Identifies the stages of mitosis.

States the significance of mitosis to unicellular and multicellular organisms.

MITOSIS


Mitosis is a type of cell division, which generates two daughter cells with identical components, and DNA of the mother cell.  Growth occurs when multicellular organisms increase their number of cells through cell division.  Mitosis maintains the chromosome number and generates cell replacement, maintenance, and repair of the organism.


There are several words that you should know:

Centriole: 
Cylindrical structures, which exist in pairs that are attached to spindle fibers.  They only appear during cell division and are only in animal cells.

Centromere:
The point at which the chromatids are held together.

Chromatid:
Each chromosome is composed of two joined strands called chromatids.  Each chromatid is a duplicate of its partner.

Spindle Fibers:
These are long rigid tubes (microtubules) that appear during cell division.  Temporary structures that help more chromosomes move through the cytoplasm.    

There are several stages involved in cell division:

1. INTERPHASE – this is the time between the formation of a cell through cell division and the beginning of the next mitosis.  The cell prepares for division by duplicating DNA, producing the necessary organelles, and putting together any structures needed for mitosis.

MITOSIS

2. PROPHASE – this phase takes up 60% of the total time for mitosis.  During this stage, the chromosomes coil up into short rods called chromatids.  The nuclear membrane breaks down and disappears.  Spindle fibers appear between the centrioles and the chromosomes attach to the spindle fibers at their centromere.

3. METAPHASE – Chromosomes become arranged along the cell’s equator or middle.  Each centromere is attached to a separate spindle fiber.

4. ANAPHASE – Each chromatid separates in each pair.  Spindle fibers shorten and pull the two chromatids apart.  The single chromatids move to the opposite ends of the cell.

5. TELOPHASE – After the chromosomes have reached opposite ends of the cell, the spindle fibers disappear.  The nuclear membrane reforms and the chromosomes uncoil.  The cell membrane pinches together and a groove or furrow forms.  The cell then separates into two daughter cells.  This portion of cell division is called cytokinesis.  In plant cells, a cell wall forms in the middle of the cell and extends outward to the cell membrane until it separates the two daughter cells.

Compares meiosis in sperm and egg formation (cell number, cell size, and chromosome number).

MEIOSIS

Meiosis is a process in which the normal number of chromosomes in a cell is 

reduced by half or a HAPLOID number.  Chromosomes in cells occur in pairs called homologous chromosomes.  Cells that have homologous chromosomes are said to have DIPLOID (2n) number of chromosomes.

Sex cells or gametes must have a haploid number of chromosomes.  When two gametes combine (sperm fertilizes egg), then the cell has a full compliment of needed chromosomes.







Meiosis requires two subsequent cell divisions – two nuclear divisions and one DNA replication.  In Meiosis I, the homologous (paired) chromosomes separate.  During Meiosis II, the chromatids of each chromosome separate.

Meiosis I is just like mitosis.

INTERPHASE I:
DNA replicates so there are twice as many chromosomes (2n).

PROPHASE I:
The chromosomes coil up into short rods called chromatids.  The nuclear membrane breaks down and disappears.  Spindle fibers appear between the centrioles and the chromosomes attach to the spindle fibers at their centromere.

METAPHASE I:
Chromosomes line up along the cell’s equator.  Each centromere is attached to a separate spindle fiber.  There are four chromatids and two centromeres to each pair of chromosomes.

ANAPHASE I:
Pairs of homologous chromosomes separate.  The centromeres DO NOT divide.  Paired chromatids are moving to opposite ends of the cell.

TELOPHASE I:
The cell then separates into two daughter cells.  Chromosomes are still joined by centromeres.  Both cells under further division in Meiosis II.

INTERPHASE II:
Nothing happens.  DNA does not replicate.  This is a resting stage.

PROPHASE II:
Centrioles replicate in animal cells and move to opposite ends of the cell. Spindle fibers re-form between the centrioles and the chromosomes attach to the spindle fibers at their centromere.  The nuclear membrane breaks up if it formed during interphase II.

METAPHASE II:
Chromatids line up along the cell’s equator.  Each centromere is attached to a separate spindle fiber.  There are two chromatids and one centromere.

ANAPHASE II:
The chromatids separate and the centromeres divide.  Chromatids move to opposite ends of the cell.

TELOPHASE II:
The second cytoplasm division occurs.  Each cell separates into two daughter cells.  So there are now four cells.  The nuclear membrane re-forms and the spindle fibers dissolve.

RESULT:
Four cells are formed.  Each has half the number of chromosomes (haploid).

OBJECTIVE:
Explain and use the basic Mendelian genetic principles


Define important genetic terms.

GENETICS


The study of heredity is called genetics.  Modern genetics is based on the knowledge that traits are transmitted by means of chromosomes.  Offspring resemble their parents because they carry their parent’s genetic material in units called genes.  

Gregor Mendel studied the inherited traits in pea plants.  He knew nothing about chromosomes and yet he was able to discover the basic principles of heredity.  Mendel had logical experimental methods and he had careful record keeping.  From his study, we can predict the percent of characteristic traits that will be passed off to offspring.

Some words you should know:

1. Heredity - the passing of traits from parents to offspring.

2. Genetics - scientific study of heredity.

3. Chromosomes - transmits traits through the egg and sperm (in their nuclei).

4. Genes – located on the chromosome, they are the units of heredity.

5. Gregor Mendel – Father of genetics.  He studied the pea plant because it was readily available.  The plants grew quickly, had a large number of offspring, and Mendel could control plant reproduction and contrasting traits.  His theory was not accepted at the time because there was no cell theory and no one had seen a chromosome.

6. Dominant – traits that express themselves.

7. Recessive – traits that are hidden.

8. Allele – two copies of a gene for every trait.  They may be the same (homozygous) or they may be different (heterozygous).

9. Genotype – the set of alleles an individual receives.

10. Phenotype – The appearance of the trait or allele that is expressed.

11. Cross Pollination – Taking the pollen from one plant and using it to fertilize another plant.

12. Self-Pollination – A plant uses its own pollen to pollinate (fertilize) itself.

13. Hybrid – offspring from parents with different characteristics (heterozygous).  

14. Purebred – offspring from parents with identical characteristics (homozygous).

15. Principle of Dominance – one gene in a pair may prevent the other gene from being expressed.  A dominant gene masks another.  A recessive gene is masked by dominant.  Dominant traits are given capital letter and recessive genes are given lower case letters.

Given parental genotypes, predict the phenotype and genotype probabilities of subsequent generations.

THE PUNNET SQUARE


The Punnett Square is a grid to help scientists show all the possible gene combinations for a cross.  Dominant traits are symbolized by capital letters and lower case letters symbolize recessive traits.  


Looking at the Punnett Square below, see if you can verify the following information:
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a. There are four offspring produced.  

b. One will be homozygous tall phenotype and genotype.

c. Two will be heterozygous phenotypes, but tall genotypes.

d. One will be homozygous short phenotypes and genotypes.

e. Genotype:  25% TT, 50% Tt, 25% tt

f. Phenotype:  75% tall, 25% short

OBJECTIVE:
Describe patterns of inheritance and genetic engineering.

Relates normal patterns of genetic inheritance to genetic variation (crossing over).

CHROMOSOMES AND GENETICS


Walter Sutton, in 1903, proposed the Chromosome Theory.  This theory stated that the hereditary factors, or genes, are carried on the chromosomes.  The major points that supported his hypothesis were:

1. The egg and sperm cells are the only physical link between one generation to the next.  Genes must be carried in these cells.

2. Hereditary material is probably located in the nucleus instead of in the cytoplasm.  

3. During meiosis, each pair of homologous chromosomes separates independently of one another.  Each gamete receives just one of the genes from each allelic pair.

The chromosomes determine sex in an organism.  Females have two ‘X’ chromosomes and males have an ‘X’ and a ‘Y’ chromosome.  In most organisms, including humans, the male parent determines the sex.  The female parent always carried the ‘X’ chromosome.  The male gamete may carry an ‘X’ or a ‘Y’.

CROSSING OVER


Alleles from two homologous chromosomes can exchange places.  Remember that homologous chromosomes are chromosomes that are alike in appearance and in type of genetic information that they carry.  The 46 chromosomes in a human, for instance, form 23 homologous pairs.  This means humans have a diploid pair of chromosomes.


Crossing over occurs when the alleles from homologous chromosomes change places.  Crossing over regularly occurs in almost all organisms.  Crossing over occurs during prophase I of meiosis.  During this phase, the duplicated chromosomes pair up with their homologues.  Remember that each duplicated chromosome is made up of two identical sister chromatids.  Together, the two chromosomes form four chromatids.  During prophase I, breaks may occur in the same spot on two nonsister chromatids.  The broken ends of one chromatid may fuse with those of the other chromatid.  As a result, each chromatid contains parts from it homologue.  See the diagram below.








Relates abnormal patterns of genetic inheritance to genetic disorders and disease (nondisjunction, etc.).

GENETIC DISORDERS


Abnormal chromosomes determine some human genetic disorders.  Abnormalities can occur due to nondisjunction.  Nondisjunction is the failure of a chromosome pair to separate during meiosis.  When nondisjunction occurs during the first division of meiosis, half of the gametes produced lack one chromosome and the other half have an extra chromosome.


Several serious problems result from cells with the wrong number of chromosomes (too many or too few).  Down syndrome children can have an extra chromosome 21.   These children have almond-shaped eyes, short limbs, and thick tongues, as well as varying degrees of mental retardation.  Klinefelter’s syndrome results in males with an extra ‘X’ chromosome.  These males are sterile and show some degree of mental retardation.    If females inherit an extra ‘X’, they develop normally but are usually sterile.  Turner’s syndrome individuals only have one ‘X’ chromosome and no other sex chromosome.    These individuals are female and do not develop normally.  They have short, thick webbed necks and are sterile.


Colorblindness and hemophilia are sex-linked traits.  These traits are carried on the ‘X’ chromosome.  Colorblindness occurs when an individual receives recessive alleles (Xc).  These individuals cannot distinguish between red and green.  A female can be color blind (Xc Xc), carry the trait (XC Xc), or have both dominant alleles(XC XC).  A male, because they only have one ‘X’ chromosome are either color blind (XcY) or have normal color vision (XCY).


Hemophilia is a disorder that is caused by a recessive gene on the ‘X’ chromosome.  People with hemophilia cannot produce a protein needed for blood clotting.  Small cuts can lead to severe bleeding.  A female can get hemophilia if she has two recessive genes.  A male can get hemophilia if he has just one.


Lists significant contributions of genetic engineering to agricultural and medical practices.

GENETIC ENGINEERING


In the last thirty years, biologists have found new ways to change the genetic makeup of an organism or its offspring by artificial means.  Among these techniques is a process of transferring genes from one organism to another.


Cloning is the duplication of an organism.  You can either cut off part of a plant and root it, or you can take a somatic cell (non-sex cell) from an organism and grow a complete organism from this one cell.


Recombinant DNA means changing the DNA in an organism.  Part of the DNA of one organism is transferred into the DNA of another organism.  The new DNA in the organism is called recombinant DNA.  Bacteria containing recombinant DNA have already produced medicines to combat certain human diseases.
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