
Scientific Methods 
 
The scientific method is a way to ask and answer scientific questions by making observations and doing 
experiments.  
The steps of the scientific method are to:  

• Ask a Question 
• Do Background Research 
• Construct a Hypothesis 
• Test Your Hypothesis by Doing a Controlled experiment 
• Analyze Your Data and Draw a Conclusion 

Hypothesis, Models, Theories and Laws 

Hypothesis: 
Possible explanation to your scientific problem 
Based upon observation. 
Rational explanation of a phenomenon. 
Not been proven 
Supported / refuted by experimentation. 

 
The word model is reserved for situations when it is known that the hypothesis has at least limited validity. 
 
A scientific theory or law represents a hypothesis, or a group of related hypotheses, which has been confirmed 
through repeated experimental tests. 
 

Scientific Law: 
A statement of fact. 
Explains an action or set of actions. 
Accepted to be true and universal. 
Can be a single mathematical equation. 

 
A theory is much more complex and dynamic 
A theory explains a whole series of related phenomena. 
A law governs a single action. 

 
Variables: 
independent variable: the variable that is changed in an experiment to test the effects on the dependent variable. 
dependent variable: is the variable being tested in an experiment. 
As the experimenter changes the independent variable, the change in the dependent variable is observed and 
recorded. 
Example: A scientist wants to see if the brightness of light has any effect on a moth being attracted to the light. 
How bright the light is is controlled by the scientist. This would be the independent variable. How the moth reacts 
to the different light levels would be the dependent variable. 
 
Graphing variables: the convention is to use the independent variable as the x-axis and the dependent variable as 
the y-axis. 
  



Comparison of Eukaryotic and Prokaryotic Cells 
 

 
Eukaryotic Cell Prokaryotic Cell 

Nucleus: Present Absent 

Number of 
chromosomes: 

More than one 
One--but not true chromosome: 
Plasmids 

Cell Type: Multicellular Unicellular 

True Membrane bound 
Nucleus: 

Present Absent 

Example: Animals and Plants Bacteria and Archaea 

Lysosomes and 
peroxisomes: 

Present Absent 

Microtubules: Present Absent or rare 

Endoplasmic reticulum: Present Absent 

Mitochondria: Present Absent 

Cytoskeleton: Present May be absent 

DNA wrapping on 
proteins.: 

Yes No 

Ribosomes: larger smaller 

Vesicles: Present Present 

Golgi apparatus: Present Absent 

Mitosis: Yes No---but has binary fission 

Chloroplasts: Present (in plants) 
Absent; chlorophyll scattered in 
the cytoplasm 

Flagella: 
Microscopic in size; membrane bound; usually arranged 
as nine doublets surrounding two singlets 

Submicroscopic in size, composed 
of only one fiber 

Permeability of Nuclear 
Membrane: 

Selective not present 

Plasma membrane with 
steriod: 

Yes Usually no 

Cell wall: Only in plant cells (chemically simpler) Usually chemically complexed 

Vacuoles: Present Present 

Cell size: 10-100um 1-10um 
 
 
 
 
 
 
 
 
 
 
 
 



Properties of Water 
Life on Earth could not exist without water.   
The unique properties of water stem from two aspects of its structure:  
(1) its atoms are joined by polar covalent bonds.  This occurs because the oxygen atom has a greater pull on the 
shared electrons than the hydrogen atoms do. This creates a slight negative charge on the oxygen atom and a 
slight positive charge on each hydrogen atom.  
(2) Since opposite electrical charges attract, water molecules tend to attract each other (like pieces of magnets) 
by hydrogen bonds, making it kind of “sticky”. This occurs when the oxygen atom of one water molecule is attracted 
to the hydrogen atom of a different water molecule. 
This is why water drops are, in fact, drops. This gives a set of properties that account for its ability to support 
life: 
 
1. Adhesion: water molecules' attraction for other molecules. For example, is the ability of water to climb small 
tubes by sticking to the walls or water sticking to blood vessels 
 
2. Cohesion:  water molecules cling to each other due to hydrogen bonding; the surface film (top layer of water) is 
held by surface tension (i.e. spilled water forming a puddle). It also allows columns of water to hold together even 
in the tallest of trees 
 
3. Solvency: water is considered a universal solvent for its ability to dissolve a wide range of substance since it is a 
polar molecule (i.e. salt or sugar dissolving in water) When things dissolve, they are called solutes and the 
supporting liquid is the solvent, and water is an excellent solvent.  
 
4. Chemical reactivity: water can participate in chemical reactions (i.e. involvement of water molecules in 
dehydration synthesis and hydrolysis) 
 
5. Thermal stability: water has a high heat capacity, so it requires a lot of energy to heat up; requires 1 cal to raise 
1 gram of water by 1 degree C. These physical properties of water help to prevent rapid fluctuations (an effective 
cooling agent) in body temperature, either hot or cold, and permit small amount of it (perspiration and 
transpiration) to remove large amounts of body heat during exercise. 
 
6. Materials with an attraction for water molecules are generally water-soluble, and are called 
hydrophilic; materials that do not have this attraction are not soluble and are called hydrophobic; these are used in 
the cell membrane barriers.   
 7. pH  A solution that contains more hydrogen ions than hydroxide ions is an acid, while one more hydroxide ions 
than hydrogen ions is a base. The pH of a solution is based on the concentration of hydrogen ions (pH = proportion 
of Hydrogen), and the numbers of the pH scale come from the decimals of that proportion.  Pure water has a pH of 
seven anything that releases more hydrogen ions changes the concentration and drops the pH below seven and is 
considered an acid.  A material that lowers the hydrogen ion concentration will raise the hydroxide concentration 
and the pH above seven and is considered a base. Any material dissolved in the water that changes the balance of 
hydrogen or hydroxide ions will also change the chemistry of the solution.  
 
  



Organic Chemistry 
 
Dehydration Synthesis and Hydrolysis 
 
The monomers of organic compounds join together by a chemical reaction know as dehydration synthesis to make 
polymers. The reverse reaction of breaking up polymers is accomplished by another chemical reaction known as 
hydrolysis. 
 
 
 

 
 
 
Organic Compounds 
 

Carbohydrates    

Almost all organisms use carbohydrates as sources of energy. In addition, some 
carbohydrates serve as structural materials. Carbohydrates are molecules composed of 
carbon, hydrogen, and oxygen; the ratio of hydrogen atoms to oxygen atoms is 2:1. 

Simple carbohydrates, commonly referred to as sugars, can be monosaccharides if they are composed of single 
molecules, or disaccharides if they are composed of two molecules or polysaccharides if they are composed of 
many monosccharides. The most important monosaccharide is glucose, a carbohydrate with the molecular formula 
C6H12O6. Glucose is the basic form of fuel in living things. It is soluble and is transported by body fluids to all cells, 
where it is metabolized to release its energy. Glucose is the reactant for cellular respiration, and it is the main 
product of photosynthesis.  

Lipids 

Lipids are organic molecules composed of carbon, hydrogen, and oxygen atoms. The ratio 
of hydrogen atoms to oxygen atoms is much higher in lipids than in carbohydrates. Lipids 
include steroids (the material of which many hormones are composed), waxes, and fats. 
Fat molecules are composed of a glycerol molecule and one, two, or three molecules of 
fatty acids 



Proteins 

Proteins, the most complex of all organic compounds, are composed of 
amino acids, which contain carbon, hydrogen, oxygen, and nitrogen atoms.  

All proteins are composed of long chains of relatively simple amino acids. 
There are 20 kinds of amino acids. Each amino acid has an amino (—NH2) 
group, a carboxyl (—COOH) group, and a group of atoms called an —R 
group (where R stands for radical). The amino acids differ depending on 
the nature of the —R group.  

All living things depend on proteins for their existence. Proteins are the major molecules from which living things 
are constructed. Certain proteins are dissolved or suspended in the watery substance of the cells, while others are 
incorporated into various structures of the cells. Proteins are also found as supporting and strengthening materials 
in tissues outside of cells. Bone, cartilage, tendons, and ligaments are all composed of protein. 

One essential use of proteins is in the construction of enzymes. Enzymes catalyze the chemical reactions that take 
place within cells. They are not used up in a reaction; rather, they remain available to catalyze succeeding 
reactions.  

Every species manufactures proteins unique to that species. The information for synthesizing the unique proteins is 
located in the nucleus of the cell. The so-called genetic code specifies the amino acid sequence in proteins. Hence, 
the genetic code regulates the chemistry taking place within a cell. Proteins also can serve as a reserve source of 
energy for the cell.  

 
 

Nucleic acids 

Like proteins, nucleic acids are very large molecules. The nucleic acids 
are composed of smaller units called nucleotides. Each nucleotide 
contains a carbohydrate molecule, a phosphate group, and a nitrogen-
containing molecule that because of its properties is a nitrogenous 

base.  

Living organisms have two important nucleic acids. One type is 
deoxyribonucleic acid, or DNA. The other is ribonucleic acid, or RNA. 
DNA is found primarily in the nucleus of the cell, while RNA is found 
in both the nucleus and the cytoplasm, a semi-liquid substance that 
composes the foundation of the cell.  

DNA and RNA differ from one another in their components. DNA 
contains the sugar deoxyribose, while RNA has ribose. In addition, DNA contains the base thymine, while RNA has 
uracil. 

  



Enzymes 
 

Enzymes are proteins that participate in cellular metabolic processes with the ability to enhance the rate of 
reaction between biomolecules. Enzymes can catalyze reactions that might not otherwise occur, by lowering the 
activation energy to allow the reaction to occur at a quicker rate. 
 
 

 

 
 

 
Control of enzyme activity: 

 
-Temperature (too low makes enzyme inactive; too high denatures enzyme), 
-pH (too high or low denatures enzyme), 
-Amount of enzyme (more enzyme = more active sites = more enzyme action), 
-Amount of substrate (more substrate = enzyme can react with more, up to a point, where enzyme action is maxed 
out). 

 
 



Comparison of Plant and Animal Cells 
 
 

 
 
 
 
 

 Animal Cell Plant Cell 

Cell wall: Absent Present (formed of cellulose) 

Shape: Round (irregular shape) Rectangular (fixed shape) 

Vacuole: 
One or more small vacuoles (much smaller 
than plant cells). 

One, large central vacuole taking up 90% of 
cell volume. 

Centrioles: Present in all animal cells Only present in lower plant forms. 

Chloroplast: Animal cells don't have chloroplasts 
Plant cells have chloroplasts because they 
make their own food 

Cytoplasm: Present Present 

Endoplasmic Reticulum (Smooth 
and Rough): 

Present Present 

Ribosomes: Present Present 

Mitochondria: Present Present 

Plastids: Absent Present 

Golgi Apparatus: Present Present 

Plasma Membrane: only cell membrane cell wall and a cell membrane 

Microtubules/ Microfilaments: Present Present 

Flagella: May be found in some cells May be found in some cells 

Lysosomes: Lysosomes occur in cytoplasm. Lysosomes usually not evident. 

Nucleus: Present Present 

Cilia: Present It is very rare 

 
 
  



Comparison chart of Photosynthesis and Cellular Respiration 

 
Photosynthesis Respiration 

Chemical 
reaction: 

Carbon dioxide and water combine in presence of 
sunlight to produce glucose and oxygen. 

Glucose is broken down into water and carbon 
dioxide (and energy). 

Reactants: CO2 and H2O and light energy C6H12O6 and O2 
Products: C6H12O6 (or G3P) and O2 CO2 and H2O and energy 
Occurs in which 
organelle?: 

Chloroplasts Mitochondria 

Occurs in which 
organisms?: 

Occurs in plants, protista (algae), and some 
bacteria. 

Occurs in all living organisms. 

Energy required 
or released?: 

Requires energy Releases energy 

Equation: 6CO2 + 6H2O + light --> C6H12O6 + 6O2 6O2 + C6H12O6 --> 6CO2 +6H2O + energy 
Main function: Production of food. Energy Capture. Breakdown of food. Energy release. 

Stages: 
2 stages (The light dependent reaction, light 
independent reaction). (AKA Light cycle & Calvin 
cycle) 

4 stages (Glycolysis, pyruvate oxidation, 
Krebs cycle, oxidative phosphorylation). 

Production of 
ATP: 

Yes 
Yes; theoretical yield is 38 ATP molecules per 
glucose but actual yield is only about 30-32. 

Requirement of 
sunlight: 

Can occur only in presence of sunlight Occurs at all times. 

Process: 

The production of organic carbon (glucose and 
starch) from inorganic carbon (carbon dioxide) 
with the use of ATP and NADPH produced in the 
light dependent reaction 

The production of ATP from the oxidation of 
organic sugar compounds. 

High electron 
potential energy: 

From light photons From breaking bonds 

 
 

 
 
 
 
 



Cellular Energy- Adenosine Triphosphate (ATP) 

The chemical substance that serves as the currency of energy in a cell is adenosine triphosphate (ATP).  

Virtually all forms of life use ATP  

An ATP molecule consists of three parts: 
Adenine- a nitrogen base 
Ribose- a 5 carbon sugar 
3 Phosphate groups- Attached to the ribose molecule are three phosphate units linked together by covalent 
bonds. The energy of ATP is locked in these bonds. 

The products of ATP breakdown are adenosine diphosphate (ADP) and a phosphate ion. Adenosine diphosphate 
and the phosphate ion can be reconstituted to form ATP, much like a battery can be recharged. To accomplish this, 
energy must be available. This energy can be made available in the cell through two extremely important processes: 
photosynthesis and cellular respiration.  

Formation of nucleic acids, transmission of nerve impulses, muscle contraction, and many other energy-consuming 
reactions of metabolism are made possible by the energy in ATP molecules. The energy in ATP is obtained from the 
breakdown of foods. 

The energy in ATP can be released as heat or can be used in the cell as a power source to drive various types of 
chemical and mechanical activities.  

Synthesis of ATP 

• ADP + Pi ! ATP 
• occurs in the cytosol by glycolysis  
• occurs in mitochondria by cellular respiration  
• occurs in chloroplasts by photosynthesis  

 
 

 



Movement across the cell (plasma) membrane 
 

 
 

cell membrane 

 

Diffusion 

 

Osmosis 

 

Facilitated diffusion 
 

 

 

 



Comparison of Meiosis and Mitosis 

 
 

  
 
 
 

 

 



Comparison chart 

 
Meiosis Mitosis 

Definition: 

A type of cellular reproduction in which the 
number of chromosomes are reduced by half 
through the separation of homologous 
chromosomes, producing two haploid cells. 

A process of asexual reproduction in which 
the cell divides in two producing a replica, 
with an equal number of chromosomes in 
each resulting diploid cell. 

Function: sexual reproduction 
Cellular Reproduction & general growth and 
repair of the body 

Type of 
Reproduction: 

Sexual Asexual 

Occurs in: Humans, animals, plants, fungi all organisms 
Genetically: different identical 
Crossing Over: Yes, mixing of chromosomes can occur. No, crossing over cannot occur. 
Pairing of 
Homologues: 

Yes No 

Number of 
Divisions: 

2 1 

Number of Haploid 
Daughter Cells 
produced: 

4 2 

Chromosome 
Number: 

Reduced by half Remains the same 

Steps: 

The steps of meiosis are Interphase, Prophase 
I, Metaphase I, Anaphase I, Telophase I, 
Prophase II, Metaphase II, Anaphase II and 
Telophase II. 

The steps of mitosis are Interphase, 
Prophase, Metaphase, Anaphase, Telophase 
and Cytokinesis 

Karyokenesis: Occurs in Interphase I Occurs in Interphase 
Cytokenesis: Occurs in Telophase I & Telohpase II Occurs in Telophase 

Centromeres Split: 
The centromeres do not separate during 
anaphase I, but during anaphase II 

The centromeres split during Anaphase 

Creates: 
Sex cells only: Female egg cells or Male sperm 
cells 

Makes everything other than sex cells 

 
 
  



Genetics Vocabulary Review 
 

Gene – a portion of an organism’s genome that codes for a specific trait 
Allele – is one form of a gene 
Trait – an expression of a gene or a series of genes 
Heredity — passing on of characteristics from parents to offspring 
Homozygous - when there are two identical alleles for a trait (TT, tt) 
Heterozygous - when there are two different alleles for a trait (Tt) 
Hybrid — offspring formed by parents having different forms of a specific trait. (Tt) 
Recessive - trait of an organism that can be masked by the dominant form of a trait 
Dominant - observed trait of an organism that mask the recessive form of a trait 
Phenotype - outward appearance of an organism genes (dimples, hemophilia) 
Genotype – the genetic makeup or combination of genes in an organism (BbTt) 
Punnett square - A chart that shows the possible combinations of alleles that result from a genetic cross. 
Autosomes: All chromosomes with the exception of the sex chromosomes. 
Sex Chromosomes: The pair of chromosomes that determine the gender of an individual. XX-Female; XY- Male 
Codominance - Two different alleles at a locus are responsible for different phenotypes, and both alleles affect 
the phenotype of the heterozygote. Blood type AB-both the A and B alleles contribute to the phenotype of the 
heterozygote. Thus the alleles A and B are said to be co-dominant. 
Incomplete dominance - Intermediate phenotype in F1, parental phenotypes reappear in F2. The flowers of the 
snapdragon plant can be red, pink, or white. The heterozygote genotype results in pink flowers.  
Carrier: An individual who has the allele for a trait or disease but does not have the disease, but may pass the 
allele on to the next generation. 
Pedigree: A diagram of how a trait is inherited over several generations of a family. (a genetic family tree) 
 
Gregor Mendel, a monk, formulated the following principles from observations he made during the cross-breeding 
of pea plants.  

• The Principle of Biological inheritance states that individuals pass information on as individual traits. 
• The Principle of Dominance states that some alleles can mask the expression of others. 
• The Principle of Segregation states that during reproduction, alleles that determine traits are separated 

into reproductive cells by meiosis and randomly reunite during fertilization. 
• The Principle of Independent Assortment states that genes located on different chromosomes will be 

inherited independently of each other. 
  



Punnett Squares to predict the possible outcomes of a genetic cross 
 

For example, let's say that for the red-throated bird, red throat is the dominant trait and white throat is 
recessive.  
Since the "red-throat code" and the" white-throat code" are alleles (two forms of the same gene), we abbreviate 
them with two forms of the same letter.  So we use "R" for the dominant allele/trait (red throat) and "r" for the 
recessive allele/trait (white throat).  

Our possible genotypes & phenotypes would be:  

Symbol Genotype Name Phenotype 

RR 
homozygous (pure)  

dominant 
red thoat 

Rr heterozygous (hybrid) red throat 

rr 
homozygous (pure)  

recessive 
white throat 

Note: Remember, we don't use "R" for red & "W" for white because that would make it two different genes which 
would code for two different traits, and throat color is one trait.  What the genotype contains are two codes for 
the same trait, so we use two forms of the same letter (capital & lowercase).  

One more note: A very very helpful thing to memorize is that the ONLY way for a recessive trait to show up in an 
organism is if that organism's genotype is homozygous recessive (two little letters, like "rr"). 

Step #1: Set up the key for the alleles: T=tall t=short 
Step #2: Determine the genotypes of the parent organisms.  
Step #3: Write down your "cross" (mating).  Write the genotypes of the parents in the 
form of letters (ex: Tt x tt).  

Step #4: Draw a punnett-square.  

 

Step #5: "Split" (segregate)the letters of the genotype for each parent & put them "outside" the p-square.  

• For an example cross we'll use these parental genotypes: Tt x tt. 
• Take the genotype letters of one parent, split them and put them on the left, outside the rows of 

the p-square. 

 
 

What we've done is taken the hetrozygous tall plant (Tt) and put its big "T" out in 
front of the top row, and the little "t" out in front of the bottom row.  When we fill-
in the punnett-square, we will copy these "tees" into each of the empty boxes to their 
right. So the big "T" will be in each of the boxes of the top row, and the lowercase "t" 
will be in the two boxes of the bottom row.  

• Now take the two letters of the second parent's genotype, split 'em up, and place them above each 
of the two columns of the punnett-square. 



 
 
  Now, when it comes time to filling things in, those lowercase "t's" will each be copied into the 
two boxes directly below them.  So after the next step, each little box will have two letters in 
it (one "tee" from the left & one "tee" from the top).  These new 2 letter combos represent 
possible genotypes of the offspring.   
 

Step #6: Determine the possible genotypes of the offspring by filling in the punnett-square.  

• to determine the genotypes of the offspring all we need to do is fill-in the boxes of the punnett-
square.  Again we do this be taking a letter from the left & matching it with a letter from the 
top.  Like so: 

Filling in the top-left 
box:  

 

Filling in the bottom-left 
box:  

 

Filling in the top-right 
box:  

 

Filling in the bottom-right 
box:  

 
   
Step #7: Summarize the results (genotypes & phenotypes of offspring).  

• Simply report what you came up with.  You should always have two letters in each of the four boxes. 
• In this example, where our parent pea plants were Tt (tall) x tt (short), we get 2 of our 4 boxes 

with "Tt", and 2 of our 4 with "tt".  The offspring that are "Tt" would end up with tall stems (the 
dominant trait) and the "tt" pea plants would have short stems (the recessive trait). 

• So our summary would be something like this: 

Parent Pea Plants   
("P" Generation) 

Offspring   
("F1" Generation) 

Genotypes:  
Tt x tt 

Phenotypes:  
tall x short 

Genotypes:  
50% (2/4)  Tt  
50% (2/4) tt 

Phenotypes:  
50% tall  

50% short 
 

Look at Step #5, when we "split" the letters of the genotype & put them outside the punnett-square.   That step 
illustrates is the process of gametogenesis (the production of sex cells, egg & sperm).  Gametogenesis is also called 
meiosis- that divides an organism's chromosome number in half or the haploid #.  For example, in humans, body 
cells have 46 chromosomes or diploid #.  However, when sperm or eggs are produced (by gametogenesis/meiosis) 
they get only 23 chromosomes each.  This makes sense, because now, when the sperm & egg fuse at fertilization, 
the new cell formed (called a zygote) will have 23 + 23 = 46 chromosomes. 

  



DNA and Protein Synthesis 

DNA (Deoxyribonucleic Acid) 
In all organisms, the coded instructions for specifying the characteristics of the organism are carried in DNA. The 
genetic code is contained in the four nitrogenous bases of DNA; adenine (A), guanine(G), cytosine(C), and 
thymine(T). Each individual DNA strand serves as a template or model for the formation of other DNA molecules 
by replication (making copies of DNA for new cells).  

RNA (Ribonucleic Acid) 
DNA codes for the formation of RNA in the nucleus of the cell. RNA is very similar in structure to DNA except 
RNA is a single stranded molecule, lacks the base thymine (T) as it is replaced by the base uracil (U), and the sugar 
ribose has one more oxygen atom than the sugar in DNA. Three different types of RNA exist, mRNA or messenger 
RNA, tRNA or transfer RNA, and rRNA or ribosomal RNA. 

Protein Synthesis 
The genetic information stored in DNA is used to direct the synthesis of the thousands of proteins that each cell 
requires. The chemical and structural properties of DNA are the basis for how the genetic information that 
underlies heredity. DNA is encoded in the sequence of nitrogenous bases which directs the formation of proteins 
in the cell. How does this process work? First, the DNA code is copied on to the mRNA (messenger RNA) codon. A 
codon is a sequence of three nitrogenous bases. This process is called transcription. This mRNA codon is then 
carried from the nucleus out to the ribosome. Messenger RNA attaches to another kind of RNA called tRNA 
(transfer RNA). Transfer RNA attaches to amino acids and carries them to the ribosome. This assembly of amino 
acids due to the code provided to RNA by the original DNA molecule is what produces proteins for the cell. 
Remember a protein is a long molecule formed from amino acid subunits. 

Protein Synthesis 

 
 

In summary, the code of DNA directs the synthesis of RNA, which in turn directs the making of proteins on the 
ribosomes. This is sometimes referred to as being the central dogma or idea of biology.  

 

 

Compare/Contrast 
DNA/RNA 

DNA RNA 

Location Nucleus Nucleus/ 
cytoplasm/ 
ribosome 

Sugar Deoxyribose Ribose 
Bases A,T,C,G A,U,C,G 
# of strands Double helix- 2 

strands can split 
Single 
stranded 

types DNA code mRNA, tRNA, 
rRNA 



 
Genetic Engineering 

 
Genetic engineering is the direct manipulation of an organism's genome using biotechnology. 
Genetic engineering refers to a set of technologies that are being used to change the genetic makeup of cells and 
move genes across species boundaries to produce novel organisms.  
Genes are the chemical blueprints that determine an organism's traits. Through genetic engineering, organisms are 
given new combinations of genes—and therefore new combinations of traits—that does not occur in nature and, 
indeed, cannot be developed by natural means. This artificial technology is radically different from traditional 
plant and animal selective breeding. 
 
Agriculture: 
Nature can produce organisms with new gene combinations through sexual reproduction. A brown cow bred to a 
yellow cow may produce a calf of a completely new color. But reproductive mechanisms limit the number of new 
combinations. Cows must breed with other cows (or very near relatives). A breeder who wants a purple cow would 
be able to breed toward one only if the necessary purple genes were available somewhere in a cow or a near relative 
to cows. A genetic engineer has no such restriction. If purple genes are available anywhere in nature—in a sea 
urchin or an iris—those genes could be used in attempts to produce purple cows. This ability to shuffle genes means 
that genetic engineers can concoct gene combinations that would never be found in nature. 
New risks: 
Genetic engineering is far from being a minor extension of existing breeding technologies. It is a radically new 
technology for altering the traits of living organisms by inserting genetic material that has been manipulated by 
artificial means. Novel organisms bring novel risks, however, as well as the desired benefits. These risks must be 
carefully assessed to make sure that all effects—both desired and unintended—are benign.  
Medicine:  
One of the fields which genetic engineering promises to change the most is the field of medicine. From vaccines 
inside bananas, genetically engineered transplant organs to animal models of human diseases, genetic engineering 
promises to alter the way that we see medicine. 
Forensics: 
The DNA from the crime scene is matched with that of the suspect to look out for specific DNA markers. Small 
DNA probes are created from one sample for this purpose and they bind to the complimentary DNA sequence in 
the other sample. Some of the techniques of sample comparison are as follows; 

• PCR Analysis - it stands for polymerase chain reaction and the process consists of making several 
thousands of copies of the sample DNA, thereby allowing even highly degraded samples of DNA to be 
analyzed effectively to create a DNA fingerprint. 

• Y-Chromosome Analysis - the Y-chromosome is the male sex chromosome and hence its analysis can help to 
identify male relationships where multiple males are suspected of a crime. 

• STR Analysis - it stands for short tandem repeat analysis and it is used to identify loci within a DNA.  
Investigative agencies uses 13 loci to identify DNA samples and the chances of them being same for two 
individuals are extremely remote. 

 
  



Theory of Evolution by Natural Selection 
 

 

 
 

The theory of evolution through natural selection was published by Charles Darwin in his 1859 book On the Origin 
of Species.  

Variation in Traits 

In order for a species to evolve there must be variation in an organism’s traits.  

Variation is caused by the mutation of genes or by an error in the replication of genes from one generation to the 
next. In any given environmental condition some traits will be better suited to survive in that environment than 
others and therefore are able to reproduce and pass these traits to their offspring. 

Selective Pressures 

A selective pressure is an environmental factor that acts upon an organism. This can be caused directly by the 
environment or as an interaction between organisms. An example of a selective pressure that is caused directly by 
the environment is an organism’s ability to survive in extreme heat. An example that is an interaction between 
organisms is a prey animal’s ability to hide from a predator. 

Genetic Drift 

Genetic drift occurs by the random mating and changes in gene recombination. Over time when one allele is even 
slightly more common than the other alleles for that trait it will gradually become even more common until it is 
fixed within a population. When a trait is fixed in a population, there is no longer any genetic variation for that 
trait in that population – for example a population with only brown eyes can be said to be fixed for that trait. 

Evolution through Natural Selection 

Evolution occurs when selective pressures act upon variable traits. This normally happens very, very gradually, but 
can happen quickly when the environment changes dramatically within a short period of time. 

 
  



Ecology 
 

• Ecology - the study of interactions between organisms and their environment. 
This includes: abiotic (nonliving) and biotic (living) things. 
Abiotic – water, space, air, warmth, sunlight 
Biotic – food, mates 

• Types of Interactions: 
Competition - when a resource is scarce, only those the best at getting it will survive. 
Food Chains – Diagrams showing the feeding relationships in an ecosystem (who eats who). 
Predator/Prey Relationship – Some animals hunt others for food.  
Symbiotic Relationships – Organisms work together to survive. 
Nutrient Recycling – The raw materials life needs to survive are reused by the ecosystem.  

• Parts of the Biosphere 
Species – a group of organisms that can reproduce (Ex – humans). 
Population – The number of a species in a given area. 
Community – All the species in a given area . 
Ecosystem – The community and all the nonliving things in an area  
Biosphere – The area on the Earth that supports life  

• Competition 
Since resources will eventually run out, organisms have to compete for it. 
Can be between members of the same species (Ex – Polar Bears have to compete for fish to eat). 
Can be between members of a different species (Ex – a robin and a woodpecker might compete over a tree to 
build a nest in.) 
Niche – the role an organism plays in the environment (Ex – The Great White Shark is the top consumer in some 
marine ecosystems.) 
If two organisms occupy the same niche they will compete for resources until one species is forced out.  
Carrying Capacity: The maximum number of individuals an ecosystem can support is the carrying capacity. 
Once the carrying capacity is met, limiting factors (such as space, food, shelter) keeps the population size near 
this carrying capacity.   

• Predator – Prey Relationships 
Predators help control the prey population. If there are no natural predators the prey become overpopulated. 
If there are few prey in an area, a small number of predators can survive. 
If there are many prey in an area, more predators can survive. 
If the predators rely on many sources of food, one disappearing may have little effect (Ex – If cows go extinct 
we might have to eat more chicken, but humans would still survive.) 

• Parts of the Food Chain 
Producers – (Autotrophs) make their own food from abiotic factors (Ex – Green plants make glucose by 
photosynthesis.) 
Consumers- (Heterotroph) must consume another organism for energy. 

Herbivores – Consumers that eat only plants. (Ex – rabbits eat crops and other plants) 
Carnivores – Eat only other consumers (Ex – lion).  
Omnivores – Eat plants and animals (Ex – Humans). 
Detrivores – (Decomposers) Feed off of and break down dead organisms.  These are usually bacteria and 
fungi.  

Food Webs show all of the overlapping food chains in an ecosystem. 
Pyramid of Energy  
Show the amount of energy available at each step of a food chain- Trophic Level. 
The organisms at the base or first trophic level have the most energy and it decreases as you go up the 
pyramid, since it is used for the life functions. 
 
 



Biomass Pyramid 
Measures the amount of material at each trophic level. Largest biomass at base (producers) and decreases 
upward.  

• Symbiotic Relationships (at least one organism benefits) 
Mutualism – Both species benefit (Ex – E.Coli in our Large Intestine and Humans.) 
Commensalism –One species benefits and the other is not affected (Ex – Barnacles living on a whale. 
Parasitism – One species benefits (parasite) and the other is harmed (host). (Ex –Tapeworms and humans.)  

• Nutrient Recycling 
Water Cycle - Earth’s water supply is constantly recycled throughout the biosphere: 

Evaporation – water vapor leaves the oceans and joins the atmosphere. 
Transpiration – water vapor evaporates off of plant leaves. 
Condensation – water vapor in the atmosphere forms clouds. 
Precipitation – water vapor in the atmosphere falls to the ground (rain.) 
• CO2 and O2 Cycle 

Photosynthesis and Cellular Respiration work together to recycle carbon dioxide and oxygen in the atmosphere. 
Photosynthesis – in plants, uses up CO2 and produces O2 as a waste. 
Cellular Respiration – in consumers, uses O2 and produces CO2 as a waste.  

• Nitrogen Cycle 
The Nitrogen in the atmosphere is made usable for living things through Nitrogen Fixation.  
Plants use this nitrogen in the soil to make protein.  This is assimilation.  
Decomposers break down the remains and return the nitrogen to the soil and the atmosphere.  

• Ecological Succession 
Primary Succession – a pioneer organism first grows on a bare rock surface (Ex – Hawaiian Islands) 
Secondary Succession – after a disaster (fire, drought) succession begins again at an intermediate stage (Ex – 
Pine Barrens of Long Island).  

• Human Effects on the Environment 
 
Negative Effects: 
Acid Rain 
Ozone Layer depletion 
Urbanization 
Industrialization 
Agriculture 
Exploitation of Wildlife 
Deforestation 
Greenhouse Effect 
Global Warming 
 
Positive Human Influences 
onservation of Resources 
Recycling 
Pollution Controls 
Decreasing our dependence on fossil fuels 


