
22 

 

 
Pollution can also influence gene expression because they can mock or mimic chemical signals sent by 
cells.  This may cause some genes to be expressed that normally wouldn’t be expressed. 
 
Climate factors often affect gene expression.  Ex:  The length of day or night may trigger when plants 
may bloom flowers, drop their leaves, etc.  
 

 
5D 

Recognize that 
disruptions of 
the cell cycle 

lead to diseases 
such as cancer 

What can happen when the cell cycle is disrupted? 
The cell cycle is the process in which cells grow, replicate DNA, and divide to form daughter cells. 
During the embryonic stage of life, cells divide frequently to form the body of the organism.  But later, 
the cell cycle is tightly regulated and controlled.  This control allows the body to maintain its size and 
keep tissues healthy.  When old cells die, controlled cell division allows new cells to replace them. 
 

 Disruption of the cell cycle- loss of control of the cell cycle (when it does not stop at all) can 
lead to cancer. 

Like other functions of cells, the cell cycle depends on DNA.  When DNA is damaged or altered, it can 
undergo a mutation, which is a permanent change to the information it carries.  In some cases, the 
mutation can cause an abnormal pattern of growth and division.  The cell may divide quickly and may 
stop being useful to the body. 

 
 Cancer is the uncontrolled growth of cells (mitosis). It ultimately kills the organism. 

Ex: oncogenes cause uncontrollable cell division, resulting in the spread of cancerous tumors. 
 
A mass of rapidly growing cells is called a tumor. 
 
Some tumors are benign, or harmless because they do not grow beyond the tumor.  Ex:  moles on the 
body.  Benign tumors are noncancerous. 
 
Other tumors, called malignant or cancerous tumors have cells that spread to other parts of the body.  
Often malignant cells spread by entering blood or lymph, another type of body fluid.  The spread of 
malignant cells is called metastasis. 
 
Cancer can occur in almost any organ including the liver, skin, lungs, brain, reproductive organs, and 
endocrine glands.  Blood and lymph can also be cancerous.  It is not a single disease, but is a group of 
diseases that grow abnormally and spread to other parts of the body.  It is treated by chemotherapy 
(chemicals used to kill or slow the growth of cancer cells; may affect healthy cells), radiation therapy 
(damages the DNA of cancer cells using X rays or gamma rays), surgery  (remove tumors), or other 
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treatments (drugs that target cancer cells and block the supply of blood to the tumor) 

                                                                    5 Major Types of Cancer 

 Types Characteristics Examples 
Carcinomas Involves cells that cover external or internal 

body parts 
Cancers of the lung, breast, colon, skin 
cancers 

Sarcomas Involves cells in bones, muscles, fat, or 
connective tissue 

Bone cancers, Kaposi’s sarcoma 

Lymphomas Begins in the lymph tissues in the immune 
system 

Hodgkins disease, non- Hodgkins disease 

Leukemias Begin in the bone marrow and spread 
through the blood, do not involve tumors 

Many types of acute and chronic leukemia 

Adenomas  Cancers of the thyroid, pancreas, and 
pituitary gland involves tumors of the 
endocrine cells 

 

9D 
Analyze and 
evaluate the 
evidence 
regarding 
formation of 
simple organic 
molecules and 
their 
organization 
into long 
complex 
molecules 
having 
information 
such as the 
DNA molecule 
for self-
replicating life 

What evidence supports the formation of simple organic molecules on early Earth? 
 

 Organic molecules are molecules that contain certain bonds between carbon atoms. 
Living things are made from organic molecules.  Ex:  nucleic acids, ATP, amino acids, and 
proteins. 

 

 Scientists have hypothesized about the conditions on early Earth.  Evidence suggest that Earth 
formed 4 to 5 billion years ago and for millions of years, volcanic activity and meteor strikes and 
comets kept the Earth’s crust unstable.  About 3.9 billion years ago, the strikes slowed down 
and oceans formed.  The atmosphere developed from gases emitted from volcanoes. 

 

 Organic molecules is hypothesized to have formed from an external energy source such as 
lightning, geothermal heat, or ultraviolet radiation.  This idea was tested in 1953 by Miller and 
Urey using electricity in a cloud chamber and supported from evidence today from space- 
Murchison meteorite found in Australia in 1969 is said to be 4 billion years old and contain 
many organic molecules.  Once the simple organic molecules were formed, the accumulated in 
oceans in a “soup.”  Eventually more complex molecules formed from the simple ones., 
followed by systems of molecules.  Over time, anaerobic heterotrophs developed from these 
molecular systems. 

 
How might complex molecules and cells have formed? 

 Steps from simple molecule to life is said to have evolved by the following flow chart: 
 
 

 
 
 
 
 
 
 
 
 
There is evidence in 3.8 billion year old rocks of chemical reactions that take place in living things. 
 

Formation of simple molecules Formation of complex molecules (polymers- 

simple organic molecules) 

Formation of self- replicating molecule Self- replicating molecules 

Metabolic Processes 
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How did DNA become the molecule that directs cell activity? 
 
1968- Carl Woese hypothesized that DNA arose from RNA which is known as the “RNA World” Hypothesis 

  
Inorganic matter split into simple organic molecules 

 RNA nucleotides form and  
 RNA is able to replicate itself, synthesize proteins, and function in information retrieval 
 RNA then falls into 3 roles 

1. Proteins build cell structures and catalyze chemical reactions 
2. RNA helps in  protein synthesis 
3. DNA functions in information storage and retrieval. 
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Reporting Category 2:  Mechanisms of Genetics 
11 Questions on STAAR; 8 Questions on STAAR M 

3 Readiness Standards; 5 Supporting Standards 

TEK 
(RS)- will be 
tested  (65%) 
(SS)- may be 
tested  (35%) 

Key Ideas 

6A   
identify 
components 
of DNA, and 
describe 
how 
information 
for 
specifying 
the traits of 
an 
organism is 
carried in 
the DNA;  
Readiness 

Standard  

 
DNA 

DNA (Deoxyribonucelic acid) carries genetic information from parent cell (via mitosis) or  

egg and sperm cells (vis meiosis) to offspring; it is coiled inside the nucleus of eukaryotic cells; controls 
a  
cell’s activities (determines which proteins a cell makes) and specifies the organism’s  traits; structure 
is  
2 strands twisted into a double helix with ladder- like connections between complementary nitrogen 
bases. 
 
Components of DNA 

 DNA is a polymer which is made of repeating units. 

 The units are called nucleotides 

 Nucleotides contain 3 parts:  a phosphate group, a 5 carbon sugar called deoxyribose, and a  
nitrogenous base. 

 The phosphate and the sugar make up the backbone of the DNA molecule. 

 Nitrogenous bases are Adenine, Guanine, Cytosine, and Thymine 

 A always binds to T with 2 hydrogen bonds; C always binds to G with 3 hydrogen bonds 
 

4 Nitrogenous bases in DNA 

Adenine (A) = Thymine (T) 
Cytosine (C) = Guanine (G) 

 It has a twisted ladder shape called a double helix 
 
DNA is packaged in structures called chromosomes.  Within chromosomes, DNA is organized into units 
called genes at are found at specific places on a chromosome.  Genes hold the information for traits 
such  
as blood type, eye color, hair color, etc 
 
 
 
How is information for specifying traits carried in DNA? 
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 DNA carries genetic information in a sort of code based on the order of the 4 nitrogenous 
bases.   
The order of the bases within a gene determines the product of the gene.  The differences in 
the 
 base order of one organism are different from another organism. 

 For cells to use the information in DNA, it must be decoded. 

 DNA is decoded in a 2 step process. 
1. Transcription- a strand of DNA is used as a template to make a strand of RNA, a single 

 stranded nucleic acid (in the nucleus of the cell) 
2. Translation-the order of the nucleotides in RNA is decoded in a sequence of amino 

acids,  
the building blocks of proteins.  The amino acids are assembled into proteins in the  
cytoplasm. 
 

Proteins have a role in shaping the traits of organisms.  I.e. they may form structures in cells,  
act as catalyst in reactions (enzymes), transmits signals throughout the body (hormones) or help an  
organism fight invaders (antibodies) 

6E identify and 
illustrate 
changes in 
DNA and 
evaluate the 
significance of 
these 
changes; 
Readiness 
Standard  

Changes in DNA- mutations 

Mutation- A change to the structure or organization of DNA; most likely to occur  

during DNA replication prior to mitosis; involves little or no effect on the organism, but can affect the  
cell and form cancer when mitosis does not stop.  It can also be beneficial or helpful where it helps the  
organism to better survive within an environment. 
 
Only mutations that occur during meiosis can be passed on to offspring. 
  
 A gene mutation involves a change in a single gene. 
 A chromosomal mutation involves changes to the structure or organization of a chromosome. 
 

I. What are the effects of gene mutations? 
A gene mutation that changes one base pair if a gene is called a point mutation.  There are 3 types:  
substitutions, insertions, and deletions. 
 

1. Substitutions- one base pair is substituted or replaced with another base pair.   
Ex:  CUU changes to CUA 

2. Insertion- a base pair is added to the gene.  Ex: TACGCATGGAAA TACAGCATGGAAA  
3. Deletion-  a base pair is removed from the gene  Ex:  TACGTTT TAGTTT (C has disappeared) 

The result is a useless protein.  Insertion and deletion mutations are known as frameshift mutations  
because they change the “reading frame” of codons.  

 
II. What are the effects of chromosomal mutations? 

Chromosomal mutations may change the structure of the chromosomes.   
A deletion is the removal of part of a chromosome. 
Ex:     ABC  DEF   AC  DEF 
A duplication is the addition of an extra copy of a section. 
Ex:     ABC  DEF  ABBC  DEF 
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Other chromosomal mutations change the position of genes along one or more chromosomes. 
In an inversion, a set of genes reverses its position on the chromosome. 
Ex:    ABC  DEF  AED CBF 
In a translocation, sets of genes exchange positions on 2 nonhomologous chromosomes. 
Ex:  ABC   DEF  ABC  JKLDEF 
They may be lethal to offspring that inherit them. 
  

 
6F  
predict 
possible 
outcomes of 
various 
genetic 
combinations 
such as 
monohybrid 
crosses, 
dihybrid 
crosses and 
non-Mendelian 
inheritance; 
Readiness 
Standard  

Outcomes of Genetic Combinations 
• Gregor Mendel worked with pea plants in the mid 1800s to learn the basic patterns of 

inheritance. 
   He proposed the idea that units he called factors controlled traits. Today, these factors are 
known 

 as genes. 
• Many organisms that reproduce sexually have 2 versions of every gene.  One copy is included  

in each of the 2 gametes (sperm and egg cells).  The two versions may not be the same or 
identical.  Different forms of the gene are called alleles. 

• Mendel concluded that when an organism has 2 different alleles for the same trait, only  
the dominant allele is expressed (Principle of Dominance).  The allele that is not expressed is 
called recessive.  Ex:  In the gene Tt      The T= dominant; t= recessive 
 

Phenotype – what the organism looks like 
Genotype – the gene combination – either Homozygous (TT or tt) or  Heterozygous (Tt) 
 
How are genes inherited in Monohybrid crosses? (Punnett Square) 
 
 
 
 
 
 
 
 
 
 
 
Monohybrid Cross – a cross of 2 organisms that are heterozygous for one trait.  4 Results are possible 
because of the law of segregation- 2 alleles separate or segregate during gamete 
 formation.  ½ will be dominant (Y) and ½ will be recessive (y) 
 
 
 

YY 
 

Yy 

Yy 
 

yy 
(recessive) 

 

Y 

y 

Y y 
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Genotypic Ratio: 1 YY, 2 Yy, 1 yy  or 1:2:1 
 
Phenotypic ratio: 3 plants will be yellow peas to one plant with green peas 
It is predicted that 75% of the pea plants will be yellow.  25% of the pea plants in this punnett square  
will be green. 
 

• Dihybrid cross – is the cross of 2 organisms that are hybrids for 2 traits.  Notice there are 16 
possible combinations of genotypes for the offspring.  The phenotypic ratio is 9:3:3:1. 

 

 
The 16 genotypes are equally likely because the way one pair of genes separate does not influence how the other 
pair separates.  The law of independent assortment states that the alleles for 2 traits such as pea color and pea 
shape, segregate independently of one another.  The law applies to many pairs of traits.  However, some traits 
are linked,  meaning their alleles do not segregate independently. 

 

What are some Patterns of Inheritance? 
 
Many traits are expressed or inherited in ways that differ, at least partially from Mendel’s view. 
 

• Incomplete dominance- some alleles are only partially dominant over recessive alleles.  In 
snapdragon flowers, the allele for red flowers ® is partly dominant over the allele for white 
flowers (r).  The heterozygous genotype (Rr) has pink flowers. 

 
• Codominance-sometimes 2 alleles are expressed in heterozygous genotype.  In chickens, the 

alleles for black feathers  and white feathers are both expressed in the heterozygous genotype.  
These chickens have mixed black and white feathers. 
 

• Multiple alleles- many genes have more than one allele.  Human blood, for example, is 
affected by 3 alleles for the same gene.  The alleles for type A and type B are codominant.  The 
allele for type O blood is recessive to the alleles for Type A and Type B blood. 
 

• Polygenic traits-many traits are determined by multiple genes.  Height and skin color in 
humans are examples of polygenic traits. 
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• Maternal inheritance- chloroplasts and mitochondria both contain genes that are passed from 

generation to another only in egg cells.  Your mitochondrial genes are the same genes found in 
your mother’s mitochondria. 
 

6B  recognize 
that 
components 
that make up 
the genetic 
code are 
common to all 
organisms; 
Supporting 

Standard  

 
 

Parts of the Genetic Code 

             How organisms inherit traits is one of the greatest achievements of modern biology. 
 
Biologists know that the directions for inheritance are carried by a molecule called DNA or 
deoxyribonucleic acid.  This genetic code, with a few minor variations, determines the inherited traits 
if every organism on Earth. 

 
What are the components of the Genetic Code? 
DNA has 3 components- deoxyribose, one or more phosphate groups, and one of 4 nitrogenous bases- 
A, T, C, G 
 
Proteins are made by the joining of amino acids into long chains called polypeptides. 
Each polypeptide contains a combination of any or all of the 20 different amino acids. 
The properties of proteins are determined by the order in which different amino acids join together as 
polypeptides. 
 
A codon consists of 3 consecutive bases that specify a single amino acid which is added to the 
polypeptide. 

 DNA contains a triplet code 

 Every three bases on DNA stands for ONE amino acid 

 The genetic code is the “language’ of codons that is common to nearly all organisms. It is the 
“language” of mRNA instructions.  Each three-letter unit on mRNA is called a codon. 

 Most amino acids have more than one codon! 

 There are 20 amino acids with a possible 64 different triplets 

 The code is nearly universal among living organisms 
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6C explain the 
purpose and 
process of 
transcription 
and translation 
using models 
of DNA and 
RNA; 
Supporting 
Standard  

Transcription and Translation 

                                   

Explain what is happening in the diagram above and each labled part’s purpose 

Transcription 

 Transcription – the process of making RNA from DNA; Purpose: To copy DNA’s genetic information 

into messenger RNA; Occurs in the nucleus of the cell 
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A much closer look: 

                                    

 

How does the transcription process occur: 

1. DNA strands temporarily unwind  
2. Complementary RNA nucleotides pair up with one strand of DNA nucleotides 

3. Messenger RNA (mRNA) carries specific protein synthesis instructions to ribosomes 
What enzyme plays a role in transcription? The enzyme RNA polymerase;  
 

 The RNA polymerase enzyme is found in the nucleus and separates the two DNA 
strands by breaking the hydrogen bonds between the bases;  

 It then moves along one of the DNA strands and links RNA nucleotides together 

                                                                        
Example)         TACGGAC (template DNA strand) 
           AUGCCUG (RNA built)      
 
Question: 

 What would be the complementary RNA strand for the following DNA sequence? 
                                         DNA  5’-GCGTATG-3’  
----------------------------------------------------------------------------------------------------------------------------- ------------------------- 

RNA plays an important part in making protein 
3 Types of RNA have a role in protein synthesis 

1) mRNA – messenger-blueprint for how to build protein; Carries the information for a specific protein; Made up 

of 500 to 1000 nucleotides long; Sequence of 3 bases called codon;  AUG – methionine or start codon; UAA, UAG, 

or UGA – stop codons  
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41

Messenger RNA (mRNA)

methionine glycine serine isoleucine glycine alanine stop
codon

protein

A U G G G C U C C A U C G G C G C A U A AmRNA

start
codon

Primary structure of a protein
aa1 aa2 aa3 aa4 aa5 aa6

peptide bonds

codon 2 codon 3 codon 4 codon 5 codon 6 codon 7codon 1

 
2) tRNA – transfer  RNA- carries amino acids to ribosome; Made up of 75 to 80 nucleotides long; Picks up the 
appropriate amino acid floating in the cytoplasm; Transports amino acids to the mRNA; Have anticodons that are 
complementary to mRNA codons; Recognizes the appropriate codons on the mRNA and bonds to them with H-
bonds 

                                   
43

Transfer RNA (tRNA)
amino acid
attachment site

U A C

anticodon

methionine amino acid

 
3) rRNA – ribosomal – makes up  a ribosome; Made up of rRNA is 100 to 3000 nucleotides long; Made inside the 
nucleus of a cell; Associates with proteins to form ribosomes  

                                                                                           
-----------------------------------------------------------------------------------------------------------------------------------------------------  
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• Translation – the process  of building a protein by matching codons in mRNA to anticodons  
                                                 of tRNA (use codon chart);  Occurs within a cell’s ribosomes in the cytoplasm  
Synthesis of proteins in the cytoplasm 

• Involves the following:  mRNA  (codons), tRNA (anticodons), ribosomes, and amino acids 
 

How Translation (How a protein is made from mRNA) occurs: 

1. tRNA (transfer RNA) matches codons to amino acids which then join together to form a 

protein chain. 

Stop codon- codon that terminates the translation process; releases amino acids 

 

6D   
Recognize that 
gene 
expression is 
a regulated 
process; 
Supporting 
Standard  

Gene Expression as a Regulated Process 

What is Gene Expression? 

 During transcription, an active gene is transcribed into mRNA.  Then, during translation, mRNA 

is translated into a protein.  All of these steps- from the start of transcription to the assembly 

of a protein are controlled and regulated by the process of gene expression. 

 When cells divide during mitosis or binary fission, each daughter cell receives a complete copy 

of the organism’s DNA. 

 In multicellular organisms, cells have the same genetic information regardless of their location 

or function.  If all cells have the same DNA, why do muscle cells function differently from skin 

cells?  This is because of gene expression. 

 Regulation of gene expression (or gene regulation) includes the processes that cells and 

viruses use to regulate the way that the information in genes is turned into gene products 

http://en.wikipedia.org/wiki/Cell_(biology)
http://en.wikipedia.org/wiki/Viruses
http://en.wikipedia.org/wiki/Gene
http://en.wikipedia.org/wiki/Gene_product
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                                                   (a gene) 

How is Gene expression controlled? 

How is gene expression regulated in prokaryotes?  

Prokaryotic DNA contains operons, groups of genes that are regulated together.  Operons are located next to two 

regulatory regions of DNA- a promoter and an operator. 

 RNA polymerase binds to the promoter, which is a signal that shows RNA polymerase where to begin 
transcription. 

 The operator is next to the promoter and it controls the rate of transcription. 

 A protein called a repressor can bind to the operator.  If the repressor binds to the operator, then RNA 
polymerase cannot access the operon and transcription does not occur. 

 

An example of an operon is the lac operon in the bacterium E. coli.  This group of three genes must be turned on 

before the bacterium can use lactose as food. 

                      
 

(Transcription can occur- operator present) 
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(Repressor is present so transcription does not occur) 

                    

How is gene expression regulated in eukaryotes? 

Controlling the expression of eukaryotic genes requires transcription factors. 
 In eukaryotes, genes are rarely found in clusters that are activated by the same promoter. 

 Many eukaryotic genes are preceded by a short region of DNA called the TATA box that positions 
RNA polymerase. 

 Cells also regulate gene expression with DNA binding proteins called transcription factors. 

 Each types of transcription factor affect gene expression in different ways.  Some roles of 
transcription factors include opening tightly packed chromatin (which enhances transcription), 
attracting RNA polymerase, or blocking access to certain genes. 

 In many cases, a group of specific factors must be present for RNA polymerase to attach to a 
binding site. 

 After transcription is finalized, other mechanisms could stop gene expression.  For example, 
mRNA may be prevented from leaving the nucleus, or its stability could be affected.  Without 
mRNA, translation cannot occur. 
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6G  recognize 
the 
significance of 
meiosis to 
sexual 
reproduction; 
and 
Supporting 
Standard  

Significance of Meoisis to Sexual Reproduction 

 

• Meiosis – cell division that creates 4 haploid cells called gametes – aka – reduction division 
 

• Meiosis involves 2 divisions – Meiosis I and Meiosis II  
 
Meiosis I has some special events:  

• In Prophase I homologous chromosomes pair up and crossing over occurs.  This  
 recombination increases genetic variation for the species 

• Metaphase I – Pairs line up 
• Anaphase I – pairs are separated 

Meiosis II is similar to mitosis 
6H describe 
how techniques 
such as DNA 
fingerprinting, 
genetic 
modifications, 
and 
chromosomal 
analysis are 
used to study 
the genomes of 
organisms. 
Supporting 
Standard  

DNA Technology to study the genomes of organisms 

Genomes- is the set of genetic information that an organism carries in its DNA. 

How can DNA fingerprinting be used to study a genome?  

DNA fingerprinting is a technique that compares specific sections of 2 or more DNA samples.  The 

technique is used for a wide variety of purposes including forensics, studying the migration of animals 

and determining evolutionary relationships. 

 Useful in determining if a particular person was at a crime scene.  Every person’s genome 

contains sections of repeated DNA sequences between genes. What varies from person to 

person is the number of times these sequences are repeated.  When the sections are 

compared, the results can show, with a high level of certainty whether DNA samples came 

from the same person. 

A. DNA Extraction- the opening of cells to separate/isolate DNA from other cell parts 

• Chemical treatments (some type of detergent with an enzyme) cause cells and nuclei to burst 
• The DNA is inherently sticky, and can be pulled out of the mixture 
• This is called “spooling” DNA 



37 

 

 
B. DNA Cutting- large DNA molecules are cut into smaller fragments using restriction enzymes.  

These enzymes recognize and cut DNA at specific sequences.   
• Restriction enzymes cut DNA at specific sequences; Useful to divide DNA into manageable 

fragments 

                  
 

C.    Separating DNA – DNA fragments can be separated and analyzed using gel electrophoresis.  

This process allows scientists to compare genomes of different organisms, separate genes, and 

create DNA “fingerprints” 

A. Electrophoresis- how the DNA is analyzed 

• DNA can be separated based on size and charge 
• The phosphate groups are negatively charged 
• DNA is placed in a gel and electricity is run through 
• Negative DNA moves toward the positive end 
• Smaller fragments move farther and faster 
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4)   Sequencing DNA – this process allows 

scientists to determine the sequence of N-bases 

in DNA.  

5)   Recombinant DNA – scientists can cut DNA 

from two sources with the same restriction 

enzyme and combine them.  This is used in genetic 

engineering.  This process has been used to create 

human proteins used to treat disease, create pest-

resistant crops, and for many other purposes.  

6)   Copying DNA – polymerase chain reaction (PCR) has been developed that makes many copies of a 

small amount of DNA.   

How Can a Chromosomal Analysis be used to Study a Genome? 
 
Chromosomal analysis  is the detailed study of all of the chromosomes of a cell.  It can identify some 

genetic abnormalities and predict the likelihood of diseases. 

Karyotyping-  a visual display of all of the chromosomes in an organism’s genome, arranged by 

decreasing size.  To produce a karyotype, a researcher photographs chromosomes in a cell during 

mitosis and then arranges the photographs by size.  Karyotypes can reveal genetic abnormalities in an 

individual, such as an extra chromosome or a chromosome that is missing. 

 

Ex:  A Human Karyotype 

 

 

 

 

 

 

 
 
Karyotypes are pictures taken of the chromosomes at metaphase.  They are cut out and 
matched with their identical chromosome. Two copies of each chromosome should be 
present. This karyotype shows a mutation. One of the sex chromosomes is missing.  Also #21 
has 3 chromosomes.  This person most likely has Trisonomy 21 or Down’s Syndrome. 
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Reporting Category 3:  Biological Evolution and Classification 
*10 Questions on STAAR; 8 questions on STAAR M 

*3 readiness standards; 7 supporting standards 

TEK 
(RS)- will be tested  
(65%) 
(SS)- may be tested  
(35%) 

Key Ideas 

7A 

analyze and 
evaluate how 
evidence of 
common ancestry 
among groups is 
provided by the 
fossil record, 
biogeography, and 
homologies, 
including 
anatomical, 
molecular, and 
developmental 

Evidence of Common Ancestry Among Groups 
(Theory that all organisms are descended from the same ancestor) 

I. Fossil record 
A variety of organisms that have existed at different times, including very simple, ancient species 
and the eventual arrival of more varied and complex species 

II. Biogeography 
Geographic distribution of organisms (species that live in the same area are more closely related, 
but related species can also be found living far apart) 

III. Homologies 

A. Anatomical Homologies 
Structural similarities (like bones in a bird’s wing and the human arm) that serve a different purpose for 
each species. 
B. Molecular Homologies 
Molecular similarities among organisms (the genomes for humans and chimpanzees are about 99% 
identical) 
C. Developmental  Homologies 

Embryonic similarities among certain organisms show how some organisms develop in common ways 
(vertebrate embryos have gill pouches that later develop into gills or Eustachian tubes) 

B.7.E analyze 

and evaluate the 

relationship of 

natural selection 

to adaptation and 

to the 

development of 

diversity in and 

among species 

Evolution is the process through which species change over time. 
 

• Natural Selection is a theory proposed by Charles Darwin that explains how evolution 
occurs.  It proposes that those individuals in a population that are better adapted to their 
environment are more likely to survive and reproduce. 
 

• Inherited variations are differences in traits of individuals of the same species. 
 

• Adaptation is a trait that increases an organism’s chances of survival in its environment, 
such as white fur increasing an organism’s chances of survival in a snow- covered 
environment. 

B.8.B categorize 

organisms using a 

hierarchical 

classification 

system based on 

similarities and 

differences shared 

How do scientists categorize organisms? 
Scientists may use several ways to categorize organisms.  It depends if they are looking at a group of 
organisms or an individual organism.  They may use the following: 
 

 Cladogram- a diagram that shows relationships among groups of organisms 

 Dichotomous key- determine the identity of a single organism 
 

What is a cladogram? 
 A cladogram is used to show the evolutionary relationships among species.  They show how members of a 

group change over time, giving rise to new groups. 
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among groups  In a cladogram, more closely related groups are appear closer together while more distantly related groups 
are farther away. 

                             Cladogram 
 
What is a dichotomous key? 
 
Dichotomous Key - a tool that allows the user to determine the identity of items by their 
characteristics, such as insects, leaves, trees, mammals, reptiles and others.  

Follow the clues in a dichotomous 
key to identify 
the organism! 

 
 

Dichotomous Key for Leaves 
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7B   

analyze and evaluate 

scientific explanations 

concerning any data 

of sudden 

appearance, stasis, 

and sequential nature 

of groups in the fossil 

record 

 

Scientists established a fossil record that reveals that evolution can proceed slowly with gradual 

changes in spurts with sudden changes.  Organisms represent living fossils because they look very 

much like their ancestors that lived long ago. 

 The fossil record is a timeline that shows how life has evolved in Earth.  It is organized  
according to the age of the fossil  and their similarities.  

 Gradualism is the process of evolution in which a species changes very slowly over a very 
long period 

 Punctuated equilibrium is the process of evolution where a species experiences little or no 
change for long periods, followed by sudden change 

A living fossil is a species that shows little or no change since its ancestor first appeared on Earth 

7C  

 analyze and 

evaluate how 

natural selection 

produces change 

in populations, 

not individuals 

What is Natural Selection? 

A population is a group of individuals of the same species who interbreed.  Individuals in a population have 

varying traits.  For ex:  some dogs may have a sharper sense of smell than other dogs and can hunt better 

than other dogs (ex:  blood hounds vs. poodles) 

A variation that makes an organism more successful in its environment is called adaptation.  
Meiosis creates variation among individuals which causes consequences at the population 

level 

 
Individuals with adaptations that help them survive and reproduce in their environment have high fitness. 
Fitness refers to an organism’s ability to survive and reproduce in its environment. 

Although individual variation is the root of natural selection, populations evolve by natural 

selection. 

Natural selection is a process in which organisms with adaptations best suited to their 

environment leave more offspring than other organisms.  Because these organisms produce more 

offspring, their genetic variations become more prevalent in a population and the population 

changes or evolves. 

How does natural selection produce changes in populations and not individuals? 

Natural selection can occur in a variety of ways.  Natural selection on trait controlled by a single 

gene with two alleles can cause one allele to increase and the other to decrease.  Polygenic traits 

are more complicated.  Natural selection on polygenic traits that can occur as directional 

selection, stabilizing selection, or disruptive selection.  Each of these ways causes a distinct 

change to a population. 
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Natural Selection on Polygenic traits 
Directional selection Occurs when individuals with a particular phenotype (physical feature 

you see) have an advantage in their environment. 

Often a single gene controls the trait. 

Ex:  A birds with larger beak sizes are more successful at surviving ihan 

birds with small or medium sized beaks. 

Stabilizing selection Occurs when extremes in phenotypes gives individuals in the 

population a disadvantage. Often these traits are polygenic- controlled 

by multiple genes. 

Ex:  Body size of an organism.  For most organisms, extremely large or 

extremely small body types are not favorable for survival.  

Disruptive selection Occurs when extreme phenotypes for a trait are adaptive.   

Ex:  If bird beaks of an intermediate size are a disadvantage for survival, 

birds with small or large beaks are more likely to survive. 

If the pressure in natural selection lasts long enough, birds will have 

beaks that are large or small. 

 


