
DNA
Deoxyribose Nucleic Acid



Nucleotide
Building Block of DNA and RNA

Phosphate 
Group 

(phosphate cross)

Sugar Group:
Deoxyribose in DNA

Ribose in RNA

Nitrogenous Base



Which of the following correctly 
describes the components of DNA?

A. DNA is made up of nucleotides consisting of the sugar 
deoxyribose, a phosphate, and one of four nitrogenous 
bases.

B. DNA is made up of nucleotides consisting of the sugar 
ribose, a carbon ring, and one of four phosphorus bases.

C. DNA is made up of proteins consisting of the sugar 
deoxyribose, a phosphate, and one of four nitrogenous bases.

D. DNA is made up of proteins consisting of the sugar ribose, a 
carbon ring, and one of four phosphorus bases.



Answer

 A - DNA is made up of nucleotides 
consisting of the sugar deoxyribose, a 
phosphate group, and one of four 
nitrogenous bases (adenine, thymine, 
guanine, and cytosine.)



DNA (a molecule composed of a 
chain of repeating nucleotides)



The two complementary strands of DNA are held together by 
hydrogen bonds between the complementary bases.

Purines bond with pyrimidines:
Guanine – Cytosine
Adenine – Thymine (in DNA)
Adenine – Uracil (in RNA)



The sequence of bases on one strand of a DNA 
molecule is ATTGCCCATG. What will be the 
sequence on the complementary strand?

A. TAACGGGTAC
B. CGGTAAACGT
C. ATTGCCCATG
D. GCCATTTGCA



Answer: A - TAACGGGTAC

 Remember that A always bonds with T, and 
G with C.  The original strand began with 
an A, so it’s complimentary strand must 
start with a T; there is only one selection 
that starts with T.



RNA
 mRNA – messenger RNA
 a molecule consisting of a chain of nucleotides, 

transcribed from the DNA 
 carry the code for specific proteins

codon-a sequence  
of three nucleotides 
that code for an 
amino acid. 



tRNA – transfer RNA
A molecule consisting of 
 1. an anticodon (the complementary 

bases to the codon on mRNA)
 2. The amino acid the codon codes for.

anticodon

Amino Acid



Which of the following is a true 
statement about codons? 

A. In translation, an mRNA codon is 
recognized by its complementary amino acid. 

B.  A codon is a sequence of four nitrogenous 
bases. 

C.  A codon is a sequence of three amino acids. 

D. In translation, an mRNA codon is 
recognized by its complementary tRNA. 



Answer: D - In translation, an mRNA codon 
is recognized by its complementary tRNA. 

Explanation:
 A is not the answer because tRNA 

recognizes the mRNA, not amino acid
 B is not the answer because a codon 

consists or 3 nitrogenous bases
 C is not the answer because it codes for 

nitrogenous bases not amino acids



DNA replication
Process of making new DNA molecule

STEPS
1. The enzyme DNA helicase separates the 

original strand of DNA (breaks hydrogen 
bonds)

2. The enzyme DNA polymerase adds the 
complementary nucleotides to each 
strand

3. Two identical DNA molecules form

Cells make copies of their DNA before cell division



DNA replication results in two identical 
DNA molecules.  What role do DNA 
helicases have in DNA replication? 

A. DNA helicases check the new DNA 
molecule for errors

B. DNA helicases hold the two strands of 
the old DNA apart and prevent them 
from reuniting.

C. DNA helicases break the hydrogen bonds 
in the DNA molecule.

D. DNA helicases add nucleotides to the 
exposed nitrogen bases of the old DNA.



Answer: C - DNA helicases break the 
hydrogen bonds in the DNA molecule
 Helicase is an enzyme (remember that a 

word with -ase at the end is an enzyme) 
Enzymes assist in chemical reactions so the 
answer has to include something changing.  
The first two options do not include a 
change, so it’s C or D.  The name helicase 
also tells us that the enzyme is working on 
the helix,  so the answer is C, because it 
talks about the breaking apart of the helix.



Transcription
First process in gene expression

*DNA is copied into messenger 
mRNA
*Occurs in the nucleus of eukaryotes

STEPS:
1. Initiation - enzymes bind to a DNA 

sequence and unzip the molecule
2. Elongation- RNA nucleotides pair 

to complementary DNA 
nucleotides

3. Termination - once base pairing is 
complete, the new RNA molecule 
breaks away from strand

The mRNA that is created moves out to 
the cytoplasm of the cell



In eukaryotic organisms, DNA 
transcription occurs in the _______ 
of a cell. 

A. mitochondria
B. ribosome
C. nucleus 
D. cytoplasm 



Answer: C - nucleus

Explanation;
 In eukaryotic organisms, each cell's DNA is 

held in the nucleus. Since 
transcription involves the copying of DNA, 
it takes place in the nucleus. The 
resulting mRNA strand then moves from 
the nucleus to the cytosol where 
translation takes place.



Translation
Process in which the codons are translated into amino acids

STEPS:
1. A codon on mRNA attaches to a 

ribosome
2. tRNA carrying specific amino acids 

approach ribosome
3. tRNA anticodon attaches to the 

mRNA codon
4. Ribosome slides to the next codon 

on the mRNA and repeats process
5. As amino acids are added next to 

each other, peptide bonds link the 
amino acids together.

6. The chain of amino acids continues 
to grow until the ribosome reaches 
the stop codon on the mRNA strand

Occurs in the cytoplasm



DNA contains instructions for making the 
different molecules that the cell needs to 
grow and function. _______ is/are made 
by _______. 

A.  mRNA; transcribing proteins
B.  proteins; transcribing mRNA.
C.  proteins; translating mRNA
D.  mRNA; translating DNA 



Answer:  C – proteins; translating mRNA

 DNA contains instructions for making the 
different molecules that the cell needs to 
grow and function. To use these 
instructions, the DNA must first be 
transcribed into mRNA. Proteins are 
made by then translating the mRNA.



Central Dogma



Genes
A basic unit of heredity.  A segment of 
DNA that influences a particular trait or 
group of traits



Alleles
Alleles refer to different versions of the 
same gene
-The genes we inherit are the same for all humans. 
However, how these genes are expressed are determined 

by alleles!



Which of the following is the 
term for one possible form of 
the gene for a particular trait?
A.  codon 
B.  autosomal trait 
C.  sex-linked trait 
D.  allele 



Answer: D - allele
Explanation:

 An allele is one possible form of the gene for a 
particular trait in a given population.

Humans have two alleles for each trait. These 
alleles can be dominant or recessive.

Dominant alleles are always expressed in the 
phenotype (traits) of organisms that have either 
one or two copies of the allele. Recessive alleles 
are expressed only in organisms that have two 
copies of the recessive allele.



Chromosome
Chromosomes are structures 
consisting of DNA tightly coiled 
many times around proteins 
called histones

Sexually reproducing 
organisms contain 
homologous pairs of 
chromosomes
Humans have 22 pairs of 
autosomal
chromosomes and 1 pair 
of sex chromosome



Hereditary information is found 
in _______, which are located in 
the _______ of the cell. 

A.  genes; chromosomes
B.  ribosomes; cytoplasm 
C.  mitochondria; endoplasmic reticulum 
D.  nucleotides; vacuoles 



Answer: A - genes;chromosomes

Explanation: 
A is the one choice that includes two 
structures related to heredity.

 Chromosomes are structures consisting of 
DNA 

 Genes are segments of the DNA
 Genes are a basic unit of heredity



Genome

 An organisms complete genetic makeup

DNA



Which of the following correctly organizes 
genetic material from the broadest category 
to the most specific category? 

A. genome > chromosome > DNA > gene
B. gene > chromosome > DNA > genome 
C. genome > DNA > chromosome > gene 
D. genome > chromosome > gene > DNA 



Genome > chromosome > DNA > gene

The genome of an organism refers to its 
complete genetic makeup and includes the 
organism's entire set of chromosomes. 
Chromosomes are single pieces of DNA, along 
with the proteins that package and control their 
functions. DNA (deoxyribonucleic acid) is a type 
of nucleic acid that carries all the instructions for 
the characteristics of an organism. Genes are 
specific segments of DNA that influence a 
particular trait or group of traits.

Answer :  A



Inheritance of Genes

 Mendel’s Three Laws of Inheritance
 Law of Dominance - when an organism has two or 

more alleles for a trait, the allele that is expressed is 
considered dominant. The other alleles are considered 
recessive.

 Law of Segregation - different alleles for the same trait 
separate when gametes are formed. 

 Law of Independent Assortment - when pairs of 
alleles separate, they do so independently of each other.



A certain type of flower has two alleles for 
color (blue, purple), and two alleles for stem 
height (tall, short). A tall blue flower and a 
short purple flower are crossed, resulting in 
tall blue flowers, short blue flowers, tall purple 
flowers, and short purple flowers.

What law does this example help to prove? 

A. Law of Multiple Alleles 
B. Law of Genetic Inheritance
C. Law of Segregation
D. Law of Independent Assortment 



Answer:  D - Law of Independent 
Assortment

Explanation:
 The fact that the cross of a tall blue flower 

and a short purple flower leads to four 
varieties of flowers is an example of the 
Law of Independent Assortment.

Since each allele and trait are sorted 
independently of each other, any 
combination of traits and alleles is possible.



Genotype vs. Phenotype

 Genotype- the genetic makeup of an 
organism

 Phenotype- the visible traits that we can 
observe as a result of the genes



An organism's genotype can best be 
defined as its…

A. number of chromosomal pairs. 
B. number of recessive genes. 
C. inherited combination of alleles. 
D. inherited physical appearance



Answer: C – inherited combination of 
alleles

Explanation:
 The genotype of an organism can be 

defined as its inherited combination of 
alleles. The phenotype of an organism, on 
the other hand, is its inherited physical 
appearance.



Punnett Square

 A way to graphically calculate the 
probability of inheriting a trait.

 Parents Gg x gg

 Results: 50% heterozygous Gg
50% homozygous gg

G g

g Gg gg

g Gg gg

Genotype of 
parents Possible genotypes of 

offspring



Dominant alleles mask recessive genes.
Heterozygous - When an organism 
contains both the dominant allele and 
recessive allele for a trait 

P = purple
p=white

PP x pp

P P

p Pp Pp

p Pp Pp

F1

Pp



Homozygous – when an organism has two 
copies of the same allele.

PP pp



A student crosses two pea plants. One is 
homozygous dominant for axial flowers, and the 
other is heterozygous for axial flowers. If the 
student examines 200 offspring pea plants, which 
of the following is a reasonable result? 

A. 98 with axial flowers, 102 with terminal 
flowers 
B. 47 with axial flowers, 153 with terminal 
flowers 
C. 200 with axial flowers, 0 with terminal 
flowers
D. 149 with axial flowers, 51 with terminal 
flowers 



 Incomplete Dominance – When one 
allele is incompletely dominant over the 
other, the phenotype is an intermediate 
of the two.



 Codominance – When two alleles are 
equally dominant.  Results in organism 
having some kind of mixed pattern.



It is possible for an organism to inherit a 
gene with two dominant alleles. What is a 
gene with two dominant alleles that are 
expressed at the same time? 

A.  codominant
B.  polygenic inheritance 
C.  incompletely dominant 
D.  heterozygous 



Answer:  A - codominant
Explanation:

 Codominance occurs when two dominant 
alleles are expressed at the same time. 
Incomplete dominance occurs when an 
individual displays a phenotype that is 
intermediate between the two parents. 
Polygenic inheritance occurs when several 
genes influence a trait. Heterozygous is the 
term describing an individual with two 
different alleles present for the same trait.





Mrs. Smith has blood type A. Her father 
has blood type A, and her mother has 
blood type B. If Mr. Smith has blood type 
AB, what is the probability that they will 
have a child with blood type AB? 

A.  25%
B.  0% 
C. 100%
D.  50% 



Multiple alleles

 Some genes may have multiple alleles, or 
more than two different alleles for one 
gene. Some may be dominant, some 
recessive, and others incompletely 
dominant. 

 An example is the ABO blood type



Polygenic Inheritence

 When a phenotype is determined by more 
than one gene.  

 Skin color is determined by three separate 
gene loci in humans, each has alternate 
traits that effect how light or dark skin 
color is.



Human height is a polygenic trait. 
This means that the 

A. trait is completely controlled by only one 
pair of genes. 
B. trait is controlled by the genes inherited 
from the father only. 
C. trait is controlled by more than one pair 
of genes. 
D. trait is controlled by the genes inherited 
from the mother only



Answer: C - trait is controlled by more 
than one pair of genes. 

Explanation:
 Polygenic traits are traits that are 

controlled by more than one pair of 
genes, so multiple independent pairs of 
genes have similar effects on the same 
trait. Human height, body form, and skin 
color are examples of polygenic traits.



Sex linked 

Sex-linked traits are those carried on the 
X chromosome. 

Females are XX               Males are XY

So normal males inherit sex-linked traits 
only from their mothers.







Hemophilia A is a sex-linked recessive 
disease. If a mother without the disease and a 
father without the disease have one son 
diagnosed with hemophilia, what is the 
probability that a future daughter they have 
together will also be afflicted with 
hemophilia? 
A.50% 
B.0% 
C.100% 
D.25%



Answer:  B - 0%
 Explanation:

Because Hemophilia A is X-linked recessive, 50% of 
sons born to a mother who is a carrier of 
Hemophilia A may be sick. This is because a son can 
only receive this allele on an X chromosome from 
the mother, since the father does NOT provide an 
X chromosome to his sons. For a daughter to 
exhibit the disease, she must receive 2 recessive 
Hemophilia A alleles, one from her mother (who 
could either be a carrier or afflicted herself) and 
one from her father (who must be afflicted with the 
disease himself).



Genetic Variation

 Important for the survival of species

-Sexual reproduction results in a great variety 
of possible gene combinations 

-This variety is due to the sorting and 
recombination of genes that occurs during 
meiosis.



Most heritable differences are due 
to: 

A.  point mutations that occur during 
mitosis. 

B.  the inability to form proper DNA 
sequences due to poor nutrition. 

C.  gene shuffling that occurs during the 
production of gametes. 

D.  the insertion of incorrect sequences of 
DNA by faulty polymerases. 



Answer: C - gene shuffling that occurs 
during the production of gametes

Explanation:
 Many factors can cause a change in a gene 

over time. However, most heritable 
differences are due to gene shuffling 
that occurs during the production of 
gametes. Gametes are produced when 
cells undergo meiosis.



Crossing Over
 Happens during meiosis
 Different parts of the chromosome are 

exchanged

 Errors made during crossing over can also 
result in genetic variation. Genes, or even 
entire chromosomes, can be deleted or 
duplicated.



After crossing over as shown below, what 
would the sequence of genes be for each of 
the chromatids?

A.  ABab, CDCd, abab, CDcD
B.  ABCD, abCD, abCd, abcD
C.  ABCD, abcd, ABcd, abCD
D.  ABCd, abCD, abcD, abCD



Answer: B - ABCD, abCD, abCd, 
abcD

 In this example the d from the firsts 
chromosome is exchange with the D on the 
second chromosome

 To write out the genotype of chromosomes, 
write the letters found on each chromatin 
together

ABCD abcD



Transposons
 (jumping genes)
 Can independently replicate and insert new 

copies of themselves within an organisms 
genome



Mutations
A change in the sequence of nucleotides in an 
organism's genetic material
 can occur randomly during DNA replication

 Sometimes mutations create changes in an 
organism's appearance or behavior
-can be beneficial, or detrimental

Some mutations have no effect at all

Mutations can only be passed to offspring if they 
occur in the sex cell



Which of the following is true about 
DNA mutations? 

A. Mutations can spontaneously occur during DNA 
replication.

B. Mutations can only occur in the sex cells of an 
organism.

C. Mutations can only occur in the body cells of an 
organism.

D. Mutations can only be caused by environmental 
factors such as radiation.



Answer: A- Mutations can spontaneously 
occur during DNA replication.

Explanation: 

Mutations can occur in all the options.  
The reason choices B, C, and D are wrong 
is that they say only for each.



Nondisjunction

 Occurs when chromosomes do not 
separate correctly during cell division. 

 The resulting daughter cells will either be 
missing or have extra copies of 
chromosomes.

Types of mutations



Triple X syndrome, or trisomy X, occurs when a 
female has an extra X chromosome in each of her 
cells. This results when the mother's reproductive 
cells divide improperly, and two X chromosome are 
moved into one gamete. When that gamete is 
fertilized and the father's DNA and X chromosome 
are combined with the mother's, that gives the cell 
three X chromosomes instead of two.

Triple X syndrome occurs because of _______. 

A. deletions 
B. nondisjunction
C. crossing over 
D. point mutations 



Answer: B - nondisjunction
Explanation:

 Syndromes such as triple X syndrome, Turner's 
syndrome, Down syndrome, and Klinefelter's
syndrome occur because of nondisjunction, 
or the improper separation of the 
chromosomes during division. In each of these 
cases, an extra chromosome (X chromosome 
for triple X, chromosome 21 for Down 
syndrome, etc.) causes symptoms in the 
offspring. In some syndromes, such as triple X 
syndrome, the symptoms are often not very 
noticeable.



Inversion
 Inversion occurs when part of a chromosome 

breaks off and reattaches in the reverse 
direction

Types of mutations



The diagram below illustrates a process that can 
occur during cell division and results in an alteration 
in the composition of a chromosome. Each letter in 
the diagram represents a specific gene on the 
chromosome. 
The diagram shows that a section of the 
chromosome was broken out and reinserted 
backwards. This is known as 

A. chromosome inversion.
B. chromosome translocation. 
C. chromosome deletion.
D. chromosome insertion



Answer:  A - chromosome inversion

Chromosome inversion occurs when a 
section of the chromosome breaks out and 
is reinserted backwards.  Inversions usually 
do not cause physical or mental 
abnormalities in an individual as long as no 
genetic information is lost during the 
inversion.



Example of a point mutation



Point Mutation

 a mutation in a single base pair in a strand 
of DNA



Silent Mutation
 A specific type of point mutation
 When the mutation in a single base pair 

has no effect on the polypeptide sequence



The chart below shows the codons that make up the genetic code and the 
sequence of nucleotides that corresponds to them. 

A mistake during DNA replication leads to a mutation in the nucleotide sequence 
shown below. 

What kind of mutation will result from the mistake made during DNA 
replication in the nucleotide sequence above? 
A. chromosomal mutation           C. frame shift mutation
B. nonsense mutation                 D. silent mutation



Answer: D - silent mutation

Explanation:
 The change in the nucleotide did not 

change the amino acid that the codon
coded for, so the mutation was silent (no 
effect from it)



Frameshift Mutations
 a mutation that causes the reading frame 

of a codon sequence to be shifted

Types of mutations

If a sequence of 3 nucleotides (or multliples of 3)  are inserted or 
deleted into sequence it is not a frameshift mutation because the 
reaidng sequence after the insertion/deletion has not changed.



A frame shift mutation is a genetic mutation 
that is caused by the insertion or deletion 
of a specific number of nucleotides that 
shifts the reading frame of the sequence.

The insertion or deletion of how many 
nucleotides would cause a frame shift 
mutation? 
A.2 
B.3
C. 9
D. 6 



Answer:  A - 2
Explanation:

 Frame shift mutations cause the reading frame of 
the sequence to be shifted. Since a codon is a 
sequence of three nucleotides that code for a 
specific amino acid, any insertion or deletion that 
is not a sequence of three causes a frame shift 
mutation. Therefore, the insertion or deletion of 2
nucleotides would cause a frame shift mutation.

*Insertions or deletions in multiples of 3 will 
cause a protein to be shorter or longer than 
normal, but the entire sequence of the amino 
acids will not be shifted.



Chromosome Translocation

 caused when material is exchanged 
between two chromosomes or part of one 
chromosome becomes fused onto another 
chromosome. 

Types of mutations



Down syndrome is a genetic disorder that is typically 
caused by an extra copy of chromosome 21 in a 
person's genome. In a small number of cases, 
however, Down syndrome occurs because a section 
of chromosome 21 becomes fused onto another 
chromosome.

The type of Down syndrome that occurs because a 
section of chromosome 21 attaches to another 
chromosome is an example of a genetic disorder 
caused by 

A.  a recessive allele. 
B.  chromosome deletion. 
C. chromosome translocation. 
D.  a frame shift mutation. 



Answer: C- chromosome translocation

Explanation:
 Chromosome translocation is caused when 

material is exchanged between two chromosomes 
or part of one chromosome becomes fused onto 
another chromosome. Some human disorders are 
caused by chromosome translocation, such as 
cancer, infertility, and translocation Down 
syndrome.

Translocation Down syndrome is caused by a piece 
of chromosome 21 fusing onto another 
chromosome. It accounts for less than 5% of the 
total cases of Down syndrome reported.



Biotechnology

 a branch of science that uses living 
organisms to manufacture food, drugs, or 
other products



Human Genome Project

 Scientists worked together to identify all of 
the 20,000-25,000 genes in human DNA. 
Completed in 2003



Genetic disorders are caused by the insertion, 
deletion, or alteration of segments of DNA. 
However, in order for scientists to be able to 
determine which genes are faulty, they must first 
know the normal sequences of DNA. In 1990, an 
international effort began to analyze the human 
DNA sequence.

What is the name given to this global research 
that was completed in 2003? 

A. The DNA Revolution 
B. The Geneva Conference 
C. The Human Genome Project 
D. The National Institute of Health 



Answer: C - The Human Genome Project

Explanation:
 The Human Genome Project began in 

October of 1990 and was completed in 
April of 2003. Scientists around the world 
participated in this project to map out the 
sequences of DNA found in all humans. 
Continuing research on the human genome 
may some day be used to cure genetic 
disorders by gene therapy.



DNA Fingerprinting

 Used in Forensics (to help solve crimes)
 Also used to judge whether two species or 

two individuals are closely related



The DNA profiles of five people potentially involved 
in a robbery are shown below. The profile on the left 
was obtained from DNA belonging to the robber. The 
four other profiles were obtained from the suspects.

Which of the potential suspects is most likely the 
robber? 

A.1                             C. 3
B.2                              D. 4



Answer: C - 3
 DNA fingerprinting allows scientists to visually 

compare the DNA sequences of various 
organisms.

This technology is useful for identifying a 
particular individual by comparing his or her 
profile to known profiles.

In this case, the suspect most likely to be guilty 
is suspect 3 because this individual has the 
most bands in common with the robber.



Genetic Engineering
 the genetic code of plants, animals, or microorganisms is 

manipulated to obtain a desired product:

 using bacteria with recombinant DNA to produce 
medicines, such as insulin

 inserting functioning genes into the cells of individuals 
with mutated genes to cure genetic disorders

 modifying the genetic makeup of certain crops to make 
them more nutritious or more resistant to bacteria

 genetically altering fruit to contain vaccines so that they 
can be administered more cheaply and easily

 using bacteria that have been modified to consume 
toxins to clean up spilled pollutants in the environment



Genetic engineering is the process of manipulating genes for 
practical purposes. Today, scientists have genetically 
engineered many types of organisms including crop plants.

Which of the following is a current benefit gained from 
genetically engineered crops? 

A. Some genes can be transferred to wild plants in the area.

B. Some disease resistant fruits and vegetables are less 
flavorful.

C. Some food staples, such as rice, contain more nutrients.

D. Some animals develop allergies to the genetically 
engineered crops.



Answer: C - Some food staples, such 
as rice, contain more nutrients.

Explanation: 

 Choices A, B, and D are not beneficial.

 Genetic engineering is done to obtain 
desirable products, C is the most desirable.



Gene Therapy

 specific gene sequences are inserted into an 
individual's cells to replace a defective or 
mutant allele.

 Scientists have found that the most efficient 
and effective way to accomplish this is by 
using viruses to insert the gene sequences 
into cells.



In 1990, scientists at the National Institutes of Health used 
gene therapy to try to treat a 4-year-old girl suffering from 
severe combined immunodeficiency disease (SCID). This 
genetic disease made her extremely susceptible to infections. 
The scientists used a virus to inject normal genes into the 
girl's immune system cells. The experiment was moderately 
successful, and the girl's health improved but only for short 
periods of time.

If this form of gene therapy could be fine-tuned, how would it 
impact society?

A. People would need to be genetically tested before having 
children together.
B. The number of infections from genetically-engineered 
viruses would increase. 
C. Most Americans would no longer suffer from heart disease. 
D. Many genetic diseases would be curable.



Answer:  D - Many genetic diseases 
would be curable

Explanation:
 The successful use of gene therapy would 

allow doctors to cure, rather than simply 
treat, genetic diseases
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