
Essential Concepts

Laboratory Procedures

BASIC 

Applications of molecular genetics
BASICS

Essential Lab Work: I maintain most of these 
concepts can be taught through lab work, or 
by using lab work as a starting point for 
discussion of the concepts.

Class Activities

Connections to past and future content

Essential Skill Development

Assumed Prior Knowledge

BASIC DNA structure and function

BASIC central dogma

BASIC Protein structure and function

New Node

New Node

New Node

PCR of PV92

pGLO Lab
Investigating Mitochondrial Genetics

Reconciling explanations with alternative 
interpretations

Observing and explaining discrepancies

Following (and improvising on) multistep procedures

Pattern recognition

Developing Explanations based on qualitative data

Taking careful notes

Fundamental Concepts in Molecular Genetics

Explain how a DNA double helix is formed using 
complementary base pairing and hydrogen bonds (3.3.4)

Draw and label a simple diagram of the molecular 
structure of DNA (3.3.5)

Explain DNA replication in terms of unwinding the 
double helix and separation of the strands by 
helicase, followed by formation of the new 
complementary strands by DNA polymerase (3.4.1)

Explain the significance of complementary base 
pairing in the conservation of the base sequence of 
DNA (3.4.2)

Outline how DNA nucleotides are linked together 
by covalent bonds into a single strand (3.3.3)

State the names of the four bases in DNA (3.3.2)

State that DNA replication is semi-conservative (3.4.3)

Outline DNA nucleotide structure in terms of sugar 
(deoxyribose), base and phosphate (3.3.1)

Outline DNA transcription in terms of the formation 
of an RNA strand complementary to the DNA strand 
by RNA polymerase (3.5.2).

Describe the genetic code in terms of codons 
composed of triplets of bases (3.5.3).

Explain the process of translation, leading to 
polypeptide formation (3.5.4).

Discuss the relationship between one gene and one 
polypeptide (3.5.5)

Compare the structure of RNA and DNA (3.5.1)

State that eukaryotic chromosomes are made of 
DNA an proteins (4.1.1)

Define Genome, Gene, and Allelle (4.1.2)

Define gene mutation (4.1.3)
Explain the consequence of a base substitution 
mutation in relation to the process of transcription 
and translation, using the example of sickle cell 
anemia (4.1.4)

DNA, and in some cases, RNA, is the primary 
source of heritable information (AP: 3.A.1)

What is a clone? (4.4.11)

Applications of genetic modification organisms 
(GMOs), including both plants and animals (4.4.9 & 
10)

Discuss how animal clones are made (IB: 4.4.12)

Outline the use of Polymerase Chain Reaction (PCR) 
to copy minute quantities of DNA (4.4.1)

How DNA gel electrophoresis works, and what the 
results of a “gel” mean (4.4.2)

State that gel electrophoresis is used in forensics 
and paternity (4.4.3)

Outline the basic technique for transforming cells 
(4.4.8)

Observe that when genes are transferred  between 
species, the sequence of the resultant polypeptide isn’t 
changed…b/c the genetic code is universal (4.4.7)

Environmental factors influence the expression of the 
genotype in an organism (AP: 4.C.2)

Organisms share many core processes that are conserved (AP: 1.B.1)

A variety of intercellular and intracellular signal 
transmissions mediate gene expression (AP: 3.B.2)

Gene regulation results in differential gene expression (AP: 3.B.1)

Changes in genotype result in changes in phenotype (AP: 3.C.1)

The sub-components of biological molecules and their sequence 
determine the properties of the molecule (AP: 4.A.1)

Interactions between external stimuli and and regulated gene 
expression result in specialization of cells  (AP: 4.A.3)

Organisms exhibit complex properties due to the 
interactions between their constituent parts (AP: 4.A.4)

Variation in molecular units provides cells with a wider 
range of functions (AP 4.C.1)

DNA Structure and DNA Replication

MORE COMPLEX (tru higher level)

Central Dogma of Molecular Biology

TRANSCRIPTION DETAILS

TRANSLATION DETAILS

Explain explain the process of DNA replication in 
prokaryotes, including the role of enzymes, Okasaki 
fragments, and deoxynucleoside triphosphates (the 
bases) (7.2.2)

State that replication occurs in a 5' to 3' direction 
(7.2.1)

State that DNA replication is initiated at many points 
in eukaryotic chromosomes (7.2.3)

State that transcription is carried out in a 5' to 3' 
direction (7.3.1)

Distinguish between the sense and antisense strands 
of DNA (7.3.2)

Explain the process of transcription in prokaryotes 
including the role of the promoter region, RNA 
polymerase, nucleoside triphosphates (bases), and 
the terminator (7.3.3)

State that eukaryotic RNA needs removal of introns 
to form mature mRNA (7.3.4)

Explain that each tRNA molecule is 
recognized by a tRNA-activating enzyme that 
binds a specific amino acid to the tRNA, using 
ATP for energy (7.4.1)

State that translation consists of initiation, 
elongation, and termination (7.4.3)

State that translation occurs in a 5' to 3' 
direction (7.4.4)

Explain the process of translation, including 
ribosomes, polysomes, start codons, and stop 
codons (7.4.6)

Draw and label the structure of the peptide 
bond between 2 amino acids (7.4.5)

Outline the structure of ribosomes, including 
protein and RNA composition, large and small 
subunits, 3 tRNA binding sites, and the mRNA 
binding sites (7.4.2)

State that free ribsomes synthesize proteins 
for use primarily within the cell, and that 
bound ribsomes synthesize proteins primarily 
for secretion, or for lysosomes (7.4.7)

Proteins

Explain the 4 levels of protein structure, indicating 
the significance of each level (7.5.1)

Outline the difference between fibrous and globular 
proteins, with reference to 2 examples of each 
protein type (7.5.2.)

Explain the significance of polar and non-polar 
amino acids….and know how that affects protein 
structure (7.5.3)

State four functions of proteins, giving a named 
example of each (7.5.4)

Analysis of mRNA transcript & mock translation of 
transcript


