Biological Frameworks for Engineers

Topics in hierarchical format




Module to address noted as Primary or Secondary:  Intro (ML), Genomics (ML), Tissue (JB), Ecology (DS)








Primary
Secondary

Foundation (Tier 1)

I.  Functions of Living Systems



Intro (ML)
all


A.  Functions common to all life


B.  Limits of life

II.  The Cell






Intro (ML)
Ecology (DS)

A.  Prokaryote vs. Eukaryote


B.  Components



1. Membranes 



2.  Nucleus



3. Mitochondria


C.  Processes



1.  Growth



2.  Motility

III.  Biological Information Handling (requires I + II)


A.  Components (STORAGE)


Intro (ML)
all



1.  DNA



2.  RNA



3.  protein



4.  Gene



5.  Chromosome



6.  Genome




Genomics (ML)


B.  Processes (RETRIEVAL and COPYING)
Intro (ML)
all

—each has components + process



1.  Replication



2.  Transciption



3.  Translation


C.  Variability (STABILITY)



Intro (ML)
all



1.  Mutation



2.  Gene transfer



3.  Evolution

IV.  Thermodynamics and Metabolism (requires I + II)
Intro (ML)
Ecology (DS)

A.  Energy metabolism



1.  Thermodynamics



2.  Entropy issues/complexity


B.  Carbon metabolism



1.  Building blocks



2.  Modularity

Building (Tier 2)

V.  Structure-function Relationships (requires I + II + III)


A.  Protein


B.  DNA

C.  Tissue


D.  Hierarchy of Organization

VI.  Gene Expression/Information Circuits (requires I + II + III + IV)


A.  Regulatory elements


B.  Regulatory circuit types

VII.  Connecting Genes to Phenotypes (requires II + III + IV + V)


A.  Functional genomics


B.  Genetic diseases

VIII.  Evolution (requires II + III + IV + V)


A.  Relationship between sequence and evolutionary history


B.  Relationship between structure, function, and natural selection

XI.  Organismic Biology

Complexity (Tier 3)

IX.  Ecology (requires I-VIII)


A.  Niche


B.  Thermodynamic constraints


C.  Natural selection


D.  Relationship between selective pressure and population diversity/dynamics

[Other possibilities not covered in this class]

X.  Complex Organisms (requires I-IV)


A.  Hierarchy of function


B.  Interconnectedness of function


C.  Development biology

XI.  Human Medicine (requires I-VIII)


A.  Disease


B.  Diagnosis


C.  Therapy

XII.  Systems Biology (requires 1-VIII)


A.  Integrated metabolism


B.  Coupled regulatory circuits


C.  Modular metabolism

