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The Basis of Genetics

Genetics: the science of heredity, dealing with
resemblances and differences of related organisms

What molecular biology implements our heredity?

How are the molecules passed from generation to
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Why 1s a cow a cow?

Why does a single-cell cow
embryo make a whole cow?
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Why 1s a cow a cow?

[f the nucleus (DNA) o ianc
of a fertilized cow's egg i1s “"#&
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Why 1s a human a human?
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Why the nucleus?

« The nucleus of a cell contains molecules of
deoxyribonucleic acid (DNA)

« DNA 1s the stuff that carries all our inheritable
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DNA
Deoxyribose Nucleic Acid

* Sugar-phosphate
chain

* Four nucleotide
(base) types: G, C,
AT

* Complementary
strands

* Strong backbones,
weak base pairing
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Backbone: Deoxyribose sugar plus phosphate Nucleotides (bases)

1 turn = 10 base pairs = 3.4 nanometers

sialawoueu ¢

major groove minor groove

D n A

DNA animation i


DNAStructure1.avi

Genetics Review
The scaffolding of life

- DNA requires other molecules to make living
organisms

- Protein
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Protein

Proteins are large
organic compounds
made of amino acids
(AAs) arranged 1n a
linear chain (like
DNA)

There are twenty
different kinds of

standard AAs,
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CommonAminoAcids/index.html
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Protein Primary protein structure

i saquencs of & chain of aminog &ids

Pleated sheet Alpha helix

Secondary protein structure
ocours whan tha saguance of amino acids
ara linksd by hydragen bonds

"~ Pleated sheal

Tertiary protein structure

occurs whan cartain attractons are pressnt
betwsan alpha helices and pleatad shaats

Guaternary protein structure
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Growth and Cell Division: Protein

Protein Structure
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Protein_Structure.mov
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Enzymes

- Enzymes: Biomolecules that catalyze
(dramatically increase the rates of) specific
chemical reactions

- Billion years — Milliseconds
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Growth and Cell Division

Each cell contains
a full copy of the
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DNA Replication
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DNA_Replication_Process.mov
DNAi_replication_vo2-lg.mov
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Making proteins

= In order for DNA to express its information, it has to direct
the formation of all the rest of the molecules 1n the
organism

* The DNA nucleotide sequence specifies the primary
structure of every protein in the organism

* Each set of three nucleotides (letters) i1s a word meaning an
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RNA

base
{here guanine)

* The RNA chain 1s just

like the DNA chain except

for the sugar (added OH) B )\NH2

* Thymine 1s replaced by
.1 -

HEatt gireit%

* Pairing occurs between O OH

GC, AU phosphate O=P—0
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DNA Proteins (Transcription) DNA

Coding
Strand

Transcription Gene Strand
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IDI\PAN Proteins

A part of the DNA (a gene) 1s copied into messenger RNA

The messenger RNA 1s read by a ribosome and each three
nucleotides (a codon) specifies an amino acid

DNA
G AAACGT CAGTTATTC G

Phenylalanine Alanine Serine Isoleucine
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Proteins (RNA)
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DNA Proteins (Translation)

newly born protein
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From_RNA_to_Protein_Synthesis.mov
DNA_Transcription_and_Protein_Assembly.mov
Protein_Synthesis__Translation__1_.mov
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Packaging DNA

- DNA 1s fragile

* DNA replication and translation is not needed
continuously

< DNA must 1ssue different instructions in different cells

* Therefore,




DNA The Nucleosome
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Chromatin

"Beads-on-a-String"

Isolated patches.

The 30nm Fibre
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Genes under active transcription.
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Chromatin

nm Fibre Active Chromosome The Metaphase Chremosome

| | | | l
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Chromatin

Histone positions within the nucleosome using platinum
labeling and the scanning transmission electron microscope:
C J Stoeckert, M Beer, J] W Wiggins, J] C Wierman,

Journal of Molecular Biology, Aug 1984 (Vol. 177, Issue 3,
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Chromosomes

=~=—— Short arm

Centromere

Chromatid,
1 copy of DNA
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DNA Replication: Cell Division

Mitosis — Growth, creation
of 1dentical cells

Meiosis — Creation of eggs
or sperm (gametes)

Cell Division
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DNA Replication: DNA Silencing

Each cell has two copies of each gene:
one from each parent

One of the copies may be passive while
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DNA Replication: Crossing Over
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Chromosomes

HUMAN CHROMOSOMES

Telomere
Chromatid
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Mutations

Mutations

Changes to the nucleotide sequence of the genetic
material of an organism

Point mutation
The replacement of a single base nucleotide with




