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Model Organisms

Course 281

Introduction to Molecular Biology
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Lessons for life

The object of education is to
teach us to love what is
beautiful.

Plato, The Republic
like
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AIMS

Understand the importance of models in science.
ntroduce models organisms.

Present the most important model organisms.

Present the general characteristics of the model

organisms.
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The molecules

This class is about the molecules of life !

structure

structure

Chemical composition

Chemical composition Chemical composition

Genetic material

RNA

structure

Genetic material
Mutation

DNA

DNA replication

DNA damage
DNA repair

Protein

Transcription

Types Types

regulation regulation

Genomics Transcriptomics Proteomics
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The molecules

How can we study these molecules?

How can we learn about their biology?

We need models!

All branches of science need model systems
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Science and models

* To study physical sciences, we need a model of
weights, volumes efc.

* We need a simple system that can be easily
studied to gain the knowledge to understand more
complicated systems.
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Science and models

* The hydrogen atom is a
model to study physics
and chemistry.

* The hydrogen atom is
simple (one proton and
one electron).

@ .1p 1n0 1p+’2n0

(@  Hydrogen Deuterium () Tritium
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Model organisms

How do we learn about all these molecules and
mechanisms involved?

Bacteriophage Arabidopsis thaliana
(virus) ' N (plant)

Escherichia coli

. C ) Neurospora crassa
(intestines’ bacterium)

(bread mold)

Zea mays

Drosophila melanogaster (fruit
(corn) A

fly)

Pisum sativum
(garden pea)

Danio rerio
(zebrafish)

Mus musculus

(mouse) Saccharomyces cerevisiae

(budding yeast)

Homo sapiens

(Human)? SX b »
b Caenorhabditis elegans =

(worm) Z
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Bacteriophage (virus)

Protein
coat

Sheath

Cell wall

* Virus (living?)
« 24-200 nm in length

o sing‘ﬁl etities.
« Simple structure

» Haploid
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Bacteriophage (virus)

« Grows on/in bacteria
« Can be grown into millions of copies

* Fast growth

» Easy to culture, store, and manipulate genetically
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Bacteriophage (virus)

Electron

thatwas as clean and simple as physics, which produccd dcar-cut

madlanaucai results Phage seemed to Delbriic ’ e
X of life’s "'v“‘.,‘g- Andhedecxdcdtaworkmth
thm m’l%m:dml the namdnx he was after. “This seemed

he hydrogen atom for
biologists
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Escherichia coli (intestines’ bacterium)

* Prokaryote.
 Single celled organism.

 haploid .

Cell wall
Plasma membrane

e Small in size

« ~ 2um in length
* ~ 0.5 um in width

Bacterial Flagellum
Nucleoid (circular DNA)

-
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Escherichia coli (intestines’ bacterium)

* Easy to grow in lab

« Can be grown into
millions of copies

» Fast growth

 Easy to culture, store,
and manipulate genetically
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Saccharomyces cerevisiae (budding yeast)

The Yeast Cell

- Eukaryote. 7/ .
- e Vacuole

EEEEEEE

* Fungi.
» Single celled organism. ...
« Grows haploid or diploid.

« Sexual and asexual life
cycles.

* Small in size (~ 5-10 um in
diameter). IS
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Saccharomyces cerevisiae (budding yeast)

» Easy to grow in lab

 Fast growth

« Easy to culture, store, and manipulate
genetically
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Caenorhabditis elegans (worm)

» Eukaryote.

* Animal - Nematode.
* Multicellular.

* Hermaphrodite.

« Sexual and asexual
life cycles.

« Small in size (~ 1

mm in length). tmm

* Diploid.
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Caenorhabditis elegans (worm)

» Easy to grow in lab
* Fast growth
« Short life cycle

« Known number of cells

« Easy to culture, store,
and manipulate
genetically.

. . Eggs can be stored.

=
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Drosophila melanogaster (fruit fly)

Female

——X chromosome
U—Y chromosome|

| I

‘— Sex chromosomes

* Eukaryote.

_ « Sexual life cycle.
 Animal - Insect.

_ « Sexual dimorphism
* Multicellular.

o e ~ 2.5 mm in length
* Diploid

o
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Drosophila melanogaster (fruit fly)

N
« Easy to grow in lab

* Occupies relatively a
small space

« Short life cycle

« Easy and manipulate
genetically.

* Aliving stock has to be
maintained.
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Danio rerio (zebrafish)
» Eukaryote. * Diploid.

* Animal - Vertebrate. -+ 4-6 cm in length.

30 minutes
after fertilization

[ Q .
Adﬁ'f >, /7 L N
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Shield
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/7 (section)
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- 7N\ |7
i\ /Il epiboly
Body plan U \ ' (section)
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establishe /
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visible ‘ &
Organogenesis ’
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Danio rerio (zebrafish)

o E t " I b beginning of their usefulness. Because the émbryos are so tiny, it
a Sy O g rOW I n a is possible to keep 1,000 of them alive in the tiny wells of what is
called a standard ninety-six-well plate — a plastic dish, not much

bigger than a playing card, that has ninety-six tiny depressions on
its surface. Into each of these wells, the researchers can put a

* Occupies relatively a T e

}

(=1 3~ ] ® ®fa on,
small space ALY e e
Y A <] o] o] ¢
» Short life cycle A
1] ® —~ -l e " o/ /,,\/
» Good development TBUOEDER] seseses:
~{/|7[#] o] o] I POO OO0
mOde|- /\ el S e lmmzo
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Danio rerio (zebrafish)

* First cloned vertebrate!

* Fun scientific community.

otara Yyl
ies of their

. ers — clones. In 1981 Streisinger had become the first person
m the world to clone a vertebrate and, not surprisingly, his fish
€g8s appeared on the front cover of Nature. They made quite a

splash: Streisinger was interviewed by the newspapers and often

male.3 1 4
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Mus musculus (mouse)

» Eukaryote.
« Animal - mammal.
* Diploid

 Model for human.

« Small mammal.

* 7.5-10 cm in length.

* Long history as a
model in biology and
medicine.
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Mus musculus (mouse)

« Small mammal.

« Genome can be
manipulated.

 Knockout mice.

A variety of
phenotypes can be
studied.

« Can be grown in lab.
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Arabidopsis thaliana (plant)

» Eukaryote. * Diploid.
 Plant - Dicot. « 20-25 cm in height

\\//* . ovule
Y, Gametogenesis e micropyle
\//} @
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Arabidopsis thaliana (plant)

» Easy to grow in lab

» Occupies a small
space

« Short life cycle
« Easy to cross

 Seeds can be stored.
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Zea mays (corn)

« Eukaryote.
* Plant - monocot.
* Diploid.

* Agricultural

Importance. '
1AL,

« ~ 2.5 min height.

R4

R2

R3

RS

UNIVERSITY OF ILLINOIS

, 1 EXTENSION
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Zea mays (corn)

 Large plant. e

- Can'tbe held in lab. G it
uniform. Just as with the size of “ '
Vafiability graduauy dlsappeared. PR

 Crosses must be
conducted in the field.

Tbekcmclswcrecqua.llysh- A h.. ;

 Long breeding history e

_ + Model for cytogenetics.

o
o
Z/



LULLLEALLALENLRANEANLE L1 eLeteeL

Zea mays (corn)

Barbara McClintock and jumping genes

- ‘, --.\vf
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Homo sapiens

Humans: A model organism?

15 February 2001

n ture

Iheview from.onder “S88
. 4
the Arcticice » o
>

Sequience creates et
opportunities; =

Vel 351 No.ssor
Pagw 1145-1434 59

THE s
HUMAN 7
GENOME
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Model organisms. Why?

« Genome can be manipulated experimentally.

« Short life-cycle.

* Minimal living requirements.

« Small genome (some of them)!

» Easy to grow in lab.

« Small in size.

» Accumulated knowledge about the organism.
* Organism does NOT need to be BEAUTIFUL!!
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Molecular Biology

The biology of molecules
Sub-cellular biology

Molecular Biology

ray crystallography, and in 1938 it acquired a new name,
‘molecular biology’. The name was coined by Warren Weaver,
director of Rockefeller’s Natural Sciences Division. He defined
the field as the ‘biology of molecules’ or as ‘sub-cellular biology’,
shifting from the cell itself as the object of study to a more
fundamental level of analysis. Weaver made an explicit analogy

With .d.le sub-atomic world of the quantum physicists; to make

LULLLLALLALELLRALANIE L1 ALeteeL
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Why molecular biology is fun?

* Physical characters start with a molecule.

« Cognitive and emotional characters also start with
a molecule (I think ©).
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To study

sexual life cycle

diploid Eukaryotes
Arabidopsis thaliana
Bacteriophage (plant)
(virus)
: Zea mays
short life cycle (corn) Hermaphrodite
Danio rerio prokaryotes Saccharomyces cerevisiae
(zebrafish) (budding yeast)
Escherichia coli haploid

M /
us musculus (intestines’ bacterium)

(mouse)
Homo sapiens A | i | Caenorhabditis elegans
(Human)? sexual life cycle (worm)

Drosophila melanogaster (fruit fly)
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Expectations

* You know the importance of models in science.

* You know the most important model organisms.

* You know general characteristics of the model
organisms.

* You know the taxonomic representation of each
model organism.

-y



LULLLEALLALENLRANEANLE L1 eLeteeL

For a smile

eSCHeric-iq

CONJUGATION

NEW
Antibiotic
Resistances

TOP

- Animal Guts

to colonize!
SEXY FLAGELLA

VELICA_2003
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