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Questions

How common is this
sort of problem? How
can you get MRSA?

How are
antibiotics
supposed to work
anyway?
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Mission Critical: Preventing Antibiotic.
R

Where else can
we pick up
bacteria?

Why are there things
growing in my Petri
dish?

How would
antibiotics affect a
population of
bacteria if we put
them together in
a Petri dish?

How can we
model why Addie
got so sick?

Previous
phenomena from
L1 through L5

What we figured out

A girl (Addie) had a bacterial infection (MRSA)
that could not be killed with any type of
antibiotic. We had got lots of questions!

time. People can get MRSA in hospitals.

MRSA and other pan-resistant bacterial
infections are becoming more common over

Antibiotics can E:lestroy bacteria though many
different mechanisms (dissolving their cell
membranes, blocking construction of their cell
walls, interfering with their copying or repair
of DNA, or blocking the production of
proteins).

We can pick up bacteria from many of the
places we interact with every day.

A bacteria colony is made of many bacterium
cells. When the colony grows, each bacterium
is growing in size and then splitting in half
producing two bacteria. This type of
reproduction can occur every 20 min.

Antibiotics killed some but not all of the
bacteria in the dish.

Our models raised new question related to
where the antibiotic resistant bacteria came
from. We had many questions focused on
exactly happens to bacteria when we dose
them with antibiotics.
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Questions

How do different doses
of antibiotics affect a
bacteria in a simulated
infection?

How does what
happened inside of
Addie compare to what
happened in our
simulation?

Could studying some
other creatures help us
figure out what we
think is missing from
our explanation of why
bacteria have changed
over time?

What exactly makes
some of these UCSD
juncos “city birds”?

Do each generation of

juncos just learn to be
bolder or is their
behavior something
they inherited?
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What we figured out

There were heritable variations (different
types) in the bacteria population before
antibiotics. When antibiotics were added,
some variations survived more often than
others due to differences in heritable traits.
This led to an increase in the relative
proportions of bacteria with these variations
across multiple generations.

The same mechanisms and outcomes in the
simulation were also at work in Addie.
Although the initial doses of antibiotics
seemed to reduce her infection at first, the
bacteria population as a whole became more
resistant to antibiotics within Addie, as each
subsequent does didn’t wipe them all out,
and the survivors reproduced. We wondered
whether this type of change could happen in
populations of other types of organisms.

~ We found another population of organisms

that looks like it too may have changed over
time. The mountain juncos normally migrate
from the mountains to the coast for winter.
But 40 years ago, a population of mountain
Juncos began to stay on the coast year-round,

. on the UCSD campus.

The UCSD Juncos have become bolder than
their mountain relatives over a few
generations.

[ We can test if a behavior is inherited or

learned by taking some individuals born into
one environment and raising them in a
different environment and seeing what traits
they have.
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Questions

Do the juncos just learn
to be bolder or is their
behavior something
they inherited?

Are there differences
inside the birds that
would explain why
they behave differently
in response to things
happening around
them?

How do the changes
that happened to the
juncos populations
compare to our
bacteria populations?

How can we share

what we have learned
with our community?
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What we figured out

Exploratory behavior in juncos is inherited.
Genetic information (alleles) that are or are
not inherited can influence what substances
are or are not produced by cells in any living
creature. Maybe this is what is causing
differences in their behavior.
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Previous
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phenomena from

L1 through L14

In stressful situations the amount of stress
hormone in the blood stream is different for
juncos from these different populations. This
is related to the amount of exploratory
behavior they engage in.

Similar mechanisms and outcomes that were
at work on the bacteria in Addie were at work
on the junco population. There was an initial
ancestor populations that had heritable trait
variations for boldness) that migrated to and
from UCSD and the mountains each year. The
environmental conditions of UCSD changed
over time. It became more urban (more food
and water and more stimuli to react to).
Bolder juncos now could survive more easily
in this environment. The juncos that stayed
to reproduce on the UCSD campus and
survived were the ones that were born
bolder. Bolder juncos passed on alleles for
lower stress hormone production levels to
their babies. This led juncos of this type
(variation) to become more common in the
population that stayed at UCSD over time.

Natural selection explains both the change in
the junco population and the growing
prevalence of antibiotic resistant bacteria
infections. We wanted to use this to inform
the public about why we need to not misuse
antibiotics in order to combat this outcome.
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L16 _
What new questions Now that we think about it, we are wondering
Problematizing do we have about what Brovibis | ifthey really are separate populations
PN made these Juncos B> phenomena from | considering they still live in the same area for

split into two different

Hoblilationss LS through L13 part of the year. This led us to wonder what

is keeping them (if anything) from joining or
interbreeding with the other population.

Investigation
| Is there immigration
between the two

‘ Most female juncos born to parents from the
I > | UCSD population have babies that stay in that

populations? population.
nvestigation How can you tell for n )} ilf i‘| l‘l There is a 50/50 chance which allele for each
certain if someone is b i # 0wl b | 8eneoneach chromosome pair is passed on
' the biological father of d n .. ,| ' u .:, v to an offspring from each parent. If a child
achild? g8 uek, has an allele that his or her mother doesn’t
carry, then that allele must have been
inherited from his or her biological father.
Can a child ever end up All organisms get mutations in their DNA; the
nvestigation inheriting something N == mutation rate among mammals from one
other than half of each o= | ==» | generation to the next is relatively constant.
' of their parent’s — A small amount of the genetic information
genetic information? (mtDNA) is passed on from only the mother.
. The amount of mtDNA (in non-coding
Putting pieces g;\x Eae?pct?stndpeigpﬁine Previous regions) different between two individuals
together how closely related phenomena from B2 would be directly proportional to the number
N B individ s s are L16 and L17 of generations it has been since they shared a
common ancestor.
L18 , There are some alleles in the mountain gene
hvesstiigation i":':)i‘iﬁ':gﬂ:i;ﬁ;::;‘d mpy | _ > | pools not in the UCSD gene pool and some
Seas alleles in the UCSD gene pool that aren’t in
} — the mountain ones. This provided evidence

that these populations aren’t interbreeding
(or if they are, the babies aren’t surviving).
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Questions

Are there other trait
differences that could
lead a Junco to mate
with someone from
their own population
rather than an
outsider?

Can birds really tell
who they want to
breed with by the
feather color and song
of potential mates?

What other Juncos do
we find in North
America?

How closely related are
the different
populations of Juncos
found in North
America?

What mechanisms
contributed to the
emergence of these
different Juncos
populations?
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What we figured out

There are physical (head and tail feather
color), behavioral (aggression and mating
song), and physiological (testosterone
production) trait differences between the
mountain and UCSD Junco populations.

Previous
phenomena from
L16 through L22

Birds sometimes select who to mate with
based on feather color and song. Differences
in song and plumage between UCSD and
mountain Juncos may be contributing to why
they aren’t interbreeding.

Different looking populations of Juncos are
found in different breeding ranges across N.
America. Some ranges overlap, while others
are more isolated. Juncos from different
populations in overlapping ranges sometimes
interbreed with each other (hybridize).

Some of these populations of juncos are

considered separate species. Patterns in
haplotypes found in Juncos mtDNA helped us
determine which ones shared a common

ancestor more recently than others.

These mechanisms included trait variations in
appearance, behavior, and physiology due to
genetic information inherited from parents,
environmental changes over time and across
different locations, migration and geographic
isolation, sexual reproduction and mutation,
and natural selection. Evolution is the results
of the combined affect these mechanisms
have on populations over time.
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L23
Putting pieces How would all_wouid ‘ Many of these same mechanisms of evolution
together ;?feesé ?;icz\?glﬁ??;n of [ / | (heritable trait variations, environmental
\l/ bacteria oy times changes ove‘r tlme and at?ross Filfferent .
locations, migration and isolation, mutation,
and natural selection) are at work on bacteria
populations too. The emergence of new
types and strains of bacteria and the growing
prevalence of pan-resistant bacteria
infections would all be outcomes of that can
be explained by evolution.
L24
_ _ How do we share We need to figure out how to share what
Putting pieces everything we've ) Previous N exactly is going on and how best to slow the
tagether flgurled ou; to prevent W& phenomena from Wy emergence of even more resistant bacteria in
v’ faon::rc;g:eif even W SR LE3 _ the future, with our community.
more resistant bacteria
in the future?
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