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Dear AP Bistogy Students,
Welcoms to AP Biologyl

{ am excited about working with you as you continue ta expand your sclentific understanding. Advanced Placement
courses are reasonably arduous and AP Biology It na exception. We cover a two-semester college course In
addition to & lab course, Occasionally, you will be asked ro stretch yourself and some task will seem overwhelming.
However, | will work with you to make it fess stressful, While the course may be challenging, it will be worthwhilel
Your summat assignment begins by:



Task One:

Due Date-05/30

1, Sign up for REMIND 101 Text @wshapbiol4 to (615)212-2686



Task Two:

Due Date-06/04
https://sites.google.com/a/providenceday.org/apbiology/class-resources/graphing

https://www.youtube.com/watch?v=9dbl6YZaT5A

https://www.youtube.com/watch?v=Xi79jGeQSHO

hitps://www.youtube.com/watch?v=RvzakwlDNg0

https:/ fwww.youtube.com/watch?v=Rflug_pB4JY

https://www.youtube.com/watch?v=biK0YDaaS580

“Blological concepts and models are becoming more quantitative, and blologieal research has become critically
dependent on concepts and methods drawn from other sclentific disciplines, The connections between the biglogical
stlences and the physical sciences, mathematlcs, and computer stience are raplidly becoming deeper and more
extensive,” BIO2010 report of the National Research Council (2003}

Therefore, it is imperative that today’s students develop and apply quantitative skills as part of thelr exploration into
blology. A good grasp of quantitative methodology and reasoning Is particularly important In the laboratory experiance.
Visit these websites and others you may find, and become familiar with the following statistic concepts:

. Mean

Standard deviation

Standard error of mean

Chi square

oW

http:/fwww . bozemanscignce.com/standard-deviation/

http:/fveww boremanscience.comystandard-greor/




Sample Grid-In Question Using Graphing

Use the graph above to calculate the mean rate of population growth (individuals per day)
between day 3 and day 5. Give your answer to the nearest whole number.

Sample Free-Response Question Using Graphing

Plants lose water from their aboveground surfaces in the process of transpiration. Most of
this water is lost from stomata, microscopic openings in the leaves. Excess water loss can
have a negative effect on the growth, development, and raproduction of a plant. Severe
water loss can be fatal. Environmental factors have a major impact on tha rate of plant
transpiration.

Transpiration Rate Versus Temperature

20 23 27 28

1.5 3 5 4.5

(a) Using the data above and the axes provided, draw a graph showing the effect of
temperature change on the rate of transpiration. Explain the shape of the curve from
23 degrees to 28 degrees,

{b) Humidity is another srvironmental factor that affects transpiration rate. Using the
axes provided, draw a curve that illustrates what you predict would be the rate of
transpiration with increasing humidity and constant temperature. Justify the shaps
of the curve based on your prediction.




(e} The curve below illustrates the rate of transpiration related to the percent of open
stomata on the leaf of a particular plant. Explain why the curve levels off with
increasing percentage of apen stamata per area of the leaf.

- Transpiration

Relative Rate o

. 20 40 - B0 . BO 1

{d) The data below show the density of stomata on the leaf surfaces of three different
species of plants. Deseribe the environments in which each plant most likely avolved.
Justify your descriptions.

Anacharis 0 0

Water Lily 420 0
Black Walnut 2 465




Task Three:

Due Date-06/15



AP Biology Name

Chi-square
Statistical Analysis on Data from Genetics Experiments

Using the Chi-Square Test for Statistical Analysis of Experimental Data

Statistics can be used to determine if differences among groups are significant, or simply the results of
predictable error. The statistical test most frequently used to determine whether data obtained experimentally
prov;de a good fit or approximation to the expected or theoretical data is the chi-square test (abbreviated as
%?). This test can be used to determine if deviations from the expected values are due to chance alone, or to
some other circumstance. Examples are presented below that explain how to use chi-square.

12=Z{0-612
&

The formula for chi-square is:

whereo = observed number of individuals
e = expected number of individuals
Z = the sum of the values (in this case, the differences, squared, divided by the number expected)

To determine if the observed data fal] within acceptable limits, a chi-square analysis is performed to test the
validity of a mull hypothesis (that there is no statistically significant difference between the observed and
expected data). If the chi-square analysis indicates that the data vary too much from the expected ratio, an
alternative hypothesis is proposed.

Example 1

In the following example two heterozygous green (Gg) plants were crossed. The chi-square analysis will
determine whether or not to reject the null hypothesis, which predicts that the data from the experimental cross
will fit a 3:1 ratio.

- e}
Phenotype # Observed (0) # Expected (e) {0-¢) {o-e) 2 ee
Green 72 63 9 81 1.29
Albino 12 21 -9 81 3.86
Calculated chi-square value = 5.15 5.15
Table of Chi-Sguare Values
. Deviation
Degrees __ Probability Values (P) . Deviation |  Highiy
of Deviation from Hypothesis Not Significant Significant} Significant
Freedom
{n) 0.99 0.95 .80 0.75 0.50 0.25 0.20 0.10 D.05 0.1
1 0.0002 0.004 0016 0.102 ©.455 1.323 1.642 2706 3.841 6.635
2 0.020 0.108 0.211 0.575 1.386 2773 3219 4605 5.851 9.210
3 0115 0352 0584 1.213 2366 4108 4.642 6.251 7.815 11.345
4 0.297 0.711 1.064 1.923 3.357 5385 5989 7.779 9.488 13.277
5 0.584 1,146 1.610 2675 4352 ©6.826 7.288 09.236 11.070 15,086
6 0.872 1.635 2204  3.455 5348 7.84% 8,858 10.845 12.592 16.812
7 1.238 2.1867 2.833 4255 B.346 9.087 59803 12.017 14.067 18.475
8 1.647 2732 3.490 507 7.344 10.219 11.030 13.382 16.507 20.090
Chi square value consistent with hypothesis Nol consistent




How to Use and Interpret the Table of Chi-Square Values
1. You must first determine the degrees of freedom (df) for your experiment. The df value is the number of

phenotypic classes in your cross minus 1. Since there are two possible phenotypes (green and white), for this
experiment df =1 (2 phenotypes - 1).

To calculate degrees of freedom for different types of crosses:

« monohybrid cross: expect 2 different phenotype classes, so | degree of freedom.

« dihybrid cress: expect 4 different phenotype classes, so 3 degrees of freedom.
(for both these crosses, do not separate males and females into a separate class).

» sex—linked cross: depends on the cross; be sure to separate different types of males and females as a
separate class. (ex. a cross that resulted in offspring recorded as red—eyed males, white—eyed males, and
red-eyed females would have 3 classes, and thus 2 degrees of freedom in your chi-square calculations)

2. You can now find the probability (p) value. The p-value is located on the top row of the chart. This value will
tell you the percentage of times you should have a deviation from what is expected in a cross such as yours. If
your p-value is 0.10 (10%) or higher (0.10 to 0.95 on the chart), this indicates that the deviation from what
you expected is not significant, and it was due to chance alone. If your p-value is 0.05 or lower, the deviation
is significant, and the null hypothesis must be rejected; the deviation is most likely not due to chance alone,

If calculated %2 is less than the critical table value at the 0.05 level, do not reject the null hypothesis;
differences are due to chance alone.

If calculated %% is more than the critical table value at the 0.05 level, reject the null hypothesis; differences
Are significant, and are not due to chance alone,

Note that you do not state that you “accept the null hypothesis.” The chi square tests a hypothesis based
on data but does not prove it to be true,

To find your p-value, find the degrees of freedom for your cross, and look across in that row for where your
calculated value of chi-square would fall. In our example, the chi-square value is 5.15. If you look in the row
next to 1 degree of freedom, you will find that this value falls between 3.8 and 6.6. Now look up to the
corresponding p-value, and you will see that it is somewhere between 0.05 and 0.01. This means that for our
example the chi-square value indicates that the deviation is significant at the 0.05 level. These results mean
only 5% of the time would you expect to get deviations this great in a similar type of cross. In other words,

95% of the time that you performed a similar cross you would expect to get deviations less than what you
obtained.

Since these data do not fit the expected 3:1 ratio, you must consider reasons for this variation. Additional
experimentation would be necessary. Perhaps the sample size is too small, or errors were made in the data

collection. In this example, perhaps the albino seedlings are underrepresented because they died before the
counting was performed.

SUMMARY

If calculated X 2 is less than the critical table value at the 0.05 level, do not reject the null hypothesis;
differences are due to chance alone.

If calcutated X ? is more than the critical table value at the 0.05 level, reject the null hypothesis; differences
are significant, and are not due to chance alone.



Practice Chi-square Problem with Coins:
A coin was flipped 50 times and the number of heads and tails were recorded. Perform a chi square

analysis on the following data:

Heads

Tails

30

20

State your null hypothesis:

Use the table below to calculate the Chi-square value.

Outcome # Observed (o) # Expected (e) (0-¢€) {0-e)2 LQ;égP
Heads
Tails

Degrees of freedom =

Based on your calculated chi square value, what is the probability value (p value) and what does

this p value tell you about the data collected on this experiment?

Using .05 as the critical value, do you reject or not reject the null hypothesis? Explain your answer. |




Independent Practice:

Perform a chi square analysis on the following data.

For 1000 shoppers donating blood at a local mall, the frequencies of blood types were as shown in the
table below.

Blood type | O A B AB | Total

Number of | 465 | 394 | 96 45 | 1000
people

Theory says that these blood types should be in the ratio of 9:8:2:1. For example, the fraction of
people having blood O blood should be 9/20.0

1. State your null hypothesis

2. Use the table below to calculate the Chi-square value. (Note: there may be more rows in this fable
than are necessary for the number of classes)

Class # Observed {(0) | # Expected (¢) {o-¢) {o-ep 0-g)

Chi-square
value

3. Degrees of freedom =

4, Based on your calculated chi square value, what is the probability value (p value) and what does
this p value tell you about the data collected on this experiment?

5. Using .03 as the critical value, do you reject or not reject the null hypothesis? Explain your answer.




AP Biclogy Name: Period:
AP Biology Scientific Practices

AP science courses incorporate six overarching practices that capture important aspects of the work of
scientists. Science practices describe the knowledge and skills that students should learn and demonstrate to
reach a goal or complete a learing activity. They are listed below for your reference. ;

Science Practice I — Concept Explanation

Explain biological concepts, processes, and models presented in written format,

Science Practice 2 — Visual Representations

Analyze visual representations of biological concepts and processes.

Science Practice 3 — Questions and Methods

Determine scientific questions and methods.

Science Practice 4 — Representing and Describing Data

Represent and describe data.

Science Practice 5 — Statistical Tests and Data Analysis

Perform statistical tests and mathematical calculations to analyze and interpret data.

Science Practice 6 - Argumentation

Develop and justify scientific arguments using evidence.



AP Biclogy Name: Period:
Science Practice 1 — Concept Explanation

Explain biological concepts, processes, and models presented in written format.
1. Describe biological concepts and/or processes.
2. Explain biological concepts and/or processes.
3. Explain biological concepts, processes, and/or models in applied contexts.

So ratin{% male}

2Z0MW K OB OW W I
Tepperature {5C)

1. Describe the effect of temperature on sex determination for each of the three species of reptiles depicted above:

a. Macroclemys temminckii:

b. Trachemys scripta:

¢. Alligator mississippiensis:

2. Astemperatures continue to rise, hypothesize the impact on each of the three reptile populations. Think beyond

statements such as “more or less males.” (so... then what?) And think on a global scale ©




AP Biology Name: Period:

Science Practice 2 — Visual Representations

Analyze visual representations of biological concepts and processes.
1. Describe characteristics of a biological concept, process, or model represented visually.
2. Explain relationships between different characteristics of biological concepts, processes, or models represented
visually.
a. In theoretical contexts.
b. Inapplied contexts.
3. Explain how biological concepts or processes represented visually relate to larger biological principles, concepts,
processes, or theories.
4. Represent relationships within biological models, including
a. Mathematical models
b. Diagrams
c. Flow charts

A theory used in AP Biology is the Law of Competitive Exclusion. Review the graphs of Paramecium aurelia
(solid line) and Paramecium caudatum (dashed line) below to learn more:

v

Fignre 2.X4, ...
Population growzh of Faramecium
auwrelia-and Paramecivm caudatum. -
when grown separately and
together, ~ - -

Hetalive popdlation dens

S _ 5 B 10

1. Describe the results of the experiment depicted in graph [.




AP Bioclogy Name: Period:

2. Describe the results of the experiment depicted in graph 2.

3. Based on these “trends,” postulate what the Law of Competitive Exclusion states regarding population growth of

these two species of paramecium,




Task Four:

Due Date-06/20



AP Biology Name: Period:
Science Practice 3 — Questions and Methods

Determine scientific questions and methods.
1. Identify or pose a testable question based on an observation, data, or a model.
2. State the null and alternative hypotheses, or predict the results of an experiment.
3. Identify experimental procedures that are aligned to the question, including
a. Identifying dependent and independent variables.
b. Identifying appropriate controls.
¢. Justifying appropriate controls.
4, Make observations, or collect data from representations of laboratory setups or results
5. Propose a new/next investigation based on
a. An evaluation of the evidence from an experiment
b. An evaluation of the design/methods.

Part I: Identify the independent (IV) and dependent (DV) variables for each of the experiments below.
1. Guinea pigs are kept at different temperatures for 6 weeks. Percent weight gain is recorded.

V= , DV=

2. 'The diversity of algal species is calculated for a coastal area before and after an oil spill.

V= , DV=

3. The light absorption by a pigment is measured for red, blue, green and yellow light.

V= , DV=

4. Batches of seeds are soaked in salt solutions of different concentrations, and germination is counted for each
batch.

V= , DV=

5. An investigator hypothesizes that the adult weight of a dog is higher when it has fewer littermates.

V= ; DV=

Part II: Identify a control group for each of the following examples. Remember, control group = without the IV.
1. An investigator studies the amount of alcohol produced by yeast when it is incubated with different types of sugar.

2. The effect of light intensity on photosynthesis is measured by collecting oxygen produced by a plant.

3. The effect of sweetener on tumor development in lab rats.




AP Biology Name: Period:
Part III: Read the following description of experiments. Identify the IV, DV, control, and constants. Report one way to

improve each experiment. Remember — a constant is something kept the same IN EVERY GROUP.

1.

A group of students hypothesizes that the amount of alcohol produced in fermentation depends on the amount of
glicose supplied to yeast. They want to use 5%, 10%, 15%, 20%, 25% and 30% glucose solutions.

V= , DV =
What control treatiment should be used?

What constants should be used?

A group of students wants to study the effect o f temperature on bacterial growth. To get bacteria, they leave Petri

dishes of nutrient agar open on a shelf. They then put the dishes in different places: an incubator (370(3), a

refrigerator (IOOC), and a freezer (OOC). Bacterial growth is measured by estimating the percentage of each dish
covered by bacteria at the end of a 3 - day growth period.

Iv= DV =
What control group should be used?

What constants should be used?

A team of scientists is testing a new drug, XYZ, on AIDS patients. They expect patients to develop fewer
AIDS-related illnesses when given the drug, but they don't expect XYZ to cure AIDS.

What hypothesis are they testing?

IV = _ DV =
What control group should be used?

What constants should be used?




AP Biology Name: Period:
The graph below shows the effect of fertilizer on peanut plant growth.

‘Figare 2.6, 7
Graph ol peamnit weight ¥s:
anoymt of fe{r&_i_!izer-'applit:ci_.

Peaniﬁ-v;eight {g/plant}

‘200 400 600 800 1000
Féatitizer (9100 %

'F“;gum 1, Weight of gieanuls procduced porplantwhen ot e
© lniint ol festilizer applied is varied. {Avefage seed 3
wolght per plankie 100 m? pluls, 400 planisfalat)

I. Describe the trends shown in the graph:

2. Develop a testable question and hypothesis that would explain the data (note: you will design an experiment for this

hypothesis in the next section)

a. Testable question:

b. Hypothesis:

3. Using the testable question and hypothesis you developed above, design an experiment. Be sure to include specific

data collection strategies.

a. Independent variable:

b. Dependent variable:

c. Constants:

d. Control Group:

e. Data to collect / how you will collect:




AP Biclogy Name: Period:
Science Practice 4 — Representing and Describing Data

Represent and deseribe data.
1. Construct a graph, plot or chart

a. Orientation d. Scaling g. Trend line
b, Labeling e. Plotting
¢. Units f. Type

2. Describe data from a table or graph, including

a. Identifying specific data points. ¢. Describing relationships between
b. Describing trends and/or patterns in variables
data.

An investigation was carried out to measure the rate of activity of catalase, an enzyme that breaks down hydrogen
peroxide. Five 40-mL solutions of the enzyme at concentrations of 20%, 40%, 60%, 80%, and 100% were prepared. A
filter paper disk was placed in each enzyme solution. Each soaked disk from the different enzyme concentrations was then
added to different cups containing 30 mL of 1% hydrogen peroxide. The rate of catalase activity was inferred from
measurements of how fast the disks rose from the bottom to the top of each cup. The following data were obtained:
40%—12.1 seconds, 80%-5.8 seconds, 100%—4.1 seconds, 20%—15.8 seconds, and 60%-9.9 seconds.

Directions: Organize the data by completing the data table, according to Enzyme Concentration
the directions below, {percant)

1. Label the second column of the data table with an appropriate
heading and record that label on the y-axis of the graph. [Be sure to
include units.]

2. Complete the data table so that the percent enzyme increases from
the top to the bottom of the table.

3. Make a line graph of the data on the grid below. Title ‘

Axes labeled
Units-on axis

Clear data points

Best {1t line/curve-

The Independent variable in the
experiment js:. '

The dependent variable in the

experiment 1$;

State one valid conclusion that relates

enzyme concentration to reaction rate:




AP Biolog Name: Period:




AP Biology Name: Period:
Science Practice 5 — Statistical Tests and Data Analysis

Perform statistical tests and mathematical calculations to analyze and interpret data,
1. Perform mathematical calculations, including
a. Mathematical equations in the curriculum

b. Means.
¢. Rates.
d. Ratios.

e. Percentages.
2. Use confidence intervals and/or error bars (both determined using standard errors) to determine whether sample
means are statistically different.
3. Perform chi-square hypothesis testing.
4. Use data to evaluate a hypothesis (or prediction), including
a. Rejecting or failing to reject the null hypothesis.
b. Supporting or refuting the alternative hypothesis.

The enzyme peroxidase was isolatéd from fresh turmips. This engyme s a shg!ﬂ variation on the tatalase you
have tsed i your protein study. Tis both cises ench enzyiie breaks down hydrogen pﬁmx:de to oxygen gas and
water, In this case, however, the oxypen produced reacts with guaiacol, bringing sbout 8 color change.
Guaiacol (colorless) + Oxygen > Tetragusincol (hrown)

By using a spectrophatometer (or colorimeter), the mmount of oxypen produced can be quantified by measuring
the increasing amount of brown tetraguataco] produced. Thus the amount of oxygen produced can be memd&d
by measuring the sbsorbance of the brown pigment. Using a standard curve, this ¢an bic converted to molas of
oxygen. Youhave done similur measurements using colorimeters in chemistry.

Experiment C

"This study was repeated, bul this time the amount of gnzyme was varied by the same dilution process,

The sxyeei pmdm:ad vas reconded for 6 minates, The duta from thése wisls are graphed below. Complete thé

graph by putting {n best-fit curves.

07 1
_ Using your curves.of best fit, -
o8 caleulate the initial rate of redction
- and record in the table below,
g os
£ ] —_
b - {Enzyrie]
04 3 *6.3%
) é B125%
i 0.3 4 25.0% -
S - % 50.0%
0.2 #100.0%
a1
0 0 A O A A N0 0 0 i
0 1 2 3 4 5 6 7

Time {mihutes)



AP Biology

Period:

Science Practice 6 — Argumentation

Develop and justify scientific arguments using evidence.

1.

“k B

Make a scientific ¢laim,

Support a claim with evidence from biological principles, concepts, processes, and/or data.
Provide reasoning to justify a claim by connecting evidence to biological theories.

Explain the relationship between experimental results and larger biological concepts, processes, or theories.

Predict the causes or effects of a change in, or disruption to, one or more components in a biological system based

on

a. Biological concepts or processes.
b. A visual representation of a biological concept, process, or model.

¢. Data.
Germination Rates of Pinto Beans
Day % Germination % Germination % Germination
(15°C) 20°C) 25°C)
0 0 0 0
2 2 10 10
4 10 30 50
6 20 40 80
8 20 60 90
10 35 70 90
Table 4

Construct an appropriately labeled graph of the data in Table 4.

11



AP Biology Name:

1. What conclusions can you draw from the graph?

Period:

2. Give one suggestion for improvement for this experiment.

12



TASK Five:

Due Date-06/25



AP Biology Name: Period:
Thinking about data collection...

Part 1: Qualitative vs Quantitative Data

For each of the theoretical experiments below, list and describe one source of gualitative and one source of
quantitative data that you could collect if you were doing this experiment. Do not try to hypothesize or predict the results
of the experiment, only think about what kinds of data you could collect if you were trying to answer the experimental
question.

Sample
A researcher is trying to determine if a new type of fungicide is effective at preventing fungus infections on a
certain crop

Qualitative

1. Presence or absence of fungus on the plant
2. Color of the plant leaves (yellow or brown indicates fungal infection)

Quantitative

[. Size of fungus spots on a plant
2. Number of fungus spots on plant

1. A researcher notices that in a population of moths, some have a light gray color and some have a very dark gray,
almost black color. She wonders if the coloring might be a form of camouflage.

Qualitative —

Quantitative —-

2. Avresearcher is comparing the effectiveness of two different medications in treating flu symptoms.

Qualitative —

Quantitative —

3. A researcher believes that a local chemical production plant might secretly be dumping waste into a nearby river.

Qualitative —

Quantitative —

13



AP Biology Name: Period:
4, A student working for a pet food company is testing different flavors of cat food in order to develop new flavors to
sell.

Qualitative —

Quantitative —

Part 2: Determining what evidence supports a claim

For this part, list and deseribe two pieces of evidence (qualitative, quantitative, or one of each) that would
support the researchers claim or hypothesis. First consider how you will measure change, then what change you would
expect to see,

Sample
A scientist notices that some individuals in a population of fish have an extra dorsal fin. He hypothesizes that this
extra fin might give those individuals an advantage when trying to escape predators.

1. The fish with the extra fin are faster than the fish without, meaning they could likely outswim predators.

2. At the end of the summer a higher percentage of fish with the dorsal fin survived than fish without the extra
fin meaning fewer of them were eaten.

1. Aresearcher hypothesizes that eating certain foods that are high in Vitamin C interferes with a human’s ability to

absorb calcium from other foods.

2. Aresearcher believes that when working out, doing more repetitions at a low weight stimulates more muscle growth
than doing fewer repetitions at a high weight. ‘

3. Aresearcher is excited about the potential of a new natural substance that may help prevent damage to DNA from
ultraviolet light from the sun.

4, M. Pilgrim thinks that his cats prefer the chicken-flavored cat food over the tuna-flavored cat food.

14



AP Biology Name: Period:
Null and Alternative Hypotheses

A new way of thinking about experiments

Background:
In prior science courses youn have been taught to make hypotheses — predictions — about the outcome of

experiments that you conduct. You did in order to have a sense of direction during your experiment and what to focus on
as you made observations.

In real-world experiments, scientists rarcly explicit predict their outcomes. Instead, they ask questions as );ou have
learned to do and then brainstorm possible outcomes, including ones that they think are unlikely. This allows them to keep
an open mind about their observations.

For example, if you think that experimental data will show one thing but it ends up showing the opposite thing,
you might think your experiment was flawed somehow (the classic “we messed up”). If you open your mind to other

possibilities as scientists do you might gain knowledge you otherwise wouldn’t have.

Null hypothesis:

One common way that scientists force themselves to keep an open mind is through a technique called a null
hypothesis. Null means “invalid” or “having no value”. You already know that a hypothesis is a prediction, so a null
hypothesis is a hypothesis that says that nothing will happen, or more propeily that the independent variable of the
experiment has no effect on the dependent variable.

Think back to the mealworm lab. Most of the scientific questions that were generated had this form:

“Do the mealworms prefer A or BY”?

That question does not account for the possibility that the mealworms have NO preference!

Also, we expect that when we do experiments that something will happen. In fact, surveys of published and
unpublished experiments suggest that nearly 80% of experiments show no or weak results! But that is okay! Finding no

effect of an independent variable on a dependent variable is still new information that we did not have before.

Writing null hypotheses:
To construct a null hypothesis, first identify the independent and dependent variables in the experiment, then

indicate that the independent variable has no effect on the dependent variable.
“(IV) has no effect on (DV}.”
Ex. A scientist is trying to determine if a new chemical is effective at preventing fungus growth on plant leave.
Independent variable (IV): chemical
Dependent variable (DV): fungus growth
Null hypothesis: The chemical has no effect on fungus growth.

15



AP Biology Name: Period:
Spoiler alert: Chemical and pharmaceutical companies often test hundreds of compounds and formulas before finding one

that works. Most of their experiments end with them finding no effect! Back to the drawing board!

Practice writing null hypotheses:
For Examples 1-3 below, identify the independent and dependent variables, then write a null hypothesis for the

experiment,

1. A gardener is testing different types of soil (organic, sandy, clay, etc.) to determine which is best for growing her

vegetables,
a. IV-
b. DV~

c. Null hypothesis —

2. Ateacher finds a new activity and is trying to see if it helps his students understand a concept better and do better

on & test.
a [V-
b, DV-—

¢.  Null hypothesis —

3. Astudent is trying to organize their papers in a different way to try to help them not lose as many papers and

assignments.
a. IV-
b. DV~

¢.  Null hypothesis —

Alternative hypotheses:

Of course, scientists do not do experiments unless they think that there might be some effect. They do not want to
waste their time! In addition to writing a null hypothesis, scientists will also write an alternative hypothesis, which is
what you have already learned as just a “hypothesis”. An alternative hypothesis states that the independent variable has an
effect on the dependent variable. When writing an alternative hypothesis, do not state what you think the effect will be
or explain why, simply state that there will be an effect (see example below)

Ex. A scientist is trying to determine if a new chemical is effective at preventing fungus growth on plant leave.

Independent variable (IV): chemical

Dependent variable (DV): fungus growth

Alternative hypothesis: The chemical has an effect on fungus growth.

16



AP Biology Name: Period:
#*Note that the alternative hypothesis simply states: “(IV) has an effect on (DV).”, it does not state what that effect

will be (that is what we call a “prediction™).

For Examples 4-6 below (same scenarios as null hypothesis section), rewrite the null hypothesis, then write an

alternative hypothesis.

4. A gardener is testing different types of soil (organic, sandy, clay, etc.) to determine which is best for growing her
vegetables.
a. Null hypothesis —
b. Alternative hypothesis —

5. A teacher finds a new activity and is trying to see if it helps his students understand a concept better and do better
on a test.
a. Null hypothesis -
b. Alternative hypothesis —

6. A student is trying to organize their papers in a different way to try to help them not lose as many papers aﬁd
assignments.
a. Null hypothesis —
b. Alternative hypothesis —

More practice

7. A nutritionist theorizes that diets rich in fruits and vegetables may have a positive effect on human digestive
system bacterial species growth and survival,
a. Null hypothesis —
b. Alternative hypothesis —

8. Epidemiologists (scientists that study disease transmission, causes, and methods of control) believe that using
antibacterial hand soaps have actually increased the number and virulence (harmfulness) of antibiotic-resistant
bacteria in the world.

a. Null hypothesis —
b. Alternative hypothesis -

17



AP Biology Name: Period:
9. Wildlife biologists noticed that when wolves in Yellowstone National Park became protected from hunting by

federal laws, average tree height in Yellowstone increased by 20% in 10 years.
a. Null hypothesis —
b. Alternative hypothesis —

18
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Due Date-06/30



AP Biology Name: Period:
95% Confidence Intervals / £ 2SE-
Background

When an experiment is conducted there are often sources of error — you call it “messing up”, but really error is
any place in an experiment where, if you were to do the experiment again, some variation might occur that could affect
your data. This is why it is generally considered good practice to “redo” investigations and gather multiple pieces of data
that can be looked at as a whole. Seemingly insignificant choices may cause variation or error in results. Consider the
following possibilities:

- You use old chemicals that may not be as effective (some chemicals undergo spontaneous reactions and so are

only good for a certain amount of time)

- Errors / inaccuracies in measurements / equipment (we often use the least expensive beakers and pipettes &)

- Judging qualitative data (colors, levels of activity, “low”, “high” — different people have different judgements)

- Different experimental groups with different characteristics (like living organisms)

- Environmental conditions - ambient air temperature, humidity, etc. may affect results

All of these small factors may add up to create uncertainty in your results.

Communicating Confidence

Scientists use a variety of ways to communicate how confident they are in their experimental results. The simplest
way, and one that you have done, is to list possible sources of erver, This lets other scientists know where the
experimenters possibly made errors and how those errors may have affected their results. Also, scientists conduct
investigations more than once, or they have many different samples of the same experiment running at the same time, If
the data they get from each sample or each run of the investigation is similar, the scientist can be pretty confident in their
results. If the range of data is large, then they probably have less confidence because they are getting lots of different
values for their data. |

In addition to describing sources of error, scientists can quantify (calculate) their error and, therefore, their
confidence in their data. One way that scientists do this is by calculating the standard error of the mean. This is a
statistical analysis method that outputs an estimate of the error in the data. They then use this to create a 95% confidence
interval, visualized as an error bar, on their graph. A 95% confidence interval is a scientist saying, “Here are my results.
I know there is probably some uncertainty and error in my data. I am 95% certain that even with the uncertainty, the data
falls within this range.” 95% confidence intervals are used on graphs that show quantitative data, They are easy, visual
ways for scientists to show the uncertainty in their data.

Calculating 95% confidence intervals involves statistical equations and theory that are beyond the scope of what
you will need to do in this course; however, you do need to be able to look at a graph that shows 95% confidence intervals
and explain what the intervals indicates about the reliability of the data and any conclusions that can be drawn based on
the data. One way that confidence intervals are calculated is by using a calculation standard error of the mean (abbreviated

as + 28E,). If you see “standard error of the mean” or & 2SE.”, these are referring to confidence intervals.
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Visualization

95% confidence intervals are shown by drawing error bars on graphs. Any graph that shows quantitative data

can have error bars. You will see bar graphs, line graphs, and scatter plots that all have error bars.

Looking at 95% Confidence Intervals

A) B)

16 Arbacia Lixula * Paraceniratus lividus

Bensity (indiv, per HmA2)

Density {indiv. per Hm"2)

A L-d amr

Narmzl pH Avidified Waler

Take a look at Graph A (Arbacia lixula).

1. What is the dependent variable of the experiment?

2. What is the independent variable of the experiment?

The shaded (pink and gray) bars show the scientists’ data from their experiment.

3. What is the density of 4. /ixula in normal pH water?

4, What is the density of A. lixula in acidified water?

The lines extending upwards and downwards from the top of the bars show the 95% confidence interval, calculated
from the standard error of the mean, for the scientists’ data. It considers possible sources of error in the experiment and
shows the possible range of data for each trial. Large error lines indicate a wider range of possible results, small lines
indicate a smaller range of possible results, but all error bars show the range of results with 95% confidence.

5. What are the highest and lowest possible densities for A, /ixula in normal pH water?

6. What are the highest and lowest possible densities for 4. lixula in acidified water?

Look at Graph B (Paracentrotus lividus).

7. What is the density of P. lividus in normal pH water?

8. What is the range of possible densities of P, [ividus in normal pH water?

9. What is the density of P, lividus in acidified water?
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10. What is range of possible densities of P, lividus in acidified water?

The error bars show the possible range of the data with 95% confidence. For example, for 4. /ixula in normal pH
water the density was measured to be 12, but because of sources of error (maybe the machine was calibrated incorrectly,
the bacteria are reeeeealllly hard to see, or they used cheap beakers), the actual density could be anywhere from 9 to 15
(the range shown by the error bars). That’s a pretty wide range! Similarly, for 4. lixula in acidified water the density was

measured to be 8 but because of error and uncertainty could be anywhere between 6 and 14. Again, a very wide range!

Say that the machine was in fact calibrated incorrectly. When the scientists took their measurements, they
measured the density of 4. Jixula in normal pH water as 12 (shown on the graph) but in reality, the density was 9. Now
imagine that because of errors the scientists measured the density of 4. lixula in acidified water as 8 but in reality, the

density was 13, What would the graph of the real values look like? Draw it below.

A)
11. Based on this data, what would the scientists conclude about the effect
16 Arbacia Lixula of acid on the density of 4. lixula?
_ 14
2
S 12
=
10
S
g °
"% 6 12. How would this differ from the conclusion they would draw from the
§ 4 data in the original graph on the previous page?
2,
0 Normal ;ﬂ:l Acidilied Water
**Takeaways

1. When two sets of data have overlapping error bars, the difference in the data is not significant and conclusions
cannot be drawn from that data. There is too much uncertainty!
2. When two sets of data have error bars that do not overlap, the difference in the data is significant and

conclusions can be drawn from the data.
3. ALWAYS LOOK AT ERROR BARS IN GRAPHS

13. Looking at the scientists’ data in Graph A, are you confident in the scientists’ results? Why or why not? Explicitly

talk about the error bars in your answer.

14, Now look at the data in Graph B, especially the error bars. How do they differ from the error bars in Graph A?

15. What does this mean for any conclusions or statements that the scientists might make based on this data?
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Investigation Design — Cantrols, Constants, and Groups

Background
This activity will introduce and solidify your understanding of a few concepts related to investigation design —
control groups, experimental groups, and constants. Every investigation has these and it is important to be able to identify

each of these when examining or designing an investigation.

Control Groups

Control groups (or just “controls”) are those groups in an investigation that serve as comparisons for the rest of
your investigation. They allow you to compare the results of your investigation to some known values to see if there is a
difference. This helps you determine if the change you made (your independent variable) actually had an effect onlwhat

you are measuring (your dependent variable).
There are two types of controls: Negative and positive

Negative controls '

A negative control group is the group in your investigation that lacks the independent variable. For example, if
you are investigating the effects of cat food flavoring on how much a cat eats at a meal, the negative control could be cat
food with no flavoring. If you are investigating the effects of differing types of fertilizer on tomato plant growth, a good
negative control group would be a few plants that are given no fertilizer. Now you can compare what happens when you

give different fertilizers with the plants that were given no fertilizer.

1. Identify a possible negative control for the following investigations:
a. Ateacher finds a new activity and is trying to see if it helps his students understand a concept better and

do better on a test.

b. Aresearcher hypothesizes that eating certain foods that are high in Vitamin C interferes with a human’s

ability to absorb calcium from other foods.

¢.  Aresecarcher is comparing the effectiveness of two different medications in treating flu symptoms,
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Positive controls

Positive controls are a bit trickier and likely a concept you have not experienced before. A positive control group
is the group in an investigation that already has a known result. 1t has two purposes: 1) as a comparison for the other
groups (like a negative control), and 2) to make sure that your experimental design does not have any flaws. For example,
let’s go back to the tomato plant investigation. A positive control for that experiment might be a group that is given 250
mL of water each day because you know from some previous investigations that if you give a tomato plant 250 mL of
water each day, after 30 days it will be about 20 cm tall. If you do an experiment and find that a tomato plant given 250
mL of water each day doesn’t grow at all, it is an indication that some other part of your investigative procedure might be
off (maybe bad soil or old seeds in this case).

Let’s say you are working in a lab and developing a new chemical fertilizer that is supposed to help plants grow.
You do an investigation. Your negative control is plants with no fertilizer, and you have a second group of plants that are
grown with the new fertilizer. How do you know if the new fertilizer is better than the fertilizers already available? Sure, it
might be better than no fertilizer, but if it’s not better than what is already out there nobody will buy it! A positive control,
like a group with an available fertilizer that you know increases growth by 50%, would be very useful. If your new
fertilizer increases growth by 25%, it would not be worth developing and trying to sell. If your fertilizer increases growth
by 75%, then that is an improvement! Without the positive control you would never know if your fertilizer is better than
what is already available.

Positive controls are not always necessary in an experiment but they are sometimes helpful.

2. In the following investigations, identify the positive control;

a. Researchers are testing the effectiveness of 5 new antibiotics to see if any are better at preventing

bacterial growth than amoxicillin, a common antibiotic already in use.

b. Researchers are testing new materials for headphones to see if they block outside sounds better than

existing materials.
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Experimental Groups

Related to negative and positive controls, experimental groups are any group in an experiment that is not either a
positive or negative control. From example 2a above, the experimental groups would be the 5 new antibiotics. In 2b, the

experimental groups are the new materials.

3. Identify the control group and the experimental groups in the following investigation: testing the effect of
different pH’s (3, 5, 6, 8, 9, and 11) on the activity of an enzyme as compared to neutral ph (7).
a. Control group =

b. Experimental groups =

Constants
Constants are those parts of an investigation which are kept the same across every group, including the control
and experimental groups. They are NOT controls. Remember that you want to keep as much the same as possible so that
you can be certain that any differences in your dependent variable (measured results) are because of your independent
variable and not something else. Examples of constants include:
- Using the same measuring equipment (yes, even highly accurate tools like graduated cylinders and balances
can vary between individual ones).
- Inan investigation testing the effectiveness of different antibiotics, keeping the volume of each antibiotic used
the same and measuring their effectiveness over the same period of time (also maybe keeping temperature the

same, testing on the same type of bacteria, etc.).

4. For each investigation below, identify TWO possibie constants:

a. Testing the effectiveness of different fertilizers on plant growth.
1.
2,

b. Testing the effect of temperature on a certain chemical reaction between two substances.
1.
2.

c. Testing how quickly different types of sugar get absorbed in the body and enter the bloodstream.
L.
2.
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Task Seven:

Due Date-07/01

For each of the following experiments, state the following
. A Hypothesis(if any)

. A Null Hypothesis
. Dependent variable(if any)
. Independent variable(if any)

. Relationship between the DV and IV(if any)

. Control(s) {if any)
. Constants(if any)

. Conclusions



Passage Vi

 Three studies compared the effects of 5 sweeleners
{Sweeteners Q-U) on food consumption by rats and on the
concentrations of leptin and ghrefin (hormones that regu-
Iute appetite) in (e blood of rats. Sweeteners QU diifer

only in the percent by mess of fructose and of glucose {see”

Tuble 1)
Table §
Percant-by mass oft
Sweetener | fructose | plucose
0 100
g_ 43 58
3 50 50
T 55 45
U 100 0
Sty 1

Each of § groups (Graups.1-3) of rats was assigned a
sofution having a 100 g/l. conceniration of 1 of the
5 sweoteners, Each rat was placed in a separaie cage and
provided unlimited access to the assigned sweetener solu-
tion and to.solid food For 56 days, Table 2 shows, For each
-group, the amounts of sweelener solution and solid food
consumed pet rat per day. On Day 36, blood was collected
from each rat For analysis B Studies 2 and 3.

Table 2

Amount consumed
per rai par day

sweetener | solid
solution | food
Group | Sweetener [ {ml) {0

I Q 73 9
2 R 35 i4
3 S 52 16
4 T 8 i3
5 U 20 23

Table 2 adapted from Besther 8. Light el al.,, "The Type of Calotic
Sweetenar Added to Water Influences Weight Gain, Fal Mass, and
Reproduction in @rowing Sprague-Dawley Female Rats.” $2009 by
thie Soclely fur Experimental Hiclogy and Medicine.

Study 2
A 1 ml. bload samiple from esch rat was placed ina
sepurate test tube containing 0.2 mL of Indicater N ‘{which

reacts with leptin to form a blue dye), Thé concemration of

blue dye in each tabe was directly propoertiondl to the leptin
conceriration in the blood sumple, Table 3 shows the leptin
contentration per sample for each group.

Tablz 3
Leplin’
concentration
per-sample
Group § Sweetoner {(pM¥)
1 Q B4
2 R 622
3 8 553
4 T 473
5 L 251
Epteomolar

Sty 3

Study 2 wis repeated, -except that Judicator P {which
rencts with ghrelin to form.z yellow dye) was uséd insteud
of Indicsior N. The voncentratioh. of yellow dye in each
twhe wis directly proportional 1o the ghielin concentration
in the blood sample (see Table 4}

Table 4
Lhrehin
concentration
per sample
Group | Sweetener |~ (phD)
1 Q 852
2 R 1,125
k) 5 1,279
4 T 1,450
5 U 1,758

Tables 3 and 4 adapled from Andreas Lindgquisl, Annemie
Baeleinans, and Charlotia Erlanson-Albirisson, “Effects’ of
Sucrose, Glicoss and Fructose.on Peripheral and Central Appetite
Signals.” ©2008 by Elseviler B.V.



PASISAGE Vii

Hacteris can be categorized by how they respond, as indi-
cated. by reproduction and growth; 10 certain temperatures.
Fhey afe gronped indo four catepories—psychrophiles, psy-
¢hrotrophs, mesophiles, and thermaphiles-—based pn {heir
growth response 1o certain temperatures. Minimal prowth
lemperature is the Yowest polnt at which the biclena will
reproduce:; Optimum :growih poimt is the emperature at
which the bacteria reprodoce most efliciently. Maximum
Emwm point is ibe very highest temperatees to which the

acteria will respond, beyond which' the bacterin will not
reprodisce at all. Table 1 Hists the (ypes of baclock as well
as the growth poisis for cach.

Table 2 represents a fist of commen bacieris and their
growth poinis.

Thermhophile | - 25-45 | 50-60

Table 1
Growth points br ranges (°C)
Classifications | Minimum | Optimum | Maximem
Psychrophife | helow 0 10-15 | helow 20 |
Psychralroph 0-5 15 .
Mesophite | 5-25 | 1845 | 30-50
60-90

Table 2
Cardinad growil points °C)
Racteria-name Minimum | Optmum | Maximom
Anexybacitlo flavitherius 30 60- 12
Bucillus flavothermis 30 60 72
Clostriding perfringens 5 45 30
Escherichia cofi 10 37 45
Listeria moneeytogenes A 34 43
Micrococeus cryophilis Q) i5 30
Staphylocovcus qureus gl 37 45
Streplovitens pyogeney 20 37 40y
- StreptoeiceHs Preunomge 23 3 42




PASSAGE N

Researehiers conducied tials on a centain prisedption
drug delivered in immédintesrelense capsules and extended-
release ¢apsules. ) o

_Figure 1 shows the mean concentration {nanograms per
auitiiliter Jng/mLY) of the two agiive ingredients of ihe
peescription drug in patients” blood plasma over time {he).

Tugrediont A smlpsion
immedinieaelease.
tapredical A e
extended-telease
Ingreditn B -
inediateerelense:
Ingiédient B seemlle—e
uktendederoloasy

S
2
]

o
Ty
]

[
f=d

WMisan blood plesima cotwentration {nghsly

Tifue ehaped after dosage )

Figure 1

In chinical tials of the preséription drug, subjecls ziven
the prescription druy were Inferviewed at regular iniervals
about the symptoms the prescription drisg is meant forelieve,
After cach interview, the subjects werd assigned a symptom
seore. A high symplom score coreesponds e high intensity of
s%[mpmms. and  fose symplom score Endicates low inlensity.
of sympioms. Figure 2 shows lhe mean Symplom Score over
time (hw) for subjects who wok the prescription dryg,

In wic clinical trials, some subjects-were given ' the pre-
seription drig and some subjects were given & placebo (an
innctive pith): Table | shows the percentage of subjects from
bath' groups who reportet various sdverse side effects.

-

B Trnedinig-ralease. me—

L Extendederifensn i
15
# ..
A
B L
g 1o
§t
i —

il H | i I 1 I

# & 12 16 T M
Tirne clapsed afler doguge-(hr}

Figure 2
Table 1

Body system Side effect Prescription drug group {%) | Placebo group {%) _'
General Fechng of weakness: [ 5
Headache 26 i4
Loss of appetite 32 5
Digestive sysier Diarches B b
Dry mouth 3 5
Nauses 14 1
Anxicly 7 4
. Dizziness 9 &
Nervous sysiem Insomnia 23 11
Freitability H 4
Cardiovascular system Rapid heart rate- 10 2
Nutiitional Waight gain 13 0




PASSAGEV

Tenebrip molitor is an arthropod insect which, like %%
of all insects, undergoes the process of complete metamor-
phibsis, meaning thal it passes throdgh Tour e slages! egg,
Lirva, pupa, snd adull. In the Jarval slage the insect i com-
monly known ag 4 mealwormy a3 o full adult it is a darkling
heetle, Fgure 1 shows the- four stages of the 7. mofilor
fife dyele: Ce-axis), as well as data for misimum and max-
imurm days speatin each slage of metamorphosis (y-axis}
foc T, maliter st were raised by students in 4 Jab,

B - osinimum e instage
50t = maxithum tioke i stage

st

s
304
a5 b
0F
15k
il

Lava Piipa Adufi

Fignre §

Tahle | includes date recorded for four different colonies
of T, motitor caised by students in & lab, including the type
of food eacl colony was given, beginning larval length,

-duration of fime in-larval-and pupai stages, sod final adult

Tenpth. 1t was decided that the colonies would be given only,

anctype-of food sourei: either a [ruit, 8 vogetable, or one of
two whold grains. Apple was chosen as ihe fruit, canrof for
the vegetable; and oals and wheat-for the two whole griins.

Table 1.
Colony | Diet | Avg larval | Avg duration | Avi dusation | Ave. adull
size {mm) | injarvalstage | in pupal stape | size (mmj
{days} {days)
i Apple Fik: 368 75 163
2 Carrot. 24.5 9.4 84 19.5
3 Oat | 44 9.1 9.2 0.6
4 | Wheat 25,3 572 108 23




PASSAGE I

Ceitain species of Rowers atlect more bees than others
with the scent of their polien. The poiken is foond on a-struc-
Aure Within. the flower called the anther, which is located on
fop of another stnicture called the stamen. Flowers typically
hive miuitiple anthets and Slamens.

Bees carry the pollen from the flowers on their fegs. "The
‘hess move From flower to lower while collecting polien
Some-of the pollen falls from theil legs as-they Fand on

another flower. This depositing of pollen causes tross-
pollination {0 oczar-{fertilrzation of the gther flowers), Thre

studies were conducted 1o study this process.

Study 1

_For wwo. flower species (A and B), pollen quantity por
anther in milligrams (mg), anther guantity per Bower in
nuwmber, and. percentage of siamens covered ‘Wwith pollen
were recondad (sée: Table 1),

Table |
Flower Pollen Anther Stamens
species guaatity quantity | covered with
{mg) per per polien (%)
-anthar flower |
A 49. 12 27
B T4 19 21

Study 3 _ .. . .

The researchers hand-pollinaled Rowers from & thied |
species, Species. C. They alse observed the Species € plants
being cross-pollinated by the bees in the area, All Bowers'
“"“{? {,’fsimd For 2 years: The stientists recorded the resilis
in"Table 3,

Table 3
Cross-pollination of Resuls:Trons:
Spevies € flowees
] Rﬂ.ﬂdf Bccj .
pallinaled | poltinated
Powers. Howers:
Flowers that 3t 12
reprivduced 7
Flowers reproducing 1o M
altor 1 yoar ‘
Flowers seproducing & 15
after 2 years
Totl Rowers produced | 50 4
after 2 years




Study 2

“Three study sites were established to determine the pollen
colleetion rate-of one species of bee for the Bowers used in
Study 1. In Site 1, Species A flowers were absent, In Site 2,
‘Species B flowers weére sbsenl In Site 3, both Species A
and B flowers were ahsent. ) ' '

Two g%llen containers were placed at each site: one con-

taining 30 myg Species A pollen-and one containing 30 mg

Spevics B poflen. The containers wene lefl in place for

36 hours and the amount of pollen that was 1aken from
gil‘}i f;g}gmm@r‘s‘ was measured, The results are recorded in
Table 2.

PASSAGEV

Gregor Mendel is known for his work in genetics, He
is credited with discovering how traits (chacacteristics) are
passed from one generation to the next, Afier his obsers
vations of inherited teaits, Mendel - concluded: that each
organism carries two sets of informalion about a cerlain trait.
I the iwo sets differ ahout the same irait, one set dominates
ihe other. Thatl way, information can be passed on through
the generations, even. il the trait & not expressed. o

1t hiss since been ditemyined that: the piesence of cer-
tain trails is attributed 1o genes, and the different forms
that genes ean lake, known as alleles, Dominant alle-
fes (D) produce dominant characteristics; vetessive alleles
{d} producé recessive charactersitics. Dominant alleles are.
expressed whenever present (DD, Dd) but recessive alleles
are expressed only when the dominant allele is absent {dad).

A study was done in which the independence of two traits
wius tested. In this study, a rabbit with long black hair was
mated with a rabbit with sbort whitle haie. The dorminant 1rait
for hair length is short (5}, The dominant trait fot hair color
is biack (B). I the two initial rabbits (evel 1in the fipure
below) are himozygous Tor their truits, meaning that the twao
alleles for each trail are the same, breeding theat will résalt.
in offspring that have both a dominant and recessive afléle
for each tratt; Such a pairing of alleles is known as heterozy-
gouy. If, as in fevel 2 of the figure, two héterozygous rabbits
are bred, the chart (fevel 33 contains all the possibilities Tor
their offspring,

Daminant Traits Repessive Tinite
— Black color (BB = White cotor (ih)
~ Shart hair {HH} ~ Lang hair (hh)
Level i: Longhair(bhy % Short hair (HH).
Black (BB} White (bl
Level 21 Shotthair (HI) Shost histe ¢33k}
Black (Bb) Hlsek (Bhy

N/

Tevel 3 Hi Bb x HiBb

up | Hy | BB fib

HB BB | Himk | IRED | 158

ath | Cotor _

Black

whité

Table 2
Site Flower Amount of Pollen (mg)
- species removed from dishes
absent containing pollen frony
Species A | Species B L R
I A 26 13 bR | HnBB
2 B iz a5
3 | AandB 2 4 o | L

blsck

wiitie




PASSAGEV

Aphids are' small plant-¢ating insects known to feed on

roschushes, In the edlttvation’ of roses, cordain pesticides

are often spplicd when the preseace of aphids is detected.
However, sometimes the flowers thal are feated with the
_pesticides are pot a5 vibrant or Tragrant as those that did
not recéive the pesticide tr::atmenﬁlgl'\m experiments were
conducted to study the effects of certain pesticides on
rosebughes.

Table 3
LExperiment | _ ) R A : .
A gardener filled 125 pois with Soil Type 1.-No pesticide Solid type | pH level 9‘_’23’“33 Clay (5
was added to the Soil in 25 pots. The othér pols wers divided matier (%)
into four groups of 25 and the soils in each gronp were 1 4.1 10 125
treated wilh 5; 15, 25, or 33 paris per million {ppm) of : : -
eithes Pesticidd A or Pesticide B. All other factors were held 3 3.9 6.5 63
canstagl. Fully grown coschisshes with buds but no. flowers
were planted after the pesticide was placed in the soil. Affer
30 days 1he rosebushes were uprooted, sun-dred, und the
tatal number of pelals produced by the bushes was counted.
The resulis are shown in Table 1 '
Table 1
Pesticide dose. Number-of pelads
(ppm) Pesticide A | Pesticide B
5 I I3
{5 2 7
25 2 14
iF 5 7
None 14 14
Table 2
Averpe weinhi of rosebush (o7}
Pesticide dose - "
Tppm) Soil type | .‘ S.Oli typs: 2
Pesticide A | Pestieide B | Pesticide A Pegticide B
5 415 | 514 527 612
5 3. 423 403 517
25 7.3 329 311 403
35 19.7 21 238 .7
Note: Average plant weight with untreated Soil Type | was 42,1 oz average plant
weight wilh untreated Sofl Type 2 was 24.7 oz,

Experiment 2 o

Txperiment | was repeated with 100 pois of Soil Type |
and !% pots of Soil Tepe 2. The same. pesticide doses and
type. dnd number of rosebushes were used. All-olher Tac-
tors were held constant. Afler 30 days the rosebushes were:
sprooted and weighed. The results are shown in Table 2,

Information on the composition of the two'soil Lypes vsed
is given in Table 3,




PASSAGE VII

“In.nature, -different types of orpsnisms often Tomy syn-
‘biofie (mutually benieficial) relationships with each other,
One soch exaniple of this is between cedain types of Tungi
amd plants; this refationship is known as a myeersfiize. The
sssociation provides the Tunpus wilk food through uccess
to sugars from photosynthesis ip the plant. In return, e
plant gains the use:of the fungl’s surface aren to absorb
mineral nutricnts from the sofl. 1 s beleved that withow
the assistance of fangd, these plants would not be able 10
ahsorh crucis] avtrieats, including phosphates, from the soil.
Two experiments were pérformed to stedy the effect thai-the
plant-Tengs reintionship fax on plant growh.

Eiperiment I

For 6 weeks, several specimens of three dilferent types off
plants, selected from among Toor different types of plants,
‘Were grown in a greenhouse. The average growth of each
Aype of plani was recorded every wo weeks: The soil
used for the - planis ‘was {séated 1o romove - uny Wace of
fungi o establish expected growth without the plant-fungi
association, The resolis are shown in Table 1.

Table ] _
Average plant growth {in)
Plant type. :
Week 2| Week 4| Woek 6
oo | 28 | oaa
¥ | 0e | L7 2.0
4 0.9 2.6 35

Experiment 2

In ihis experithent, several speeimens of four different
Iypes of plants were grown in a groenhose for six weeks,
and 1he average growth of cach type of plant was récordéd
gvery two. weeks. This time, however, untreated soll that
gontrned fangl was psed. The resulis are shown in Table 2.

Table 2

Average plant growih {in)
Week 2 | Week 4 Week 6
! 26 | 38 | Al

Plant type

2 2.9 4.1 59
3 [RY 13 5.4
4

i.7 14 4.9

Tablz 3
Plant type| Root suucture | Native climets lypel  Leal lype
Fr ] oife Pmife | Onssdike
2 Taproot Northom forest | Evergreen needle
3 Tapryor Prairie Bimdd
4 Diffise | ‘Tropical forest. Broad

Information on tie plant types used is piven in Tahle 3,

36, The resulis of Experfment | indicate that during - what
time frame did all of the plant types siudied experience
the grealest increase in growth rale?

Fo (-2 weeks

G, 2-4 weeks

H. 4-6 weeks _ N

J. Cannot be determined from the given information,

A plant from which: climate type wis NOT swdied in |
Experiment 17 o

A, Praide.

B, Tropical Torest

{. Northern forest

D.. Afl'climate types were studied in Experiment 1,

Ry}

a

38 Based on the results of Experiment 1, which plant 1ype
experienced the most total growth between Week 2 and
Weck 67

E. Plani Type §
G. Plant"Type 3
H. Plant Type 4
J. Bach plaiit-type experienced the-same total prowth,




PASSAGE IV

Students ‘wanted 1o test the effevis of nutrition on the
growih of guinea pigs. Two experiments were conducled
using different feeds and vitamin. supplements. For both
expeniments, four groups of 10 guinea pigs each were
given a different type of feed over an 8-week penod. Each
‘group recedved the same quantity of food and was provided
with fresh water daily. The puinca pigs were measured and
weighed weekly, The guinea pigs in cach group-had an aver-

_ape starting weight of 50 grams (g} and an average starting
length of ﬁ}._ﬁaniim;etas {cmh

, Experiment 2 o N
o ‘ Croup 5-was fed :a-__h{g’%pmtﬁm feed plus fruits and’
“Experiment 1 _ , vegetables {Feed V), o
‘Group | was fed a high-protein feed (Feed P, Group 6 was fed 3 gran-based feed with vitamin
Group 7 was fed a grain-based feed with vitarin supplements plus fruits and vegetables (Feed W).
~supplements (Feed Q). ' Group 7 (conlrol group) was fed a grain-based feed
Group 3 (control group) was fed & grain-based feedd _ without supplements (Feed X). ~  ~
witholit supplements (Feed R). Group 8 was fed & grain-based feed without supplemints.
Group 4 was fed 8 grain-based feed without supplemients plus fruils only (Feed Y), '

plus fruits and vegetables (Feed S).

_ The results and average measurements are recorded in
. ‘The results and average measurements are recorded in Table 2 below. '
“Table 1 below, ' ' ' '

Table 2
Table 1 ]
—— — Group | Average Average |
Group | Average Average ‘weight after | lengthafter8
welght after | length after 8 _ & weeks (g) weeks {em)
& weeks (g reeks (o _
. .wm 5{g) weks (cm) P o8 185
i 3 J2.50 : _
? 6 85, 3050
2 82 2000 - T
: 7 75 25.00
- 2525
A 7’_1 = : 8 74 23,25
4 76 23,00




29, Based on the reselts of the study, what is. the order of

30

.

the suspected mutagens, from the substance with the
feast potential 10 be mulugenic to the substance with
the must poicniial to be mutagenic?

A BEMN L
B. P LM N
C. N.L,B'M
I N.MLP

In the stady, the scientists tested the effect of Sub-
stance P at u concentration of 5% 107 g/ml., After the
study, the scientists repeated their test of the effect of
Substance P, but at 3 other concentrations. The 3 con-
cenirations and thieir- éorresponding results are shown
in the table below.

Concentration of | Number of
Substance P colonies
102107 g/ml 14
Hx 10“9 /ml. 54

100 % 107 pfml 114

What is the nelationshi
1ion of Substance Pan its potential to cause mutations?

. As.the concentration of Sub&tfmce? increases, its
-potential to cause mutations increases only.

6. Ag the goncentration of Substance P increases, its
potential fo canse mutations decréases only,

H. As the consentration of Substunce P increases, its

potential to cause mutations first decreases and

then increnses.

Thers is no relationship between the concentration

of Substance Pand its pofential to canse mutdtions.

J

, if .any, belween the concentra-

A% Beforé bacteria werg added to it, the dish that was

intended fo serve ps the conlicl dish in the study-
lncked which of the substanees listed below?
1. Histidine
1. Nutrieni agar
TH. Suspected matagen

A, Honly
B, Ul anly
C. Dand Honly
D. Tund 11 only

Which of the following statements about: the numbers
of bacteria. that n.gamed the ability to synthesize histi-
dine Is consistent with the results of the stedy for
Dishes 2 and 3 7 The number of bacteria that became:
His" revertunis after exposure to:

. Substimce M was about I times the number of buc-
teria thal became His” revertants-after exposure to
Substance L.

;. Substance L was about 2 times the number ef bac-
terin that became His® rovertants alterexposure to
Substance M.

H. Substance M was about £ times the number of hac-

teria thut became His™ revertants after exposure to
Substanee L.

J.  Substance L was about 4 thmes the number of hac-
terin thiit becaime His"™ revertants after exposure 10
Sutbstance M,

The. particular stedin of S, fvpixmmrxmn chosen for the
study locks normal DNA repair méchanisms. Which of
the following statements gives the most likely. redson:
this purticular strain was chosen? The seientists:

A. did not wani the bacteria in lhe-study ta synthesize
any DNA,

B. did not want the bacteria in the study to synthesize
any proteins.

' wanted the bagleria.in the study lo be able 1o
repuir-the mations cnu\cd by the substances.
wanted the bacteria in the study to be dnsble to
repair the mutations caused by the substances.



Task Eight:

Due Date-07/05

Article Reading
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Inquiry in Acfion: Interpreting Scientific Papers

brief communications

Frequency-dependent Batesian mimicry

Fredators avoid look-alikes of venornous snakes only when the real thing is around.
Y

» atesian mimicry holds that palatable

% species look Jike dangerous species
# becanse both are then protected from
predation'™. Bust this protecton should
break down where the dangerous model is
absent, when predators would not be under
selectfon to recognize the model or any
other species resembling it as dangerous™®,
Here we provide experimental evidence to
support this critical prediction of Batesian
mimicry by demonstrating that predators
avoid harmless look-alikes of venomous
coral snakes only in areas that are inhabited
by these deadly snakes.

Many coral snakes and non-venomous
kingsnakes possess red, yellow (or white),
and black ringed markings®, which preda-
tors avoid’, though often without prior
experience’. To determine whether this
avoidance depends on the model’s presence
in the vicinity, we constructed snake repli-
cas’ (L5 cmX18 cm cylinders of pre-
coloured, non-toxic plasticine threaded
onto an S-shaped wire) with a tricolour
ringed pattern, a striped pattern with iden-
tical colours and proportions as the ringed
replicas, or a plain brown pattern.

Ringed replicas conformed to the local
mimic: scarlet kingsnakes { Lampropeleis #ri-
angulum elapsoides), which resemble east-
ern coral snakes (Micrurus fulvius)’, or
soncran mountain kingsaakes (L. pyrome-
lana), which resemble western coral snakes
(Micruroides euryxanthus)'; striped and
brown replicas served as controls, We
arranged three different replicas {triplets)
2 m apart in natural habitat (each was used
once only). At each site, 10 triplets were
placed 75 m apart in a line. After collection,
a person without knowfedge of the replica’s
location scored attacks by noting any
impressions corresponding to a predator’.

We tested whether predators avoid L. %
elapsoides only in areas inhabited by Micru-
rus by placing 10 {riplets af eight sympatric
sites (sifes with tmimic and mode]l) and
eight allopatric sites (sites with only the
mimic) in North and South Carolina, USA
{480 replicas; allopatric sites were more
than 80 km outside Micrurus’s range™;
sites were 16-420 km apart). After 4 weeks,
25 (5.2%) replicas had been attacked by
carnivores. The mean { s.e.an.) proportion
of ringed replicas attacked was significantly
greater in allopatry {0.654 +0.107) than in
sympatry (0.083 £0,116; P=0.009, 2-tailed
Wilcoxon two-group test).

We next investigated whether predators
avoid L. pyromelana only in sympatry with
Micruroides by placing 10 triplets at 24 sites
{720 replicas) along an elevational gradient
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Figure 1 Frequency-dependent mimicry, The praportion of camivore attacis on ringed repficas of scarlet kingsnaites flop left: & mimic of
eastern coral snakes) and sonoran mountaln Kingsnales fop right; a mimic of western coral snaked) increased with a, laitude
fr=—13.314+039%1x, P<0.035, A =0345 and b, slevation (v = —0.329 +0.00032x, P<0.014, F2=031 0). Horizontal
dashed fine: preportion of attacks on ringed replicas expected under randomness. Verfical dashed fne: maximum klitude and elevation

Tor coral snakes in Kerth Carolina and Arfzona, respectivedy,

(1,204-2,866 m) near Portal, Arizonma
(Micruroides only occur at altitudes below
1,770 m (ref. 10); there were 14 sympatric
and 10 allopatric sites 3-100 km apart).
After 2 weeks, 49 (6.8%) replicas had been
attacked by carnivores.

The mean proportion of ringed replicas
attacked was significantly greater in allopatry
(0496+0,078) than in  sympatry
(0.138 = 0.060; P=0.006). Moreover, in sym-
patry, the propertion of ringed replicas
attacked (0.138) was significantly less than
randommess  (0.33;  P=0.010, 2-tailed
Wilcoxon signed-rank fest). By contrast,
attacks were random in allopatry (P=0,188),
Thus, predators aveid coral snake mimics
only in sympatry with the model.

Coral snakes become increasingly rare
with increasing latitude (Spearman
p=—0.57, P=0014)" and elevation
{p=—0.77, P=0.026; our unpublished
results). Consequently, selection to aveid
ringed patterns should weaken with
increasing latitude and elevation. As expect-
ed, the proportion of ringed replicas
attacked increased gradually with latitude
and elevation (Fig. 1), suggesting that selec-
tien to avoid ringed patierns is indeed sen-
sitive to the abundance of coral snakes.

Our results do not filly resolve why
mimetic patterns occur where models are
absent™". Possibly sclection for mitmicry

#%.® 2001 Macmillan Magazines Ltd

in sympatry, coupled with gene flow
between sympatric and allopatric popula-
tions”, maintains mimetic patterns in both
regions. Nevertheless, our results verify the
crifical prediction of Batesian muimicry and
demonstrate that the benefits of mimicry
depend on abundance of the model.
David W. Pfennig®, William R. Harcombe*,
Karin 8, Pfennigy

*Department of Bivlogy, University of North
Carolina, Chapel Hill,

" North Caroling 27599-3280, USA

e-mail: dpfennig@email unc.edis
'+ Section of Lutegrative Biology, University of Texas,
Austin, Texas 78712-1064, USA
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ARTICLE 2

Inquiry Figure 2.2: What Creates ‘Devil's Gardens’ in the Rain Forest?

Introduction—The Article and Phenomenon Under Studjf

Tropical rain forests have many species of trees, with such a great diversity that it is rare to have several individuals of the same
species next to each other. A notable exception is in the Amazonian ‘devil’s gardens,” which consist of large stands of a single
species of tree, Duroia hirsuta. What creates these ‘devil’s gardens’? Inquiry Figure 2.2 in Campbell/Recce Biology, Eighth
Edition, presents experimental data testing possible chemical mechanisms from the following paper:

Megan E. Frederickson, Michael I. Greene, and Deborah M. Gordon, ‘Devil’s gafdens"bedevilled by ants, Nature 437:495-496
(22 September 2005). '

Guiding Questions for Reading This Article
A. About the Articie
1. Give the name of the journal and the year in which this article was published.

2. What are the last names of the three authors? What are their universities?

3. Specialized vocabulary: Write a brief definition of each term.
Defined in the article:

allelopathy

domatia

Not defined in the article:
formic acid

herbicide

host plant

mutualism

necrosis

niche
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4. Write out the full genus and species name of the ant in this study. Why is this scientific name written in italics in the article?

5.

What is the abbreviated genus and species name for the tree in this study?

B. About the Study

6.

10.

Why are these regions of the Amazonian forest called ‘devil’s gardens’?

What are two alternate hypotheses to explain why these single-species patches of trees occur in an otherwise species-
rich tropical forest?

. How were saplings of the tropical cedar species C. odorata used in this experimental manipulation?

In what two ways did investigators measure damage to the C. odorata cedar saplings?

One testable hypothesis is that the formation of ‘devil’s gardens’ involves ants, independent of alielopathy. The null hy-
pothesis states that ants have no effect. Consider hypothesis 1 here, and fill in this chart with your predictions about leaf
damage to cedar saplings, yes or no. ‘

Hypothesis 1: M. schumanni ant defense keeps other plants out of the garden by increasing leaf damage to cedar saplings.
Null hypothesis: There is no relationship between presence of ants and amount of leaf damage to cedar saplings.

Predictions Under Will ieaf damage occur Will leaf loss occur
Hypothesis 1 -if ants are excluded? if ants are not excluded?
Cedar saplings planted A B

inside the garden , |
(ants present) '
Cedar saplings planted C D
outside the garden .

(ants not present)




11.

12,

13.

14.

15.

16.

" Article 2: Inguiry Figure 2.2 9

An alternate testable hypothesis is that Duroia allelopathy accounts for the formation of ‘devil’s gardens,” independent
of ant defense. Consider hypothesis 2 here, and fill in the chart with your predictions about leaf damage to cedar saplings,
yes or no. ’

Hypothesis 2: D. hirsuta tree allelopathy keeps other plants out of the garden by increasing leaf damage to cedar saplings.
Null hypothesis: There is no relationship between presence of D. hirsuta trees and amount of leaf damage to cedar
saplings.

Predictions Under | Will leaf loss occur Will leaf loss occur
Hypothesis 2 if ants are exciuded? if ants are not excluded?
Cedar saplings planted . A B

inside the garden
(ants present)

Cedar saplings planted C D
outside the garden
(ants not present)

3

The four cells (A-D) of the table represent four treatments of the tropical cedar saplings. Why did the investigators use
more than one sapling in each of the four treatment groups?

Look at the results of Figure 2 in the article (p. 495). Which of the four treatment groups of tropical cedar C. odorata
(nonhost plant) suffered the greatest leaf necrosis after one day? Which treatment group had the greatest percentage of
leaf shedding after one week?

Compare these results to your predictions in question 10. Do these results agree with your predictions under hypothesis
1?7 Do these results allow you to reject that null hypothesis?

Compare these results to your predictions in question 11. Do these results agree with your predictions under hypothesis
27 Do these results allow you to reject that null hypothesis?

Although the experimental results in Figure 2 allow you to reject hypothesis 2, they do not “prove” hypothesis I and do
not explain how the ants cause leaf loss. How did the authors test whether the leaf damage was caused by formic acid?
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17. Is this an observational study, in which quantitative, observational data are taken but no experimental manipulat
made? Or, is this an experimental study, in which researchers make manipulations by which the effects of different
ables are tested, one at a time? ‘

18. Isthis afield sz‘z;zdy, .Wiﬂl data collected on organisms in their natural habitat, or is this a lab study, in which plan
studied wnder controlled conditions in the laboratory or greenhouse?

C. Genéral Conclusions and Extensions of the Work
19. Explain how the behavior of M. schumanni ants lead to the formation of ‘devil’s gardens.’

{
20. Imagine that you were a member of this research team and involved in these experiments. What could be a po:

follow-up test that extends this work? Briefly state ancther experiment or measurement you would do within th
search system.
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BRIEF COMMUNICATIONS

‘Devil's gardens' bedevilled by ants

An ant species uses herbicidal weaponry to secure its own niche in the Amazonian rainforest.

Drevil's gardens’ are large stands of trees in the
Amazonian rzinforest that consist almost
entirely of a single species, Duroia hirsuta'™,
and, according to local legend, are cultivated
by an evil forest spirit. Here we show that the
ant Myrmeluchisto schumanni, which nests in
D, hirsuta stems, creates devils gardens by poi-
soning all plants except its host plants with
formic acid. By killing these other plants,
M. schumanni provides its colonies with abun-
dant nest sites — a long-lasting benefit as
colenies canlive for 800 years,

M. schumanni lives in the hollow, swollen
sterns (domatia) of D). hirsuta, the tree species
that dominates devil’s gardens (Fig. 1a). Previ-
ous studies of the mutuzalism between D. hir-
sutq and M. schumanni indicated that devil’s
gardens resalt from allelopathy, which is the
local inhibition of plant growth by another
plant, by D. hirsuie ™. However, studies of a
different ant-plant mutnalism — between an
unidentified species of Myrmelachista and the
ant-plants Tococa guianensis and Clidemia
heterophylla — indicated that Myrmelachista
may create stands comprising only its host
plants by nsing herbicide®.

We did an ant-exclusion experiment o
determine whether the selective killing of
planis inside devils gardens is due to the
activity of M. schumanuni workers or to allelo-
pathy by D. hirsuta. We planted saplings of &
common Amazonian tree, the cedar Cedrela
odorata, inside and oufside devil’s gardens,
and either excluded or did not exclude ants
from the saplings (for methods, see supple-
mentary information).

We found that the M. schumanni workers
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Figure 1| Theant

M. schumanni creates
devil's gardens by
killing ail plants other
thanits host tree,

D. hirsuta. a, A devil's
garden, or mono-
specific stand of

D. hirsuia, in the
foreground contrasts
with the species-rich
rainforestin the
backeground. b, A
worker M. schumaini
anfattackinga plant:
the ant bites a small
holein the leaf tissue,
inserts the tip of its
abdomen into the hole
and releases formic
acid. ¢, Leaves develop
necrosis along
primary veins within
howrs of the attacle

promptly attacked the saplings in devil’s gar-
dens from which ants had net been excuded,
injecting a poison into their leaves (Fig. 1b),
which developed necrosis within 24 hours
{Fig. 1c). Most of the leaflets on these saplings
were lost within five days, and the proportion
Tost was significantly higher than on saplings
from which ants were excluded (Fig. 2). We
also found that ant-free C. odoratainside devil's
aardens fared as well as C. edorata planted out-
side devil’s gardens. These results show that
devil's gardens are prodnced by M. schumanni
workers, rather than by D. hirsuta allelopathy.
In a second experiment, we investigated

. Fizute 2 | M. schumanni ants, and not alielopathy,

create devil's gardens. Saplings of the non-host
plant C. odoratnwere subjected to different
treatments: 1, planted inside a devil's garden, ants
notexcluded; 2, planted inside a devil's garden,
ants excluded; 3, planted outside devil's gardens,
ants not excluded; and 4, planted outside devils
gardens, ants excluded. Only saplings exposed to
ants inside devil’s gardens developed significant
necrosis within one day {average + s.e;blue bars)

. and shed 2 significant percerrtage of their leaflets

within five days (average * s.e.; red bars),
Maltivariate analysis of varfance results: Pillai
trace, 0.88, F,;, = 9.41, P«0.0001. Analysis of
variance (ANOVA) results (necrosis):

F, ,6=52.78, P<c0,0001, ANOVA results (Jeatlets
shed): F, ;5= 17.19, P«0.0001. Bars marked A
are significantly different (P<0.001) by Tukey
post-hoc tests from bars marked B.

©2005 Nature Publishing Group

whether M. schumanni attacks only plants that
are not its host plants and whether the ant uses
domatia fo recognize its host. We planted
C. odorata saplings with and without artificial
domatia and D. Firsuta saplings with and with-
ouf domnatia in devils gardens. After 24 h, there
was significant leaf necrosis on all C. odorata
plants {mean area on plants with artificial
domatia: 39.7 cm?® s.e, 26.4-55.6 co’s on
plants without artificial domatia: 14.2 cm® s.e.,

9.2-20.3 cm?), whereas there was no leaf

necrosis at all on any D, hirsuta plants, irre-
spective of the presence of domatia (analysis of

* variance, F;, = 57.03, P«0.0001). We con-

clude that M. schumanni attacks onlynon-host
plants such as C. odorata and that it does not
rely on the presence of domatia to discrimi-
nate between its hosts and other plant species.

Chemical analysis revealed that the poison
glands of M. schumansi contain formic acid
{0.43+0.12 pl per worker); no other com-
pounds were detected. Treatment of leaves
with formic acid induced leaf necrosis on all
the plants we tested. {For details, see supple-
mentary information.) Many formicine ants
produce formic acid: to our knowledge, this is
the first record of an ant using formicacid asa
herbicide — although it is known to have bac-
tericidal and fungicidal properties®.

Drevil's gardens covered 4.5% of our study
plot and grew by 0.7 +0.3% per year. Using
this growth rate, we estimate that the largest

495

M. DOHRN @ BBC
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devils garden in our plot, with 351 piants, is
807 years old (95% confidence interval, 446-
4,234 years old}. A devil’s garden is tended by
a single M. schumanni colony (our unpub-
lished results) comprising as many as 3 miftion
workers and 15,000 queens; the presence of
many queens undoubtedly contribates to
colony longevity.

The cultivation of devils gardens by
M. schumanni is an example of niche con-
struction’. By killing plants of other species,
the ant promotes the growth and establish-
ment of D. hirsuta, thereby gaining more nest
sites. A devil’s garden begins when an M. schu-
manni queen colonizes a single I, hirsuta tree:
over time, D, hirsuta szplings become estab-

lished within the vegetation-free area created
by the ants, and the ant colony expands to
occupy them. The devilry of M. schumanni
today provides homes for ants in the future.
Megan E. Frederickson®, Michae! 1. Greenet,
Deborah M. Gordon®

*Department of Biological Sciences, Stanford
University, Stanford, California 94305-5020, USA
e-mail meganf@stanford.edu
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ARTICLE 3

Inquiry Figure 9.15: Is the Rotation of the Internal Rod in ATP
Synthase Responsible for ATP Synthesis?

Introduction—The Article and Phenomenon Under Study

ATP is made from ADP and inorganic phosphate using the energy from proton flow through the membrane protein complex
known as ATP synthase. A particular subunit of the protein complex acts as a rotary motor in the production of ATP. Inquiry
Figure 9.15 in Campbell/Reece Biology, Eighth Edition, shows how investigators provided direct evidence for this mechanism
of ATP synthesis by means of rotation in the following article:

Hiroyasu Itch, Akira Takahashi, Kengo Adachi, Hiroyuki Noji, Ryohei Yasuda, Masasuke Yoshida, and Kazuhiko Kinosita: Iz,
‘Mechanically driven ATP synthesis by F1-ATPase, Nature 427:465-468 (29 January 2004).

Guiding Questions for Reading This Article

A. About the Article '
1. What is the name of the first anthor of this research team?

2. Most of the authors of this paper work in major research laboratories in what nation? What is the name of the author af-
filiated with the Cold Spiing Harbor Laboratory in the United States?

'

3. What is the name of the journal in which this article was published? This paper was publishied in what month and year?

13



14 Inquiry in Action: Interpreting Scienfific Papers

4. This research was supported in part by grants from what organization? (See Acknowledgements, p. 468.)

5. The article’s abstract (p. 465, first paragraph, in bold print) summarizes the major contributions of the stndy. Writ
one sentence from the abstract that states the basic concept for which the study provides direct evidence.

6. Specialized vocabulary: Write a brief definition of each term.
chemiluminescence

hydrolysis
luciferase
photon

B. About the Study
7. ‘Was this an in vive study {in intact cells, in living organisms) or an in vitro study (literally, “in glass,” meaning it
tubes or in laboratory containers)?

8. The action of isolated F1 particles of ATP synthase appeared to be reversible. (a) The central subunit rotates antic
wise (that is, counterclockwise) when what happens—aA or B? (A) ATP is synthesized; (B) ATP is hydrolyzed (br
down to ADP and inorganic P). (b) The central subunit rotates clockwise when what happens—A or B? (A) ATP 18
thesized; (B) ATP is hydrolyzed (broken down to ADP and inorganic P).

9. The researchers manipulated a single subunit of the ATP synthase complex, the y (gamma) subunit. Prior to this s
what aspect of the y subunit in F1 reversal had not yet been tested? '



Article 3: Inquiry Figure 9.15 15

10. One end of the F1 test complex was attached to a glass slide by modifying two cysteine amino acids of one end of the
complex. The other end of the F1 test complex, the v end, was attached to a magnetic bead using a specific attachment
protein (streptavidin), Examine the experimental setup in Figure 1 (p. 466). Although the drawing in Figure 1ais not to
scale, which is the larger element, the F1 protein complex or the magnetic bead? How did the mvestigators manipulate

this system to cause the yend of the complex to rotate?

11. The investigators noted that during ATP hydrolysis, the complex rotated in one direction. What reaction did they hy-
pothesize would occur if the complex was rotated in the opposite direction?

12. The investigators used photons of light produced in a chemiluminescent Inciferin-luciferase system as an indicator of
ATP synthesis. When ATP is present, this enzyme system will hydrolyze ATP to produce ADP and inorganic phosphate
and release photons of lght. (Thus, it serves as a “reporter enzyme,” as mentioned in Inquity Figute 9.15 of
Campbell/Reece Biology, Eighth Edition.) What does the y-axis on the left side of Figures 3a and 3b represent? This is
an indirect measure of the rate of which rotation-driven process—ATP synthesis or ATP hydrolysis?

13. Figure 3a shows the number of photons detected with respect to rotation of the y-subunit of the ATP synthase. N, S, and
H refer to what three rotation states? In Figure 3a, the relative number of photons detected is highest at which type of
rotation—N, S, or H? ' '

14. Tn the control experiments graphed in Figure 3b, the broken lines show the lowest number of photons detected. What
was different about those experiments to produce such low numbers? Why did this omission serve as a control for the
experiment?



Read chapter 1 and 2 of Camy

TASK Nine:

Due Date-07/15

tiel) and Reece's Biology 9™ edition, AP edition textbook, And pay altention to the

objectives included in the packet. A copy of the textbosk can be found an my webpage and the link cars be accessed
through the schoot web page Along with the assigned reading, you will be required to complete the guided reading and
activitles before August 1, 2016, You will take an assessment on this chapter and the entire packet the first Friday of the
school year,

CHAPTER 1-INTRODUCTION: THEMES IN THE STUDY OF LIFE

After reading this chapter,

1

8,
9.

Briefly describg, in your own words, unifying themes that pervade the sclence of biology, and suggest
why they are considered unifying themes,

Explain how the properties of life emerge from complex organization,

Describe five emergent properties associated with life, and suggest why they are essentlal,
Distingulsh between hollsm and reductionism, using analogies.

Explaln how technological breakthroughs contributed to the formulation of the cell theory and our
current knowledge of the cal,

Using 2 Venn diagram, distinguish between prokaryotic and aukaryotic cells.

Explain, In your own words, what is meant by *form fits function.” Daseribe five organs or celithat can
be used to explain this,

List the five kingdoms of Iife and use a Venn disgram to compare and contrast them.

Distinguish betwsen inductive and deductive reasoning using nonscientific and sclentiflc examples.

10, Explain how sclence and technology are interdependent using several appropriste examples,

CHAPTER 2 THE CHEMICAL CONTEXT OF LIFE

After reacing this chapter,

1.

DR b

State four elements essential to life that make up 96% of living matter, and propose why they are
assentlal,

Deseribe the structure of an atom and the Importance the structure plays In its properties and
funstion,

Explaln how electron conflguration influences the chemical behavior of an atom,

Define electronegativity and explain how it influences the formation of chemical bonds.

Distinguish among nonpolar covalent, polar covalent and jonic bonds using an analogy.

Describe the formation of a hydrogen bond and explain how it differs from a covalent or Jonic bond,
Explain why weak bonds are Important to living organisms and give an example of how it plays a role In
life.

Describe how the refative concentrations of reactants and products affect a chemical reaction,



TASK Ten:

Due Date-07/20

“plagiarism. Fallure to acknowledge tdeas, phrases, data, images, or sther intellectual property gained from a
nreexisting body of work. This includes seff-plagiarism, or the subrmission of one piece of work in more than one course
without the expliclt permission of the Instructors Involved,"

“Cogperative or collaborative effort in coursework without ackng plic lssion pf the
Instructor, Assume that acknowledgement is necessary any time you ollaborate andfor cooperate, Tnless you
are expressly informed that it is not”? :

*Cheating, The submission of work as one's own that has been prepared by another person.™

1-3-uttpezd oo humilon.edufstudent-handbook/studentoon duethonor-code

»| affirm that | have not given or received any unauthorized help on this assignment, and that this work Is my
own.” '

Signature




