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This summer packet aims to address the Science Practices for AP Science Courses -

Science Practice 1: You should be able to use representations and models to communicate scientific phenomena and solve
scientific problems.
1.1 You should be able to create representations and madels of natural or man-made phenomena and systems in the
domain
1.2 You should be able to describe representations and models of natural or man-made phenomena and systems in the
domain
1.3 You should be able to refine representations and models of natural or man-made phenomena and systems in the
domain
1.4 You should be able to use representations and models to analyze situations or solve problems qualitatively and
guantitatively
1.5 You should be able to re-express key elements of natural phenomena across multiple representations in the domain.

Science Practice 2: You should be able to use mathematics appropriately
2.1 You should be able to justify the selection of a mathematical routine to solve problems
2.2 You should be able to apply mathematical routines to quantities that describe natural phenomena
2.3 You should be able to estimate numerically quantities that describe natural phenomena

Science Practice 3: You should be able to engage in scientific questioning to extend thinking or to guide investigations within the
context of the AP course.

3.1 You should be able to pose scientific questions

3.2 You should be able to refine scientific questions

3.3 You should be able to evaluate scientific questions

Science Practice 4; You should be able to plan and implement data collection strategies in relation to a particular scientific
question.
4.1 You should be able to justify the selection of the kind of data needed to answer a particular scientific question.
4.2 You should be able to design a plan for collecting data to answer a particular scientific question
4.3 You should be able to collect data to answer a particular scientific question
4.4 You should be able to evaluate sources of data to answer a particular scientific question.

Science Practice 5: You should be able to perform data analysis and evaluation of evidence
5.1 You should be able to analyze data to identify patterns or relationships
5.2 You should be able to refine observations and measurements based on data analysis
5.3 You should be able to evaluate the evidence provided by data sets in relation to a particular scientific question

Science Practice 6: You should be able to work with scientific explanations and theories
6.1 You should be able to justify claims with evidence
6.2 You should be able to construct explanations of phenomena hased on evidence produced through scientific practices
6.2 You should be able to articulate the reasons that scientific explanations and theories are refined or replaced
6.4 You should be able to make claims and predictions about natural phenomena based on scientific theories and models.
6.5 You should be able to evaluate alternative scientific explanations

Science Practice 7; The student is able to connect and relate knowledge across various scales, concepts, and representations in
and across domains
7.1 You should be able to connect phenomena and models across spatial and temporal scales
7.2 You should be able to connect concepts in and across domain{s) to generalize or extrapolate in and/or across enduring
understandings and/or big ideas




Dear AP Biology Students,
Welcome to AP Biology!

| am excited about working with you as you continue to expand your scientific understanding. Advanced Placement
courses are reasonably arduous and AP Biology is no exception. We cover a two-semester college course in
addition to a lab course. Occasionally, you will be asked to stretch yourself and some task will seem overwhelming.
However, | will work with you to make it less stressful. While the course may be challenging, it will be worthwhile!
Your summer assignment begins by:

1. Sign up for REMIND 101 Text @wshapbiol4 to (615)212-2686
2. Check out the class website- The summer assignment will be located there along with all links.

https://sites.google.com/site/wshsbio/




p a bBéII and Reece’s Biology 9% edition, AP edition textbook. And pay attention to the
objectives included in the packet. A copy of the textbook can be found on my webpage and the link can be accessed
through the school web page Along with the assigned reading, you will be required to complete the guided reading and
activities 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 LIEE

After reading this chapter,

1. Briefly describe, in your own words, unifying themes that pervade the science of biology, and suggest
why they are considered unifying themes.

2. Explain how the properties of life emerge from complex organization.

3. Describe five emergent properties associated with life, and suggest why they are essential.

4. Distinguish between holism and reductionism, using analogies.

5. Explain how technological breakthroughs contributed to the formulation of the celi theory and our
current knowledge of the cell.

6. Using a Venn diagram, distinguish between prokaryotic and eukaryotic cells.

7. Explain, in your own words, what is meant by "form fits function." Describe five organs or cell that can

be used to explain this.
8. List the five kingdoms of life and use a Venn diagram to compare and contrast them.
9. Distinguish between inductive and deductive reasoning using nonscientific and scientific examples.
10. Explain how science and technology are interdependent using several appropriate examples.

CHAPTER 2 THE CHEMICAL CONTEXT OF LIFE

After reading this chapter,

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

2. Describe the structure of an atom and the importance the structure plays in its properties and

function.

Explain how electron configuration 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 ionic bonds using an analogy.

Describe the formation of a hydrogen bond and explain how it differs from a covalent or ionic bond.

Explain why weak bonds are important to living organisms and give an example of how it plays a role in

life. '

8. Describe how the relative concentrations of reactants and products affect a chemical reaction.

Hon kW




“Biological concepts and models are becoming more quantitative, and biological research has become critically
dependent on concepts and methods drawn from other scientific disciplines. The connections between the biological

sciences and the physical sciences, mathematics, and computer science are rapidly 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 their exploration into
biology. A good grasp of quantitative methodology and reasoning is particularly important in the laboratory experience.

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

Ealb ol s

https://www.youtube.com/watch?v={gqYISKoXak

http://www.bozemanscience.com/chi-squared-test/

http://www.bozemanscience.com/standard-deviation/

http://www.bozemanscience.com/standard-error/




Article 1:

Does the Presence of Venomous Coral Snakes Affect Predation Rates on
Their Mimies, Kingsnakes?

Introduction- The Article and Phenomenon Under Study

Many poisonous animals have warming coloration that signals to potential predators
they are dangerous. Sometimes a harmless species, with warning coloration that
mimics the dangerous species, benefits when predators confuse thern with the harmful
species. This phenomenon is called Batesian mimicry. Batesian mimicry should only be
effective if predators have experience with the dangerous species. In order to test this
mimicry hypothesis in nature, investigators designed field experiments with coral
snakes and their mimics.

Article 2:
Can Diet Influence the Frequency of Birth Defects?
Introduction- The Article and Phenomenon Under Study

Birth defects that result from embryonic abnormalities in neural tube development
include spina bifida and anencephaly. For decades, researchers have worked to
understand possible causes of neural tube defects (NTDs), both genetic and
environmental, and to develop health care practices to reduce their incidence. The
British physician R.W. Smithells led pioneering work on possible prevention of NTDs by
administration of vitamins to mothers around the time of conception.,




“requency-dependent Batesian mimicry

srecators avold look-alikes of venomous shakes only when the real thing is around.

species lock lie dangerous species
Les hecause both are then protected from
redation™, But this protection should
weak down where the dangerous model is
bsent, when predators woild not be under
election 1o recogmize the model or any
ther species esembling it as dangeraus™”,
fere we provide experimental evidence to
upport this eritical prediction of Batesian
mimicry by demenstrating that predators
void harmiess look-alikes of venornous
oral snakes only in areas that are inhabited
1y these deadty snakes,

Many coral snakes and non-venomous
ingsnakes possess red, yellow (or white),
nd black ringed markings®, which preda-
ors avoid’, though often without prior
xperience’, To determine whether this
yoidance depends an the model’s presence
I the vicinity, we constructed snake repli-
a8 (L5 ¢mX18 em cylinders of pre-
oleured, non-toxic plasticing threaded
snte an S-shaped wire) with a tricolour
inged pattern, a striped pattern with iden-
ical colours and proportions as the ringed
eplicas, or a plain brown pattern.

Ringed replicas conformed to the Jocal
nimic: scazlet kingsnakes (Lampropeltis tri-
wngulum elapsoides), which resemble east-
rn coral snakes (Micrurus fulviusy, or
:onoran mouniain kingsnakes (L. pyrome-
ana), which resemble western coral snakes
Micruroides euryxanthus)®; striped and
wown replicas served as controls. We
wranged three different replicas {iriplets)
} m apart In natural habitat (each was used
mee only). At each site, 10 triplets were
slaced 75 m apart i a Jine. After collection,
1 person without knowledge of the replica’s
ocation scored atfacks by noting any
mpressions cosresponding to & predator’,

We tested whether predators aveid L. 1.
slapsoides only In areas inhabited by Micru-
fiis hy placing 10 triplets at eight sympatric
sites (sites with pumic and model) and
dight allopatric sites (sites with only the
imic} in North and South Cerolina, USA
480 peplicas; allopatric sites were more
han 8 km outside Micruruss range™’
sjtes were 16-420 lun apart), After 4 weeks,
25 (5.2%) replicas had been attacked by
carnivores. The maan {  s.e.m.) proportion
af ringed replleas atiacked 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 rext investigated whetlier predators
avold L. pyromelana only in sympatey with
Micruraides by placing 10 triplets at 24 sites
{720 replicas) along an elevational gradien?
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fof coral snakes In Nosth Catoling and Arlzana, respeclively,

(1,204-2,886 m) near Portal, Arizona
{ Micruroides only occut 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
(0.496+0078) than i sympairy
(0,138 2 0.060; P=10,006). Mpreover, in sym-
patry, the proportion of ringed replicas
attacked (0,138) was significantly less than
randomness  {0.33; P=0.010, 2-tailed
Wilcoxon signed-rank test), By contrast
attacks were random in allopatry (P=0.188),
Thus, predators avold coral snale mfmics
only in synpatry with the model.

Coral snzkes become increasingly rare
with  iocreasing  latitude  {Spearman
p=—057, P=0.014)" and  eevation
{p=—077, P=0.026; oor unpublished
results). Consequeatly, selection Yo avaid
ringed pafterns should weaken with
inereasing latitude and elevation, As expect-
ed, the proportion of ringed replicas
attacked increased gradually with latitude
and elevation (Fig. 1), sugpesting that selec-
tion to avoid ringed patterns is indeed sen-
sitive to the abundance of coral snakes.

Qur results do not fully reselve why
mimetic lpattems occur where models are
absent® !, Possibly selection for nimicry

£% & 2001 Macmillan Wagazines Lid

in sympatry, coupled with gene How
between sympatric and allopatric popula-
tions', maintains mimetic patterns in both
regions. Nevertheless, our results verify the
critical prediction of Batesian mimijcry and
demonstrate that the bepefits of mimicry
depend on abundance of the model.
David W, Pfennig®, William R, Harcombe®,
Karin $. Plennigt

*Digpartment of Biology, Unfversity of North
Careling, Chapel Hifl,

North Carelina 27595-3280, USA

e-mail; dpfenmig@email unc.edy

$Section of Integrative Biology, University of Texas
Austhy, Texas 78712-1064, USA
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Guiding Questions for Reading This Article
A. Aboat the Article

1. Give the name of the journal and the year in which

this_article wag pubiished.

8.

How many sympatric sites and how many allopatsic
sites were tested in North Carolina and South
Carolina? How mauy sympatric sites and how many
allopatric sites werge tested in Arizona?

2. What age the 1ast names of the three anthors?
At what university was the work done?

3. Specialized vocabulary: Write a brief definition
of each lerm.
Defined in the article:
Batesian mimicry
Not defined in the article:

sympatric

allopatric

4, What type of organism is being studied? Give genus
and species names, as well as common names, for
two of the study species. '

5. This study is designed to test what prediction of
Batesian mimicry?

B. About the Study

6. From what materials did the investigators malce the
experimental models?

7. At each study site, investigators placed how many
snake models of what thiee color patterns?

10,

1.

12

Tn Figme 1a, what is the x-axis? What is the y-axis?
Which is the dependent variable? In Figure 1b, what
is the x-axis and what is the y-axis?

What are the patterns of coral snake presence and
absence by latitude and by elevation?

Hypothesis: Predators avoid Batesian mirnics only in
areas that are inhabited by the dangerous model,

(a) Prediction (a) under this hypothesis: The propor-
tion of total attacks on ringed replicas at latitudes
where coral snakes are present will be

(higher? lower? no different?)
than at latitudes where coral snakes do not oceur.

(b} Prediction (h) under this hypothesis: The propor-
tion of total attacks on ringed replicas at eleva-
tions where coral snakes are present will be

{highex? lower? no ditferent?}

than at elevations where coral snakes do not

oceur.

Null hypothesis: There is no relationship between
predator avoidance of Batesian mimics and presence
of the dangerous model.

(a) Prediction (a) under this null hypothesis: The
proportion of total attacks on ringed replicas at
latitudes where coral snakes are present will be

(higher? lower? no different?)
than at latitudes where coral snakes do not ocour,




(b) Prediction (b) under this null hypothesis: The
proportion of total attacks on ringed replicas at

14,

15.

16,

17.

18,

19

elevarions where coral snakes are present witlbe

(higher? lower? no different?)

than at elevations where coral snakes do not oceur.

In Figure la, look at the proportion of total attacks
on ringed replicas placed at different latitudes in
North Carolinia and South Carolina. In which areas
are the attack rates on ringed replicas higher: in
areas where coral snakes are present or in areas
where coral snakes are absent?

Do the results in Figure 1a (#13) agree with
prediction (a) under the hypothesis?

Do the results in Figure la (#13) agree with
prediction (a) under the null hypothesis?

The results in Figure §a lead us to do which of
these? (A) reject the hypothesis; (B) reject the null
hypothesis.

In Figure 1b, look at the proportion of total attacks
on ringed replicas placed at different elevations. In
which areas are the attack rates on ringed replicas

higher: in areas where coral snakes are present or in

areas where coral snakes are absent?

Do the resulss in Figure {h (#17) agree with
prediction (b) under the hypothesis? )

Do the results in Figure 1b (#17) agree with
prediction (b) under the nall hypothesis?

Article 11 Inquivy Figore 1,27 5

20, The results in Figure 1b lead vs to do which one of
these? (A) Reject the hypothesis; (B) reject the null

S— 777hypeth65|.s,‘u“u .

71, Is this an observational study, in which quantitative,
observational data are teken but no experimental rma-
nipulation is made, or is this an experimental study, in
which researchers make manipulations by which the
effects of different variables ate tested, one 2t & time?

272, Ts this a field study, with data collected on organisms
in thejr natural habitat, or is this a lab study, in which
animals are stodied under controlled conditions in the
laboratory?

C. General Conclusions and Extensions of the Work

23. This system to measure predation on model snakes
allows us to test specific predictions about Batesian
mimicry. It is possible that other factors, besides the
advantages of mimicry, explain the results observed.
Perhaps it is simply the combination of bright red,
yellow, and black colors on the snake replicas—not the
ringed pattern itself—that explains the difference in at-
tack rates. How could investigators test that possibiity?

24. What if 2 particular milk snake subspecies is a poor
mimic of the coral snake? Make a prediction: 1f this
test is sepeated in a geographic avea where the milk
snakes do not resemble coral snakes at all, would
more ringed replicas be attacked?

25. hmagine that you were a member of this research
team and involved in these experiments. What could
be 4 possible follow-up test that extends this work?
Briefly state another experiinent or measurerent
you would do within this research system.
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Preliminary Commuiication

POSSIBLE PREVENTION OF NEURAL-TUBE
DEFECTS BY PERICONCEPTIONAL VITAMIN
SUPPLEMENTATION

R. W, SMITRELLS S. SHEPPARD

C. ]. ScHoraH

Department of Peediatrics and Ghild Health, University of
Leeds

M. J. SELLER
Pediatric Research Unir, Guy’s Hospital, London

N. C. NevIN

Department of Medical Genetics, Queen'’s University of
Belfast -

R. HA;{RIS A, P. Resn

Deparunent of Medien! Genetics, University of Manchesrer

D. W. FIELDING
Deparunent of Pediarrics, Chester Hospitals

Supmary  Women who had previously given birth

to one or mare infants with a neural-
tube defect (NTD) were recruited into a trial of pericon-
ceptional multivitamin supplementation, 1 of 178 in-
fants/fetuses of fully supplemented mothers (0.6%) had
a1 NTD, compared with 13 of 260 infants/fetuses of un-
supplemented mothers (5-0%),

INTRODUCTION

Tas well-knowp social-class gradient in the incidence
of newral-mibe defects (INTD) suggests that nutritional
factors might be involved in NTD =tiology. A possible
link between folate deficiency and NTDs in man was
first reported in 1965.1 More recenily, significant social-
cless differences in dietary intakes in the first trimester,?
and i first-trimester values for red cell folate, leucocyte
ascorbic acid, red-blood-cell riboflavin, and serum vita-

min A bave been reported,’ dietary and biochemical -

values being higher in classes T and TI than in classes III,
iV, and V, Furthermore, 7 mothers, of whom 6 subse-
quently gave birth to NTI? infants and 1 to an jnfant
with upexpiained microcephaly, had first-trimester
mean values for red cell folate and leucocyie ascorbic
acid that were significantly lower than those of con-
trols.? .

These observations are compatible with the hypoth-
esis that subclinical deficiencies of one or more vitamins
contribute to the causation of NTDs. We report prelim-
inaty results of an intervention study in which mothers
a1 jnereased risk of having NTD infants were offered
periconceptional muftiviramin supplements,

PATIENTS AND METHODS

Women who had had one or more NTD infants, were plan-
ning » further preguanbcy, but were not yet prégnant were
admived 1o 1he study, All women referred to the departments

involved in the study and who met these eriterfa were invited

to take part. Most patients wers recruited from genetic coun-
selling clinics, although somz were referred by obstetricians
and general practitioners informed of the study. Patients came
from Noerthern Ireland, South-East England, Yorkshire, Lan-
cashire, end Cheshire, 185 women who received full vitamin

. supplementation (see below) became pregnant,

The control group comprised women who had had one or
more previous NTD infants but were either pregnant when
referred to the study centres or declined to take part in the
stndy, Some centres were able to select a control for each sup-
plemented mother, matched for the number of previous NTD
births, the estimzted date of conception, and, where possible,
age. There were 264 control mothers, The numbers of fully
supplemented (5) and control (C) mothers in sach cenirs were
as follows: Northern Ireland S 37, C 122; South-East England
5 70, C 70; Yorkshire S 38, C 33; Lancashire S 31, C 27;
Cheshire S 9, C10.

All mothers in supplemented and control groups were
offered ammiocentesis. 6 mothers in Northern Ireland (3 sup-
plemented; 3 controls) deslined armpiocentesie and their preg-
nancies continue. They are not included in the fipures above
or in the accompanying table. Al mothers with raised amni-
otic-fluid alpha-fetoprotein (AFP) values (1 supplemented; 11
conurnls) accepted termination of pregnancy.

Study mothers were given a multivitamin and iron prepara-
tion (‘Pregnavite Porie F’ Bencazd), § tablet three tmes 5 day
for not less than 28 days befors conception and continuing at
least unti! the date of the second missed period—i.e., until well
after the time of neural-tube closure, Pregnavite forte F pro-
vides daily vitamin A 4000 LU, vitamin D 400 LU, thiamine
1.5 mg, riboflavin 1.5 mg, pyridoxine 1 mg, nicotinamide 15
mg, ascorbic acid 40 mg, folic acid 0.36 mg, ferrous sulphate
eguivalent 1o 75.6 mg Fe, and calcjum phosphate 480 mg,
Women conceiving less than 28 days after starting supplemen-
tation, or starting supplementation shorily after conception, or
known to have missed tablets for more than 1 dasy, are
regarded as partly supplemented. They were excluded from the
mein study and their results will be considered-elsewhere,

In Northern Irelund, Yorkshire, and Cheshire women taking
oral contraceptives (OCs) wera asked to adopt alternative
means of contraception from the date of starting vitamins
because OCs may lower blood levels of certain vitamins.

RESULTS

187 control mothers have delivered 192 infants
(including 5 twin pairs} without NTDs, and a further 38
have normal amniotc-flid AFP values (table). 13
mothers have been delivered of NTD infants/fetuses, 1

QUTCOME OF PREGNANCY IN FULLY SUPPLEMENTED AND

CONTROL MOTHERS
Fuilly suppiemaented | Controls
Infunt/fetus with NTD 1 12
Infant without NTD. 140(3) F9HS)
Subtotal (1} 141(3) 204(5)
Normal ainniotic ARP 26 18
Subtotal (2} 167(3) 242(5)
Spontaneous abortions
Exanvined, NTD 0 1
Examined, no NTD 11 17
Subtotal (3} 178(3) 260(5)
Not examined ) 0 9
Total 188(3) 269(5)

Allmumbers relate to infants/fetuses,
Figures in parentheses indicate numbers of twin pairsincluded,
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by spontaneous aborton, 11 by termination after
amniocentesis, and 1 by sponianeous delivery (skin-
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fied urgently. The only measure introduced by the study
other than .vitamin supplementation (and that only in

covered lesion, normal AFP). 17 fetuses of a further 26
control mothers who aborted spontanecusly were exam-
ined and had no NTD. The provisional recurrence-rate
of NTDs is 5-0% (13 in 260). 26 control mothers were
at increased risk by virtue of having Had 2 ‘previous
NTD infants. 3 of them had a further affected child, a
recurrence-rate of 11.5%, Both these recurrence-rates
are consistent with those previously reported and widely
adopted in genetic counselling.

137 fully supplemented mothers have given birth to
140 babies (including 3 twin pairs) without NTD, 26
have normal amniotic-fluid AFP values and their preg-

nancies continue, and 1 has had a further affected in-,

fant, 11 fetuses of 21 mothers who aborted spon-
taneously were examined; none had an NTD, The
provisional recurrence-rate in the supplemented group is
therefore 0.6% (1 in 178) 15 supplemented mothers
were at increased risk by virtue of having had 2 previous
affected NTD infants. None had a farther affected child.

Camparison of NTD frequencies in the supplemented
and control groups by Fisher's exact test showed signifi-
caunt differences (p<0 01) for subtotals (1), (2), and (3}
(table}).

DISCUSSION

Despite problems with ¢hoosing controls, the control
wonten in this study have shown recurrepce-rates for
NTDs entively consistent with published data. By con-
trast the supplemented mothers had a significantly lower
recurrence-rate, Possible interpretations of this observa-
tion include the following:

(1) 4 group of women with a naturally low recurrence
risk has unwittingly selected itself for supplementa-
tion—Apazt from peographic and secular variations
there is no evidence to suggest that any particular sab-
group within populations, whether by social class or any
other division, has a higher or lower recurrence risk. In
genetic counselling clinics it is customary to guote the
same risk for afl mothers after one affected child, We
cannot exclude the posmbxhty that women who volun-
teered and cooperated in the tial might have had a
reduced risk of recurrence of NTD., However, one might
have expected such an effect to be found in mothers who
cooperated in potatoc-avoidance trials, but this was not
seen,’

{2) Supplemented mothers aborted more NTD fetuses
than did controls—The proportion of pregnancies end-
ing In spontaneocus abortion is sitnilar in the two groups
(supplemented 11.4%, control 9-6%). If the supple-
mented mothers have aborted more NTD fetuses, they
must have aborted fewer other fetuses or had a lower in-
itial risk of abortion, 11 of 21 abortuses of supplemented
mothers have been examined and none had an NTD, 18
of 27 abortuses of control mothers were examined and
1 had an NTD, Ap explanation based on selective abor-
tion of fetuses with WTD seems improbabls, especially
sirice more abortions are likely to have been ascertained
in the supplemented group since controls were enrolled
later in pregnancy.

(%) Something other than vitamin supplementation has
reduced the incidence of NTDs in the treared group.—
"This is an almost untestable hypothesis, but if anything
has reduced the incidence of NTDs it needs to be identi-

some ceritres) was dscontinwation of OCs at least 28
days befbre coficépiion. Alrhough the possibility of sex
hormones haying teratogenic action is not yer entirely
resolved, cvxdence" strongly suggests that the phencm-
sponiwe répcort is fot attributable to stopping OCs,

(4Y Vitamin supplementation has prevented some
NTD.—This is the most straightforward interpretation
and is consistent with the cirenmstantial evidence link-
ing nutrition with NTDs, If the vitamin tablets are
directly responsible, we cannot tell from this study
whether they operate via a nutritional or a placebo
effect,

We hepe that the data presented will encournge others
to initiate sitilar and refated studies. We intend to pub-
lish a more detailed report when the last of the present
cohort of women receiving vitamin supplements has had
her baby (due April 1980},

We thank the women taking purt in' this study; medleal colleagues
whao referped themy and Dr Jeunifer Haana; Miss Wendy Jobngon,
Mrs Monica Stant and Mrs Mary Weetmon (heaftir visitoes), This
study iz supporied by Action Reszarch for the Crippled Child, the
Children’s Restarch Fund, and Beecham Pharmaceuzicals Lid.

Requests for reprints should be addressed to R, W, ., Depariment
of Prdiatrics and Child Health, University of Leeds, 27 Blundsll
Street, Leeds 81 28T,
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Guiding Questions for Reading This Article
A, About the Article

8. How did investigators treat data on women who
conceived before taking the supplements for a month

1. Give the name of the journal and the year in which
this article was published.

2. Staie the last name of the first author, his department,
and his univetsity.

3. Speoialized vocabulary: Write a brief definition
of each terin. :

amniocentesis

neural tube defects (NTDs)
periconceptional

placeko

vitamin

B. About the Stady 4
4, The authors point out that the observed highex
incidence of NTDs in lower social clagses as
comparted to higher social classes might be due
-i0 what factors? '

5. What criteria were used fo select women for
this stody?

6. The controi group consisted of whom?

7. How many mothers were in the fully supplementes
group, and what was their trgatment?

and-those-who-missed-some-of the-supplements?-

9. In controlled expesiments in general, the
experimental group and the control group are alike
in all factors except in the one being tested. In this
study, the test factor is the nutritional supplement.
(a) Some study centers used paired controls, in
which a supplemented mother was paired for
comparison with a control mother. What criteria
were used for matching the pairs? (b) In this study,
what are sore other ways the supplemented mothers
and the control mothers might have differed, besides
whether or not they received the supplement?

10, From the table showing outcome of pregnascy in
fully supplemented and control mothexs, what is
the difference in number of NTD infants between the
supplemented and control groups? What was the
difference in percentage of NTDs in the fwo groups
of women?

1. The authors state that their data agree with the
hypothesis that vitamin supplementation during the
period around conception is associated with lower
incidence of NTDs. In their Discussion section,
they mention three alternative explanations for this
association, Briefly list the three explanations in
your own words,

C. General Conclusions and Extensions of the Work

12. Do you think the observed difference is significant
enough to conclude that vitamin supplementation
has prevented some NTDs in women who have
previousty had NTD infants? Do you think the
results can be generalized to conclude that vitamin
supplementation will prevent NTDs in all women?
Why or why not?




~thieenrly history of R, W.-Smithells’s-work-on

13, In 1983, B. Lipsett and J. C. Pletcher published a

paper entitled “Do vitamins prevent nearal tbg
defects (and can we find out ethically)?” in the
Hastings Center Report (13:508). They documented

{4, Tmaginé that you were a member of {his research

team and involved in these investigations. What
could be a possible follow-up test that extends this
work?

multivitamins and birth defects, including the paper
in this exercise. They pointed cut that, before
beginning his studies in 1976, Smithells had
requested approval from several ethics cormittees
to do a “randomized, placebo-controlled” clinical
trial, but his requests were refused. (2) How would
the study procedures be different if trials were

“candomized”? (b) What is a “placebo”? How would

the study procedures be different with the use of
placebos? (c} Why do you think the ethics
committees denied Smithells’s request? Do you
think they should have approved the research
request?
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Analyzing a Journal Article

Describe the purpose of the study (as you understand it} in your own
words. :

¥ Figure 'ié"ﬁ

Does DNA replication foliow the conservative, - .
“semiconservative, or dispersive model? i

SXPERIMENT At the California Institute of Technology, Matthew
Wieselson and Franklin Stahl coltured £, colf for severai generations ina
nedium containing nucleotide precursors labeled with a heavy isotope
5f ritrogen, "N, They then transferred the bacteria to a medium with
anly "N, a fighter {satope. A samiple was taken after DNA replicated

snce; another sample was taken after DNA replicated again. Thay ex-

tracted DNA from the bacteria in the samples and then centrifuged
sach DNA sample to separate DNA of differant densities.

i Bacterla P &) Bacteria
cultured n ! transferred 10
mediym _— medium
whth with
134 (heavy 14N {lighter
isotope) s , isotope)

RESULTS /

£} DNA sample £ DNA sample | Less
centrifuged centrifuged dense
after fisst after second
replication repiication More
dense

CONCLUSION Meselson and Stahl compared their results to those pre-
dicted by each of the three models in Figure 15.10, a5 shown below,
The first replication in the 1IN medjum produced a band of hybrid {("*N-
140} DMA. This resulf eliminated the conservative model. The secand
replicatfon produced both fight and hybrid DNA, a result that refuted
the dispersive model and supported the semiconservative model. They
therefore concuded that DNA replication is semiconservative,

pradictions: First replication Second replication

N
5 vy

Conservative ) 7o

model A

Semiconservative
maodel

Dispersive
modeil

SOURCE M. Meselsan and E W, Stahl, The replication of DNA In

Escherichia coll, Proceedings of the National Academy of Sclences UsA

44:571-682 (1958).

IMQUERY [N ACTION Read and analyze the orlginal paper in nguiy In
Acticn: Interpreting Sclentffic Fapers,

@ See the refated Experimental Inquiry Tutorial in MasteringBiology.

EITTERETEN |f Maselson and Stahl had first grown the cells in
ViN-contalning medium and then moved them into "*N-containing
rnedium before taking samples, what would have been the rasult?

4,

6.

8.

9.

10,

1L

What was the “gap” in the research that the authors were trying to fill
by doing their study?

Make some notes about the authors” major conclusions or findings as

you understand them

How dld the authors analyze their data? What test/s did they use?

Do the authors suggest any problems with the study that couid lead to
unreliahle resulis?

Was there anything that was left unfinished? DId the author ralse
questions ok make polnts that were left arphanad in the paper?

Write {in your own words) the significant contributions of the
experimental work in this journal article as reported by the authors.

What are three implications of the result?

What future study can you conduct from this study?

State three questions you ¢an generats. . from this study

State two questions yous can generat | from the cenclusion




Analyzing a Journal Article

Describe the purpose of the study {as you understand it) in your own
words.

¥ Figure 12.1

Do molecular signals In the cytoplasm regulate” .
thecellgycle? - = = T T - LT

INPERIMENT Resaarchers at the University of Colorado wondered
whether a cell's progression through the cell cycle s controlled by cyto-
slasmic molecules, To investigate this, they selected cultured mam-
malian cells that were at different phases of the cell cycle and Inducad
them 1o fuse, Twa such experiments are shown here.

Experiment 1 Experiment 2

RESOLTS i

wWhen a cell in the When a cell in the
$ phase was fused with M phase was fused with
a cellin Gy, the Gy 2 celiin Gy, the Gy
nucleus immediately nucleus immediately
entered the 5 began ritosis—a spincle
phase—DNA was formed and the chromo-
synthesized. spmes condensed, even
though the chromosomes

had not been duplicated.

COMCLUSION The results of fusing a G, cell with a cell in the 5 or
M phase of the cell cydle suggest that molecules present in the cyto-
nlasm during the § of M phase control the prograssion to those phases.

SOURCE R. T Johnson and P N. Rao, Mammalian cell fusion: inducticn
of premature chromosome condensation I interphase nuclei, Nature
226:717-722 {1870},

enic molecules and each phase began when the previous one was com-
plete, how wouid the results bave differed?

a single cell with two nuclet. If one of the original cells was n
the § phase and the other was in Gy, the Gy nacleus immedi-
ately entered the § phase, as though stimulated by signaling
molecules present in the cytoplasm of the fisst cell Stmilady, if
a cell undergoing mitosis (M phase) was fused with another
cell in any stage of ifs cell cydle, even Gy, the second nucleus
irmmediately entered mitosis, with condensation of the chic-
matin and formatton of a mitotic spindle (Figure 12.14).

The Cell Cycle Control System

The experiment shown in Figure 1214 and other experi-
ments on animal cells and yeasts demonstrated that the se-
guential events of the cell cycle are dizected by a distinct cell
cycle control system, a cyclically operating set of mole-
cules in the cell fixat both triggers and coordinates key events

@TTYRETIES If the progression of phases did not depend on cyteplas- -

9

10.

1L

What vras the “gap” in the research that the authors were trying to fill
by deing thelr study?

Make same rotes ahout the authors’ major conclusions or findings as
you understand them

How did the authors analyze their data? What test/s did they use?

Do the authors suggest any problems with the siudy that could lead to
unreliable results? :

Was there anything that was left unfinished? Did the author raise
questians or make points that were left orphaned in the papet?

Write (in your own words) the significant contributions of the
experimental work in this Journal article as reported by the authors,

What are three implications of the rasult?

What future study can you conduct from this study?

State three questions you can generat. | from this study

State two questions you can genarat. - from the conclusion




Analyzing 2 dournal Article

Describe the purpose of the study (as you understand it} in ycurm '
awn words,

9.

10.

il

What was the “gap” in the research that the authors were trying
to fill by doing their study?

Make some notes about the authors’ majer corclusions or findings
as you onderstand them

How did the authors analyze their data? What test/s did they use?

Do the authors suggest any problems with the study that could
lead to unreliahle results?

Was there a'nything that was left unfinished? Did the author raise
questions or make points that were left orphaned in the paper?

Wrlte {in your own words) the significant contributions of the
experimental work in this journal article as reparted by the
authors.

What are three implications of the result?

What futura study can you conduct from this study?

State three questions you can generat  from this study

state two questions you can generat  from the canclusion

4

¥ Figure 50,23

How do mamimals detect dlfferent tasteS’

EAPERIMENT To investigate the basis of mammalian taste perceptmn
Ken Mueller, Nick Ryba, and Charles Zuker used a chemical called
phenyl-p-o-glucopyranoside (PBDG). Humans find the taste of PRDG
extrernaly bitter. Mice, however, appear to lack a receptor for PBDIG,
Whereas mice avold drinking water containing other bitter tastants,
thay show no aversion to water that contains PRDG,

Using @ molecular cloning strategy, Mueller generated mice that
made the human PBDG receptor in calls that normally make either a
sweet receptor or a bitter receptor. The mice were given a choice of
two botiles, one filled with pure water and one fliled with water con-
falning PBDG &t varying concentrations, The researchers then abserved
whether the mice had an atiraction or an aversion to PSDG.

RESULTS

8 PEDG l:é\:‘ept‘ﬂf -

co
B -
1

expression i -cells’
N fcrsweet taste
60
e No PBDG
5 receplor gene

CI).

. @ PBDG receptor
v B expression in cells
e : - . for bitter taste

TTITY i TTTIT LI AL AL LLE I S,

0.1 . ,
. Contentration of PBDG (mivl) (log scale)

[x¥3
o .
-1

Z_Reiativé consumption t%)
I3

Relative consurmption = (Fluid Intake from bollle containing
PBDG -+ Total fluid intake) X 100%

CONCLUSION The ressarchers found that the presence of a bitter re-
ceptor in swest taste celfs is sufficient to cause mica to be attracted to a
bitter chemical, They concluded that the mammalian brain must there-
fore percelve sweet or bitter taste solely on the basis of which sensory
nelgons are activated.

SOURCE K. L. Mueller et al., The receptors and coding logic for bltter
taste, Nature 434:225-229 (2005).

B =88 Suppose Instead of the PBDG receptor the researchers
Had used a receptor specific for a sweetener that humans crave but
rice Ignore. How would the results of the experiment have differed?

reprogram gustation i a mouse (Figure 50.23), Based on these
and other studies, the researchers conciuded that an individual
taste cell expresses 2 single receptor type and detects tastants
representing only one of the five tastes,
The receptor cells for taste in mammals are modifed epithe-
-Hal cells organized into taste buds, which are scattered in
several areas of the tongue and mouth (Figure 56,24), Most
taste buds on the tongue ave associated with nipple-shaped
projections called papillae. Any region of the tongue with taste
buds can detect any of the five types of taste, (The frequently
reproduced “taste maps” of the tongue are thus not accurate.)
Taste receptors fal into two categories, each evolutionarily
related to receptors for other senses. The sensafion of sweet,

1102  umir seven  Animal Form and Function
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Analyzing a Journal Article

Dascribe the purpose of the study (as you understand it) in yousr
own words.

2

10.

11.

What was the "gap” in the research that the authors were trying
to fill by doing their study?

Make some notes about the authers’ major conclusions or findings
as you understand them

How did the authors analyre their data? What test/s did they use?

Bo the authors suggest any problems with the study that couid
lead to unreliable results?

Was there anything that was left unfinished? Did the author vaise
yuestions or make points that were left orphanad in the paper?

Write {In your own words) the significant contributions of the
experimental work in this journal article as reported by the
authors.

What are three implications of the result?

What future study can you conduct from this study?

State three questions you can generat - srom this study

State two guestions you can generat ' - from the conclusion

:gnm—'l ;70

Which wavelengths of Ilght are most effectwe
in driving photosynthesis? . :

EXPERIMENT Absorption and action spedira, along with & classic &l
periment by Theodor W, Engelmann, reveal which wavelengths of ligt
are photosynthetically Importarit.

RESUETSE
A,éhl‘oro‘-; ’
phylla

Ahsorpiion of light by
chioroplast pigments

Wavelength of light (nm)

(a) Ahsorption spectra. The three curves show the wavelengths of ligh
best absorbed by three types of chlomplast pigments,

Rate of photosynthesis
{measured by O, release)

(b} Action spectrum, This graph plots the rate of photosynthesis
versus wavelength, The resulting action spectrum resempbles the
ahsorption spactrum for chiorophyll 2 but does not match axactly
{see part a). This is partly due to the absorption of light by accesson
pigments such as chlorophyl 5.and carotensids.

{c) Engelmann’s experiment. In 1883, Theodor W, Engelmann
illurninated a filamentous alga with fight that had been passed
through a prism, exposing different segmerts of the alga to differen
wavelengths, He used aerohlc bactaria, which concentrate near an
GXygen sourca, to determine which segments of the alga were
releasing the most 0, and thus photosynthesizing most, Bacteria
congregated in g-reatest numbers around the parts of the alga
ifuminated with violet-blug or red light.

LONCLUSION Hght in the violet-blue and red portions of the spec
trum is most effective in driving photosynthesis,

SOURCE T, W. Engelmann, Bacterium photormetricum. Eln Beirag zur ver
glelchenden Physiologle des Licht- und farbensinnes, Archi. fiir Physiologic
30:95-124{1883).

C} Sea the related Experimental Inquiry Tutorial in MasteringBiclogy.

5 AW f Erigelmann had used s filter that allowed enly red light
to pass through, how would the results have differed?




Analyzing a Journal Article %‘“’“

1. Describe the purpose of the study (as you understand i} in your
owrn words,

¥ Figura 12.9

2. \What was the “gap” In the research that the authors were trying
to fill by daing thelr study?

3. Make some notes about the authors’ major conclusions or findings
s you understand them

4. How did the authors analyze their data? What test/s did they use?

5, Do the authors suggest any probiems with the study that could
lead to unrefiable results?

8, Was thers anything that was left unfinished? D1d the author raise
questlons or make points that were left orphaned in the paper?

7. \Write (in your own words) the significant contributions of the
experimantal werk in this journal article as reported by the

authors,

8. What are three Implications of the result?

9. What fufure study can you conduct from this stucy?

10. State three questions you can generaf *from this study

11, State two guestions you can generat: - fram the conclusion

At which end do kinetochore mlcrotubules
shorten during anaphase’ ' : :

EXPERIMENT Gary Borisy and colieagues at the University of Wiscons
wanted o determine whethet kinetochore ricrotubules depolymerize
the kinetochore end or the pole end as chromosomes move toward 4|
poles during mifosis. First they labeled the microtubules of a gig kidn
cell in sarly anaphase with a yellow fluarescent dye,

Then they markad a region of the kinetochore microtubules betwee
one spindle pole and the chromosomes by using a laser to eliminate t
fluorescence from that region, while leaving the micotubules inta
(see below). As anaphase proceeded, they monitored the changes
microtubule length on either side of the mark,

RESULTS Asthe chromosomes moved poleward, the microtubule see 1
ments on the kinetochore side of the mark shortened, while those ¢ i+
the spindle pofe side stayed the same length.

CONCLUSION During anaphase in this call type, chromosome mow
ment is correlated with kinetochore microtubuies shortening at the
kinetochare ends and nat at thelr spindle pole ends, This experimel
supports the hypothesis that during anaphase, a chromosome is walke
along a microtubule as the microtubule depolymarizes at its kinetr
chora end, refeasing tubulin subunits,

- Chromasorme
- movement . .

SOURCE G. L Gorbsky, B J. Sammak, and G, G. Borlsy, Chromosormne
move poleward in anaphase along stationary microtubules that coord
nately disassemble from their kinetochore ends, Journal of Caff Biokog
104:9-18 (1987).

SAUHAT: If this experiment had been done on a cell type in whic

reel!ng in" at the poles was the main cause of chromosome move
ment, how would the mark have moved relative to the poles? Hov
would the micraiubule lengths have changed?
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Analyzing & Journzl Article

Describe the purpose of the study (as you understand [t} in your own
words.

oes the presénce of venomous coral snakes
fect predation rates on their mimics,
ngsnakes? o

ERIMENT David Pfennig and his colleagues made artificial snakes
‘st a prediction of the mimicry hypothesis: that kingsnakes benefit
1 mimicking the warning coloration of venomous coral snakes
in regions where coral snakes are present, The researchers placed
i numbers of artificial Kingsnakes (experimental group) and
/1 artificial snakes {control group) at 4 field sles, half in the area
fwa snakes cohabit and haf in the area where coral snakes are
nt. The researchers recovered the artificla! snakes after ‘our
s and tabulated predation data based on teeth and daws marks
1@ snakes.

ILTS In field shes where coral snakes are absent, most attacks
en artificlal kingsnakes. Where corat snakes were present, most
«s were on brown artificial snakes.

o B Anfical |

U B4%  Kingsnakes

2 o Brown. . !

¢ artificlal "

iE. - snakes .

P e
3y

e ,

:’ 103 -
15

 Coral sakes. Coral srakes’
. absent .~ present

-US10N The fieid experiments support the mimicry hypothesis
falsifying the prediction, which was that mimicking coral snakes
tive only In areas where coral snakes are presert, The experk
also tested an alternative hypothesis: that predators generally
Il snakes with brightly colored rings. That hypothesis was fals-
the data showing that in areas without coral snakes, the ringed
on failed to repel predators. (The fake kingsnakes may have
‘tacked more often in those areas because their bright pattern
1em easier 1o spot than the brown fakes,)

E D.W. Pennlg, W. R. Harcombe, and X, S, Ffennig, Frequency-
ant Batesian mimicry, Mature 410:323 (2007), -

¥ iN ACTION Read and analyze the ariginal paper in lnquiry in
Interpreting Scientific Papers.

+ the related Experimental Inquiry Tutarial in MasteringSiology.

{88 what experimental results wouid you predict If pradators
aut the Carolinas avolded all snakes with brightly colored ring
?

What was the “gap” In the research that the authors were trying to fill
by doing their study?

#ake some notes about the authors’ major conclusions or findings as

you understand them

How did the authors analyze their data? What test/s did they use?

Do the authors suggest any problems with the study that could lead to
unreliahle results?

Was there anything that was left unfinished? Did the author raise
questions or make points that were left orphaned in the paper?

Writa (in your own words) the significant contributions of the
experimental work in this journal article as reported by the authors.

What are threa Implications of the result?

What, future study can you conduct from this study?

10. State three questions you can generatr . from this study

11, State two guestions you can generatr :1 from the conclusion




Analyzing 3 Journal Article

Des¢ribie the purpose of the study (as you understand it} in your own
words,

Tg.,,Ef:gureJSQZ—

What rofe do hormones play in making
a mammal male or fermale?

XPRRIMENT Alfred Jost, af the College de France in Paris, Wr)ndered
vhether gonadal hormohes instruct an embryo to develop as male or
zmale in accord with its chromosome set. Waorking with rabbit em-
iryos still in the mother’s uterus, at 2 stage hefore sex differences are
bservahle, he surgically removed the portion of each embryo that
vould form the ovaries or testes. When the baby rabbits were born,
a5t made note of both chromosomal sex and the sexual differentiation
1 the genital structures,

ESULTS
e Appearanceef Gemtalia R
T T : R Embxyomcgonad
.Chromosome Set ll " No surgery { - removed . .
XY (male) ] Male Fernale
XX (Female) Female Female

ONCLUSION In rabbits, male development requires @ hormonal sig-
al from the male gonad. In the absence of this signal, all embryos de-
2lop as female, Jost leter demonstrated that embryos developed male
anitalia If the surglcally removed gonad was replaced with a crystal of
stosterone. The process of sex determination occurs in a highly simitar
ianner In all mammals, induding humans,

DURCE A Jost, Recherches sur [a differendation sexuelle de I'embryon
2 fapin (Studies on the sexual differentiation of the rabbit embryo),
rchives d'Anatomie Micoscopique et de Morphologle Expérimentale
5:271-316 (1947},

£ What result would Jost have obtained If female develop-
ent also required a signal from the gonad?

stemn and for the development of female secondary sex
leracteristics. In. mammals, progestins, which indude
rogesteronte, are primarily involved in prepating and main-
ining tssues of the uterus required to support the growth
1d development of an embryo.

Estrogens and other gonadal sex hormones are compo-
:nts of hormone cascade pathways. Synthesis of these hor-
ones is conirelled by genadotropins {FSH and L) from the
iterior pituitary gland (see Figure 45.16), FSH and LH secre-
ML is in tum contzolled by GRRH (gonadotropinseleasing
umone), a releasing hormone from the hypothalamus, We
ill examine the feedback relationships that regulate gonadal
2roid secretion in detzdl in Chapter 46.

wdocrine Disruptors

tween 1938 and 1971, some pregnant women at dsk for
mplications were prescribed a synthetic estrogen caZled di-
aylstilbestrol (DES). What was not known uni! 1971 was
at exposure to DES can alter reproductive system develop-
ent in the fetus, Collectively, daughters of women who
0k DES are more frequently afflicted with certain reproduc-
e abnommaliies, including a form of vaginal and cervical
neer, structural changes in the reproductive organs, and

S

2.

What was the “gap” in the research that the authors were trying to fiil
by doing thelr study?

Make some notes ahout the authors” majer conclusions or findings as
you understand them

How did the authors analyze their data? What test/s did they use?

Do the authers suggast any problems with the study that could lead to
unrefiable results?

Was there ahything that was left unfinished? Did the author raise
questlons ar maka polnts that were left orphaned in the paper?

Write {in your own words] the significant contributlons of the
experimental worlk in this journal article as reported by the authors.

What are three Implications of the result?

What future study can you conduct from this study?

10, State three questions you can generate ' from this study

11. State two guestions you can generatt: - from the conclusion
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Analyzing a journal Article

Describe the purpose of the study {as you understand it} in your own
words,

Why is sperm usage blased when female fru:t
fiies mate tw:ce”

EXPERIMENT When a famale fruit fly mates twice, 80% of the offspring
‘esubt from the second mating. Sdentists had posiulated that efaculate
rom the second mating displzces stored sperm. To test this hypothesls,
3honda Snook, at the University of Sheffield, and David Hosken, at the
Jniversity of Zurich, used mutant males with aitered reproductive systems,
"No-gjaculate” males mate, but do not fransfer sperm or fiuid to fernales.
"No-sperm” males mate and ejaculate, but make no sperm. The re-
searchers aflowed females to mate with wild-type males and then mate
#dth wild-type males, no-sperm males, or no-gacuiate males. As a control,
some females were mated only onca. The sdentists then dissected each fe-
naik under a micrascope and recorded whether sperm were absent from
*he spermatheca, the major sparm storage organ.

IESULTS

Percentage of Termales -
- |lacking spérm in spermathecd

" Contiol; Remetedfo Rematedto  Remated 1o
oonet owlid-type  “ne-sparm”  "no-gaculate”
remated  males " males males

SGNCLUSION Becauss remating reduces sparm storage when no
perm or flulds are transferred, the hypothesis that efacufate from a
econd mating displaces stored sperm s Incorrect. Instead, 1t appears
hat females sometimes get rid of stored sperm In response to remat-
9. This might represent a way for females to replace stored sperm,
wossibly of diminished fitness, with fresh sperm.

QURCE R, R, Sncok and D. ). Hosken, Sperm death and dumping in
Jrosoph,"fa, Nature 428:939-941 (2404).

Bilen¥El#8d Suppose males in the first mating had a mutant allele for
1@ dom(nant tralt of smaller eyes. What fraction of the females would
roduce some offspring with smaller ayes?

SNCERT 4 6 e 3

teproductive organs produce
ind transport gametes

laving surveyed some of the general featires of animal repro-
uction, we will focus the rest of the chapter on hurmnans, begin-
ing with the anatomy of the reproductive system in each sex,

‘emale Reproductive Anatomy

he female’s external reproductive structures are the clitoris
nd two sets of labia, which surround the clitoris and vaginal

7

What was the “gap” In the research that the authors were trying to fill
by doing their study?

#Make some hotes about the authors’ major conclusions or findings as
you undarstand them

How did the authors analyze their data? What test/s did they use?

Do the authors suggest any problems with the study that could lead 1o
unreliahle resules?

Was there anything that was left unfinished? Did the author raise
questions or make polnts that were left orphaned in the paper?

Write (In your own words) the significant contributions of the
experimental work in this journal article as reported by the authors,

What are three implications of the result?

What future study can you conduct from this study?

10, State three questions you can generatr  from this study

11, State two guestions you can generat : from the conclusion




CONSTRUCTING LINE GRAPHS*,

Suppose we are studying sore chemical reaction in which a substance, 4, is being used
up. We begin with a large quantity (100 mg) of A, and we measure in some way how
much A is left after different times. The results of such an experirdent might be presented
pictorially like this:
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Figure A1

This is the kind of picture graph that you otten see in newspapers. This information can

be presented much more simply on a graph — a line graph is permissible — because our
experience tells us that when A is disappearing in a chemical reaction, it is disappearing
more or less smoothly and will not suddenly reappear. In other words, the progress of a

chemical reaction is 2 continuoils process, and because time is a continuous process it

is permissible to relate the two kinds of information to one another on a line graph. The

procedure for constructing the line graph is shown in Bigure A.2,
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Figurs A.2

* Based on a handout by Dy, Mary Stiller, Purdue University,
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It should be clear from the diagram that each point correspends both to a particular
measurement of the amount of A remaining and to the particutar time at which that
amount remained. (A heavy dot is made opposite both of these two related Guantities.
When all the measurements have been recorded in this way, we connect the dots with a
line, shown in Figure A.3. (Figures A.21-A.23 explain when to connect the data points.)
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40

Mg of A Remaining
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e e e B B
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0 1 2 3 4 5
Time (hours)
Figure A3

It should be clear by looking at our graph that the only measurements we actually made
are those indicated by the dots. However, because the information on both scales of the
graph is assumed to be continuous, we can use the graph to find out how much A would
have been found if we had made our measurements at some other time, say 2.5 hours,
We merely locate the line that corresponds to 2.5 hours on our time scale and follow

it up until it erosses our line graph at the point X; then we look opposite X to the "Mg
of A Remaining” scale, and read off 50 mg. We conclude, then, that if we had imade a
measurement at 2.5 hours, we would have found 50 mg of A left. In a similar way, we
can find out from our graph at what time a given amount of 4, say 65 mg, would be left.
We have merely to find the line that represents 65 mg on the vertical scale and follow

it across until it cuts the line graph at point Y. Then we see 1,75 hours on the “Time”
scale opposite Y, This tells us that had we wished to stop the reaction with 65 mg of A
remaining, we would have had to do so after 1.75 hours.

You will notice that patt of the graph has been drawn with a broken line. In making
a line graph we are properly allowed to connect only the points representing our actual
measurements, It is possible that measwrements made after 3 hours will give points
that will fall on the broken-line extension of the graph, but this is not necessarily so. In
fact, the reaction may begin to slow up perceptibly, so that much less A is used up in
the fourth hour thar in the third hour. Not having made any measurements during the
fourth hour, we cannot tell, and we confess our ignorance quite openly by means of the
broken line, The broken line portion of the graph is called an extrapolation, because it
goes beyond our actual experience with this particular reaction, Between any two of our




measured points it seemns fairly safe to assume that the reaction is proceeding steadily,
and this is called an interpolation, Interpolations can only be made between measured
points on a graph; beyond the measured points we must extrapolate. We know that the
amount of A remaining after 4 hours is somewhere between 0 and 40 mg, The amount
indicated by the broken line on the graph, 20 mg, is only a logical guess.

Unfortunately, it sometimes happens that even professionals take this sort of
limitation of line graphs for granted and do not confess, by means of a broken line, the
places where they are just guessing. Therefore, it is up to readers of the graph to notice
where the last actual measurement was made and use their own judgment about the
extrapolated part. Perhaps the extrapolated part fits quite well with the reader’s own
expertence of this or a similar reaction, and he or she is quite willing to go along with the
author’s extrapolation, On the other hand, the reader may be interested only in the early
part of the graph and be indifferent to what the author does with the rest of it. It may
also be that the reader knows that the graph begins fo flatten out after 3 hours and so
disagrees with the author. The point is that we, the readers, must be aware of what part
of the graph is extrapolated, that is, predicted, from the shape of the graph up to the time
when the measurements were stopped. Hence, you must cleatly indicate on a line graph
the points that you actoally measured. Regardless of what predictions or conclusions you
want to make about the graph, you #ust give the reader the liberty of disagrecing with
you, Therefore, it is very impropes to construct a line graph consisting of an unbroken
line without indicating the experimentally determined points.

BASIC REQUIREMENTS FOR A GOOD GRAPH

The following procedure applies primarily to graphs of experimental data that are going
to be presented for critical evaluation. It does not apply to the kind of rough sketch that
we often use for purposes of illustration.

Every graph presented for serious consideration should have a good title that tells
what the graph is about. Notice that we need more than just a title; we need a good tidle,
Before we try to make a good title, let us look at an example and try to decide what kind
of title is a useful one. Look at Figure A4,

2000

1000

Slices of Pizza
Remaining

Duration of Party (hours}
Figure A4

3f you like pizza, it might be very useful to know when this party is being held. Without
a title, you cannot tell even whether the graph refers to any particular party at all. It
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might represent average figures for all the parties held last year, or it might represent the
expected figures for a party that is going to be held tonight. Let us suppose that these
data refer to a study party given by AP Biology students on March 9. Here, then, are
some posgsible titles:

{a) The APs Have a Party
{b} Pizza Rules! Enjoy it with AP

{c) An AP Biofeast!

None of those titles is espectally useful or informative because none of them tells what
the graph is all about. Now look at these two titles:

(d) Anticipated Consumption of Slices of Pizza at the AP Biology Party, March ¢

{e} Anticipated Consumption of Slices of Pizza at the AP Biology Party, March 9,
2011, 7.00 pom.~11:00 p.m.

You should be able to see that only title (e} is helpful and useful, It enables you to tefl, by
glancing at the calendar, whether or not you can attend the party, and it helps make that
graph fall a little more steeply. The point we are driving at is that a good title is one that
tells exactly what information the author is trying to present with the graph. Although
brevity is desirable, it should not substitute for completeness and clarity,

Now that you are clear on titles, Jook at the graph in Figure A.5. s title tells you that
here is some potentially useful information, The graph suggests that, at least for 2011,
there was an upper limit {o the amount of time people could vsefully spend in studying
for an exam, and you might wonder, for example, how long you would have had to study
to make a perfect score.
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Figure A.5; Relatien Between Study Time and Score on a Biology Exam in 2011

Unfortunately, however, you cannot tell, because the graph has no labels of numbers ox
units the scales, Fven though this graph has a descriptive and intriguing title, it is of no
use to us at all without these very important parts. Obviously, before we can take full
advantage of the information that the graph is trying to present, we need to have some
additional details,




In Pigure A.6 the additional information has been supplied, information that seems to
make the graph more uselul to us in preparing for the exam.
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Figure A.6: Relation Between Study Time and Score on a Biology Exam in 2011

"This additional information inchades scales, or axes, that are carefully marked with
nuwmbers, and labels and units that are neatly presented, Obviously, one cannot label all
the points along the axes; that wonld make the numbers crowd together and look sloppy.
The units should be marked at intervals that correspond more or less to the intervals
between the experimental points, The small marks, called index marks, can be drawn in
if the experimental points are very widely spaced. Most elegantly, a frame is put around
the whole graph, and index marks are placed all axound. This makes it easy to lay a ruler
across the graph when interpolating between the experimental points. The diagram in
Pigure A.7 summarizes some features of a good graph.
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Figure A.7: Relation Between Study Time and Score on a Biology Exam in 2011
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& STEEPNESS OR SLOPE OF A LINE GRAPH

Look at the graph in Figure A,8 for the disappearance of A in a chemical reaction. Such &
graph, in which the amount of some quantity is shown on the vertical scale, or ordinate,
with time shown on the horizontal scale, or abscissa, is frequently called a “progress
graph” or "progressive curve;” because it shows how some process progresses in time.
This graph may also be called a “time course” for the process because it shows the extent
to which the process has occurred at different times.
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Figure A8

Let us call the process represented by the graph “Process [” and consider another
reaction, "Process II) in which A is also constined. Suppose that we start Process I
also with 100 mg of A, and that after 1, 2, and 3 hours there are 90, 80, and 70 mg,
respectively, left. The progress curve for Process 1 is displayed in Figure A9,
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Now, suppose we want to compare the graphs for the two processes, Because they have
exactly the same scales, we can put both fines on the same graph, as shown in Figure
A.10. Notice, however, that now in addition to the labels on the scales, we need fabels on
the two lines to distinguish between the two processes.

Look at the 1-hour mark on the time scale of the graph. Opposite this put an X on the
line for Process Land a Y on the line for Process IL. Then, opposite X on the ordinate you
should be able ta see that 80 mg of A are left in Process I; opposite Y you can see that 90
mg of A are left in Process I1. Apparently, Process [ has used up 20 mg of A and Process
11 has used up only 10 mg in the same amount of time, Obviously, Process [ is faster, and
the line graph for Process T is steeper than the graph for Process I
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Figure A.10

The rate for Process I is 20 mg A used/hr, while the rate for Process 11 is 10 mg A
used/hz,

We have seen that a steeper line graph means a faster reaction when the progress
curves for two reactions are plotted on the same scale. (Obviously, if the progress curves
are plotted on different scales, we cannot compare the steepness of the line directly, but
have to calculate what the slope would be if the two curves were plotted on the same
scale.)

Suppose, now, that we make a new kind of graph, one that will show the steepness, or
stope, of the progress curve. Because the slope of the progress curve is a measure of the
speed of velocity, or rate of the reaction or process, such a graph is frequently called a
“rate graph” or “rate curve! 'The diagram in Figure A.11 shows how a rate curve can be
made for Process L
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Fignre A.

Notice that the time scale of this rate graph is exactly like the time scale of the progress
curve from which it was derived, but that the ordinate is different. The ordinate of the
progress curve shows milligrams of A remaining; the ordinate of the rate curve shows
milligrams of A used per hour, Obviously, a rate graph must always show rate on one

of its scales, and it is ordinarily the vertical one that is used, This is because the rate of

a reaction or process is what mathematicians call a dependent variable. Time is the
independent variable in this experiment; it is independent of changes in the dependent
variable (the rate of reaction), and it is the variable that is shown on the horizontal axis.
Regardless of whether the process is the increase in height or weight of 2 plant, or the
using up or producing of something in a reaction, the rate graph for the process must
always show amount of something per unit tine on one of its axes. One very common
type of rate graph is the one shown in Figure A.11, with a rate on the ordinate and the
time on the abscissa. Other kinds of rate graphs may have temperature or molatity on
the abscissa. The rate of growih of a plant, for example, depends on how many factors
that we might wish to vary, and so we can have as many different kinds of rate graphs for
that process as there are independent variables.

Let us emphasize: a progress curve always shows amount of reaction on the vertical
scale and time on the horizontal scale. The corresponding rate curve may show time
or some other variable on the horizontal scale, but it aiways shows rate, or amount of
reaction per unit time, on the vertical scale, This point is very important, When we look
at 4 rate curve that has time on the horizontal scale, we must visualize the progress curve
from which the rate curve wag derived. When we look at a rate curve that has any other
variable except time on the horizontal scale, we shall see that each point on the rate
curve represents a separate progress curve,

In the same way as for Process I, a rate curve can be made for Process IT, Plotted on
the same graph, the two should look something like the diagram in Figure A.12.
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There are two things to notice in this example. First, the curve for Process I Hes higher
than that for Process IL. ‘This is in accord with the facts as we have seen them, namely,
that Pracess 1 is faster and so has a greater slope or higher value for the steepness.
Second, notice that both curves are perfectly flat. Naturally, because the progress curves
for the two processes were both perfectly straight lines, having everywhere the same

slope, the rate of steepness graph must show exactly the same thing, that is, that the rate
or steepriess is everywhere the same.

On the other hand, consider the graph in Figure A.13, which represents the
disappearance of A in vet another reaction, Process IIL
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figure A.13: Time Course of Disappearanse of A i Process I

You can see that Process 11T differs from Processes I and IT in that the progress curve for
111 is not a perfectly siraight line. It is steepest at the beginning, becomes less steep after
1 hour, and again after 3 hours. Obviously, becanse the rate of the process is changing
with time, the corresponding rate curve will not be perfectly flat. The rate has 1o start
out high, then drop at 1 hour and at 3 hours, and you can see in the graph on the right
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that this is exactly what it does, In fact, the rate curve looks like steps because whenever
the slope of the progress curve decreases, the rate curve must show a drop to a lower
vahue, Conversely, if the progress curve for a process should get steeper, as sometimes
happens (the reaction goes faster after it gets “warmed up®), the rate curve must show a
corresponding increase to a higher value.

Until now we have been able to read the steepness, or slope, of the progress curve
directly from the scales of the graph becanse the progress curves we have been studying
were either perfectly straight lines or else made up of straight-line segments. In most
real situations, however, we cannot do this because the slope of the progress curve does
not change sharply at a given time, but, gradually, over a period of time. You probably
remember how to measure the slope of a curved fine, but let us review the process
anyway. (See Figure A.14.}

c L
10 +
5 I This much rise in
this much time
O I 1

Time (hours)
Figure A.14

Suppose we want to measure the slope, or steepness, of the curved line C at time 2 hours.
We can see that the curve rises 5 units total in the 2 hours, so that the average slope is
2.5 units per hour. However, it is easy to see from the graph that this average is very
misleading; the progress curve is almost flat at the beginning (i.e., has 0 slope} and then
zccelerates rapidly, so that the line curves upward. If we want to find the true slope at 2
hours, we must draw line L in such a way that L has the same slope as C at the 2-hour
point, Then we can see that L rises about 5 units between 1 and 2 hours, just twice the
average slope for the first 2 hours.

We have seen that a perfectly flat curve, like that for Process I or II, means that the
corresponding progress curve is a perfectly straight line having the same slope at all
points. Conversely; a progress curve that changes in slope, like that of Process TIT, will
give a rate curve that Jooks like steps. You should be able to figure out that the “steps”
on the rate curve will be sharp and square if the progress curve has an abrupt change in
slope, and more rounded off if the progress curve changes slope gradually, In any case, in
regions where the rate curve is perfectly flat it is clear that the progress curve must have
constant steepness, or slope, However, if the progress curve itself gets perfectly flaf, then
that portion of the progress curve has 0 slope; in other words, the reaction has stopped.
This kind of situation is pictured in Figure A.15 where the rate and progress curves for
another reaction, call it Process IV, are shown.
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Levels of Scientific Inquiry

« Confirmation: Students confirm a principle through
an activity in which the results are known in
advance.

 Structured: Students investigate a teacher-
presented question through a prescribed
procedure.

¢ Guided: Students investigate a teacher-presented
question using student-designed/selected
procedures.

« Open: Students investigate topic-related questions
that are formulated through student-
designed/selected procedures.

THE SCIENTIFIC METHOD

» Scientific knowledge grows through a process
called the scientific method.

» This process involves
— observation and measurement
— hypothesizing and predicting

— and planning and executing investigations designed to
test formulated hypotheses.




THE SCIENTIFIC METHOD

» Observations, Hypotheses, and Predictions

Making Observations

* Many types of observation
can be made on biological
systems. They may involve:

® ohservation of certain
behaviors in wild populations

® physiological measurements
made during previous
experiments

® ‘accidental’ results obtained
when seeking answers to
completely unrelated
guestions

* The observations may lead to
the formation of questions
about the system being
studied.
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THE SCIENTIFIC METHOD

* Observations-

* Observation is the basis for formulating hypotheses and making predictions. An
abservation may generate a number of plausible hypotheses, and each hypothesis
will lead to one or more predictions, which can be tested by further investigation.

Observation 1: Some caterpillar Observation 2: Some caterpillar

species are brightly colored and appear species are cryptic in thair

to be conspicuous to predators such as appearance or hehavior. Their
insectivorous birds. Predators appear camoufiage is so convincing that,
to avold these species. These when alerted to danger, they are
caterpillars difficult to see against their

are often found in groups, rather than background. Such caterpillars are
as solitary animals. usually found alone.

THE SCIENTIFIC METHOD

e A hypothesis offers a tentative explanation to
questions generated by observations and leads to
one or more predictions about the way a biological
system will behave.

* A hypothesis is like “stereotyping”:

— For example, We know that tomatoes are fruits, that
many fruits produce ethylene, and that ethylene
promotes fruit ripening.

— If tomatoes produce ethylene, then placing them in a
container that traps ethylene will cause the tomatoes to
ripen faster.
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THE SCIENTIFIC METHOD
e Hypothesis:

— A scientific hypothesis is a tentative explanation for an
observation which is capable of being tested by
experimentation.

— Hypotheses lead to predictions about the system involved
and they are accepted or rejected on the basis of the
investigation's findings.

— Acceptance of the hypothesis is not necessarily permanent:

explanations may be rejected later in light of new findings.
* Forming a Hypothesis

— Features of a sound hypothesis:
1. ltis based on observatians and prior knowledge of the system.
It offers an explanation for an observation.
It refers to only one independent variable.
it is written as a definite statement and not as a question.
It is testable by experimentation.
It leads to predictions about the system.

o U e wN

THE SCIENTIFIC METHOD

e Testing a Hypothesis

—Features of a sound method:
1. It tests the validity of the hypothesis.
2. ltis repeatable.

3. ltincludes a control which does not receive
treatment.

4. All variables are controlled where possible.

5. The method includes a dependent and
independent variable.

6. Only the independent variable is changed
(manipulated) between treatment groups.

5/15/2018




THE SCIENTIFIC METHOD

* Types of Hypothesis

Hypothesis Invelving
manipulation :

Used when the effect of
manipulating a variable ona
biological entity is being
investigated.

Example: The composition of
applied fertilizer influences the
rate of growth of plant A.

Hypothesis of choice

Used when investigating
species preference, e.g. fora
particular habitat type or
microclimate.

Example: Woodpeckers
{species A) show a
preference for tree type
when nesting.

Hypothesis involving
observation

Used when organisms are
being studied in their
natural environment and
conditions cannot be
changed. Exampie:
Fernabundance is influenced
by the degree to which the
canopy is established.

{nyobiing matripulstion

Iavolving observation

E.éijg'x.je S
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Formative assessment
* 1. Why might an accepted hypothesis be rejected at a later date? ---

* 2. Explain why a method must be repeatable:

+ 3, In which situation(s) is it difficult, if not impossible, to control alt
the variables?

The Null Hypothesis

= For every hypothesis, there is a corresponding null
hypothesis; a hypothesis against the prediction, of no
difference or no effect.
© A hypothesis based on observations is used to generate the null
hypothesis (Ho). Hypotheses are usually expressed in this form
for the purposes of statistical testing.

& Ho may then be rejected in favor of accepting the alternative
- hypothesis (Ha) that is supported by the predictions.
& Rejection of the hypothesis may lead to new, alternative
explanations (hypotheses) for the observations.
» Scientific information is generated
as scientists make discoveries
through testing
hypotheses.

— Ho: There Is no difference
o _br_etwee_n four différent feeds on
_the growth of newborn rats.
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The Null Hypothesis

* Creating a null hypothesis enables a hypothesis to
be tested in a meaningful way using statistical
tests.

* If the results of an experiment are statistically
significant, the null hypothesis can be rejected.

* |f a hypothesis is accepted, anyone should be
able to test the predictions with the same
methods and get a similar result each time.

* Scientific hypotheses may be modified as more
information becomes available

Generating Predictions

* There are several hypotheses and
predictions that could be generated
to account for the two previous
observations:

& Hypothesis 1: Bright colors signal to
potential predators that the
caterpillars are distasteful.

&1 Prediction 1: Inexperienced birds will learn

from a distasteful experience with an W Bad to eat
)

unpalatable caterpillar species and will
avoid them thereafter.

@ Hypothesis 2: Inconspicuous
caterpillars are palatable and their
cryptic coloration reduces the chance
that they will be discovered
and eaten.

7 Prediction 2: Insectivorous birds will avoid
preying on brightly colored caterpillars and

they will prey readily on cryptically colored
caterpillars if these are provided as food.

m Goot to eat ﬁf /J"

5/15/2018




Assumptions

* In any experimental work, you will make certain assumptions
about the biological system you are working with.

» Assumptions are features of the system (and your
experiment) that you assume to be true but do not {or
cannot) test. '

» Possible assumptions for the previous hypotheses (and their
predictions) include:
@ Birds and other predators
have color vision.

& Birds and other predators
can learn about the palatability
of their prey by tasting them.

" Formative assessment

e 1. Study the example above illustrating the features of cryptic and
conspicuous caterpillars, then answer the following:

— (a) Generate a hypothesis to explain the observation that some caterpillars
are brightly colored and conspicuous while others are cryptic and blend into
their surroundings:;

— {b) State the null form of this hypothesis:

— (c) Describe one of the assumptions being made in your hypothesis:

— {d) Based on your hypothesis, generate a prediction about the behavior of
insectivorous birds towards caterpillars:__
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Planning An Investigation

Use a checklist or a template to construct a plan as outlined below:

&  Preliminary

& Alm and hypothesis are based on
observation.

i Study is feasible and the chosen
organism is suifable for study.

& Assumptions and variables

5 Assumptions and variables have been
identified and controls established.

2 Preliminary treatments or trials have
been considered.

% Data collection

& Any necessary changes have been
made to {he initial plan.
% Aresults table accommedates all raw data. Observation is the starting point for

any investigation
o Data can be analyzed appropriately,

Variables

» Avariable is any characteristic or property able to take any
one of a range of values. Investigations often look at the
effect of changing one variable on another (the biological
response variable).

* Itis important to identify all variables in an investigation:
independent, dependent, and controlled. Note that there
may be nuisance factors of which you are unaware.

* In all fair tests, only one
variable {the independen
variable) is changed by
the investigator.

5/15/2018
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|dentifying Variables

* All variables (independent, dependent, and controlied)
must be identified in an investigation.

Dependent variable

¥

Independent variable

l

Dependent and Independent Variables

* How the dependent variable
changes depends on the
changes in the independent
variable, i.e. the dependent
variable is influenced by the
independent variable

*  When heating water, the
temperature of the water rises
over time.

& Therefore the temperature of
the water Is dependent upon
the length of time it is left for.

© Time is independent as it is not
influenced by the temperature
of the water.

Water Temperature vs Time Heated

Temperature

Time

5/15/2018
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Variables and Data

« Data are the collected values for monitored or measured
variables.

@ Like their corresponding variables, data may be qualitative, ranked,
or quantitative (or numerical).

Types of Variables

Examples of Investigations

* Once all of the variables have been identified in an
investigation, you need to determine how these
variables will be set and measured.

* You need to be clear about how much data, and what
type of data, you will collect.

& Some examples of investigations are shown below:

12
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Stages In An Investigation

= Investigations involve written stages (planning and reporting}, at
the start and end. The middle stage is the practical work when the
data are collected (in this case by data loggers as shown below).

@  Practical work may be based in the laboratory
or in the field {the natural system).

¢ Typically lab work involves investigating
how a biclogical response is affected by
manipulating a particular variable.

77 Field work often involves investigating
features of a population or community.
Investigations in the field are usually more
complex than those in the lab because
natural systems have many more variables
that cannot easily be centrolled.

Pholos: Paaeo.

Sample Size

* When designing your field study, the
size of your sampling unit and the
sample size (n) should be major
considerations.

& A sampling unit might be (for example)
an individual organism or a quadrat.

@ The sample size might be the number
of individuals or the number of
quadrats.

* For field studies, sample size is often
determined by the resources and
time availabie to collect and analyze
your data.

* Itis usually best to take as many
samples as you can, as this helps to
account for any natural variability
present and will give you greater : i
confidence in your data. Sample (7=23)

13
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Replication
» Replication in experiments refers to the number of
times you repeat your entire experimental design
(including controls).

& Increasing the sample size (n) is not the same as true
replication. In the replicated experiment below, n=6.

'H ee %%% w%%
%%% ¥ SEE EEV

Watering regime Watering regima Watarlng raglma {central) Watarlng reglwe
150 ml per daywater al pH 3 1EQ ml per day water at pH B 150 im| par day water al pH 7 150 ml per day water at pH 9

bee gty GEd o
6 EEE EE EEe

Watering reg’me Watartng regime ‘Wataring ragima {control) Watering regime
150 mi per dey water at pH 3 180 ml par day watar et pH B 160 ml per day water al pH 7 160 mi per day water at pH &

Making Investigations 1

» An example of a basic experimental design aimed at
investigating effect of pH on the growth of a bog adapted
plant species follows:

& Observation: A student noticed an
abundance of a common plant {specie
in a boggy area of land. The student
tested the soil pH and found it to be
quite low (between 4 and 5)}. Garden
soil was about pH 7.

& Hypothesis: Species A is well adapted
to grow at low pH and pH will influenc
the vigor with which this plant species
grows.

& Prediction: Species A will grow more
vigorously (as measured by wet weight
after 20 days) at pH 5 than ai lower or
a higher pH.

14




Making Investigations 2

*  Experiment: An experiment was designed to test the prediction that the plants
would grow best at low pH. The design is depicted graphically below and on the next
slide, It is not intended to be a full methodclogy.

Fluorescent strip lighting Fluorescent strip lighting

; &
w
&.
|

Watering regime Watering reglme Watering regime Watering regime
150 ml per day water 150 ml per day water 150 mi per day water 150 ml per day water
atpH 3 atpH & at pH 7 (control) atpH 9

Making Investigations 3

Each treatment contains 6 plants (n =

}

Plan view of the
experimental layout

3=pH3
5=pH5
C = control {pH 7)
9=pH?9

* Note that in experiments with a large number of treatments and
replication, it is important to randomize the arrangement of the
treatments to account for any effects of location in the set-up.

&  In this case, n = 6, there are four different treatments and the
experiment has been replicated six times.

5/15/2018
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Making Investigations 4

Control of variables:

&€ Fixed variables include lighting and watering
regime, soil type and volume, age and history of
plants, pot size and type.

& The independent variable is the pH of the water
provided to the plants.

& The dependent variable is plant growth rate
(g day™} calculated from wet weight of entire
plants (washed and blotted) after 20 days.

@ Other variables Include genetic vartation
between plants and temperature.

Assumptions include: All plants are essentially

no different to each other in their growth

response at different pH levels; the sail mix,

light quality and quaniity, temperature, and

water volume are all adeguate for healthy

continued growth. Certain variables, such as pot size
and plant age, tan be fixed when
plants are grown under controlled

conditions

Collection and Analysis

Data collected by measuring

or counting in the field or

laboratory are called raw
data.

@ As part of planning an
investigation, a suitable
resuits table must be
designed to record raw data.

Once all the required data

has been collected, they

need to be analyzed and
presented.

& To do this, it may be
necessary to transform or
process the data first.

5/15/2018
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Transformations

W,

Data are often transformed as a first
step in the analysis of results.

@ Transforming data can make them
more useful by helping to highlight
trends and make important
features more obvious.

Transformations include drawing a
frequency table, or performing a
calculation such as a total, rate,
percentage, or relative value.

& Calculation of a rate is a commonly
perfarmed data transformation,
and is appropriate when studying
the growth of an organism (or
population).

© Biological investigations often
compare the rates of events in
different situations, as shown in
the example right.

Photosynthetic rate at
different light intensities

Constructing Tables 1

» Data can he presented in a number of ways.

& Tables provide an accurate record of numerical values and allow
organization of data in a way that makes relationships and trends
apparent. An example of a well constructed table is shown below:

Table 1: Length and growth of the third interncde of bean plants receiving three
different hormone treatments {data are given T standard deviation).

5/15/2018
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Constructing Tables 2

* The rules for constructing tables are shown below:
Tables should have an accurate, descriptive title.
Numbier tables consecutlvely through the report.
Independent variable
it left column

\ Table 1: Length and growth of the third internode of bean plants receiving

three different hormone treatments (data are given * standard deviation).
— Heading and

subheadings
identify each

Convyol values data and show
shouldbe  __Biicoumm i apamnnninn g S L s i 8 . units of
placed atthe measurement.

beginning af the

table.

Tables can be used
10 show a calculated
measure of spread
of the values about
the mean (e.g.
standard daviation).

Columns that need to be
compared should be placed
alongside each other.

Each row should show a
different experimental ireatment,
organism, sampling site etc.

Organize the columns so that
each category of ke numbers
or attributes is listed vertically,

Show values only fo the level
of significance allowable by
your measuring technigue,

Constructing Graphs 1

+ Graphs are useful for providing a visual image of trends in the
data in a minimum of space.

Fig. 1: Yieid of two bacterial strains at different antiblotic
levels. Vertical bars show standard errors {n = 6),

Yield (absorbance at 550 nm)

:.‘.. pan

2 3
Anfibiotic (g m™)

5/15/2018
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Constructing Graphs 2
* The rules for constructing graphs are shown
below:

Graphs (called figures) should have a concise, explanatory
title, They shovid be numbered consecutively in your repoit.
Plot poinis accurately,

Different responses can Fig. 1: Yiald of two bacterial strains at different antlblotic

be distinguished using lsvels. Vertical bars shiow standard errors {n = )

different symbols, lines "””""'”"\ The spread of the data around
or bar colors. _is A the plotted mean value can be

shown on the graph. Such

i.abel hoth axes —,.g 1Y) measures include standard

{provide Sl units deviaflon and range. The values
of measurement B are plotted as errorbars and give
if necessary) an indication of the refiability of

e
5

the mean value.
The dependent variable e.g.
blological response, Is plotied =
on the vertical (y} axis

e
)

A key identifies symbols.
This information sometimes
appears in the e,

[=3
@

=
i

A break in an axis aliows
economical use of space if
there are no data in the

Yield {absorbance at 55

TR T
4 § <= Each axis should have an

\
C,_
bl
J
|

“braken” area. A floating axfs Antibiotic (g m) appropriate scale. Decide
{where zero polnts do not meet) on the scale by finding the
allows data paints fo be plotted The independent variable, e.g. maximum and minlmum
away from the vertical axis. treatment, is on the horizontal (x) axis values for each variable.

Descriptive Statistics 1

* Descriptive statistics, such as mean, median, and mode, can be
used to summarize data and provide the basis for statistical
analysis.

& Each of these statistics is appropriate to certain types of data or
distributions, e.g. a mean is not appropriate for data with a skewed
distribution.

» Standard deviation and standard error are statistics used to
quantify the amount of spread in the data and evaluate the
reliability of estimates of the true (population) mean ().

Mean (avaraga) height of this
group of peopleis 1.7 m. But
whatis the variation in this
statistic in the population?

19




most of the data are grouped; the center value.

Descriptive Statistics 2

» In a set of data values, it is useful to know the value around which

« Basic descriptive statistics can summarize trends in your data.

5/15/2018

Statistic Definition and use Method of calculation
Average of all data entries. Add all data entries.
Mean Measure of central tendency for Divide by the number of
normal distributions entries.
Middie value when data are In rank Arrange data in Increasing
Median | order. Measure of ceniral fendency rank order. Identify the
for skewed distributions. middle vaiue.
Most common data value. Good Identify the category with
Mode for bimodal distribastions and the highest number of data
qualitative data. entries.
The difference between the "
smallest and largest data values. ldentity largest and smallest Ed
Range Gives a cruds ndication of data values and calculate the 3
difference between them. g
spread. H
&

Frequency Distributions |

B
ol i
* Variability in continucus B,
data is often displayed as a l
frequency distribution. gn

W

*  Afreguency plot will
indicate whether the data
have a normal distribution,
or whether the data is

=]

5
@
i

skewed or bimodal. B
« The shape of the g
distribution will determine -
which statistic (mean,
median, or mode) best s
describes the central ]
tendency of the sample I
data. Z
s i
LR

Weight {g)

20
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Measuring Spread

« Standard deviation (s) is a frequently used
measure of the variability (spread or dispersion)
in a set of data. Two different sets of data can
have the same mean and range, yet the
distribution of data within in the range can be
quite different.
€ |n a normally distributed set of data:

o 68% of all data values will

lie within one standard 25
deviation of the mean;
{3 95% of all data values will 20

lie within two standard
deviations of the mean.

> The variance (s2) is another :
such measure of dispersion &2
but the standard deviationis @
usually the preferred of
these two measures.

Fraquency

e

¥z H s Rze
Size tlass

Tas

The Reliability of the Mean

* The reliability of the sample mean (x) as an estimate of the true
population mean can be indicated by the calculation of the standard error
of the mean (standard error or SE). The standard error then allows the
calculation of the 95% confidence interval (5% C!) which can be plotted
as error bars.

* The 95% confidence limits are _ ———
given by the value of the mean =+ R ety - ol
95%Cl.

@  A95% confidence limit {l.e. P = 0.05)
tells you that, on average, 95 times
out of 100, the true population mean
will fall within these limits.

@  For example, if we calculated the mean !
number of spots on 10 ladybirds, the 5 large 95% Ct
95%C1 will tell us how reliable that statistic ' s
is as an indicator of the mean number of

carapace spots in the whole population. Range of the indspendent variabie

Dependent variable
{biologival response}

21




Statistical Tests

» Different statistical tests are
appropriate for different types of
data. The type of data collected
will determine how/if it can be
tested.

» The null hypothesis of no
difference
or no effect can be tested

statistically and may then be S <

rejected in faVOF Of acce ptlng the The weight change of shore crabs held at
- . . different salinities can

alternative hypothesis that is be analyzed statstically

supported by the predictions. using a regression.
» Statistical tests may test for:
@ a difference between treatments or
groups.

& a trend (or relationship} in the data,
for example, correlation and
regression.

Sampling Populations

+ Generally populations are too large to be examined
directly (by direct count or measurement of all the
individuals in the population), but they must be sampled
in a way that still provides representative information
about them.

« Most studies in population ecology involve collecting
living organisms. Sampling techniques must be
appropriate to the community being studied and the
information : :
required by the investigator.
& Sampling techniques include:

2 point sampling

¢ transect {line and belt)
0 quadrat sampling

& mark and recapture

Inserting & visual implant tag in a mark
and recapture study of carp

5/15/2018
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Mark and Recapture

= Mark and recapture is used to determine the total
population density for highly mobile species in a certain
area.
@ For a precise population estimate, mark-recapture methods
require that about 20% of the population is marked, which
can be difficult. Also, marking is difficult for small animals.

First capture Release Second capture

Inthe first capture, a random The marked animals from the first The population is sampled again;
sample of animals from the capture are released back inte only a proporticn of the second
population is selected. Each the natural popuiation and left to capture sample will have animals
selected animal Is marked ina mix with the unmarked : that were marked in the previous
distinctive way. individuals. capfure.

The Lincoln Index

* This equation is used to estimate the size of the overall population.

1. The popuiation is sampied by capturing as many
of the incividuals as possible and practical.

2, Each animal in the sample is marked to
distinguish it from unmarked animals.

3. Animals are returned to thelr habitat and left to
mix with the rest of the population.

4, The population is sampled again {this need not be
the same sample size as the first, but it must be
large enough tc be valid).

5. The numbers of marked 1o unmarked animais in
this second sample is determined. The Lincoln
Index is used {0 estimate overall population size.

23



Accuracy and Precision

* The terms accuracy and precision are often
confused, or used interchangeably, but their
meanings are different.

* In any study, accuracy refers to how close a
measured or derived

* valueis to its true value.

* Simply put, it is the correctness of the
measurement. It can sometimes be a feature of the
sampling equipment or its calibration.

» Precision refers to the closeness of repeated
measurements to each other, i.e. the ability to be
exact. A balance with a fault in it could give very
precise (i.e. repeatable) but inaccurate {untrue)
results.

Conclusions:

1. Summarize Results

2. See if hypothesis was support/rejected and
evidence that lead you to this conclusion

3. Biological concept explains results?
4. Possible errors in experiment

5/15/2018
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Activity 1: Column Charts

- Essential-Learning-Skills:—comparing-data; setting-up-a-column-chart,-changing-chart-formats

including labels, gridlines, titles, colors, and legends.

1. Mrs. Jones recently polled all the students attending Baker Middle School. One of the
questions she asked was, "What is your favorite cafeteria lunch?” The choices students couid
select from included hot dogs, burgers, tacos, pizza, or spaghetti. There were some
interesting differences when the results were examined by gender.

Favorite Lunch Boys Girls
Burgers 60 40
Hot Dogs 70 20
Pizza 60 60
Spaghetti 20 60
Tacos _ 35 5

Create a spreadsheet file that includes this information. You should have data in cells Al to
Cé.

» Your chart should look something like this.

Favorite Lunch

253 DO HIMAE OSNmY

Lunch Choices

EBoys B Girls




Activity 1: Column Chart

Essential Learning Skills: creating a column chart, changing alignment in a spreadsheet
file, chart formats including labels, x and y axis’, gridlines, titles, legends, moving charts
on the spreadsheet, creating a footer, setting up landscape format, and printing
diractions.

1. Ms. Parry recently surveyed the students in her computer classes. She asked
them several questions. One question was, *What is you favorite after school
treat?” Their choices included candy, chips, cookies, or pizza.

2. To graph the results, set up a spreadsheet fi Ie 50 |t looks exactly like this:

Favorite Treats Num ber of Votee N
Candy 18

Chips R
Cookies 80
_Pizza 12

» Your chart should look something like this.

- =
) 1)

Favorite Treais

| 8 Number of
Votes 5




Activity 6 Getting Fancy with Pie Charts
Essential Learning Skills: creating a Pie Chart, comparing two groups'of data, chart
formats including labels, titles, legends, moving charts on the spreadsheet, sorting data,
creating a footer, and setting up portrait format.

1. Ms. Parry recently surveyed the 30 students in her 8" period computer class. She

asked the students, “What color eyes do you have?” Type these responses into a
spreadsheet file. § s
Responses
—— 8 —
............ 14 —
3 3
o ZA
2 Hazel . 3

e Your chart should look something like this. . . .

iy s R L T R R T e L e s i

gth Period Eye Colors

7% r10%
B Gray
46% &8 —10%
1 Hazel
[ Blue

27%

E Brown




Activity 7: Making a Line Chart

Essential Learning Skills: creating a Line Chart, chart formats including labels, titles, legends, moving charts on the ‘
spreadsheet. i

1. Billy is 14 years old and he is interested in becoming a good bowler. In fact, his goal is to be one of the best
bowlers in the BMS Student Bowling League, Let's take a look at his average scores for the last six months to see
how he is doing. a

»  Set up a spreadsheet file so that it contains the following information. :

anuaryr o
Eebruary ;
March |

2. Line Chart
You use a line chart when you want to see how values have changed over a period of time. A line chart makes it
easy to identify a trend, if one exists.

e Your chart should lock something like this . . . .

Billy's Bowling Average

300
250
200
150
100




Activity 8: Comparing Data in a Line Chart

____Essential Learning Skills: _creating a Line Chart, comparing two groups of data, changing chart formats

including labels, titles, legends, moving charts on the spreadsheet, creating a footer, and setting up Landscape
format.

1. 1It's June and the manager of the school store at Baker Middle School is getting ready to order supplies
for next September. The manager wants to examine trends over the past two years before making
any ordering decisions. Type the following information into the spreadsheet file.

| 2006 Profit ; 2007 Profit
Term 1| $ 75000 | $  950.00
ITerm 21§~ 45000 $ 500,00
Term 3| $ 45000 § 45000
Term4, § 20000 | § 20000
2. Create a line chart.

e Your chart should look something like this . . . . .

i $1.000.00

$800.00
$700.00
$500.,00
$506.00
$400.00
$300.00
$200.00
$100.00
¢~

Term 1 Tetm 2 Term 3 Term 4

School Store F’mﬁts; -




You are not allowed to collaborate with anyone on this assignment, Unless noted, ¢the enly rescurce you may nse is your source pachket,

Understanding Scientifie-Experiments-and-Representative Models

Directions: Read the accompanying sources in your sumimer packet. Then, answer the questions
below using full, complete sentences. Pay specific attention to the experimental design and data
analysis employed in each passage.

Passage 1: Plasmid Mapping
1. Consider the weaknesses of each hypothesis. Keeping this in mind, add one statement to
each that would make the predictions more effective. You must justify your responses to
earn full credit for this guestion.

2. Whatis the strength of each hypothasis?

Passage 2. Recombination Frequencies
1. Consider the strengths and weaknesses of each researcher’s proposal. Which model is
most valigd?

2. Explain your réasoning.

3. What are the differences between the arguments of Scientist 1 and Scientist 27

4. Which argument Is most valid and why?




Passage 3: Protein Structure

‘What are the similarities in the arguments of Scientist 1 and Scientist 27

What is the respective implication of each scientist being right?

Could the experiment be solved without the fifth researcher? Explain.

Passage 4: Tomato Plants

If not stated, what is the
a} Hypothesis

BY Control
¢) Constant

dy Variables in this experiment

What was the experiment frying fo test?

What inference can be drawn based on Experiments 1, 2, and 37

in which of the following ways was Experiment 2 different from Experiment 17

Summarize each fable in one or two sentences ONLY

Passage 5: Bacterial Growth and Light




1. If not stated, what is the

a) Hypothesis
by Control

¢} Constant
d) Variables in this experiment

2. Why did the scientists measure growth in comparison fo the control? Why is this better
than simply listing the amount of growth per {rial?

3. Provide evidence from the trials to verify the claim that the bacteria are photosynthetic,
Additionally, provide evidence that would suggest the bactetia do not rely on
phatosynthesis.

4. What inference can be drawn based on Experiments 1, 2, and 37

5. Which logical conclusion can be formed from the data presented? Explain your prediction
by pulling evidence from the passage.

5. How do ihe designs of Experiments 1 and 3 differ in ferms of procedure?

Passage 6: Eutrophication

1, If not stated, what is the
a) Control

b) Constant

c) Variables in this experiment
2. What inference can be drawn based on Experiments 1 and 27

3. A microbiologist has determined that the CO, levels in the first experiment should remain
constant after the first day. Was this hypothesis verified? Explain,
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- Many bacteria contain plasmidy (small, cireitlar DNA
molecnles). Plasnrids ‘can be transferred from 7 bacterium
to another. For this to oceur, the plasiid replicates (pro-
duces a linear copy of itself). The relative positiof of the ..
genes is the same on the original plasmjld and on the Hnear -
copy, except that the 2 ends of the linear copy do not
immediately connect, o o .

While replication,is occurring, 1 end of the linear
copy lzaves the donor bacterimm and enters the recipient
bacteriurn. Thus, the order in which the genes are repii-
cated is the same as the orderin which they are transfarred,
Uniess this progess issinterrapted, ths entire plasmid is )
iransferred, and its 2 ends connect in the recipient bac-
teritm, : . ‘ e
Four studenis studied the way in which 6 genes ®X, .

R, 8, A, azd- G) on a specific plasmid wese donated by 1,

type of bacterium (see the figure). The students dstermined

that the entire plasmid'is transferred in 90 min and that the
tate of fransfer is comstant. They also determined that the
"genes are evenly spaced -around the plasmid, so 1 génsds -
transferred every 135 min. They disagread, kowever, about

© . the ovder in which the 'genes are teplicated and fhus trans- -
- ferred. Four models are presentsd.’ ) -

N ~

o P G"ee

Geﬁe Ry

Studenr] . . - .
‘ Replication’ always begins between Gene F and
'Gene X. Gene X is replicated first and Gene F is. replicated,’
last,r - . el Coom b

- Student 2 ) i Lo, .
Replication " always begins between (ene E and |
‘Gene X. However, the direction. 6f replication varies. Tf
Gene F is repHcated first, Gene X is replicated Iast. Con- . |
versely, If Gene X is replicated first, Gene F is replicated

[ast, .

Sthadensz - T T o o

_ Replication c.m begin between any 2 genes, Replica-
tion then proceeds arvund the plasmid in a ¢lockwise direc-
tion (with respect to the figure). Thus, 4f Clefe & is -,
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During prophase 1 of meiosis, homologlous chromo- S . f,,‘,?“‘? e
" somes frequently exchange segments in a process called T O 68 P
crossing over. As a result, genes of homologous chromo- ; ; |
- somes recombine, forming new allele combinations along . . -
chromosomes (see Figire 1). - 0.3 i /x
‘ ' i

1

' a AflA
homologous.
chromosomes
‘before crossing b BlB

OVEr OCCULS §

. Crossing over -

homologous
chromosommnes
alter crossing
oVer ocouts

Figure 1

1

Because ‘the frequency of recombination (RF)
- ingrpases s map distgnce (distance glong a chromo-
§ore, in map wnits [mu]) between increases.—RE
can be used to estimate the map distance betwean genes on
a chromosome. However, as the map. disiance between
2 genes increases, the probability of muitiple crossovers

increases. Multiple crossovers dec the apparent RF_ -
petween 2 genes, resiliing in RF values that underestimate

map distaroe. To compensate for this effect, researchers
use a mapping function to better estimate the map distance
between 2 genes based on their RF (see Tigure 2).

758

2 fopid
o2 ’/ L.
Niin

0 20 40 60 80 100 120 140 160”180 200
' * map distance ()

Figure 2,

: Four researchers performed & series of exp¢rimenfs to
determine the RF far various pairs of genes on a chromo-
some. They then used the mapping function to determine

the map distance between each pair. The results appear in

Table 1, . ‘
‘ Table 1
' | Map distance
(Genes REF {mu) -
AandB {0165| 20
Band C | 0.226 30
AadD | 0,122 14

Bacl of the 4 researchers then proposed a model that

" 15 consistent with the results in Table 1. Each model shows

how the genes might be located along the chromosome (see
Figure 3). Each model] correctly assumes the lengths of the
genes are short enoligh that they can be ignored when cal-
dulating the map distance between genes. i

Researcher

Model
1 SA B ,c
.2 | D.B" T C .
3., DCA B
& cA DB
- Figure 3

* Later, a fifth researcher working with the same chro-
mosome -and the same genes determined that the RF for
Genes A and Cis 0.091. '

GO ON TO THE NEXT PAGE.
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: T A polypepnde moleculé i§ a ohaln of amino geids. A
profein consists of T or-more polypeptldes A protem 8.
shape is described by 3 ot 4 levels ofstructure

1. The pnmary structure of a protem is the sequance

N of amaino agids in each polypepude

2
~ folding patterns within’ short segments of ‘dach -

- polypeptide due to hydrogen bondmg (Weak chem-’

_ical bonds}. , e

3. The tertiary structure 1s the foldmg patterns “that .
. result froin 1nteract1ons between amino acid side 1

chains (parts of an amino acid) in each polypep-

tide. These folding patterns generally oceur across -
- greater distances than those assocmted W1th tha
: secoudary structure, T

4. The qlaternary ytructure is the result of ‘the clus- s

termg betWBen mors than 1 folded polypeP‘udc. o

A

has a relative energy. Lower- -energy ‘shapes are more stable. "
" than higher-energy shapes, and a'protein with a relatively
. high-energy shape hay denatire (unfold) and then renarure

. . (refold), adopting a tHore stable shape A proteig 'that is :

almost completely denatured is ‘called™a random coil..
Random-coils are unstable bepause they are high- -energy

shapes; however, some can renature, adopt;ng mors stable '

shapes

TWo sc_;iéntists disé’uss protein's'_h__apo, Tt Y

—

,Sczennsrl e - BRI
" The activé shape {the bwloglcally functlona}, shapo) of

a protem is always identical to the protein’s lowast-energy.
-shape. ‘Any other shapé would be irstable. Becausg .

"¢ protein’s lowest-energy shape’ is determined by its prlmar.y

structure, its acti,va shape 13 detarmmad by its” pnmary
- structure, : ‘

' -Sc;tenrwrz ‘ ¢ i .
' The active shape of a protem i dependent\upoa its

primary strociure, However, a protein’s active shape may |

alsordepend ohits process of synthesis, the ordet: (in tihe)

Jin which the amino.acids were bonded together A3 syn- -

- thesis dceurs, stable, local, siructures form within short seg-
ments of ‘the polypeptide ‘chain due to hydrogen, boriding.
These logal structures may be different than the locel struc-"'
fures associated with the protein’s lowgst-enérgy shape.

“After synthasxs these structures persist, trapping the pro—' :
tein’ in-an active shapo that: has more energy than its . -

_lowest energy shape,

t R f e ' . e
B . b

asg .- B R

The secondary structure of 2 protem is the local

A protein can adopt chfferent shapes ﬂn& each shapa '
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Passage )g% - - i i} i’h e’ 'imf"‘* : The pzacesmaeu:apeatad_aga.me\ccept_themll L-nutei— .
B e : ent solution contained 120 g of NaCl instead of 3 g of NaCl 2
Tomato plants grow pootly in high- salt envuonments (see Ta’ole 3) .

This effect is. caused by 2 processes:

s A net movement of H,0 befvveen the'cy'toplasm of the , Table 3
plants’ cells and the environment via.osmosis : -

: . » Sy , 120¢g of NaCl/IO L nutrient solution .
' Anincrease in the cytoplasnuc Na™ concentration

' Height Mass Frmt mass
. The pIant Arabidopsis ‘thalidna carries a gene, - . Line: (om) | (k) - (kg) -
ANHX1, The product of this gene, VAC, facilitates uptake — :
‘of cytoplasmlc Na” by the plant’s vecuoles, . i L1 118 4 10 |~ 1.8
. R L2 115 1.0 1.7
. A researcher created 4 genetlcally identical:lines-of . - | L3 ' 34 02 4 0 .
tomato platits (1.1-T.4). An AtZNHXI gene from Arabzdopsz.s' _ ‘ L4 36 03 |+ 0
thaligna was isolated dnd 2 1dcnt1ca1 copies of this geoe - . S
- were incorporatad mtIti L1’s gent()iﬁfe Thxi%r%ss was | . o
repeated with 1.2 end L3 using & erent 4/ allels . faﬁleé 1+3 ada ted.from Hon Xia Zhan'g and Eduardo Blumwa‘ﬂd"
for each line, so that L1, L2; and L3 had different geno- “Transgenic Sait Toletant Tgmato Planis Actumulate Salt In
types for A:NHXI. The rasaa;cher then did an experiment. Foliage Buf Not in Fruit.” ©2001 by Nature Publishing Group

lJ

Exper iment

Flfty seed]mgs from each of the 4 ]J_'nes were grown in

10 L of nutrient solution for 80 days., The 10 L nutrient .
* solution contained H;0, 12 g of fertilizer, and ¥ g of NaCl.
The nutrient solution was replaced every 5 days. After
80 days, averags height, average mass (without fruit), and
average fruit mass (per plant) were mcasured {see Table 1).

3 ‘ .
Tablel . | \

3 g of NaCl/10 L nutrient solution | - ° i

| Height | Mass | Fruit mass
Line | (cm) (ke) (kg)

L1 | 124 | 12 |21
L2 | 128 | 12 2.0
wl1a 1200 | 12 2.1
14| 14 |12 |- 29

This procéss was repeated except the 10 L nutrisnt
solution contained 60 g of NaCl instead of 3 g of NaCl (see
Table 2) . '

— '

Table 2

60 g of NaCl/10 L nutrient solution

| | Helght Mass | Fruit mass Sl
Line | (em) | (kg) | (kg)~ R

L7 19 | 11 T
2 | 121 | 11} 19 .
L3 61 <| 04 L1
L4 |- 63 | 05 1.0

4

622
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Graphs
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* How Much Does Camouflage Affect Predation on
Mice by Owls with and without Moonlight?

D. W. Kaufman investigated the effect of prey
camouflage on predation.

Kaufman tested the hypothesis that the amount of
contrast between the coat color of a mouse and the
color of its surroundings would affect the rate of
nighttime predation by owls.

He also hypothesized that the color contrast would be
affected by the amount of moonlight. In this exercise,
you will analyze data from his owl-mouse predation
studies.

How the Experiment Was Done

* Pairs of mice (Peromyscus polionotus) with different coat colors, one light
brown and one dark brown, were released simultaneously into an enclosure
that contained a hungry owl.

* The researcher recorded the color of the mouse that was first caught by the
owl. If the owl! did not catch either mouse within 15 minutes, the test was
recorded as a zero.

* The release trials were repeated multiple times in enclosures with either a
dark-colored soil surface or a light-colored soil surface.

* The presence or absence of moonlight during each assay was recorded.
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Data from the Experiment

First, make sure you understand how the graphs are set up.
Graph A shows data from the light-colored soil enclosure and graph B from the dark-colored enclosure, but in

all other respects the graphs are the same,

& 35 £ 354
= T
§ L
%35 8 254
20 E. .1
B4 B
B 154 B R4
. § 184 g 10
B BT
il Lisdo ok . —h
© o dllmoon - Momeoon - Fullmoss Nomean
& Ught-colored ol B Datkeobored sell
Interpret the Data
* (a) There is more than one andi
independent variable in these 35 _
graphs. What are the independent %% ----- o |
variables, the variables that were g e )
tested by the researcher? Which E 1
. e i
axis of the graphs has the 2l |
independent variables? 2 e "1
2 104 i
* (b} What is the dependent variable, = | iy
the response to the variables being sl g L _
tested? Which axis of the graphs _ Fullmoon N meon “hdlmoon Mo meon
has the dependent variable? & lightaolored sol B: Darkcolored s
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Interpret the Data

+ 2, (a) How many dark brown mice gt/
were caught in the light-colored e
soil enclosure on a moonlit night? %‘a@
* (b) How many dark brown mice .g 25
were caught in the dark-colored + 20
soil enclosure on a moonlit night? fg 154
* (c) On a moonlit night, would a 2199
dark brown mouse be more likely 5 _
to escape predation by owls on 2 'mﬂ o Qa@n”"' - 8 'Mﬁmg_ P
dark- or light-colored soil? Explain Aclighteoloedsoll 0 B:Darkeokredsol

Your answer.

= 3. (a) Is a dark brown mouse on
dark-colored soil more likely to
escape predation under a full
moon or with no moon?

i 1

L

* {b) A light brown mouse on light-
colored soil? Explain.

i

Humbsrat mive cavght

i

X,

S d B E B E Y
-

B: Derkcolored soff ¢
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* 4, (a} Under which conditions
would a dark brown mouse be
most likely to escape predation at
night? (b} A light brown mouse?

* 5. {a) What combination of
independent variables led to the
highest predation level in
enclosures with light-colored soil?

» (b) What combination of
independent variables led to the
highest predation level in
enclosures with dark-colored soil?

* {c) What relationship, if any, do
you see in your answers to parts
(a) and (b)?

Hurnberaf oie vaught

:

* Full moon

‘Nomoon

& lghtcoloed soil

. Humberof mics caught

.-E.E

B Darksodorad soil

Fullmoen Mo moon

* 6. What conditions are most
deadly for both light brown and
dark brown mice?

* 7. Combining the data shown in
both graphs, estimate the total
number of mice caught in
moonlight versus no-moonlight
conditions. Which condition is
optimal for predation by the owl
on mice? Explain your answer.

Hunberof .mim canght

Fok
(%3]

it
-

B 3

moX
& Lo

el
oy -
e e

t} n

Full moon N moon

Hurmberal e caught

A Ughteolored soil

And
EL
L2
25
26
15
10

i

X

i

B Darkokred soll

Ce
.Zl

Full moon. Mo moon |

.




Interpreting
Data
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Calibrating a Standard Radioactive Isotope Decay
Curve

When Did Neanderthals Become Extinct?

» Neanderthals {Homo neanderthalensis) were living in Europe by 350,000 years
ago, perhaps coexisting with early Homo sapiens in parts of Eurasia for
hundreds or thousands of years.

* Researchers sought to more accurately determine the extent of their overlap
by pinning down when Neanderthals became extinct.

* They used carbon-14 dating to determine the age of a Neanderthal fossil from
the most recent (uppermost) archeological layer containing Neanderthal
bones.

* In this exercise you will calibrate a standard carbon-14 decay curve and use it
to determine the age of this Neanderthal fossil.

* The age will help you approximate the last time the two species may have
coexisted at the site where this fossil was collected.
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How the Experiment Was Done

 Carbon-14 (14C) is a radioactive isotope of carbon that decays to 14N at a constant
rate. 14C is present in the atmosphere in small amounts at a constant ratio with
both 13C and 12C, two other isotopes of carbon.

* When carbon is taken up from the atmosphere by a plant during photosynthesis,
12C, 13C, and 14C isotopes are incorporated into the plant in the same proportions
in which they were present in the atmosphere.

* These proportions remain the same in the tissues of an animal that eats the piant.
While an organism is alive, the 14Cin its body constantly decays to 14N but is
constantly replaced by new carbon from the environment.

« Once an organism dies, it stops taking in new 14C but the 14C in its tissues continues
to decay, while the 12C in its tissues remains the same because it is not radioactive
and does not decay.

» Thus, scientists can calculate how long the pool of original 14C has been decaying in
a fossil by measuring the ratio of 14C to 12C and comparing it o the ratio of 14Cto
12C present originally in the atmosphere.

* The fraction of 14C in a fossil compared to the original fraction of 14C can be
converted to years because we know that the half-life of 14Cis 5,730 years—in
other words, half of the 14C in a fossil decays every 5,730 years.

Data from the Experiment

Fve :zzrtéf ﬁffef;arséz)}q ;Da;z‘a

* The researchers found that the 510 aderthal
Neanderthal fossil had approximately
0.0078 (or, in scientific notation, 7.8
*10-3) as much 14C as the atmosphere.

* The questions will guide you through
translating this fraction into the age of
the fossil.

Fraction of ixstope remaining in fossi
o
o

5 1 2 3 4 5 & 7 B 8§ .
© Tifne efore present (half-Tvas) g
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Interpret the Data

+ 1. A standard graph of radioactive isotoge decay is
shown at the fop of the right column. The graph line
shows the fraction of the radioactive isotope over time
{before present) in units of half-lives.

* Recall that a half-life is the amount of time it takes for
half of the radioactive isctope to decay. Labeling each
data point with the corresponding fractions will help
orient you to this graph. Draw an arrow to the data
point for half-life = 1 and write the fraction of 14C that
will remain after one half-life.

» Calculate the fraction of 14C remaining at each half-life 5.3 23 3 5 8 * 8 -5 e
and write the fractions on the graph near arrows ' T befors prsert et dives)
pointing to the data points. : T R

» Convert each fraction to a decimal number and round
off to a maximum of three significant digits (zeros at the
gggin)ning of the number do not count as significant

igits).

* Also write each decimal number in scientific notation.

Fraction: of lsolape m}r&}ﬁm i fuml N ,-
- ;
£2-3

Interpret the Data

s bt
2. Recall that 14C has a half-life of 5,730 o edii

years. To calibrate the x-axis for14C decay, g oal
write the time before present in years below £ 074

) g ETIE
each half-life. “E osa

Fraction of solope
fd
B

2 3 2 3 4 § & ¥ B & 1o
Tirre bafora present (hallthes) i
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Interpret the Data

rvp dnd tntespreting Dati

+ 3. The researchers found that the Neanderthal
fossil had approximately 0.0078 as much 14C as
found originally in the atmosphere.

* (a) Using the numbers on your graph, determine
how many half-lives have passed since the
Neanderthal died.

¢ (b) Using your 14C calibration on the x-axis, what is e
the approximate age of the Neanderthal fossil in
years {round off to the nearest thousand)?

* {c) Approximately when did Neanderthals become
extinct according to this study?

* {d) The researchers cite evidence that modern
umans (H. sapiens) became established in the
same region as the last Neanderthals
approximately 39,000-42,000 years ago. What does
this suggest about the overlap of Neanderthals and
modern humans?

P 3 4 % 8 2 & @

i 10z
Time oot pravent hafffives CE

Interpret the Data

%3__/; amf In &vf?}eﬂkg mfé
» 4, Carbon-14 dating works for fossilsupto . ? od
about 75,000 years old; fossils older than 2.2
that contain too little 14C to be detected.  § o7
Most dinosaurs went extinct 65.5 million éojg
years ago. i
« (a) Can 14C be used to date dinosaur Aal
bones? Explain. TR
. Timebatore present Gulblin] e

» (b) Radioactive uranium-235 has a half-life -~ e
of 704 million years. If it was incorporated
into dinosaur bones, could it be used to
date the dinosaur fossils? Explain.
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Interpreting a
Scatter Plot with a
Regression Line

How Does the Carbonate lon Concentration of Seawater Affect the
Calcification Rate of a Coral Reef?

» Scientists predict that acidification of the ocean due to higher levels of
atmospheric CO2 will lower the concentration of dissolved carbonate
ions, which living corals use to build calcium carbonate reef structures.

* |n this exercise, you will analyze data from a controlled experiment that
examined the effect of carbonate ion concentration ([CO; #7]) on calcium
carbonate deposition, a process called calcification.

10
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How the Experiment Was Done

* The Biosphere 2 aquarium in Arizona contains a large coral reef system
that behaves like a natural reef.

* For several years, a group of researchers measured the rate of calcification
by the reef organisms and examined how the calcification rate changed
with differing amounts of dissolved carbonate ions in the seawater.

Data from the Experiment

* The black data points in the graph
form a scatter plot. The red line,
known as a linear regression line, is
the best fitting straight line for these
points.

Caicitication raie
{rovenod Caton,/rde oy

240 Cme CE

O mellg of semwater) B
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Interpret the Data

* 1. When presented with a graph of o
experimental data, the first step in analysis ===
is to determine what each axis represents. =

* (a) In words, explain what is being shown
on the x-axis. Be sure to include the units.

¢ (b) What is being shown on the y-axis
(including units)?

B

Cadicadonile
RSO 3
i

e am - 38w

':;;:agh@mm:gwsamm ER

Interpret the Data

* (c) Which variable is the independent
variable—the variable that was
manipulated by the researchers?

* (d) Which variable is the dependent
variable—the variable that responded to
or depended on the treatment, which
was measured by the researchers?

b

Caklteatoneate
LT SO0 w3
&

270 W M b

12
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Interpret the Data

* 2. Based on the data shown in the graph,
describe in words the relationship between
carbonate ion concentration and calcification
rate.

* 3. (a) If the seawater carbonate ion
concentration is 270 umol/kg, what is the
approximate rate of calcification, and
approximately how many days would it take 1
square meter of reef to accumulate 30 mmol of
calcium carbonate (CaCO3)?

« (b) If the seawater carbonate ion concentration
is 250 umol/kg, what is the approximate rate of
calcification, and approximately how many days
would it take 1 square meter of reef to

O Cadiconrate R
AT O e )

accumulate 30 mmol of calcium carbonate?
* {c) If carbonate ion concentration decreases,

T, ] furmoitby 0e sawates)

e

how does the calcification rate change, and how
does that affect the time it takes coral to grow?

Interpret the Data

* 4, (a) Referring to the equations in Figure
3.11, determine which step of the
process is measured in this experiment.

* (b) Are the results of this experiment
consistent with the hypothesis that
increased atmospheric [CO2] will slow
the growth of coral reefs? Why or why
not?

o

Dot e
LOTE Tt s s

S R
10,7 fpmolsg or seawater

13




Analyzing
Polypeptide
Sequence Data

5/15/2018

Are Rhesus Monkeys or

Gibbons More Closely Related to
Humans?

¥ Gibhon

» DNA and polypeptide sequences from closely related species are more similar
to each other than are sequences from more distantly related species.

* In this exercise, you will look at amino acid sequence data for the B
polypeptide chain of hemoglobin, often called B-globin.

» You will then interpret the data to hypothesize whether the monkey or the
gibbon is more closely related to humans.

14
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How Such Experiments Are Done

¢ Researchers can isolate the polypeptide of interest from an
organism and then determine the amino acid sequence.
More frequently, the DNA of the relevant gene is sequenced,
and the amino acid sequence of the polypeptide is deduced
from the DNA sequence of its gene.

Data from the Experiments

In the data below, the letters give the sequence of the 146 amino acids in 8-globin from humans,
rhesus monkeys, and gibbons.

Because a complete sequence would not fit on one line here, the sequences are broken into three
segments.

The sequences for the three different species are aligned so that you can compare them easily.
For example, you can see that for all three species, the first amino acid is V {valine) and the 146th
amino acid is H (histidine).

Spedes Afgrenent of At Ackd Sequences of Bglohin ‘

Humsan 1 VELTPEEKSA VIALWGEVNV DEVOUEALGHE LLVYVYPWIOR FPESFGDLST |-

Monkey 1 VELTRRHEENA VITLRGEVHY DEVOGBALGR LLLVYPETQOR FFEBFOLLSS

Gibbon 1 VHLTRERESR VTALWGEVNY DEVGGEALGR LLVVYPHTLRE FFRESFEDLET

FORES 51 FOAVMGHPEY KARGKEVLGA PEDELAHLON LESTFATISE LECDYLEVDE |-
3 Monkey £1 PDAVHMGNPEY KARGKEVLIGA PFEDOLENHLON LEGTRAQLEE LHCDHLEVDE |

Gibbon £1 POBVMGNREV FAHGKEVLGA FEDGLAHLDN LEGTFAQLEE LECDELUVDP

Hurnar 101 ENSRELONYL YOVLAHHPOK EPFTPPVORAY QEVVASVANA LAHKYH

Mankey 1031 ENFELLONYL VOVLAHAPGE EFTROVOARY QRVVAGVANA LAHKYH

Gibbon 107 BNFRLLGEVEL VOVLAHEPGE EPTROVDRARY DEVVAGVANSA LANEYH

15
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Interpret the Data

* 1. Scan the monkey and gibbon sequences, letter by letter, circling any amino

acids that do not match the human sequence.

« {a) How many amino acids differ between the monkey and the human sequences?

Spedies ~ Alignment of Amine Ackl Sequences of flglobin -
Human 1 VHIAPERKSA VIRLWOKVNY DEVGGEALCSR LIVVYPHTOR FRESRGDLET
ke 1 VHLTPEEKNA VTTLHGEVNY DEVGSEALGR LLLYYPWTIQGR FRESFADLIE
1 Gibbon 1 VHLTEFEEKSA VTALHGEVHV DEVGGBALGRE LLVYYPWTOR FPESFGDLST
Human 51 PDAVMGNEKY KAHGHEKVLGA FODGLAHLDH LEGTFATLEE LECDXLEVDP
Muankes 51 PDAVMONBEY FAHGREVLGA FEDGLWHLDN LEGTFAQLEE LECDELHRVDE
| Glsbon 51 POAVMGHNPKY KAHGKEVLGEA FSDGLAHLDN LEGTFAQLSE LECBELEVDE
| Human 1071 BRFRELGNVE VCVLARHEGK RFTPRVOAAY QEVVAGVAHDSL LAHEYEH
1 Monkey 101 ENFRELLGNVL VOVLABHFGR EFTPOVEARY QRVVAGVANA LAHEYH
4 Gibbon 101 BNFRLLGANVL VOVLAHHPGK EFTRQVRALY QKVVAGVANL LAHEYH

* 2, For each nonhuman species, what percent of its amino acids are identical to

the human sequence of B-globin?

« 3, Based on these data alone, state a hypothesis for which of these two

species is more closely related to humans. What is your reasoning?

» 4, What other evidence could you use to support your hypothesis?

Spedes

~ Allgrument.of Amine Ackd Sequences of Bylobin

Human
Moniey
Tibbon

Humarn.
Ponkey
1 Gibban

Human
Wiordsy
1 Gibborn

1 VHLTPEEESA
1 VELTPERENA
1 VELTPEEESA

51 PDAVMGNERY

51 PDAVMGHERY
531 PRAVMENPEV

101 ENFRLLGRVL
101 ENFELLGHVL
101 ENFRLLGHVL

VEALWGRVHY
VITLWGEEVRY
VIALWGEVNY

FAHGKEVLEA
KAHGEEVIGA
FAHGERVLAA

WOVLARHEGE
VOULARHEGE
FOVLAHHPGK

DEVGEEALGR
DREVGEEALGR
DEVGSBERLAR

FPEDGLAHLOE
PELGLHHLDHE
FEDoLAHTON

EFTPLVORAY
ERFTEQVOBAY
EFTPOVOARY

LLVVEPWTIOR
LLIVYPWIOR
LLYEYPRIOR

LEGTERTLYE
LEGTFAGLEE
LEGTFACLOE

GEVVAGVARA
LEVVAGVARA
QEVVAGVANA

FFESFODLET
FREZFGDLESR
FRESFGIET

LECDRLEVRP |
LEQDKLEYLE 3
LECDELHYDE |

LARKYR
LAHKYH
LAHEYH

16




Using a Scale Bar to
Calculate Volume
and Surface Area of
a Cell

5/15/2018

How Much New Cytoplasm and Plasma Membrane Are Made
by a Growing Yeast Cell?

* The unicellular yeast Saccharomyces cerevisiae
" divides by budding off a small new cell that then
grows to full size (see the yeast cells).

* During its growth, the new cell synthesizes new
cytoplasm, which increases its volume, and new
plasma membrane, which increases its surface
area.

* In this exercise, you will use a scale bar to
determine the sizes of a mature parent yeast cell
and a cell budding from it.

* You will then calculate the volume and surface
area of each cell.

* You will use your calculations to determine how
much cytoplasm and plasma membrane the new
cell needs to synthesize to grow to full size.

17
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Interpret the Data

* 1, Examine the microEraph of the yeast cells. The
scale bar under the pnoto is labeled 1 pm. The
scale bar works in the same way as ascaleon a
map, where, for example, 1 inch equals 1 mile.

* In this case the bar represents one thousandth of a -
millimeter. Using the scale bar as a hasic unit,
determine the diameter of the mature parent cell
and the new cell.

« Start by measuring the scale bar and then the
diameter of each cell.

* The units you use are irrelevant, but working in
millimeters is convenient.

* Divide each diameter by the length of the scale bar
and then multiply by the scale bar’s length value
to give you the diameter in micrometers.

Budding
bt

s 2. The shape of a yeast cell can be
approximated by a sphere.

* {a) Calculate the volume of each cell
using the formula for the volume of a
sphere:

* Note that p (the Greek letter pi) is a _
constant with an approximate value of oA '
3.14, d stands for diameter, and r stands ¥ & ‘5‘3‘%‘& o
for radius, which is half the diameter. -

* (b) How much new cytoplasm will the
new cell have to synthesize as it
matures?

* To determine this, calculate the
difference between the volume of the
full-sized cell and the volume of the new
cell.

18
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* 3. As the new cell grows, its plasma membrane needs to expand to contain
the increased volume of the cell.

» (a) Calculate the surface area of each cell using the formula for the surface
area of a sphere: A =4pr 2.

* {b) How much area of new plasma membrane will the new cell have to
synthesize as it matures?

* 4. When the new cell matures, it will be approximately how many times
greater in volume and how many times greater in surface area than its
current size?

Interpreting a
Scatter Plot with
Two Sets of Data

19
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Is Glucose Uptake into Cells Affected by Age?

* Glucose, an important energy source for animals, is transported into cells
by facilitated diffusion using protein carriers.

* In this exercise, you will interpret a graph with two sets of data from an
experiment that examined glucose uptake over time in red blood cells
from guinea pigs of different ages.

* You will determine if the age of the guinea pigs affected their cells’ rate of
glucose uptake.

How the Experiment Was Done

» Researchers incubated guinea pig red blood cells in a 300 mM (millimolar)
radioactive glucose solution at pH 7.4 at 25°C.

* Every 10 or 15 minutes, they removed a sample of cells and measured the
concentration of radioactive glucose inside those cells.

* The cells came from either a 15-day-old or 1-month-old guinea pig.

20
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Data from the Experiment

* When you have multiple sets of data, it | Glucose Uptke €
can be useful to plot them on the same = 5]
graph for comparison. :

* In the graph here, each set of dots (of the
same color) forms a scatter plot, in which
every data point represents two numerical
values, one for each variable.

rTitre in Guitea Pig Red Blood £ale |

£ .

. Comentrationnf
radivaciie ghoose {mid
5 8

* For each data set, a curve that best fits
the points has been drawn to make it S _
easier to see the trends. Imadbation ting fmin}

Interpret the Data

_ . Gluzose Uptake ver Titma in Guines Fig Reld Bliod Cell
* 1. First make sure you understand the — ‘
parts of the graph.

* (a) Which variable is the independent
variable—the variable controlled by the
researchers?

* (b) Which variable is the dependent
variable—the variable that depended
on the treatment and was measured by
the researchers?

* (c) What do the red dots represent? (d)
the blue dots?
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Academic Honesty
A. High integrity and academic honesty is expected. Students should not do anything that would bring their

integrity into question.

B. All assessments {homework, labs, quizzes, exams, projects, etc.) are expected to be completed only by the
student.

C. Students MUST consult with instructor before using ANY internet site to study for a quiz, test or exam. This
includes, but not limited to, sites like QUIZLET®

D. Collaboration and teamwork may be allowed on homework with prior approval from instructor; however,

individual work must always be distinctly original from the lab partners’ work or zero credit will be earned.

E. ALL papers must be emailed to the instructor and second copy turned in as a hard copy.

F. Always properly cite and credit sources that are not your own (text, data, pictures, etc.).

G. Copying work, full or in part, is in violation of the academic honesty policies and students sharing testing
information between classes are also in violation of the academic honesty policy.

H. DISHONESTY is not tolerated and may result in a "0" on that test/assignment, a referral, and removal from the
Honor Society (and/orlequiva[ent school organizations), contact to home and possibly further disciplinary
teasures as per school/district policies.

I. Students copying and students allowing others to copy their work are both academically dishonest. Do not put
your classmates in an uncomfortable position by asking to copy.

J. Instructor reserves the right to modify or add new directives to this, either verbally in class of in writing without
prior notice to students.

K. Students will write the following statement on every assignment, test, or project turned in:

Pledge
< On my honor, | have neither given nor received unauthorized aid on this assignment.?

Please read and sign below the following

“| pledge to maintain a high level of respect and integrity as a student representing White station High School.
| understand and will uphold the Honor Code in letter and spirit to help our school advance authentic learning.
| will not lie, cheat, plagiarize or be complicit with those who do. | will encourage fellow students who commit
honor offenses to acknowledge such offenses to their teacher. | make this pledge in the spirit of honor and
trust.”?

Student Signature

1. River Hill High School, Clarksville, MD — Public — http://www.howard.k12.md.us/rhhs/henor/honorcouncil2. htm
2. http://www.ethicsed.org/programs/integrity-works/pdf/HonorPledgeExamples.pdf




CLASS MATERIALS

For the classroom

1. 40 lab supplies-essential
Lor
All of the following-

Donations (thank you)
1. Large box of tissue

2. Sanitizing wipes for desks

For students to keep

Microsoft Office® applications will be the primary software applications used. Adeguate computer resources
are available in the classroom as well as throughout the schoaol.




