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

SciencePractice 1: Youshould beabletouserepresentationsand modelstocommunicate scientific phenomenaand solve
scientific problems.
1.1 Youshould be able to create representations and models 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
quantitatively
1.5 You should be able to re-express key elements of natural phenomena across multiple representationsin the domain.

Science Practice Z: 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

SciencePractice 3: You should beabletoengagein scientific questioning to extend thinking orto guideinvestigations 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

SciencePractice4: Youshould beableto plan and implement datacollection strategies inrelation to aparticular 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 based on evidence produced through scientific practices
6.3 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

SciencePractice 7: Thestudentisabletoconnectandrelateknowledgeacrossvariousscales,concepts,andrepresentationsin
and across domains
7.1 You should be able to connect phenomena and models across spatial and temporal scales
7.2 Youshould be ableto connect conceptsin and across domain(s) to generalize or extrapolate inand/or across enduring
understandings and/or bigideas



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. Checkout the class website- The summer assignment will be located there along with alllinks.
https://sites.google.com/site/wshsbio/



o f Kkudd ii't Pi¥pitis
Read chapter 1 and 2 of Campbell and Reece's Biology 9" edition, AP edition textbook. And pay attention to the
objectives included inthe 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 LIFE

After reading this chapter.

1.

apr LN

o

8.
9.

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

Explain how the properties of life emerge from complex organization.

Describe five emergent properties associated with life, and suggest why they are essential.
Distinguish between holism and reductionism, using analogies.

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

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

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

List the five kingdoms of life and use a Venn diagram to compare and contrast them.

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

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

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.

Describe how the relative concentrations of reactants and products affect a chemical reaction.
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"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 inthe laboratory experience.
Visit these websites and others you may find, and become familiar with the following statistic concepts:

1. Mean

2. Standard deviation

3. Standard error of mean

4. Chisquare

hnps'{[m[mm( youtl ibe Qomﬂﬂlatch’?y:igq YISKoXak

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

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



http://www.youtube.com/watch?v=igqYISKoXak
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\VVenomous Coral Snakes Affect Predation Rates on
Their Mimics, Kingsnakes?

Introduction- The Article and Phenomenon Under Study

Many poisonous animals have warning 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 them with the harmful
species. This phenomenon is called Batesian mimiciy. Batesian mimiciy 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.



recfuency depehclent Batesian mimicry

'redators avoid look-alikes of venomous snakes only when the real thing is around.

species look like dru.lgcrous species

because both are then protected from
iredation’s, But this protection should
,reak down where the dangerous model is
bsentiwhen predatorswouldnotbeund
election to recognize the model or aﬁ
1therspeciesresemblingitasdangerousl”..
:lere we provide experimental evidence to
upport this critical prediction of Batesian
nimic:ry by demonstrating that p:redators
.void harmless look-alikes of venomous
.oral snakes only in areas that are inhabited

B—atesi-an--mhnii;;ny-]lOIds—--that- p aJatable- ]

1y|\}{1§r§§, g%?gl%ﬁﬂ%%sand NoN:-venoro.ous

:iugsnakes possess red, yellow (or white),
.nd black ringed markingl', which preda-
ors avoid\ though often without prior
xperience8, To determine whether this
.void.ance depends onthemoders presence
n the vicinit)é,(we constrncted snake repli-
;' (1.5cm™X 18 cm cylinders of pre.
:oloured, non-toxic plasticine threaded
mto an Seshaped wire) with a tricolour
'inge<I pattern, astriped pattern with iden-
icalcoloursand proportions a.s thetinged
‘eplicas, or aplain brownp;ttern.

Ringed replicas confonned to the local
nimic: scarlet kingsnakes (Lampropeltis tri-
rngulum elap$oides), which resmble east-
:rn coral snakes (Micrurus fulvius/, or
:onoran mountain kingsnakes (L. pyrome-
m1a), which resemble western coral snakes
Micruroid.e$ eulyxmthus): striped and
>|'own replicas served as controls. We
trranged three different replicas (triplets)
i m apartin natmal habitat (eadl was used
mce only), Ateach sitej 10 tliplets were.
Jaced 75 mapartl.n aline, After collection,
1 person Withoutimowied:ge of the replica's
ocation scored attacks by noting any
mpressions corresponding to a predatot,

We tested whether predators avoid L. t.
la.psoidcs only inareasinhabited by Micru-
e,sOY placing 10tripletsateightsympatric
iitc (sites with mimic and model) and
dg.ht allopatl'ic sitt'S (sites with only the

nimic) in North anJ. South Carolina, USA
: 480 replicasi allopatJ“ic sites were more

;han 80 krn outside Micnmds rangeY’ll‘

;Hes wet-e 16-420 km apart). After 4 weeks,
25 (5.2%) rcpUrns had been attacked by
..amivot'es. The mean ( :!:s.e,m.) proportion

Mif rillg$d replicas a.ttad{t:-d was significantly
5r atcr in allopatry (0.654 + 0,107) than in
sympatry (0.083+0.116; P=0,009, 2«taUed
Wilcoxon two-group test).

\/Ve nextinvestigated whether p.tedators
3.Yoid L pymincla.naonlyinsyrnpatl'y with
Micruroidc5 by placing 10triplets at 24site.s
(7JOrplic.as) along an elevational gradient'
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Figure. 1Freq11ency-depe:nd011tmimiCtY, The pr'1(lltion of.earnWore a\Iaci(Sﬂon Tnied Ir'eplk:z;s ofsca'rigtklngsnakEllB (I lleft, amimic of
eastern coral snakes) and sonoran molloll'lln kinusnal<es (top rlght; a mimic of western ooral snakea) Increasel' with a, la\ltude
{v=-13.314+0.391x,P<0,035, =0,345) and b, elavaUoo (y= -0,329+0.000321t, P<0.014, Ff=D.310). Horizontal

clashed llr+e:proportion cf attar:RS on ringed replicas expected under randomness, Veltc:al ad

foroomIBnakes InNOit CatO!lnaand ,ViIzone, re eclivet/.

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

The mean proportion of ringed replicas
attacked wassignificantly greater inallopatry
(Q.496+0.078) -tb'illl in sympatry
(0.138£0.060; P=0.006), M,,,-eover, in ,ym.
patry, the proportion of ringed replicas
attacked (0,138) was significantly less than
randomness (0.33; P=0.010, Hailed
Wilcoson signederank test), By contrast,
attacks were random in allopatry (P=0.188),
Thttsi predators avoid coral snake mimics
only insympatry with tlie model.

Coral :m: kes become Increa ingly rare
with iocreasing latitude (Speanrw.n
p= -0.57, P=0,014)11 nnd devatioh
(p= - 0.77, P= 0.026; oor unpublished
1-estllts). Consequently, selection to .ivciid
ringed patterns should weaken with
increasing latitude gnd elevation. Ase.x:p ct-
e<l, the proportion of ringed replicas
attacked inc,-eased gradually witil latitude
and elevation (Fig. I), suggesting that seie,.
tiontoavoidringed patternsisindeed sen-
sitive to theabundance o[ coral snakes.

Our results do not folly resolve why
mimetic eattems or.cur where models are
absenf.9-.t Possibly selection for rnimicry

e 2(t01 Macmillan Magazille$ Ud

line: maximum laUtude and {llwatloo

in syrnpatry, cotlpled wiih gene fl.ow
between sympatric and allopatric popctlas
tions'2, maintains mimetic patterns in both
regions. Nevertheless, our results verify the
cdtical prediction ofBatesian mimicry and
demonstrate that the benefits of mimlc17
depend on abundallce ofthe JJH)del
DavidW. Pfennig\ WilliarnR, Harcombe*,
Karin S. Pfennig"t

*Dcpartmellt of Bfology, Utlil' r.Lity 1if North
Carolinn, Chapel HiTl,

North CaroJina 27599-3280, USA

e mail; dpfonnig@email,unc.r.du
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Allsthl, Texas 78712-1064, USA
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his_ru:ticle_w_as_puhlisbl'd,

Guicli,,g Quesffons for Reading This Article

A. About the Article
1. Give the name of the journal and the year in which

2. What are the last names of the tl1ree authors?
At what university was the work done?

3. Specialized vocabulary: Write a brief definition
of each Lenn.
Defined in the artide:
Batesian mimicry
Not d fined in the article:

sympatric

allopatric

4. Whattypeoforganismisbeingstudied? Givegenus
andspecies names, as well ascommon names, for
two of the study species.

5. Thisstudy isdesigned totest what prediction of
Batesian mimicry?

B. About the Study

6. From what materials did the investigators make the
eKperimental models?

7, Ateachstudy site, investigators placed how many
snake models of what thtee color patterns?

8. How many sympatric sitesand how many allopatdc
sites were tested in North Carolina and Sollth
Carolina? How many sympatric sitesand how many
allopattic sites were tested in Arizona?

9. InF,gure la, what is the x-axis? What is the y-axis?
Whichisthe dependent variable'/ In Figure Ib. what
is the x-axis and what is the y-axis?

10, Whatare the patterns of coral snake presence and
absence by latitude and byelevation?

Il. Hypothesis: Predatorsavoid Batesian mimics onlyin
al'eas thatare inhabited by the dangerous model.

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

(higher? lower? no different?)
than at latitudes where coral snakes do not occm:

(b) Prediction (b)underthishypothesis: The propor-
tion of total attacks onringed replicas ateleva-
tions where coral snakes are present will be

(higher? lower? no different?)
than at elevations where coral snakes do not
occur.

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

(@) 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 occur.



Article I: Inquiry Figure 1.27 5

(b) Prediction (b) under this null hypothesis: The 20. Theresultsin Figure Ib lead usto do which one of
propoltion of total attacks on ringed replicasat these? (A) Rejectthe hypothesis; (B) rejectthe null
i i i i -.--- ---hypethesis-; --:

(higher? lower? no different?)
than atelevations where coral snakes do notoccur.

21. Is this an observational study, in which quantitative,

13, InFigure la, look at the proportion of total attacks observational data are taken but noexperimental ma-
on ringed replicas placed at different latitudes in nipulation is made, oristhis an experimental study, in
North Carolinaand South Carolina. Inwhichareas which researchers make manipulations by whichthe
are the attack rates on ringed replicas higher: in effects of different vmiables are tested, one ata time?

areas where coral snakes are present or in areas
where coral snakes are absent?

22. Isthisa.field study, with datacollected onorganisms
intheir natural habitat, oristhisalab study,inwhich
animals are studied under controlled conditions in the
laboratory?

14, Dotheresultsin Figure la (#13) agree with

prediction (a) under the hypothesis?

15. Do the resultsin Figure la (#13) agree with
prediction (a) under the null hypothesis? C. General Couclnsions and Extensions of the Work
23. Thissystemtomeasure predationonmodel snakes

allows us to test specific predictions about Batesian
mimicry. Itispossiblethatotherfactors, besidesthe

16. The results in Figure | a lead us to do which of advantages of mimicry, explain the results observed.
these? (A) reject the hypothesis; (B) reject the null Perhaps itissimply thecombination ofbr_lght red,
hypothesis. yellow, andblackcolorsonthesnakereplicas-notth

ringed pattern itself-that explains the difference in at-
tack rates. How could investigators test that possibility?

17

InFigure Ib, look atthe proportion of total attacks
onringedreplicas placed atdifferentelevations. In
which areas are the attack rates on ringed replicas
higher: inareas where coral snakesare present orin
areas where coral snakes are absenl|?

24. What ifaparticular milk snake subspeciesisapoor
mimicofthecoral,,nake? Make aprediction; Jfthis
testis repeated inageographic area where the milk
snakes do not resemble coral snakes atall, would
more ringed replicas beattacked?

18, Dotheresults in Figure Ib (#17) agree wjth
prediction (b) under the hypothesis?

25. Imagine that you were a member of this research
team aud involved in these experiments. What could
beapossiblefollow-uptesttllatextendsthiswork?
Briefly state another experiment or measurement
you would do within this research system.

19. Do the results in Hgure Ib (#17) agree with
prediction (b) under tlle null hypothesis?
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Preliminary Communication

POSSIBLE PREVENUON OF NEURAL-TUBE
DEFECTS BY PERICONCEPTIONAL VI'J.AMIN
SUPPLEMENTATION

R, W. 8MITHELLS S. SHEPPARD

c.J. ScHORAH

Depar&ment of Pi:ediam'cs and Cht'ld Health, Uttiva.rsity of
Leeds

M. ]. SELLER
Pcedi'atric Research Unit, Guy's Hospitcd, London

N. C. NEVII
Department of Medical Genetics, Queen's University of
Belfe,r

R. HARRIS A. P. READ

Department of Medical Genet.t'cs, University of Mal1,chester

D. W. FIELDING
Department of Padi'atricsi Chester Hospitals

Summary Women who had previously given birth

to one or more infantS with a neural
tube defect (NTD) were recruited into a trial of perioon-
ceptional multivitamin supplementation, 1 of 178 in-
fants/fetuses of fully supplemen'ted mothers (0,6%) had
anNTD, compared with 13 of 260 infants/fetuses ofun-
supplemented mothers (5-0%),

INTRODUCTION

THE well-known social class gradient in the incidence
of nrnral--tube d tects (NTD) suggests that nutritional
factors might be involved in NTD retiology. A possible
link between folate deficiency and NTDs il'l man was first
reported in 1965t More recently, significant sodal- class
differences in dietary intakes in the first trimester, 2: and in
first-trimester values for red cell folate, leucocyte ascorbic
acid) 1+ed-blood-cell riboflavin, and serum vita min A have
been reported/ dietary and biochemical <\

\'alues being higher in. classes I and Il than in classes IlI:,
IV, and V. Furthermore, 7 mothers, of whom 6 subse-
quently gave birth to NTD infants and 1 to an infant
with  unexplained micr-ocephaly, had first-trimester
mean values for red cell folate .and leucocyre ascorbic
acid that were significantly lower than those of con-

trolfl,)

Th.ese observations are compatible with the hypoth-
esis that subclinical deficiencies of one or more vitamins
contribute to the causation of NTDs. Wie report prelim-
inary results of an intervention study .in .which mothers
at focreased risk of having- NTD infants were offered
periconceptional multivitamin supplements.

PATIE rs AND METHODS

Women who had had one or more NTD infants, were pfanR
ning n furlher preg-nanc r, but were not yet pregnant were
admiued 10 1h.c study, All women referred to the departments
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fovolved in the study and who met these criteria were invited
to take part. Most patient:s wete recruited from genetic c:oun-
selling dinics although some were referred by obstetricians
and general pra!=titioners inforntcd of the study. Patients came
from Northern Ireland, S01,.uh East England, Yorkshire, Lan-
cashire, and 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
study. Some centres were able to select a control for each sup-
plemented mother" matched for the number of previous NTD
births, the estimated date of conception, and, where possible,
age. There were 264 control mothers. The numben of fully
supplemented (S) and control (C) mothers in each c:enire were
as follows: Northern Ireland S 37, C 122; South-East England
S 70, C 70; Yorkshire S 38, C 3S; Lancashire S 31, C27,
Cheshire S 9, C 10.

All mothers in supplemented and control groups were
offered amniocentesis. 6 mothe.u in Northern Ireland (3 supp
plemented; 3 controls) declined mniocentesis apd their preg-
nancies continue. They are not inclu-ded in the figures above
or in the accompanying table. All mothers with raised amni-
otic-fluid aipha-fetoprotein (AFP) values (! supplemented; I |
comrols) accepted tennination ofpregnancy.

Study mothers were given a multivitamin and iron prepara-
tion ('Pregnavite Forte F' Beucar-d), 1 tablet three tim aday
for not less than 28 days: before conception and continuing at
least until the date of the second missed period-i.e,, until well
afler the time of neural-tube closure. Pregnavite forte F pro-
vides daily vitamin A 4000 LU., vitaroln D 400 LU., thiamine
1,5 mg, riboflavin 1,5 mg, pyridmdne 1 mg, nigotinamide 15
mg) ascorbic a.cld 40 mg, follC'acid 0,36 mg, ferrous sulphate
eq\,ivalent to 75,6 mg Fe, and calcium phosphate 480 mg,
Women conceiving less-than 28 days after starting supplemen-
tation.- or m1.rting supplementation shortly after conception, or
known to have missed tablets for more than 1 day, are
regarded a,s partly supplemented. They were exduded from the
main st dy .:1nd heir results willbe considered-elsewhere,

In Northern Ireland, Yorkshire, and Cheshire women taking
oral contraceptives (OCs) were asked to adopt alternative
means of contraception from the date of starting ttits.mins
because OCs may lower blood levels of cerrnin virami ns.#

RESULTS

187 control mothers have delivered 192 infants
(including 5 twin paire) without NTDs, and a further 38
have normal amnioticefluld AFP values (ta.ble). 1 3
mothers have been delivered of NTD infanLS/fetuses, 1

OUTCOME OF PREGNANCY IN FULLY SUPPLEMENTED AND
CO!f1'ItOL MOTHERS

Fully supplemented | Controls
J,rfant/feti.ts with NTD t 12
Infant without NTD 140(3) 192(5)
Subtotal (1) 141(3) 204(5)
Notsmal am-m'otic A.FP 26 38
Subtotal (2) 167(3) 242(5)
SponraneoUJ abortio'fl.s
Bxantined, NTD 0 |
Ex.amined, no NTD 11 17
Subtotal (5) 178(3) 260(5)
Not examined 10 9
Total 188(3) 269(5)

AU riumb .re z-elate toinfaots/fctOlle. .
Figi,ires in parentheses indicate numbersof twin pnirs:included.
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b¥, §Eonta,neeus abonion, 11 by termination  fter
o fenls,s @ | by S _pontaneous delivery (.§'kincc-

covered lesion, normal AFP). 17 fetuses of a further 26 some cen:trb

THE LANCET FEBRUARY 16,1980

fied urgently;- The only measure introduced bK t.he study
00-"thece,1c”_thai.v_itmi_n supplementation- (and that onlv in.

)-=-, S disContinuation of OCs at least 28

control mothers who abor ed spontaneously were exam days bef6re-co'fi.c-eplfoen. Although the Possibility of se:-:

ined and had no NTD. The provisional recurrence-rate
of NTDs is 5,0% (13 in 260). 26 control mothers were

hormo.nes hying te atogenic action is not yet entirely

resolve<:\, eviq n,e* strongly suggests that the phenom-

at increased risk by virtue of h ving had 2 'previous ¢non we'-r-ep6.iti's'.iJ.ot attributable to stoppingQOCs,

NTD infants. 3 of them had a further affected child) a

re:cun-ence-rate of 11+5%. Both these recurrence-rates
consistent with those previously reported and widely
adoptedin geneticcounselHng.
137 fully supplemented mothers have given birth to

babies (including 3 twin pairs) without NTD, 26

(4) Vhartlin stipplemenration has prevented some
NTD.-This i the most straightforward interpretation are
and is coriSiStent with the circumstantial evidence. link-
Ing nutrition with NTDs. If the vitamin tablets are

directly responsible, we canMt tell from this study 140

whether they operate via a nutritional or a placebo

have normal amniotio-fluid APP values and their preg... effect.

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

\V/e hope that the data presented will encournge others

to initiate sitnilar and rdated studies. We in.tend to pub
lish a more detailed report when the last of the presertt

provisio al recurrenceHrate in the supplemented group is cohort of women receiving vitamin supplements has had
therefore 0,6% (1 in 178), 15 supplemented mothers her baby (due April 1980),

were at increased risk by virtue of having had 2 previous
affected NTO infants, None had a further affected child.
Comparis-on of NTD frequencies in the supplemented
and control groups by Fisher’s exact test showed signifi-
cant differences (p<0-0l) for subtotals (1), (2), and (3)
(table).

DTSCUSSION:

Despite problems with choosing controls, the control
women in this study have shown recurrence-rates for
NTDs entirely consistent with published data. By con-
trast the supplemented mothers had asignificantly lower
recurrence-rate, Possible interpretations of this observa--
tion include the following:

(1) A group of women wz'th. a naturally low recurrence
risk has unwittingly selected itself for supplementa-
ti,m.-Apart from geographic and secular variations
there is no evidence to suggest that any particular sub..
group within populations, whether by social class or any
other division, has a higher or lower recurrence risk. lu
genetic counselling clinics it is customary to quote the
same risk for all mothers after one affected child. We
cannot \,xclude the possibility that womeh who volun-
teered and cooperated in the trial 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 potato-avoidance trials> but this was not
seen.®

(2) Supplemented mothers aborted more NTD fetuses
than dt"d controls.-The proportion of pregnancies end
ingin spontaneous abortion is similar in the two groups
(supplemented 11,4%, control 9,6%), Tf 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 NTO, 18
of 27 abortuses of control mothers were examined and
1 had an NTD. An explanation based on selective abor-
tion of fetuses with NTD seems improbable, especially
since more abortions are likely to have been ascertained
in the supplemented group since controls were enrolled
later inpregnancy,

(3) Something other th;in vitamin supplementatt'on has
reduced' the incidence of,NTDs in the treated group.-
This is an almost untestabl hypothesis, but if anything
has reduced the incidence Of NTDs it needs to be identi-

We Ihank the women taking pn.rt in this tudy; medical colleaguel
who refer.red them;. and Dr Jennifer He;.ona; Mi!lll: Wendy Johns.ton,
Mrs Monjca Stant nnd Mts Mary Weet.rno.h (health visitors). This
study is supporLed by Action Research for the Crippled Chlld, th
Children's Research Fund, and Beecham Pharmaceulic.ats Ltd.

Rcquel;lu fol" reprints should be addressed to R, W, S.) Department
of Prediatrics und Child Health, University of Leeds, 27 Blundell
Street, Lc:cds LSI 3ET,
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Guiding Questions for Reading This Article
A. About the Article

— . C

1. Give thename ofthejournal and the year in which
this ariicle was published.

2. Statethelast name of the firstauthor, his department,

and hisuniversity.

3. Specialized vocabulary: Write a brief definition
of each tenn.

amniocentesis

neural tube defects (NTDs)
periconceptional

placebo

vitamin

.8. About the Study

4, The authors paint out that the observed higher
incidence of NTDs in lower social classes as
compared tohighersocial classes might bedue
to what factors?

5. Whatcriteriawere used toselect women for
this study?

6. Thecontrol groupconsisted of whom?

7. How many mothers wereinthefully supplemented
group, and what was their trratrnent?

8, How did investigators treat data on womenwho
conceived before tal<:ing the supplements fora month

— ..-and-those-who-mis.sed-some-of-the-supplements-?-- -- -

9. In controlled experiments in general, the
experimental groupandthe control grouparealike
inall factors except in the one being tested. In this
study, thetestfactor isthe 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) Inthis study,
whataresomeotherwaysthe supplemented mothers
andthe control mothers might have differed, besides
whether or not they received the supplement?

10, From the table showing outcome of pregnancy in

fully supplemented and'control mothers, whatis
thedifference innumber of NTD infants between the
supplemented and control groups? What was the
difference in percentage of NTDsin the two groups.

of women?

11. The authors state that their data agree with the
hypothesis that vitamin supplementation during the
period around conception isassodated with lower
incidence of NTDs. In their Discussion section,
they mentionthreealternative explanations forthis
association. Briefly list the three explanations in
your own words.

C. General Conclusions and Extensions of the Work

12. Doyou think the observed differenceissignificant
enough toconclude that vitaminsupplementation
bas prevented some NTDs in women who have
previously had NTD infants? Do you think the
results canbe generalized toconclude that vitan,lin
supplementationwill prevent NTDsinall women?
Why or why not?



13. In 1983, B. Upsett and J.C. Fletcher published a 14. Imagine thatyou were arnemher of ibisreRearch

paper entitled "Do vitamins prevent neural tube- team and inYOlved in these investigations.. What
defects (and can we find out ethically)'?" in the could be a possible follow-up test that extendsthis
Hastings Center Report (13:508). They documented work?

- .-+ ---tlre--early-htstory-of-R;-W:-Smithells's-wmk-on _— |
multivitamins and birth defects, including the pape,-
in this exercise. They pointed out tl1at, before
beginning his studies in 1976, Smithells bad
requested approval fromseveral etllics co,wnittees
to do a "randomized, placebo-controlled” clinic.al
trial, but his requests weni refosed. (a) How would
the study procedures be different if trials were
"randomized"? (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 S111lithells's request? Do you
think they should have approved the research
request?



"' Figure16.1.1-18 cizol :
Does DNA replication follow the conservative, ...
::setnicons rvative, Or dispersive_-mod _1?

iXPERIMENT At the California Institute of Technology, Matthew
'v1ese\son and Franklin Stahl cultured£. coliforseveral generationsina
-nedium containing nucleotlde precursors labeled with a heavy isotope
Jf nitrogen, **N. They then transferred the bacteria to a medium with
Jnly N, a lighter isotope. A sample was taken after DNA replicated
Jnce; another sample was taken after DNA replicated again. They ex-
tracted DNA from the bacteria in the samples and then centrifuged
ach DNA sample to separate DNA of different densities,

i Bacteria @i Bacteria
cultured in
medium
with
1>N (heavy  — transfejred to
. 11
isotope) p— sotope) er
] , ’ ] 1 ’
RESULTS
€)DNA sample i8 DNAsample 3= Less
centrifuged centrifuged dense
after first after second
replication replication More
dense

CONCLUSION. Meselson and Stahl compared thelr results to those pre-
dicted by each of the three models in Figure 16.10, as shown below,
Thefirstreplkatlon inthe “*Nmedium produced aband ofhybrid (1°N-
1) DNA. Thls result eliminated the conservative model. The second
replication produced both lightand hybrid DNA, a result that refuted
i:he dispersive model and supported the semiconservative model. They
i:herefore concluded that DNA replication issemiconservative,

Predktions: First replication econd replication

e
/2

Conservative
model

Semiconservative
model

Dispersive
model

SOURCE M. Meselson and F. W. Stah!, The replication of DNA in
Escherichiacoli, Proceedings of the National Academy of Sciences USA:
44:571-682 (1958),

INQUIRY INACTJON Read and analyze the orlglnal paperin Inquiry In
Action: Interpreting Sdentifk Papers,

@ See the related Experimental InquiryTutorial In MasteringBiology.

fllj:f,HIID If Meselson and Stahl had first grown the cells in
14N-containing medium and then moved them into 15N-contalning
medium before taking samples, whatwould have beenthe result?

— T

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

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

3. Make some notes about the authors' major conclusions or findings as

you understand them

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

5. Do the authors suggest any problems with the study that could lead to
unreliable results?

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

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

8. What are three implications of the result?

9. What future.study can you conduct from this study?

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

11, State two questions you can generatr ,1 from the conclusion




Analyzing @ Journal Articls i

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

-TT.igt.we 121

Do molecular signals .in the cytoplasm. regulate
thia cell cycle? ce

::XPERIMENT Researchers at-the University of Colorado wondered
Nhethera cell's progression through the cell cycle is controlled by cyto-
olasmic molecules. To investigate this, they selected cultured 'mam-
malian cells that were at different phases of the cell cycle and induced
them to fuse. Two such experiments are shown here.

Experiment 1

ol

'Experiment 2

RESULTS

...L:It &

M.. . M-

When a cell in the

M phase was fused with
acell in Gy, the G1
nucleus immediately
began mitosis-a spindle
formed and the chromo-
somes condensed, even
though the chromosornes
had not been duplicated.

When a cell in the
Sphasewasfused with
acell in Gy, the G1
nucleus immediately
entered the S-
phase-DNA was
synthesized.

CONCLUSION The results of fusinga G, cell withacell in the Sor
M phase of the cell cycle suggest that molecules present in the cyto-
plasm during the S or M phase control the progression tothose phases.

‘SOURCI= R.t Johnson and P. N. Rao, Mammalian cell fusion: Induction
of premature chromosome condensation in interphase nuclei, Natt./re
226:717-722 (1970).

\12'Ihlillili yfthe-progression of phases did notdepend on cytoplas- -
mic moleculesandeach phase began when the previous onewascom-
plete, how would the results have differed?

a S:lilgle cell with two nuclei. If one of the original cells was in
the S phase and the other was in Gy the G1 nucleus immedi-
ately entered the S phase, as though stimulated by signaling

molecules present in the cytoplasm of the first cell, Similarly, j£
a cell undergoing mitosis (M phase) was fused with another
cell in any stage of its cell cyde, even G,, the second nucleus

.immediately entered mitosis, with condensation of the chro-

matin and fotmation Of a mitotic spindle (Figure 12.14),

The Cell Cycle Control System

The experimen shown in Figure 12.14 and o er expell-
ments on anlmal cells and yeasts demonstrated that the se-
quential events of the cell cyde aredirected by a distinct cell
cycle control system, a cyclically operating set of mole-
culesin the cellthat both niggers and coordinates key events

2. Whatwas the "gap" in the research that the authors were trying to fill
by doing their study?

3. Make some notes about the authors' major conclusions or findings as

you understand them

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

5. Do the authors suggest any problems with the study that could lead to
unreliabfe results?

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

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

8. What are three implications of th-e result?

9, Whatfuture study can you conduct from thls study?

10. State three gquestions you can generat . from this study

11, State two questions you can generat, -from the conc.lusicn
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Describe the purpose of the studv {as you understand it) in your=-
awn words.

11.

. State three questions you can generat  from this.study

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 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 unreliable results?

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

Write (in your own words) the significant contributions of the
experlmental work in this Journal artlcle as reported by the
authors.

What are three implications of the result?

What future study can you conduct from this study?

State two questions you can generat  from theconclusion

y Fig',ue 50.23
How do mammals detect different tastes?

EXPERIMENT To invest:Jgate the basis of mammalian taste perception,
Ken Mueller, Nick Ryba, and Charles Zuker used a chemical called
phenyl--o0-g!urnpyranoside (PBDG). Humans find the taste of PBDG
extremely bitter. Mice, however, appear to lack a receptor for PBDG,
Whereas mice -avoid drinking water c.ontaining other bitter tastants,
they show no aversion to water that contains PBDG.

Using a molecular cloning strategy, Mueller generated mice that
made the human PBDG receptor incells that normally make either a
sweet receptor or a bitter receptor. The mice were given a choice of
two bottles, onefilled with pure water and one filled with water con-
taining PBDG at varying concentrations. The researchers then observed
whether the mice had an attraction or an aversion to PBDG.

81:..:1iULTS
I T PBX; receptr..

. - -expression ih-cells
--.for eet-taite -

80+

50 -

w0

® No PElG
" receptor gene

PBPG receJ)tér
- e"xptession'incells

204 .
S for_bit1_ertaste

.Heiativé consumptich (%)

0,1 -1 i10
Con entration of_PBDG (m/v1) (1t?g sci:ile)

Relative consumption = (Fluid Intake from bottle containing
PBDG + Total fluid intake) X 100%

CONCLUSION The researchers-found thatthe presence ofaQitter re-
ceptor In sweet taste cells issufficient to cause mice to be attracted toa
bitter chemical, They concluded that the mammalian brain mustthere-
fore perceive sweet or bitter taste solely on the basis of which sensory
neurons are activated.

SOUR.CI: K.L. Muellereta!., The receptors and coding logic for bitter
taste, Nature 434:225-229 (2005).

LBLNIf\L11\$ Suppose Instead of the PBDG receptor the researchers
Mad used a receptor specific for a sweetener that humans crave but
mice ignore. How would the results of the experiment have differed?

reprogram gustation in a mouse (Figure 50.23). Based on these
and other studies, the researchers concluded that an indiv.idual
taste cell expresses a single receptor type and detects tastants
representing only one of the five tastes,-

The receptor cells for taste in mammals are modified epithe

, lial cells organized into taste buds, which are scattered in

several areas of the tongue and mouth (Figure 50,24), Most
taste buds on the tongue are associated with nipple.shaped
projections called papillae. Anyregion of the tongue with taste
buds can detect any of the five types of taste. (The frequently
reproduced *taste maps" offue tongue are thus notaccurate.)

Taste receptors fall.into tvvo categories, each evolutionarily
related to receptors for other senses, The sensation of sweet;

1102 UNIT SEVEN Animal Form and Function



Analyzing a Journal Article

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

What was the "gap".' fn 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 didthe authors analyze their data? What testis did they use?

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

Was there anything that was left unfinished? Did the author raise
questions or make points 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 generat « ,rom this study

11. State two questions you can generat' from the conclusion
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Which wavel ngths of light are most effective '
in driving photosynthesis?

EXPERIMENT Absorption and action spectra, along with a classic e:
perimentby Theodor W, Engelmann, reveal which wavelengths of ligf
are phqgtosynthetically important.

RESULTS

Cbloro-

phyll a. —Chlorophyll b.

Absorption of light by
chioroplast pigmen’rs

Wavelength of Ilght (nm)

(a) Absorption spectra. The three curves show the wavelengths of lig
bestabsorbed by three types of chloroplast pigments,

Rate of photosynthesis
{measured by O, releass)

(b)Action spectrum, This graph plots the rate of photosynthesis
versuswavelength. The resulting action spectrum resemj:,lesthe
absorption spectrum for chlorophylla butdoes not match exactly
(seeparta). Thisispartly due totheabsorption of lightbyaccessor;
pigments such as chlorophyll b.and carotenoids.

{c) Engeltnann's experiment. In 1883, Theodor W. Engelmann
illuminated afilamentous algawith lightthat had been passed
throughaprism, exposing drfferentsegmentsof thealgatodifferen
wavelengths, He used aerobic bacteria, which ,oncentrate nearan
oxygensource, todetermine which segments of thealgawere
releasing the most04 and thusphotosynthesizing most. Bacteria
congregated in grea Jtest numbers around the partsof the alga
illuminated with violet-blue or red light.

CONCLUSION Light In the violet-blue and red portions of the spec
trum is mosteffective in driving photosynthesis.

S-OURCE T.w.Engelmann, Bacterium photometricum. Eln Betrag zurver-
glelchenden Physlologle des Licht- und farbensinnes, Archlv. fur Physiofogif
30:95-124 (1883).

@_i See the related Expe_rimental Inquiry Tutorial in MasterIngBiology.

111.ril)/f ifljiQq If Engelmann had used afilterthatallowed only red ligh-
to pass through, how would the results have differed?
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Describe the purpose of the study {as you understand it) in your
own words.

2. What was the ugap" In the research that the a thors were trying
to 1111 by doing theirstudy?

3. Make some notes about the authors' major conclusions or findings

as you understand them

4. How dTd the authol-s analyze their data? What test/s did they use?

s. Do the authors suggest anv problems with the study that could
lead to unreliable results?

6. Wasthere anything that was left unfinished? Did the author raise
questions or make points that were left orphaned in the paper?

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

8. What are three Implications .of the result?

9, What future study can you conduct from th!s study?

10. State three questions you can generat \ from this study

11, State two questions you can generate - from the conduslon

-..1-1:10llre 12.9

At which end do kinetochore mkrotubules
shorteri during anaphase? -

EXP.ER(MENT Gary Borisy and colleagues at the University of Wiscon:
wanted to determine whether kinetochore microtubules depolymerlze
the kinetochore end or the pole end as chromosomes move toward ti
polesduring mitosis. Firstthey labeled the microtubules ofa pig kldn
cell in early anaphase with a yellow fluorescent dye,

Then they marked a region of the kinetochore rnicrotubules betweE
one spindle pole and the chromosomes by using a laser to eliminate ti
fluorescence from tholt region, while leaving the microtubules Inta
(see below). As anaphase proceeded, they m-onitored the changes !.
microtubule length on either side of the mark. B!

RESULTS Asthe chromosomes moved poleward, the microtubule se
ments on the kinetochore side of the mark shortened, while those
the spindie pofe side stayed the same length.

CONCLUSION During anaphase inthis cell type, chromosome mov1
ment Is correlated with kinetochore microtubules shortening at th€
kinetochore ends and not at thelr spindle pole ends. This experlmel
supports the hypothe Js that during anaphase, a chromosome is walk€
along a m!crotubule as the microtubule depolymerizes at itskinetc
choreend, releasing tubullnsubunits.

..¢ 'rorDOSO'm
- -movem J;Jt-.;

‘Chromosome o
SOUR.CE G, J. Gorbsky, P. J. Sammak, and ,G. G. 80r|sy, Chromosome
move poleward In anaphase along stationary microtubules that coord
nately disassemble from their kinetochore ends, Journal of Cell Blofoc
104:9-18 (1987).

M.t'libi#i-#1 If this experiment had b.een done ona cell type in whic
"reeling in" at the poles was the main cause of chromosome movi
ment, how would the mark have moved relative to the poles? Hrn
would the microtubule lengths havechanged?




IFigure 1.27

o L Articl

1. Describe the purpose of the study (as you understand tt) in your own
words.

oes the presence Of enomous coral snakes

feet predatlon rates ON their mlmlcs
ngsnakes?

ImIMENT David Pfennig and hfs colleagues made artificial snakes

,sta prediction of the mimicry hypothesis: that kingsnakes benefit
ymimicking the warning coloration of venomous coral snakes
in regions where coral snakes are present. The researchers placed
it numbers of artificial kingsnakes (experimental group) and
m artifldal snakes (control group) at 14field sites, half in the area
iwo snakes cohabit and h'alf in the area where coral snakes are
nt. The researchers recovered the artificial snakes after four

:sand tabulated predation data based on teeth and claw marks
ie snakes.

JLTS fn field sites where coral snakes are absent, most attacks
on artificial kIngsnakes. Where coral snakeswere present, most
.<s were on brown artificial snakes.

9 Artificial-
kielgsn_es
2 apA - Brown:
iﬁ : - artificial
aE. ). snakes.”
1V B0
ym -
=
i
: w40 -
5 =
L0 .
20 4
o

c6ra)-snaked,  cofal snakes
- - - absent pi-esent

+U!IJON Thefield experiments support the mimicry hypothesis
falsifying the prediction, which was that mimicking coral snakes
‘tive only in areas where coral snakes are present The experi-
also tested an alternative hypothesis: that predators generally
11 s akes with brightly colored rings. That hypothesis was falsl-
the data showing that in areas without coral snakes, the ringed
on failed to repel predators. (The fake klngsnakes may have
:tacked more often in those areas because their bright pattern
lem easier to spot than the brownfakes,)

E D, W, Pfennig, W.R. Harcombe, and K. S, Pfermig,_ Frequency
nt Batesian mitnicry, Nature410:323 (2001),

VN ACTION Readandanalyzetheo.riginal paperinJnqufryin
Interpreting Sdentfffc Papers.

'the related Experimental Inquiry Tutorial in MasteringBiology.

i".lill Whatexperimental resultswould you predict if predators
Jutthe Carolinas avoided all snakes with brightly colored ring
2

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

3. Make some notes about the authors' major conclusions or findings as

you understand them

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

s.  Dothe authors suggest any problems with the study that could lead to
unreliable results?

6. Was there anything that was left unfinished? Did the authorraise
questions or make points that were left orphaned in the paper?

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

8.  What are three Implications of the result?

9. What future study can you conduct from this study?

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

11, State two questions you can generat, ,1 from the conclusion
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Analyzing a Journal Article

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

I 1
MNERE =
Wh.atrole do hormones play in making
amammal male or female?

:XPERIMENI Alfred Jost. at the College de France in Paris, wondered
vhether gonadal hormones instructan embryo to develop as male or
emale in accord with its chromosome set. Working with rabbit em-
1ryosstillinthe mother's uterus, ata stage before sex differencesare

bseivable, he surgically removed the portion of each embryo that

,;ould form the ovaries or testes. When the baby rabbits were born,

st made note of both chromosomal sex and the sexual differentiation

f the genital structures.

:1:SULTS

. 1 7 Appearance of Geritalia .
AT i | 7 Embryonic gonad "
Chromasome Set | :

Nosurgery I . - remaved . . |
KV (millle) Male Fem<1le
XX (female) Female Female

ONCIUSION In rabbits, male development requires a hormonal slg-
al _from the male gonad. In the absence of this signal, allembryos de-
lop as female, Jost later demonstrated that embryos developed male
2nitalia If the surgically removed gonad was replaced with a crystal of
istosterone. The process of sex determination occurs inahighly similar
lanner In all mammals, induding humans.

OURCE A.Jost, Recherches surla differenciation sexue!le de I'embryon

lapin (Studies on the sexual differentiation of the rabbit embryo),

rchives d'Anatomie Mlamcopique et de Morphologie £xperJmentafe
i:271-316 (1947).

AWIFeii§lIIEi: What result would Jost have obtained If female develop
ent also requlred a signal from the gonad?

rstem and for the development of female secondary sex
laracteristics. In, rnammals pro gestin s, which include
rogest er one, are primarily involved in preparing and main-
ining tissues of the uterus required to support the growth
1d development of anembryo.

Estrogens and other gonadal sex hormones are compo-
:mts of hormone cascade pathways. Synthesis of these hor-
ones is controlled by gonadotropins (FSH and LH) from the
1tel'ior pituitary gland (see Figure 45.16), FSH and LHsecre-
)U is in turn controlled by GnRH (gonadotropin releasing
)IIDOne), a releasing hormone from the hypothalamus, We
Ulexamine the feedback relationships that tegulate gonadal
roid secretion in detail in Chapter 46,

1docrine Dlsruptors

ctween 1938 and 1971, some pregnant women at risk for
mplications were prescribed a synthetic estrogen called di-
'iylstilbestrol (DES), What was not known until 1971 was
atexposureto DEScanalter reproductive system develop
ent in the fetus, Collectively, daughters of women who
Jk DES are more frequently afflicted with certain reproduc
'e abnormalities, including a form of vaginal and cervical
acer, structural changes in the reproductive organs, and

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

3. Make some notes about the authors' major conclusions or findings as
you understand them

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

5. Do the authors suggest any problems with the study that could lead to
unreliable results?

6. Wasthere anything that was left unfinished? Did the author raise
questions or make points that were left orphaned in the paper?

[y

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

8.  What are three Implications of the result?

9.  What future study can you conduct from this study?

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

11. State two questions you can generatl:- -. from the conclusion
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1. Describe the purpose of the study (as you understand it) in your own
words,

Why is sperm 'usage biased wheri female fruit

flies mate twice?; ».. .

EXPERIMENT When afemale fruitfly mates twice, 80% of the offspring

-esultfrom the second mating. Scientists had postulated thatejaculate

:rom the second mating displaces stored sperm. To test this hypothesis,
honda Snook, at the University of Sheffield, and David Hosken, at the
Jniverslty of Zurich, used mutant males wlth altered reproductf\fe .systems,
"No-ejaculate” males mate, butdonottransferspermorfluid tofemales.
"No-sperm" males mate and ejaculate, but make no sperm. The re-
;earchers allowed females to mate with wild-type malesand then mate

Nlth wild--type males, no-sperm males, or no-ejaculate males. As a control,

;ome females were mated only once. The scientists then dissected each fe-
nale under a microscope and recorded whether sperm were absent from

:he spermatheca, the major sperm storage organ.

I.ESULTS

Percentage of Temales 1
-lacking sperm in spermathecs

" Contich; Rematedto Rematedto Remated to
- ohat wild-type  “ng-sperm”  "no-ejaCulate

remated  males " males males

:ONCLOSION Because remating reduces sperm storage when no
perm or fluids are transferred, the hypothesis that ejaculate from a
econd mating displaces stored sperm is Incorrect Instead, Itappears
hatfemales sometimes get rid of stored sperm In response to remat-
I1;1. This might represent a way for females to replace stored sperm,
lossibly of diminished fitness, with fresh sperm.

OURCE R.R,Snook and D, J. Hosken, Sperm death and dumping in
Irosophila, Nature 428:939-941 (2004).

JUfrHIi-41 Suppose males in the first mating had a mutant allele for
dominant trait of smaller eyes. What fraction of the females would
reduce some offspring with smaller eyes?

SNCERT 4 6 . 3

?eproductive organs produce
md transport gametes

fav.i.ngsurveyed some ofihe general features of animal reproe
uction, we-w:l..1J.focusthe restofthe chapter-onhumaru, begine
.ing Vvith theanatomy of the xeproductive system in eachsex.

-emale Reproductive Anatomy

he female's external reploductive structures are the clitoris
nd two sets of labia, which surround the clitoris and vaginal
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by doing their study?

3. Make some notes about the authors' major conclusions or findings as

you understand them

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

5. Do the authors suggest any problems with the study that could lead to
unreliable results?

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

7. Write (In your own words) the significant contributions of the
experimental work in this jout'nal article as reported by the authors.

8. What are three impllcations of the result?

9, What future study can you conduct from this study?

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

11, State two questions you can generatr -: from the conclusion




CONSTRUCTING LINE GRAPHS*

Suppose Vre are studying some chemical reaction in which a substance, A, i.s being used
up. We begin with a large quantity (100 mg) of A, and ,ve 1neasnre in sonle way how
much A is left after different times. 111e results of such an experiment might be presented
pictorially like this:

Bl
Ve

3 e feve)
[ ym;s ] ['s ) 7] gidl
[o 519 87974 | #) of I [o14
i ot L QOLR
SODLEUYUE JULUULUER JUBEUEUUW
L" L "~ e W

100mgA BOmgA 60mg A 40 mg A

NMOIOIO

Figure Al
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This is the kind of picture graph that you often 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 disappe21-ing 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 a continuous p1-0cess, 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 Figure A.2,

ra

]
}

L]
A3 14
VLl
17 T
-l 1
| i

1200 100 200 300 400

e

[

——l =1

1
t

JREPTUON R SRV Y S <

FigureA.2

* Based onahandoutby Dr, Mary Stiller, Purdue University, .
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It should be clear from the diagram that each point corresponds both to a particular
measurement of the amount of A remaining and to the particular time at which that
amount 1-emained. (A heavy dot is made opposite both of these two related quantities.)
When all the measu.rements hclve been recorded in this way, we connect the dots vd.th a
line, shown in Figure A.3. (Figures A.21-A.23 explain when to connect the data points.)

100
80
£ "
.<E°||' o | =
Q) 60 .
a: ] X
st !
|
0 4 ;
0.. !
" II 1 I
20 | -
|
L}
) '
1 2 3 4 5
Time (hours)

Figure t\.3

It should be dear 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 110w 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 crosses our line graph at the point X; then we look opposite X to the "Mg

of A Remainiug" scale, and read off 50 mg. We conclude, then, that if we had made 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 A, say 65 mg, would be left.
We have merely to find the line that represents 65 mg ou the vertical scale and follow

it across <1ntil 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 part of the graph has been drawn with a broken line. In malting
a line graph we a.re properly allowed to connect only the points representing our achial
measurements. It is possible that measurements made after 3 hours will give points
thatwill 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 than 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 seems fairly safe to assume that the reaction is proceeding steadily)
and this is called an interpolation. Intel'polations 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 hoursis somewhere between O and 40 mg. The amount
indicated by the broken line on the graph, 20 mg, is only alogical guess.

Unfortunately, it sometimes happens that even professionals take this sort of
limitation ofline graphs for granted and do not confess, by means of a broken line, the
places where they are just guessing. 'lherefore) it is up to readers of the graph to notice
where the last actual measurement was made and use their own jndgment about the
extrapolated part. Perhaps the extrapolated part fits quite well with the reader's own
experience of this or asimilar reaciion, 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 r«Lder knows that the graph begins to flatten out after 3 honrs and so
disagrees with the author. The point is that we, the readers, must be aware of what part
oftbe graph is extrapolated, that is1 predicted, from the shape of the graph up to the time
when the measnrements were stopped. Hence, younlust clearlyindicate onaline graph
the points that you actually measured. Regardless of what predictions or conclusions you
want to make about the gr>ph, you must give the reader the liberty of disagreeing with
you. Therefore, it is very improper to construct a line graph consisting of an unbroken
line without indicating the experimentally determ i.ned points.

[l 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 title.
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 A.4.

2000

0 ‘©

‘(;‘)ng 1000
,1Ct

cii

! 1 ! 1
0 0 1 2 3 4 5

Duration of Party (hours)
FigureA.4

If you like pizza, it might be very useful to know when this party is being held. Without
atitle, you cannot tell eve.n whether the graph refers to any particular party at all. It

Appandix B A5i!ll.8
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might represellt 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 . suppose that these
data refer to a study party given by AP Biology students on March 9. Here, then, are
some possible titles:

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

(c) An AP Biofeast!

None of those titles is especially 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 9

{e) Anticipated Consumption of Slices of Pizza at the AP Biology Party, March 9,
2011, 7:00 p.m.-11:00 p.m.

You should be able to see that only title () is helpful and useful. It enables you to tell, by
glancing at the calendar, whether or not you Gm attend the party and it helps make that
graph fall alittle more steeply; The point we are driving at is that a good title is one that
tells exactly what information tl1e 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, look at the graph in Figure A.5. Itstitle tells you that
here is some potentially useful information. The graph suggests that, at least for 2011,
tliere was an upper limit to the amount of time people could usefully 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.

/

Figure 11.5: Relation Between Study Time and Score on a Biology Exam in 2011

Unfortunately, however, you cannot tell, because the graph has no labels of numbers or
U11its the scales. Even 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 tllat tlle graph is trying to present, we need to have some
additional details.



In Figure A,6 the additional information has been supplied; Information that seems to
make the graph more useful to us in preparing for the exam.

60

0 2 3 4 5
Study Time (hours)

Figure A.6: Relation Between Study Time and Score on a Biology Exam in 2011

This additional information includes scales, or axes, that are carefully marked with
numbers, and labelsand unitsthatare neatly presented. Obviously, one cannotlabel all
the pointsalongthe axes; thatwould make the numbers crowd together andlook sloppy.
The units should be marked at intervals that correspond more or less to the intervals
between the experimental points. The srnall marks, called index marks, can be drawn in
if theexperimental pointsare verywidelyspaced. Mostelegantly, aframeisputaround
thewhole graph, and index marks are placed all around. This makes it easy to lay aruler
across the graph when interpolating between the experimental points. The diagram In

Figure A,7 summarizes some features of a good graph.

NUMBERS
' INDEX MARKS
UNITS  «©
® : °
; INDEX MARKS
40
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Figure A.7: Relation Between Study Time and Score on a Biology Exam in 2011
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li 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 a
graph, in which the amount of some quantity is shown on the vertical scale, or ordinate,
,vith time shown o11 the horizontal scale, or abscissa) is frequently called a "progre.ss

graph" or"progressive curve;' because it sShows howsome process progresses intime.
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.

100

w80 —

éP 60

S 4 ;

20 "

2 3 4 5
Time (hours)

Time Course of Disappearance of
Ain Process |

Figure A.8

Let us call the process represented by the graph "Process 1" and consider another
reaction, "Process II;' in which A is also consumed, Suppose that we start Process Il
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 Il is displayed in Figure A.9.
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Figure A.9
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No w;, suppose we want to compare the graphs for the Tl-vo processes. Because they have
exactly the same scales, we can put both lines on the same graph) as shown in Figure
A.10. Notice, howevet\ that now in addition to the labels on the scales, we need labels on
the tv.,ro lines to distinguish between the h,\roprocesses.

Look at the I-hour mark on the time scale of the graph. Opposite this put an Xon the
line for Process | and a Y on the line for Process Il. Then, opposite X on the ordinate you
should be able to see that 80 mg of A are left in Process [; opposite Y you can see that 90
mg of A are left in Pl"ocess 1. Apparently, Process | has used up 20 mg of A and Process
Il has used up only 10 mg in the same amount of time. Obviously, Process I is faster, and
the line graph for Process | is stee.pe.r than the graph for ProcesslI.

100 [
o B0 - - |
E
= T :
g - . Process 11
c B :
an K]
q T
T 40
§? ', | Process |
II
20 T
T
2 3 4 5

Time (hours)

Time Course of Disappearance of
A In Process | and 11

Figure A.10

The rate for .Process | is 20 mg A used/hr, while the rate for Process Il is 10 mg A
used/hr.

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 anew kind of graph> one that Will show the steepness, or
slope, 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 p:rocess, such a graph is frequently called a
«rate graphn or "rate curve:' The diagram in Figure AJl shows how a rate curve can be
1nade for Process .
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Figure A.11

Notice thatthetimescale of thisrate graphisexactlylike thetimescale ofthe progress
curve from which itwas derived, butthat the ordiuate 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 hom. Obviously, a rate graph mustalwaysshowrate onone
ofitsscales, anditis ordinarily the vertical onethatis used. This is because the rate of
areactioll or process is what mathematicians call a dependent variable. Time isthe
independent variable in this experime.nt; it is i.ndependent of changes in the dependent
variable (the rate of reaction), and it is the variable that is shown on the horizontal axis,
Regardless of whetller the process is the increase in height or weight of a plant, or the
using up or producing of something in a reaction, the 1-ate graph for the process must
always show amount of smnething per unittirne onone of itsaxes. One very cornmon
type of rate graph is fue one shown in Figure A.11, with a rate on fue ordinate and the
time on fue abscissa. Other kinds of rate graphs may have temperature or molarity on
the abscissa. The rate of growth 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 usemphasize: a progress curve always shows amount of reaction on the vertical

scale and time on the holizontal scale. The corresponding rate curve may show time

or some other vaiiable on the horizontal scale, but it always shows rate, or amount of
reaction per unit time) on the vertical scale, This point is very important. When we look
at a rate curve that has time on the horizontal scale, we must visualize the progress curve
from which the rate curve was derived. When welook ata 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,

fo. the same way as for Process ) a rate curve can be made for Process IL Plotted on
fue same graph, the two should look something like the diagram in Figure A.12.
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There a.re two things to notice in this example. First, the curve for Process I lies higher

than that for Process Il, This is in accord with the facts as we have seen them, namely,

that Process | 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 per-fectly straight lines, having everywhere the Same
slope, the rate of steepness graph must show exactly the same thing, that is, that the rate
or steepness is everywhere the same.

On the other hand, consider the graph in Figure A.l 3, which represents the
disappearance of A in yet another reaction, Process III.
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Figure A.13: Time Course of Disappearance of A in Process lll

You can see that Process Il differs from Processes | and Il in that the progress curve for
I11is not a pel-fectly straight line. It is steepest at the begi1111ulg, becomes less steep after
1 hour, and again after 3 hours. Obviously, because the rate of the process is changing
with time, the corresponding rate curve will not be perfectly flat. The rate has to strui
ottt 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
value. Conversely, if the progress curve for a process should get steepel; as sometimes
happens (the reaction goes faster after it gets "warmed ui '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 fromthe scales of the graph becallse the progress curves we have been studying
were either perfectly straight lines or else made up of straight-line segments. In most
real situationsi .however) we cannot do this because the slope of the progress curve does
not change sharply at a glven time, but, gradually, over a period of time. You prnbably
remember how to measure the slope of a curved line, but let us review the process
anyway. (See Figure A.14.)

C
10

5 This much rise in
this much time

0 J ] } |
o (2 /]

Time (hours)
Figure A.14

Suppose we want to measure the slope, or steepness, of the curved line Cat fune 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; Ihe progress curve is almost flat at the beginning (i.e., has O slope) and then
accelerates rapidly, o that the line curves upward If we want to find Ihe true slope at 2
hours, we must draw line L in such a way that L has the same slope as Cat 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 tirst 2 hours.

We have seen that a perfectly flat curve, like that for Process | or Il, means that the
corresponding progress curve is a perfectly straight line having the same slope at all
points. Conversely, aprogress curvethat changes inslope, like that of Process I11i will
give a rate curve that looks 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 flat> then
that portion of the progress curve has O 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 1V, 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 ateacher-
presented question through a prescribed
procedure.

« Guided: Students investigate a teacher-presented
guestion 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 scientificmethod.

» This process involves
- observation and measurement
- hypothesizing and predicting
- and planning and executing investigationsdesigned to
test formulated hypotheses.
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THE SCIENTIFIC METHOD

« Observations, Hypotheses, and Predictions

Making Observations

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

m oObservation of certain
behaviors in wild populations

» physiological measurements

made during previous
experiments

m ‘'accidental’ results obtained
when seeking answers to
completely unrelated
questions

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




THE SCIENTIFIC METHOD

* Observations-

observation is the basis for formulating hypotheses and making predictions. An
observation may generate anumber of plausible hypotheses, andeach hypothesis
will lead to one or more predictions, which can be tested by further investigation.

Gy

Obse : erpillar
species are brightly colored and appear
to be conspicuous to predators such as
insectivorous birds. Predators appear
to avoid these species. These
caterpillars

are often found in groups, rather than

as solitary animals.

Observation 2: Some caterpillar

species are cryptic in their
appearance or behavior. Their
camouflage is so convincing that,
when alerted to danger, they are
difficult to see against their
background. Such caterpillars are
usuall found alone.

THE SCIENTIFIC METHOD
* A hypothesis offers a tentative explanation to
guestions 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.

5/15/2018




THE SCIENTIFIC METHOD

* Hypothesis:

- Ascientific hypothesis is a tentative explanation for an
observation which is capable of being tested by
experimentation.

- Hypotheses leadto predictions aboutthe systeminvolved
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.

oo s wN

It is based on observations 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.

THE SCIENTIFIC METHOD

» Testing a Hypothesis

- Features of a sound method:

1.
2.
3.

It tests the validity of the hypothesis.
It is repeatable.

It includes a control which does not receive
treatment.

4. All variables are controlled where possible.

The method includes a dependent and
independent variable.

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

5/15/2018
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THE SCIENTIFIC METHOD

« Types of Hypothesis

gy e

S s o
Hypothesis Involving Hypothesis of choice Hypothesis involving
manipulation Used when investigating observation
Used when the effect of species preference, e.g.fora Used when organisms are
manipulating a variable on a particular habitat type or being studied in their
biological entity is being microclimate. natur_a.l environment and
investigated. Example: Woodpeckers conditions cannot be

changed. Example:

Example: The composition of  (species A) show a o
Fernabundance is influenced

applied fertilizer influencesthe  preference for tree type

rate of growth of plant A. when nesting. by the degree to which the
canopy isestablished.

Inyohing l;;xnipnia.ljm;. I Clloi<:e

L0000 1

/




Formative assessment
« 1. Why might an accepted hypothesis be rejected at a later date?---

« 2. Explain why a method must be repeatable:------------

+ 3.Inwhichsituation(s) isitdifficult, if notimpossible, tocontrol all
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.

8 Rejection of the hypothesis may lead to new, alternative
explanations (hypotheses) for the observations.

« Scientific information is generated
& scientists make discoveries .
rough testing z T
hypotheses. - -
- Ho: ‘There Is no dliference

between four different feeds or]
he rowth of newborn rats

5/15/2018




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 berejected.

If 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.

0 Prediction 1: Inexperienced birds will learn
from a distasteful experience with an rtl sadtoeat
unpalatable caterpillar species and will LCI
avoid them thereafter.

Hypothesis 2: Inconspicuous

caterpillars are palatable and their

cryptic coloration reduces the chance
that they will be discovered

and eaten.

0 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 Good to eat

5/15/2018



Assumptions

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

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:

il Birds and other predators
have color vision.

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

Formative assessment

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
theirsurroundings:.

- (b) State the nullform 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:_

5/15/2018



Planning An Investigation

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

@ Preliminary

J Aim and hypothesis are based on
observation.

Study is feasible and the chosen
organism is suitable for study.
(& Assumptions and variables

0 Assumptions and variables have been
identified and controls established.

J Preliminary treatments or trials have
been considered.

ill Data collection

u Any necessary changes have been
made to the initial plan.

:J A results table accommodates all raw data. Observation is the starting point for

. any investigation
;J 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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ldentifying Variables

« All variables (independent, dependent, and controlled)
must be identified in an investigation.
A

Dependent variable

Independent variable

Dependent and Independent Variables

How the dependent variable
changes depends on the Water Temperature vs Time Heated
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.

i'P Therefore the temperature of
the water is dependent upon
the length oftime it is left for.

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

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, rank!!d
or quantitative (or numerical). Q

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.

(/i Some examples of investigations are shown below:

Aim

-+ Independent
variable

_Inv_e_Stigate the effect

Ofy uying OepSndent varhible

on the followingsss . .

LN Widll

,PInt_hei hii't._age

month$'.-:

12



Stages In AnInvestigation

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 biological response is affected by
manipulating a particular variable.

o 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 controlled.

Sample Size

When designing your field study, the
size of your sampling unit and the
sample size (n) should be major
considerations.
lili A sampling unit might be (for example)
an individual organism or a quadrat.
('l 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 available to collect and analyze
your data.

It is usually best to take as many
samples asyou can, asthis helpsto
account for any natural variability
present and will give you greater
confidence in your data. Sample (n=23)

5/15/2018
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Replication
» Replication in experiments refers to the number of
times you repeat your entire experimental design
(including controls).

1l Increasing the sample size (n) is not the same as true
replication. In the replicated experiment below, n=6.

111dee11 1111
111 111 %ee 111

Watering regime Watering reglme Watering regim11(control) Watering regime
150 ml perdaywater al pH 3 160 ml par day water at pH 6 150 ml per day water al pH 7 150 ml per day water at pH9

111111111111
111111111111

Wotaring regime Watering rogimn Watartng regime (control) Watering regime
150 ml per day water al pH3 150 ml par daywaler al pH 6 150 ml per daywater al pH 7 150 ml per day water at pH9

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:

i:.i 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. ;

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

<lii Prediction: Species A will grow more
vigorously (as measured by wet weigh
after 20 days) at pH 5 than at lower or {
a higher pH. §

5/15/2018
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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 methodology.

Fluorescent strip lighting Fluorescent strip lighting

111111111111
111111111 111

Watering regime Watering regime Watering regime Watering regime
150 ml per day water 150 ml per day water 150 mlper day water 150 ml per day water
atpH 3 atpH 5 at pH 7 (control) at pH9

Making Investigations 3

Each treatment contains 6 plants (n =

Plan view of the

3, 9" 9
experimental layout
3=pH3
5= pH5
C = control (pH 7)
9=pH9

Note thatin 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 inthe 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:

iS| Fixed variables include lighting and watering
regime, soil type and volume, age and history of
plants, pot size and type.
\3 The independent variable is the pH of the water
provided to the plants.
The dependent variable is plant growth rate
(g day-1) calculated from wet weight of entire
plants (washed and blotted) after 20 days.
ell Other variables Include genetic variation
between plants and temperature.
Assumptionsinclude: All plants are essentially
no different to each other in their growth
response at different pH levels; the soil mix,
light quality and quantity, temperature, and
water volume are all adequate for healthy

continued growth Certain variables, such as pot size
and plant age, can 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.
<lii As part of planning an
investigation, a suitable
results table must be
designed to record raw data.
Once all the requireddata
has been collected, they
need to be analyzed and
presented.
1'11 To do this, it may be
necessary to transform or
process the data first.

5/15/2018

16



Transformations

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

Photosynthetic rate at
different light intensities

G 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 100 15 0.06Z

calculation such as a total, rate,
percentage, or relative value.

50 20 0.050
(it Calculation of a rate isa commonly
performed data transformation,
and is appropriate when studying 25 60 0.017
the growth of an organism (or
population).
11 85 0.012

(iii Biological investigations often

compare the rates of events in
different situations, as shown in 6 190 0.005
the example right.

Constructing Tables 1

Data can be presented in a number of ways.

Il 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 internode of bean plants receiving three
different hormone treatments (data are given * standard deviation).

Mean rate of . de | h
. _sample interOde 9r9wt) Mean'intemode lengt 1B
Treatmeitt size {Jn%_ﬁ,’ day (mm)

Control 60 Q.60=M4 32334 | FiipasEones
Hormon-e-1 4l . 1:52+-0-QB 416"+ Al o -0.51 + 0.030
Hormone 2 98 04?7 +0, 05 _ 38.4:t2.9 0.56 + 0.028

mn
Horri\one 3 2.06.£0.19 50.2;1;1.8 0JI1B"+ 0.020

5/15/2018
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Constructing Tables 2

« The rules for constructing tables are shownbelow:

Tablesshouldhave anaccurate, descriptive title.
Nornbee tables cocsecrelythcoogh the raport.

Independent variable
in left column
Table 1: Length and growth of the third internode of bean plants receiving

\ three different honnone treatments (data are given * standard deviation).
X Meanrateof . \1ooivtemode| Me.allmassof]
“Treatmen sample| |ntemode growth tiSSue:.tdded
e size (mmday-1)- -Jeflgth(mm dit;c')
Control values i Y. )
shouldbe L Eanirg 50 0.60 £:0.04. 323434 0,36.£.0.025
placed at the ) ) .
beginning of the HotmohEi-1 46 1.52."+ 0.08 416+3.1 0.51 -*_0.030
table. Hormona2 98 0.82 :: 0.05 384 4' 29 0.56 :+ 0.028
Ho onel 85 206+.Q.19 50.2_+18 Q.68 0,020

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

Each row should show a
different e xperimental treatment,
organism, sampling site etc.

Showvalues onlytothelevel Organize the columns so that

of significance allowable by

your measuring technique. orattributes|slisted vertically.

each category oflike numbers

Heading and
subheadings
identify each
data andshow
units of

measurement.

Tablescanbeused
toshowacalculated
measure of spread
ofthe values about
the mean (e.g.

standarddeviation).

Constructing Graphs 1

* Graphs are useful for providing a visual image of trends in the

data in a minimum of space.

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

p‘@ 07 -€- Sensillvestrain
2 <y ReESIStant strain -
11,06 -
‘C
,. 05
0 "
2 3 4 5

Antibiotic (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 should be numbered consecutively In your report.
Plot points accurately.
Different responses can
be distinguished using

Fig. 1: Yield of two bacterial strains at different aritiblotlc
levels. Vertical bars show standard errors (n "6)

different symbols, lines

The spread of the data around

or bar color.,. the plotted mean value can be
shown onthegraph. Such
label both axes - - - - - c measures Include standard
(provide Sl units (?] i = -7 777 deviation andrange. The values
of measurement 0$ are plotted as errorbars and give
If necessary) 0.a an indication of the reliability of
¢ themean value.
The dependent variable e.g. ,‘f! 0.7 ) ;
biological response, Isplotted -0 | ... A lfey 'dem'f'_es symhol.s.
onthe vertical (y) axis 1 lps This information sometimes
g, appears In the tlUe.
. . M
Abreakin an axis allows
economical use of space If o

there are nodatainthe ..,
"broken" area. A floating axis
(wherezeropoints do notmeet)
allows datapoints to be plotted
away fromthe vertical axis.

2 3 4
Antibiotic (g m- 3)

The Independent variable, e.g.
treatment,is onthe horizontal (x) axis

5

Each axis should have an
appropriate seals. Decide
onthe scale by finding the
maximum and minimum
valuesforeachvariable.

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(p).

Mean (avsrage) height of this
group of people is 1.7 m. But
what is the varia on In this
statisUc in the population?

5/15/2018
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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.

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.
Middle value when data arein rank Arrange data in Increasing
Median order. Measure of central tendency rank order. Identify the
for skewed distribuUons. middle value.
Most common data value. Good Identify thecategory with
Mode for bimodal distributions and the highestnumber of data|
qualitaUve data. entries.
sm:nZs?ifaf:{jelr;?;ebs??;:r:/tal?jes IdenUfy largest and smallest
Range Gives a crude indication of data values and calculate the

spread.

difference between them.

Variability in continuous
data is often displayed as a
frequency distribution.

Frequency Distributions

A frequency plot will

indicate whether the data
have a normal distribution,

or whether the data is
skewed or bimodal.

The shape of the

distribution will determine

which statistic (mean,
median, or mode) best
describes the central

tendency of the sample

data.

Frogquensy
-
@

Weight{g)

5/15/2018
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Measuring

T d

« 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
quite different.

« Inanormally distributed set of

0O 68% of all data values will
lie within one standard o5
deviation of the mean;

0 95% of all data values will 20

lie within two standard .
deviations of the mean. il 15

P The variance (s 2 is another 140

such measure of dispersion &

but the standard deviationis o
usually the preferred of
these two measures.

range can be

data:

X25  Xets X+1s
Slzeclass

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 (95% CI) which canbe plotted

as error bars.

P The 95% confidence limits are

given by the value of the mean =
95%ClI.

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

i For example, ifwe calculated the mean
number of spots on 10 ladybirds, the
95%C1 will tell us how reliable that statistic
is as an indicator of the mean number of
carapace spots in the whole population.

Dapendent variable
{bintogical responss)

P | [ 2
Range of the Independent variable

5/15/2018
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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
rejected in favor of accepting the ;*f‘fervéi‘tgg;fnh;‘;‘ji;’; shore crabs held at

alternative hypothesis that is be analyzed statistically
supported by the predictions. using a regression.
» Statistical tests may test for:
adifference between treatments or
groups.
It atrend (orrelationship) 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 ; T
required by the investigator.

9 Sampling techniques include:
8 point sampling
') transect (line and belt)

cl quadrat sampling
() mark and recapture

Inserting a 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.
<ill 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

In the first capture, a random The marked animals from the first The population is sampled again;
sample of animals from the capture are released backinto only a proportion of the second
population is selected. Each the natural population and left to capture sample will have animals
selected animalls markedina mix with the unmarked . that were marked in the previous
distinctive wav individuals. capture.

The Lincoln Index

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

The population is sampled by capturing as many
of the individuals as posslble and practical.

2. Each animal In the sample ismarked to
distinguish itfrom unmarked animals.

3. Animals are returned to their 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 to be valid).

5. The numbers of marked to unmarked animals in
this second sample is determined. The Lincoln
Index is used to estimate overall population slze.

5/15/2018
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Accuracy and Precision

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

« Inany study, accuracy refersto how close a
measured or derived

« value is to its truevalue.

« 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

- EsseAtial-l:eaming-SkiHs e0m13afifl§-data,settiH§--1.IP-a-Gol YmA-Gl:lai:t-,-cl:laAgiAg-c:l:lar:t-format.,,

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

1. Mrs. Jones recently polled all the students attending Baker Middle School. One of the
guestions she askedwas, "Whatis your favorite cafeterialunch?" The choices students could
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 Ai to
C6.

> Your chart should look something like this.

Favorite Lunch

3 @poc g OSwvow

A
]Is,onm L VO Qd’ @é\ «fb
<0 <'& =X

Lunch Choices

liBoys E:Girls




Activity 1: ColumnChart—

Essential Learning Skills: creating a column chart, changing alignment in a spreadsheet
file,chartformatsincluding labels, xandy axis', gridlines, titles, legends, moving charts
on the spreadsheet, creating a footer, setting up landscape format, and printing
directions.

L Ms. Parryrecently surveyed the students inher computer classes. She asked
them several questions. One question was,"Whatisyou favorite after school
treat?" Their choices included candy, chips, cookies, or pizza.

Cookies 80
Pizza 12

111 Number of
Votes




Activity 6 Getting Fancy with Pie Charts

Essential learning Skills: creating a Pie Chart, comparing two groups of data, chart )
formatsincluding labels, titles,legends, moving charts onthe spreadsheet, sorting data, l,
creating a footer, and setting up portrait format.

1. Ms. Parry recently surveyed the 30 students in her 8t period computer class. She
asked the students, "What color eyes do you have’?" Type theseresponsesintoa
spreadsheet file : : TR

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

8th Period Eye Colors

ill Green
10%
. H Gray
(Y
46% o 10% [1 Hazel
27% CIBlue
11111 Brown




Activity 7: Making a Line Chart

Essential Learning Skills: creating a Line Chait, chart formats including labels, titles, legends, moving charts on the
S readsheet

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

how he isdoing.
+ Setup aspreadsheet file so that it contains the following information.

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.

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

Billy's Bowling Average




Activity 8: Comparing Data in a line Chart
l
---1Essentiatlearning.-5kills:;_creating.-tl.Line_Cilact,_corop_ario_g_J:w_o_gr.oups of data, chJangj_o_g chart form!'lts -- |-
including labels, titles, legends, moving charts on the spreadsheet, creating a footer, and setting up Landscape
format.

1. It'sJune 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
erml' s 750.00% 9000 4
Term2 $ 450.00 $ 500.00
(Term 3 $ 45000 $ 450.00
Term4s 20000  $--200, 0., _i-

2. Create a line chart.
* Your chart should look something like this .. , ,,

School Store Profits

$700.00

$600,00
<eeeny._2006 Profit
-2007 Profit -

$500.00

$400.00

$300.00

$200.00

$100.00
$-




You are not allowed to collaborate with anyone on this assignment, Unless noted, the only resource you may use is your source packet,

slit:himllm:et11]]atee

-------- 1->- - -EJ.,periments-ancl-Representative-MOclels:-------—---—----

Directions: Read the accompanying sources in your summer 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 question.

2. What is the strength of each hypothesis?

2. binati .
1. Consider the strengths and weaknesses of each researcher's proposal. Which model is
most valid?

2. Explain your reasoning.

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

4. Which argument is most valid and why?



P . Protein Str [

Whal are the similarities in the arguments of Scientist 1 and Scientist 2?

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

b) Control
c) Constant

d) Variables in this experiment

What was the experiment trying to test?

What inference can be drawn based on Experiments 1, 2, and 3?

In which of the following ways was Experiment 2 different from Experiment 1?

Summarize each table in one or two sentences ONLY

P B rial Growth and Ligh



1. If not stated, what is the

a) Hypothesis
b) Control

c) Constant
d) Variables in this experiment

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

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

4. What inference can be drawn based on Experiments 1, 2, and 3?

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

6. How do the designs of Experiments 1 and 3 differ in tenms 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 and2?

3. A microbiologist has determined that the COz2 levels in the first experiment should remain
constant after the first day. Was this hypothesis verified? Explain,
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Sampﬂe Passage w ﬁ‘ %’(H.f‘l"?"‘ q% lY\nll} 1||> |-

Many bacte ia contain plasmids..-(small, circular DNA
molecules) 'Plasmids'can be transferred from 1 bacterium
to another. ":For this to oc'cur,- the plasmid repl cat s (pro'
duces a linear copy of itself). Th_e relative position: Qf-.the
genes.is the same on tP,e original _plasmid'and on the linear
copy, except that the 2 nds of the Hn ar copy do .not
immediately .connect. <,.

While- replication.is occurring, 1 end of the lin ar
copy- leaves the donor_ Dacterig.m and enters tb,e r cipient
bacterium. .fhus, the- order i whi b tg.e genes are- r'epli-
caled is the same as th order U+ which they,are-tra,nsfeired.
UnleSs this pro.cess is/interrupted, th6 entire plasm.id" is
transferred, and it 2 ends connect in the recipient bac-
terium,

);<our stude is studied. the way in which 6- geneS (F, X,
R, S, A, 'aTid- G) on a specific _plasmid-w'ere don-ated b}7 a,,
type of bacifo. ium (see the figure): The students. determined
that the en'tire plasmid.is transferryd in 99 mi  and that the'
rate of transfer is Qonst,ant. Th,ey also det'ermined that the:
- genes. are evenly spaced -atound the plasm.id so t gene -is
transferred every 15 min. They disagreed, however; about-
, the order in which the '.genes ate replicated atjd thus traps--
ferred. Four modeJs e pres_ented.'

LICLG 3

Studenrl

Replicat{on-- al ays begins betwein .Gene F and
GenelJC G<;:ne Xis repllcated first and Gene F is-replicii.ted,.’
last.- wi

- Student 2

eplicatioJ?. -. always begins between Gene R and
-Gene X. However, the direction- of replication varies. If

Gene T is replicated first,, Gene X I - replicated last. Con .
I_etrsely, if Gene "X is repllcated ijrst, Gene F is replicated
ast. -

, Student 3

Replication ¢ n begin between any 2 genes, Replici
ton-the proceeds around th.e,r.lasmid, In a Clocbvise direc
to.n.(w.lthrespeetto te figure). Thus ,if: Qere S is «
epl gated first,-Gene A,.-is repI|I7ated second, and Gen.eRis
.rephcated Iast - Co e '

110 The O,NLY Off\olal PrepGulde h
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During p-lzophaseIofID;e|05|s,'homoIo'I;-"sl.' , P . -0--- P
somes frequently eXchange -segments .in a' process called 0,47 : "
crossing over. As a reS-rilt, genes on homologous chromo- :
somes recombine, forming new allele combinations along !
chromo_somes (see PigUre 1). 0.3 |1t f
0.2 |17y ;
0,1 i h
IR R
aA A O 2040 60 80 100 120 140 160 180 200
homologous ;
chromosomes map distance (m)
_beforecrossing b b B B _
ove .accurs \ Figure 2

: Four r searchers performed -a series of exp rimenis to
determine the RF for various pairs of J;enes 9n a chromo-
some. They then used the mapping function to determine
tl).e map distance between each pair. The results appear in

Table 1.
. crossing over_
Table 1
- Map distance

Genes RF (mu)

Ag A AandB | 0,165 20

homologous - Band C | 0.226 30
chromosomes AandD | 0.122 14

aftercrossingg b b B B
over occuts

Each- of t e 4 resear_chers then proposed a model that
rs 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 lengt,hs of the
genes are short eno\J.gh that they can be ignored when cal
Culating,the map distance between genes.

Figur 1.

Researcher Model
1 D A B i
2 A' DB C
Because -the frequency of recombination (RF)
. map distance (distance along a chromo- 3 DC A B
some, i'n map units [mu]) between 2 genes incr ases.RF
can be used to estimate the map distance between genes on 4 C A DB
a chromosome. Howe,(er,: s the map.distance between
2 genes increases, the probability of multiple crossovers
increas.es, Multiple crossovers decrease the apparent RF . Figure 3
en 2 genes, resulting in RF values that un<ierestima\e
map a:tsmrc-e-. TO compensate fot this effect, reseaTchers - Later a fifth researcher working with th same .chro-
us_e a mapping function. to better estimate the map distance mosomee ;nd .the salD.e g nes determined that the -RF for
between 2 genes based on their_RF (see Figure 2), Genes A and Cis D.09L .

GO ON TO THIE NEXT PAGE.
758
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,ra.SJ;Ja_g :::, .Oec CUI Yor % .. c\Jlr Lver

A polypeptide molecule i;a ham of— - aC|d A
protein consists of '1, or-more 'polypeptid,s. A,protem’s.
shape is described by 3 or 4 | vds,of structure,

L. af+aen%nma§tw@aen myeérmel _\he SEuence:,

2. The secondary structure Of a p;pteinis _the Iocal
folding patterns ,within- short se ments. of _:each -
polypeptide due to hydrogen bqndmg _(wealc. chem

. ical bonds), . s,

3. Th - tertiary struct,ire Yi the foldlng patterns that .
result froin interactions between anii:O:0-acid-side
chains (parts of an amin.o acid} in each polypep- ¢
tide. These .folding p'att_erns generally occur acro_s .-

- gre3:ter dis'tanceS tll .n t -S as§octatp /1y}th the-
- secondary structure. ,

4 The 4{1tfrnarY, Structure ISth re.s. qlt of -theJ;J--.,
tering between-n:wre than 1 folded polypeptjde,_

A 'protein 'can adopt different shapes nd' each shJpe.
has arelat ve energy. Lower- energy- hap¢s-are plore_.stabl .-
- than bigher e:pet'gy shapes, ang a 'pr_oEein -with.a relat|Ver
- high-energy shape ri:tay denati,re (unfdl!l) and then renature
.. (refold), adopting a more .stable shape, A protein ‘that is .
almo_st c9mpletel)' de:g.ature'd is' called"7 a ralldenj Coil..
Rando.m'coiJs- are unstable; because they'are-high-energy

s.4aps; :however, sotp.e can renalure adopt,i.rig rpore S'table
Shapes.

TWo S<?ienti ts dis6\iss protein-SAap _, .,

Scien'tist 1 *fee

* a~ The act(ve shape (the bfoiogi ally functlon shp) 6(
protein: is -8.lways identical t,b the protetn"s: l0:W s.i: ene_rg"y-,
. shape. 'Any other shap would -be ui)stab[e, Becausey L,
protein's !owe.st-energy shapds- detennined-by- its pnmary
strtlcture, its acttve s -ape is determlned by HS- Ptlmaty
- structure.

.Si;ientist 2 L
The active shape, of a protein is dependenl_ upon its
primary structure. However, a protein's ,actiVe shape may
also'depend o'h'its process of.synthesis, the order: (in tip'J.e) ,
,in.which the aminoiacids were bonded tog,i,ther. As syn- ..
. thesis dccurs, stable, locatstructtires form withip shq,t s'eg-
ments.of 'the potypeptide chain..que t.o hydrogen, boiidi_ug,
These local structures inay be differe;nt than the local struc'/
tures asSObiated yVith the-protei 's. low s-t-enE.rgy shape,.
-After synthesis; these'struotures persist, trapping the pro,-
tein in- an -acti. e shape. th_at, has |pore energy than its
Iowes t-energy shape. o .

1
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Tomato plants grow poorly in.high-salt enviroriinents..
TJ,is effect is caused by 2 processes:

« A net mo'vemeni of H,0 between the-cytoplasm of the
plants' cells.and the enyironmen.t via.osmosis

oAn increase in the ¢)7toplasrirlc-Na+ conc n tion

_ The  plant Ai-abidopsis thalia a carries a gene,
AtNHXI. The product of this gene, VAC, facilitates uptake
-of cytoplasmic Na+_by the plant's vacuoles.

. *. A researcher created 4 genetically identicale lines- of
tomato plants (L1-L4). An AtNHXI gene from Arabidopsis
thaliana was isolated and 2 identical copies of this gene
. were inc-orporated into L1's g'e.nome. , This prOcess Was
repeated with L2 and L3 using a difforent AtNHXI allele
for each line, so that LI, L2; and L3 had «different geno'
_types for AINHXL The researcher then did anexperimel)t..-

Experill;ent
Fifty seedlings from each of the 4 lines were gr_own-in
10 L of nutrient solution for 80 days. The 10 L nutrient.

- solution contained H,0, 12 g of fertilizer, and 3' g of NaCl.
The nutrient solution was replaced every' 5 days. After
80 days, average height, average mass (without fruit); and
average fruit mass (per plant)_were measured (see Table 1).

B

Til:ble |

3 g of NaCJ/10 L nutrient solution

Height | Mass | Fn;tit mass
Line | (cm) (kg) (kg)

LI 124 1.2 2.1
L2 128 1.2 2.0
L3 120. 1.2 2.1
L4 124 1.2 2.0

This process was repeated except the 10 L nutrient
solution contained 60 g of NaCl mstead of 3 g of NaCl (see
Table 2). .

Table 2

60 g ofNaCl/10 L nutri_ent solution

.| Height | Mass |Fruit mass
-Line | (cm) (kg) Ocgq) -

L1. 119 1.1 1.9

L2 121 11 1.9

L3 61 0.4 1.1.

L4 63 0.5 1.0
°

622

0 000 o o0 o0 04

- P:issag_le_ 40-rr.. A\:,-- N\ nfS- ————- he,.p.,:o0.c__

el)t solut10n contamed 120 g of NaCI mstead of 3gof NaCI
-(see Table 3).

Table 3
120 g of NaCJ/10 L nutrient solution-
Height | Mass Frui't mass
Line | (CJdJI) (kg) (kg)
LI 118 1.0 1.8
L2 115 1.0 1.7
L3 34 0.2 0
L4 36 0.3 0

Tables:1..!.3 adapted from Hong-Xia Zhang and Eduardo Blumwald,
"Transgan!c Salt-Tolerant Toma-to Plants Accumulate Salt In

Foliag_e SutNotin.Fruit." ©2?Q1byNature Publishing Group..-

asrnpe.ated..again_:xcept.the. W-L--nutEi ---t--;---
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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.

sl s
% 35{ :5‘; 35471
R g 304
% 254 g 254
B 5 299
Zsd £ 1541
§ 104 2% 104
&4 5 4
pdd 1 Lid 0 .
f'-lln,;,rm lllomoon full' Nomoon
k l.Ight-ook,re:I wil Ek Oark...okm,d s<>il
Interpret the Data
* (a) There is more than one
. ) . 40 4 40
independent variable in these C a5 Il:i)ll 'L%ht;g::
graphs. What are the independent E' 3 ' ’
variables, the variables that were (.'l 007
tested by the researcher? Which ,J Ch
axis of the graphs has the LR b
independent variables? '5 1105“*.‘
+ (b) What is the dependent variable, !idf
the response to the variables being 0 i

tested? Which axis of the graphs
has the dependent variable?

Fullmoon Nom™1
A: Light-<:Olored wit

Full moon a1 TI<I<In

Ik Dant-colored s<>il
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Interpretthe Data
+ 2. (a) How many dark brown mice at 40 |p
: . - Mht-1
were caught in the light-colored o 3 i 35 |[. :Oerkco: t
soil enclosure on a moonlit night? § 3
* (b) How many dark brown mice ,g 25
were caught in the dark-colored « 204
soil enclosure on a moonlit night? & 154
£ :
+ (c) On a moonlit night, would a 219
dark brown mouse be more likely 51
i ad el L1k
to escap_e predation by_OWIS On_ Fullmoon Nomoon full moon No moon
dark- or light-colored soil? Explain /ir. Light...: k redsoil S:0.rk<olored soil

your answer.

+ 3. (a) Is a dark brown mouse on Ay 40 1t:::J Ughtei at
dark-colored soil more likely to z By 501 85 IRiNY:Perk™|
. z ® 5 30
escape predation under a full g - Il 26
1 2 .. P ]
moon or with no moon?~ _§ 0] & a0l “
« (b) A light brown mouse on light-  # &4 ) 15 4
colored soil? Explain. §_ 04 £ 104
RS 0
Fullmoon Nomoon full ™™ No moon
A: Light-o:iloredsoil B: O.rk<nbretlso,1
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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)?

“Fullmoon Nom<>0n
A: Ught-oolore,hoil

D  ugiltcoat
HI O.irkcoal

B: tlatk,<:olarad soil

Full= Nomoon -

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 caughtin
moonlight versus no-moonlight
conditions. Which condition is
optimal for predation by the owl
on mice? Explain your answer.

Humberaf mice cught

404 D 1Mt ceat
4 1illl Dark -
304
pi g
@
154
104
S
-t

Fulliti000 NP moon
A:llgt,t,<;'llol'ldsoil

Numberaf e caught

364
254
204
154
104
.5..1.:

i

full moon No moon
B:0..rk<0Obred, 0N
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Interpreting
Data

Calibrating a Standard Radioactive Isotope Decay
Curve

When Did Neanderthals B me 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 useit
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 wascollected.
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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 plant.
While an organism is alive, the 14C in 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 butthe 14C in itstissues 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 to the ratio of 14C to
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 14C is 5,730 years-in
other words, half of the 14C in a fossil decays every 5,730 years.

neallii/Inteprding Data

Lol

Data from the Experiment

* The researchers found that the s, b= hat
Neanderthal fossil had approximately s 0.8 Npsinsn B
0.0078 (or, in scientific notation, 7.8 - 074:

*10-3) as much 14C asthe atmosphere. -fl 05:

* The questions will guide you through Loa”
translating this fraction into the age of §02 4"
the fossil.

_C. I . . ‘Hll.llli__ _l_ _+
ITT g i .. .
O A 2’ :’34-—5 [ St = = ]

Time before present (halt lives.)
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Interpret the Data

+ 1. A standard graph of radioactive isotope decay is
shown at the top 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 isotope 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
and write the fractions on the graph near arrows

pointing to the data points.

 Convert each fraction to a decimal number and round
off to a maximum of three significant digits (zeros at the
be inning of the number do not count as significant

digits).

« Also write each decimal number in scientific notation.

m Pndinf rpre/Jag Data
1110 +

,a09

ki

on

10
a

I on
(13]
Jio24

e L Jeee
0 1 2-3 & 3 B 7 1
Timse bofor prasant half-lives)

Interpret the Data

2. Recall that 14C has a half-life of 5,730
years. To calibrate the x-axis for14C decay,
write the time before present in years below

each half-life.

vve dnd fikerireBing Daba

Fraction of isctops remsning in ol

Tinw tiilrfow p-mnt (h.a!f.livl/Si
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Interpret the Data
weand /nferprehHg Dgtg;_ :

+ 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
the approximate age of the Neanderthal fossil in
years (round off to the nearest thousand)?

Fraction of metops rmaining in fowd
=]
W

A g
3 4 6 1 & 3

. i i L 5 :
(c) Approximately when did Neanderthals become i i bl et ot et

extinct according to this study?

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

Interpret the Data

rve and Interprefing Data

* 4. Carbon-14 dating works for fossils up to s
about 75,000 years old; fossils older than '
that contain too little 14C to be detected.
Most dinosaurs went extinct 65.5 million
years ago.

Fraction of otope mmaining n fowd
o o
= ow

* (a) Can 14C be used to date dinosaur

bones? Explain. ot

7

. . . . ore present alf-lves

* (b) Radioactive uranium-235 has a half-life i 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
ScatterPlotwitha
RegressionLine

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.

* In this exercise, you will analyze data from a controlled experiment that
examined the effect of carbonate ion concentration ([CO ;3 27 on calcium
carbonate deposition, a process called calcification.

10
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How the Experiment Was Done

* The Biosphere 2aquarium 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.

Tud
o

sy
E=2

ziciication rata
(et CaC A« chid

220 %60 280

rcor 1 umollkgofSl.liwater)

11
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Interpret the Data

* 1. When presented with a graph of
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.

3

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

Cadlcalonsate
[sticv beww ) P F
a

prr

140 161

1C:°"1, tif1i:11Mtt:33(1

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?

Catleatonras
SR S A e 0 3

0.5 fpmolg af seawaten

12
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Interpret theData

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 pmol/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?

(c} If carbonate ion concentration decreases,
how does the calcification rate change, and how
does that affect the time it takes coral to grow?

Uallcalonrae
[hishice Se e ] s =

o i
2z

T 240: 2M

1¢:0;/"J (JJ!nolitsrotseawa\)

1SJ)

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?

| Cafieatonrate
{mimied C:fﬁ,fm? «da

-

B

2

13

1C0T T [pmol®g of seawaten

280

13



Analyzing
Polypeptide
Seguence Data
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AreRhesus MonkeysorGibbons MoreClosely Relatedto
Humans?

tturnm GJbbon

* 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
polypeptide chain of hemoglobin, often called -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 canisolate the polypeptide of interest from an
organism and then determine the amino acid sequence.
More frequently, the DNA ofthe relevant geneis sequenced,
andthe amino acid sequence ofthe 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 p-globin from humans,
rhesus monkeys, and gibbons.

Because acomplete sequence would not fit on one line here, the sequences are broken intothree
segments.

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

Pedell Alignment o! amirz agd Se:qoonces of p.gloh!n

Human 1 VJILTPEBKSA VTALWGKVNV DEVOOBALGR LtVVYPWTQR FFESFGDLST
Monkey 1 VIILTPEBKNA VTTUIGKVNV DEVOOBALGR LLINYFWTQR FFESF-GDLSS
-Gibbon | VHLTPEBKSA VTALWGKVNV DBVGGBALGR LL. VWYPWTQR FFEISFGDLST
Human 51POAVMGNPKV KAHGKK'JLGA FSDGLAHLDN LKGTFATLSE LHCDICLHVDP

Monkey 51 PDAVMGNPKV KAHGKk"V'LGA FSDGLNHLDN LKGTFAQLSB LHCDKLHVDP
Gibbon 51PDAVMGNPKV KAHGKKVLGA FSOOLAHLDN LKGTFAQLSE LRCDKLHVDP

Human 101 ENFRLLONVL VCVLARRFGK E:FTPPVQAAY QKVVMVANA I.AH.KYY
Monk!?} 101ENF .KLLGNVL VCVLARHPGK EFTPQVQOMY Q1WVAGVANA LAHKYR
Gibbon 101. ENFRLLGNVL VCVLARHFGK BFTPQVQAAY QKWAGVANA LAHKYH

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?
* (b) Between the gibbon and human?

| Spedes

Human
Monkey
Gibbon

Human
Monkey
Gibbon

Human
Monkey
Gibbon

IIIIgpment of Amino A<:ldSequena,, of p-globln

--------- i

1 VILTPEEKSA VTALWGKVNV DEVOOEALGR LLVVYPWTQH FFESFGDLST

1 VHLTPEEKNA VTTLWGKVNV DEVOOEALGR LLLVYPWTQR FFESFGDLSS
1 VIILTPEEKSA VTALWGKVNV DIIVOO!ALGR LL VWYPWTQR FFESFGDLST

SIPDAV'MGNPKYV [IARGKKVLGA PGOOLA!ILDN LKGTFATLSE LRCDKLI'VDP
51 PDAV'MGNPKYV liIAHGKKVLGA FSDGLNHLDN LKGTFAQLBE LHCDKLHVDP
SI PDAV'MGNPN\-V ICAHGKKVLGA FSDGLAHLDH LKGTFAQLSE LHCDKLHVDP

101 ENFRLLGNVL VCVLAHHFGK EFT?PVQAAY QKVVAGVANA LAHKYH
101 ENPKLLGNML VCVLAIIHFGK EPTPQVQAAY QKVVAGVI\NA LAHKYH
101 ENFRLLGN\IL VCVLARHPGK EFTPQVQAAY QKVVAGVANA LAHKYH

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

the human sequence of -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?

| [Z'd_.. 111 l:conm . tlinoA<ids.quo 21 1,

Human IVIILTPEBKSA VTALWGKVNV DEVGGBALGR LLVVYPWTQR FFESFGDLBT
Monkey NILTPENINA VTTLWGKVNV DBVOOEALGR LLLVYPWTQR FFESFGPLSS
Gibbon 1 VELTPEEKSA VTALWGKVNV PEVGGBALGR LLVVYPWTQR FFESFGPLST
Human 51PDAVMGNPKYV KAHGKh'VLGA FSDGLAHLDN LKGTFATLSE LHCDN'LI'VDP
Monkey 51 PDAV'MGNPKY KAHGKKVLGA FSDGLIllILDN LKGTFAQLSE LHCDKLI'VDP
Gibbon 51 PDAVMGNPKY KAHGKKVLGA PSDGLAIILDN LKGTPAQLSE LHCDKLI'VDP

Human IOIBNFRLLGNVL VCVLAHHFGK BFTPPVQAAY OQItVVAGVI\NA  LAHICYIi
Monkey 101 BNFKLLGNVL VCVLAHHFGK BFTPQVQAAY QItVVAGVANA LAHICY!i
Gibbon 101 ENFRLLGNVL VCVLAIHPGK EFTPQVQAAY QItVVAGVANA L\HKYH
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UsingaScaleBarto
Calculate Volume
and Surface Area of
a Cell

5/15/2018

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

« 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 fromiit.

* 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.

Blsture parent
gl
Iunn :
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Interpret the Data

« 1. Examine the micrograph of the yeast cells. The
scale bar under the photo is labeled 1 um. The
scale bar works in the same way as a scale ona
map, where, for example, 1 inch equals 1 mile.

+ Inthis case the bar represents one thousandth of & g4,-
millimeter. Using the scale bar as a basic unit, el
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.

« 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 V=4
3.14, d stands for diameter, and r stands
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, animportant energy source for animals, is transported into cells
by facilitated diffusion using proteincarriers.

* 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 theExperiment

* When you have multiple sets of data, it Glu::CITT: Uptaki; OverTimein Guinea _Pig Red Bicod Celli
can be useful to plot them on the same o et
graph for comparison. : '

* In the graph here, each set of dots (of the E% m.j:_
same color) forms a scatter plot, in which %% 52
every data point represents two numerical 8% .

ValueS, one for each variable. t3§ L
B 0 + 15y-cldgtlINII_Pig:_

« For each data set, a curve that best fits + 1--month-Ofd gt.Jmaapig
the points has been drawn to make it s IR TR
easier to see the trends. IncubationNM UTiinl

Interpret the Data

) G[u::ose Uptake Over Time in Guire.a-Pig REd Blood Ce:11}
+ 1. First make sure you understand the

parts of the graph. b
* (a) Which variable is the independent ‘_E i
variable-the variable controlled by the ,EE -
researchers? %‘g
HE a0
* (b) Which variable is the dependent :S‘_ﬁ
variable-the variable that depended L

on the treatment and was measured by Eleia e
the researchers? O % % 9 @ @

l.rm.ib.ation time{min)
* (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. Allassessments (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.

Always properly cite and credit sources that are notyour own (text, data, pictures, etc.).

G. Copying work, fullorin part, isinviolation 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 fromthe
Honor Society (and/or equivalent school organizations), contact to home and possibly further disciplinary
measures 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.*

Pl r nd sign below the followin

"I 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.
I 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 ." 2

Student Signature
1. River Hill High School, Clarksville, MD -Public- http://www.howard.kl2.rnd.us/rhhs/honor/honorcouncil2.htm
2. http://lwww.ethicsed.org/progra ms/integrity-wo rks/pdf/HanorPledgeExa m ples. pdf


http://www.howard.kl2.rnd.us/rhhs/honor/honorcouncil2.htm

For the classroom

1. wwml

AII of the following-

it il

F-ee: AA(11Sq .?1¥

H-“Mﬂ > s9111
13.+ La g|'v Pyl

d), 1if nri1g1As8esm L1l
Ib Ia? tt|{11t3|1"|thr1& CJII}IT}
d) | St n m switnJa- (extril rg )

[>:% :.2,-00ls'9f-p ped 1.
$,+.. t?2UonRfi,,jU gwai rl
Ipatk()frep RELL:( -
Donations (thank you}
1. Large box oftissue
2. Sanitizing wipes for desks

For students to keep

Microsoft Office© applications will be the primary software applications used. Adequate computer resources
are available in the classroom as well as throughout the school.
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