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INTRODUCTION TO GENETICS AND
PATTERNS OF INHERITANCE

ENCOUNTER THE PHENOMENON

Why are these siblings not
identical? <

Ask Questions

Do you have other guestions about the phenomenon? if 50, add them to the driving
guestion board.

Claim, Evidence, Reasoning

Make Your Claim Use your Collect Evidence Use the | Explain Your Reasoning You
CER chart to make a claim fessons in this module to will rewvisit your claim and
about why these siblings are coblect evidence to support explain your reasoning at the
not identical. Explain your wour claim. Recard your end of the module.
TEAsonmng. evidence as you move

through the modulke.

B GO OMLUIME to access your CER chart and explore resources that can help you collect
evidence.

LESSOM L Explore & Explain: LESSOM 4: Explore & Explain:
The Inheritance of Traits Pedigrees
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LESSON 1
MENDELIAN GENETICS

FOCUS GUESTION

What is the significance of Mendel's experiments to the study
of genetics?

How Genetics Began

In 1866, Gregor Mendel, an Austrian monk and a plant breeder, published his iindings
on the method of inheritance in garden pea plants. The passing of trails o the next
generation is calied inheritance, or heredity. Mendel, shown in Figure 1, was successiul
in sorting out the mystery of inheritance because of the organism he chose for his study—
the pea plant. Pea plants are true-breeding, meaning that they
consistently produce offspring with only one form of a trait.

Pea plants usually reproduce by seli-fertilization. A common
oocurrence in many fowering plants, seli-fertilization occurs
when a male gamete within a [lower combines with a female
pgamete in the same fower. Mendel also discovered that pea
plants could easily be cross-pollinated by hand. Mendel per-
formed cross-pollination by transferring a male gamete from the
flower of one pea plant to the female reproductive organ in a
flower of another pea plant.

Mendel rigorousty followed various
trails in the pea plants he bred. He analyzed the resulis of his
experiments and formed hvpotheses concerning how the traits
were inherited. The study of genetics, which is the science of
heredity, began with Mendel, who is regarded as the father of
genetics. Figure 1 Gregor Mended ks knowm as the

Tativer of !i;.'I'IE"‘:ILE.
E Get It?

Imfer wiy it i= imporiant that Mended's experimenis used a true-breeding plant.

i
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X
%
E
I
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INVESTIGATE
I|I:'_- Lz your Scienoe boumal o ¥ GO DMNLIME 10 find these aciivilies and mofe resounes,

Tecond the evidence you callect as ﬁ Applying Practices: Punnett Squares

you CoMmpeete the readings and H5-L53-3. Apply concepls of statictics and probabdily 1o explain the variation and
activilies in This lessan.

oy P B

distribiian ol sxprescad [rab: o & popalstion
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The Inheritance of Traits

Mendel noticed that certain varieties of garden pea plants produced spedfic forms of a trait,
green seeds and others always produced vellow seeds. In order 1o understand how these
traits are inherited, Mendel performed cross-polination by transferring male gametes from
the flower of a tree-breeding gresn-seed plant to the female organ of a flower from a
true-breeding vellow-seed plant. To prevent sell-fertilization, Mendel removed the male
organs from: the Bower of the vellow-seed plant. Mendel called the green-seed plant and the

vellvi-seed plant the parent generativn—also known as the P generation.

F, and F_ generations

When Mendel grew the seeds from the cross between the green-seed and vellow-seed
plants, all of the resulting offspring had vellow seeds. The offspring of this P cross are
called the first filial {F} generation. The green-seed trait seemed Lo have disappeared in
the F, generation, and Mendel decided to investigate whether the trail was no longer
present or whether it was hidden, or masked.

Mmddpiﬂnﬂdﬂeﬁﬂenmﬁmnipﬁm'sud&aﬁnwedmephﬂswgmwand
self-fertilize, and then examined the seeds from this cross. The results of the second
fifial (F.} generation—the offspring from the F| cross—are shown in Figure 2. Of the
seeds Mendel collected, 6022 were yellow and 2001 were green; almost a perfect 3:1
ratio of vellow to green seeds. Mendel studied seven traits—seed or pea color, flower
colbor, seed pod color, seed shape or texture, seed pod shape, stem length, and fower
positicn—and found that the F, generation from these crosses also showed a 301 ratio.

Parantal
genaration () First filial Secand filial
| pure-breeding) genaration [F) generation (F)

Q

elvw peas

imete)
x*@ﬂ

Green peas 022 yeliow - 2001
: gresn
{female) 501

Figure 2 The resufts of Mendel's ooss rsalving ires-iweeding pea piants wilh yeliow seeds and green
seedls are showin here

Expladn wiy fhe seedy ba the £ gameranion were o peifow
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Genes in palrs

Mendel concluded that there must be bwo forms of the seed trait in the pea plams—yel-
low-seed and green-seed—and that each was controlbed by a factor, which now is called
an allele. An allele ts defined as an alternative form of a single gene passed from gener-
ation to generation. Therefore, the gene for yellow seeds and the gene for green seeds
are each different forms of a single gene. Mendel concluded that the 3:1 ratio could be
explained if the alleles were paired. He called the form of the trait that appeared in the
F, generalion dominant and the form of the trait that was masked in the F, generation
recessive, In the cross, the vellow seed was dominant and the green seed was recessive.

Dominance

When Mendel allowed the F, generation to self-fertilize, he showed that the recessive
allele for green seeds had not disappeared. Mendel concleded that the green seed form
of the trait did not show up in the F, generation because the yellow-seed form of the
trail is dominant. ¥When it i presend, il masks the allele for the green-seed form.

When modeling inheritance, the dominant allele is represented by a capital letter, and
the recessive allele is represenled by a lowercase letter. An organism with two of the
same alleles for & particalar trait is homorygous (ho muh Z1 gush dor that trait. Homooy-
gous, vellow-seed plants are Y'Y and green-seed planis are yi. An organism wilh two
different alleles for a particular trait is heterozygous (heh wh roh ZY gus) for that irait.
A bean plant that is heterozvgous for the trait of seed color is Ty When alleles are
present in the heterozvgous state, the dominant trait will be-observed. The recessive
trait will be masked.

Genotype and phenotype

A yellow-seed pland could be homozygous or helerozygons. An oTganism s appearance
dioes not always indicate which alleles are present. The observable characteristic or
outward expression of an allele pair is called IMMF.TI}E phenatvpe of pea
plants with the genotvpe y will be green seeds. The organism's allele pairs are called
its genotype. The genotvpe of vellow-sesd plants could be YY or Y. In plants with
green seeds, the genotvpe is vy

& et

infer whether an individual with a recessive phenotype for a trait is heterozygous

or homozygous for that trait
e
hamarygous Genetic Counsalar
heterarypous dre you nteresied in gensbos? Are you & good listensr and @ Srong commi:
cime froam the Gresk words Aomas,. nicator? Genetic counselors use Mendelian principles and other genellc

meaning the some; hefan, mesmng concepts to assess 3 person's risk for inheriting 3 genelic dsarder. Thay
other ot differant; and Zygoa, maaning prondide imfarmation end educational suppait to patkenis &= well as b madical
poRs professionals |8 places like hospitals and Clinkcs.

Eopyrighd & M Coseritd Eshastas:
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Mendel's laws

Mendel u=ed his results o develop the law of segregation and the law of independent
assortment. These laws can be applied o analvze patterns of inheritance.

Law of segregation Mendel wsed homozyvgous yellow-seed and green-seed plants in
his T cross. In Figure 3{A), the top drawing shows that each gamete from the vellow-
seed plant confains one Y. Kecall that the chromosome numbser & divided in half
during meiosis. The gametes thi are generated contain only one of the pair of seed-
cobor alleles.

The bottom drawing in Figure 3(A) shows that each gamete from the green-seed plant
conlains one i allele. Mendel's law of segregation states that the two allefes for each
trail separate during meiosis. Dunng fertilization, two alleles for that trait unite.

The third drawing in Figure 3{B) shows the alleles uniting to produce the genotvpe Yy
during fertilization. All resulting F, generation plants will have the genotype Vi and will
have yellow seeds because yellow is dominant o green. These heterozypous arganisms
are called hybrids.

Eﬁetlt?

Restate Mendel's law of segregation in your own words.

o mummm @
Gamates
() —=——= mm{ sl g
Y yellowpen g LS Fy Hybrd
iy = yell
@) () sy
. Growes inta nt Camete coirEnant trail
_L!umﬂm
Jy grcen pea . ¥ = yeliow-determining alile

¥ = gresn-dedemmining 2lisle

Figure 3 Curing gamete dormaison in the ¥¥ or y) plant, the two alleles separate. resulting in ¥or pin the
gametaes Gamates from e parent unile during ferilization

Explain how the Zyopoie thiet recults from fartiinmiion hos o ditfersnr genofype Hhan ailfsey porem pant

ACADEMIC VOCABULARY ({53 CROSSCUTTING CONCEPTS

generated Cause and Bifect Wrie an explanabion about how how the law of segragation
produred o oeated can be uwsed to predict the afisles inherfed by an indesdual Cite evidence from
The gometos thar are genevoled daring | e text and Figune 3 in your explanation,

FRSTIS SO Doy ane aldais fram

el o
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Law of independent assortment Mendel also experimented with the shape of the
peas as well as the color. He noticed that smooth, round peas were expressed more
than wrinkled peas. He noted the dominant, round peas to have an allele B and the
reécessive, wrinkled peas to have an alkde r.

Mendel crossed two types of peas in the parental generation: a dominant round, yellow
pea (YYRR) with a recessive wrinkled, green pea {yyrr). He found that all of the F,
BETIETALIM Had the same phenotype: round, vellow peas, or the genotype YyRr.

Mendel allowed F, pea plants with the genotype YyRr to self-fertilize in a dihybrid cross.
Memdel calculated the genotvpic and phenotyvpic ratios of the offspring in both the F,
and F_ pensrations. From these resulls, he developed the law of independent assort-
ment, which states that a random distribution of alleles oocurs during gamete forma-
tion. Genes on separate chromosomes sort independently during meiosis, as shown in
Figure 4.

The random assortment of alleles results in four possible gametes: YR, Yr, yE or yr, each
ulwhi:hEu@aﬂyﬁh@hmiﬁ?ﬂnapﬁnlsﬂlﬂﬂiﬂ.ﬂﬁﬂfﬂﬁhmam
combinations could be present in the male gamete, and anv of the four combinatiomns
could be present in the female gamete.

B cetre

Evaluate How can the random distribution of alleles result in a predictable ratio?

Alsles in Gameis Possible allede
e m=e
parental cefl formation CoMmbinations
In gametses

Figure 4 Tnelaw of indegendent assariment i demorstrated by the equsal chanoe that each pas of allsles
| ¥y and 8} Can randomly combing with sach other

Predict bow many pessibie gomele fpes con be odced.

Copyrighd & M Coaimitll Fobanins
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Punnett Squares

In the early 1900z, Dr. Reginald Punnett developed
what is known as a Punnett square to predict the
poszible offspring of a cross between bwo known
genotypes. Punnelt squares hedp keep track of the
possible genolypes nvolved ina cross.

Monohybrd cross

The diagram in Figure 5 shows how Mendel contin-
ued his experiments by allowing the Yy plants to
seli-fertilize. A cross such as this one that involves
hybrids for a single trait is called a monohybrid
cross. The Yy plants produce bwo types of gametes—
male and female—each with either the Y or v allele.
The combining of these gametes is a random event.
This random fertilization of male and female gam-
etes resulls in the following genotypes—Y7Y, Yy, Y,
or yy. as shown in Figure 5. Notice that the domi-
nant ¥ allele is always writlen frst, whether it came
from the male gamete or the female gamete. In
Mendel's F, cross, there are three possible resulling
genotyvpes: 1Y Yu, and wy; and the genotypic ratio is
1:2:1. The phenotypic ratio is 3:1—yellow seeds o
green seeds. The genotvpic ratio and the phenotypic
ratio differ, because two different genotvpes—YY and
Yy produce the same phenotype.

5 .‘.I".!:'; Yellow pea o Green ped
' .
@. ®

Male S~ -7 Female
L

mese mefe
0a ¥ a3
£ (¥ ) Yeliow pea
Wa'e Famaie
Sefl-farlilization
? x ?

T
Yekow peas Gagsan paa

Figure 5 Durng the F, generaticn sell-ferfifzation, the
ke gamedes randamiy ferSee the iemale gameips

Do vou have freckles like the boy in Figure 67 The appearance of freckles is a dominant
trait thal can be represented by (F). Suppose both of your parents have freckles and are
heteroevgous (Ff) for the trait, What possible phenotvpes could vou or vour siblings

he?

Figqure 6 Feckiss are a
harminan trait

Identity ffe ganolyoes Ml cam
pragure fur phensiype
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Examine the Punnett square in Figure 7. The number F = Ereclijes present
of squares is determined by the number of different f= Freclles missing
tvpes of alleles—F or —produced by each parent. In

this case, the square is 2 x 2 squares becapse each

parent produces two different tvpes of gameles. The Q @ P4
male gametes are wrilten across the horizontal side
and the female gametes are written on the vertical
side. The possible combinations of each male and
female gamete are written on the inside of each
corresponding square. -Fi'-'
How many different genotypes are found in the -CF)

' Gameta ypes

Gamaie
ey

D

Punnett square? One square has FF, two sqeares have
Ff, and one square has (. Therefore, the genotypic
ratio of the possible uﬁspnngm 1:2-1. The pheno-
tvpic ratio of reckles to non freckles is 311

et

e

Dihybrid cross
Once Mendel established the inheritance pallerns  Figura 7 Frackles ae a dominan rall. Tne Punnet squsre
of & single trail. he began to exammine simultang- 15 3 vistsal summmasy af the possibla rambinglions of the
oes imheritance of o or maore iraits in the <ame alledes for the drall of freckles
plant. In garden peas, round seeds (R) are domi-

manl o wrinkled seeds (r}, and yellow seeds (Y)

are dominant o green seeds (y). If Mendel P

crossed homozvgous vellow, round-seed pea
plants with homozygous green, wrinkle-seed
pea plants, the I’ cross could be represented by
YYER x ywr. The F, peneration genodype would
be YyRr—yellow, round-seed plants. These

F -generation plants are called dihybrids
because they are heterorygous for both traits.

Q:+-i0

]
2
—FE0-3@

Exarmine the Punnsat square in Figure 8. The
number of squares for a dihwbrid cross in a
Punnett square is determined by the number of
different types of alleles—YR, ¥r, ¥R, or yr—pro-
duced by each parent from the first filial genera-
tiom (F,). In this case, the square is 4 squares * 4
squares because each parent produces four
different types of gametes. The male gametes

areumuen&mwsﬂml:mruumaisldea:miu:le Tope & Phastat Mummber Phenst
fermale gametes are written on the vertical side. . ratm
The possible combinations of each male and Parestal L m %16
female gamete are written on the inside of each

#

corresponding square. Recombinest . @ TR0

Figure B The dihybrid Punnst sguare visssly presents the
porssibhe mominatons of the possile aliskes from each paen Parental s [

&%
Recombingst  Yor gy ielow  HR 3%
%

Copyrighd & M Coaimitll Fobanins
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The inheritance of genes can be compared to
the probability of [ipping a coin, as shown in
Figure 9. The probability of the coin landing on
hieads is 1 out of 2, or 1,2, If the same coin is
tlipped twice, the probability of it landing on
heads is 172 each time or 1/2 % 12, or 1,4 both

Limes.

Actual data might nol perfectly match the

2d ratios. You know that if vou ilip a coin
twice vou might nol get heads 1 out of the 2
timees. Yo might get heads twice, or vou might
get tails twice. However, the more times vou flip
the coin, the closer your results will be ta the
predicted ratio of heads to tails. Mendel's experi-
mental results were not exactly a $:3:3:1 ratio
However, the larger the number of offspring
imvalved in & cross, the more likely it will malch

Inspare: Biology %12 Student Edition 11

Figure 9 ol
the resulls predicted by the Punnett square.
= .
|& Check Your Progress
Summary Demonstrate Understanding
« The study of genetice begins 1. Diagram Use a Punmett square to explain how a
with Gregor Mendel, whose dominant aliele masks the presence of a recessve
experiments with garden pes alleie
piants gave insight into the 2. Apply the law of segregation and the law of indepen-

inheritance of traits.

+ Mendel| developed the law of 3

dent assortment by giving an example of each,

.- Use a Punnett square In fruit flies, red syes [K) are

segregation and the law of dominant to pink eyes (. What s the phenotypic ratio

independent assortment.

« Punpett squares help predict eyed female?
the offspring of a crass

of a cross between a heterozrygous male and a pink-

Explain Your Thinking
4_ Ewvaluate the significance of Mendel's work to the fisld

af genetics.

Gl MATH TPt

: J What is the probability of rolling &

2 on a six-s

ided die? What-is the probability of ralling

two 25 on two six-sided dice? How is probability used
in the shuady of genstics?

ILEARNSMAIRTS Goonlineto follow your personalized leaming path o review, practice,

and mreinforce your understanding



LESSON 2 4
GENETIC RECOMBINATION AND GENE LINKAGE

FOCUS QGUESTION
How do genetic recombination and gene linkage compare?

Genetic Recombination

The combination of genes produced by crossing over and indepen-
dent assortment is called genetic recombination. The possible combinations of genes due
to imdependent assortment can be caleulated using the formuola 27, where n is the number
of chromosome pairs. For example, pea plants have seven pairs of chromosomes. The
possible combinations are ¥, or 128 combinations. Because any possible male gamets can
fertifize any possible female gamete, the number of possible combinations after fertiliza-
tion is 16,384 (128 x 128), Genetic recombination increases genetic variathon.

Gene Linkage

Chromosomes contain multiple genes that code for proteins. Genes that are localed
close to each other an the same chromosome are said to be linked and usually fravel
together during gamete formation, Follow closely related genes A and B in Figure 10.

COLLECT EVIDENCE INVESTHGATE
Emmkmm:n VGO OMNLIME 1o find these activities and mone resounces.
record the evidence you collect 25 &.NHME Map Chromesomes

you compiste the readings and Anaiyze and interprel data ta delermine he bocation of specific penss o 0 chiemascme
actvities In this lessan.

£ oy

mmww
Create a table of the cmsscuiiing concepts and il in examples you find &5 your resd.
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Linked genes usnally travel together during meiosis. However, some results using the
fruit fiy Drosophila melonegaséer revealed that linked genes do not always travel together
durimg meiosis, Scientists concluded thal linked genes can separate during crossing
over. Recall that in sexual reproduction, chromaosomes can sometimes swap sections
during the process of meiosis, thereby creating new genetic combinations and this
more genetic variation. The linkage of genes on a chromosome resalls in an exception
Lo Mendel's law of independent assortment becapse linked genes usually do not segre-
gale independently.

Eﬁeﬂﬂ

Analyze the sffect of crossing over on linked genes.

Chromosome maps

Crossing over occurs more frequently between genes thi are far apart than those that
are close together. A drawing called a chromaosome map shows the sequence of genes
on a chromasome and can be created by using crossover data. The very first chromo-
some maps were published in 1913 using data from thousands of fruit fly crosses.

Figure 11 shows the first chromosome map created wsing froie fy data. Recall that the
higher the crossover frequency, the arther apart the hwo genes are. Genes thal are
closer together have a lower frequency of crossing over. In the example befow, the genes
for yeliow body and white eyes are close together on the map because they show a low

frequency of crossing over.

v @

miniature
by EYES EYES wings
Yy W v m r

Fgure 11 This chrnmosome map of the X chromosoame of the et fy Oosophil melonogostsr was
creaded In 1913

(=5 CROSSCUTTING CONCEPTS ACADEMIC VOCABLLARY

Scale, Proporiion, amd Quaniity Geneticiss measse the disiance between cenliined

BENES 6 & CUDMOS0IME LSING MA units. A Fegher number of map s walidated or made cerain

Eestavesn ha DEnes mesns they are farther apad on the chiomosame. Many crosses confimed hat livked genes

There are theee genes on & dvomesnme: ¢, | and x. The dislBnoe bebween usuelly fraved Bogether during meiasis.
e genes are; ¢ and £ 30 map units, © and e 10 mag unhs; and s 2 map
onils. Exepiznn witkch bev geness ane most | Bely bo cross over e sddence

FroT! e bend in yous responss:
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Most species have diploid cells, but some have
pobypioid cells. [’ul}rphicljr 15 the cccurrence of

one oF more exira sets of all chromosomes inan
organism. A tripioid organism, for instarce, would
be desygnated 3n, which means that it has three
complete sets of chromosomes. Polyploidy rarely
oocirs in animals. In humans, polypleidy is always

lethal.

Roughly one in three species of known [lowering

plants are polyploid. Polyploid plants are often Figure 12 Varkows commercial plants, sich as cofiee, are
selected for by plant growers for their desirable prolypiolc

characteristics, such as large Bowers. Commercially

growt bread wheat (Gn), oats (fu). sugar cane (Ba),

and strawberries (Bn) are polvploid crop plants. Polvploid plants, such as the one that
produced the coffee shown in Figure 12, often have increased vigor and larger size.

@ Get it?

Explain wity plant growers. often select for polypioid plamts.

IE Check Your Progress

Demonstrate Understanding

Summary

+  Genefic recombination invalves
both crossing ower and inde-
pendent assortment.

= Early chromosome maps were
created based on the finkage
of genes on the chromosome.

« Polyploid organisms have one
or more extra sets of
chromosomes.

4
2

Analyze how crossing over is related to vanation.

Draw Suppose genes C and D are linked on one chio-
masome and genes C and d are linked on another
chromosome. Assuming that crossing over does not take
place, sketch the devghter cells resulting from meiosis,
showing the chromosomes and position of the genes.

. Describe how polyploidy is used in the field of

agrniculture.

Explain Your Thinking

4.

Construct a chromosome map for genes 4, B, Cand
O using the following crossing over data: 4 to 0 = 25
percent; 4 to 8 = 30 percent. C to D = 15 percent;
Bin D =5 percent Bto C = 20 percent.

. Evaluate what advantige polyploidy would give to a

plant breeder.

B WRITING Write a short story describing

a society with no genetic variation in humans.

LEARNMNSMAIRTS Goonineto folow your personalized larmning path to review, practcs,
and rednforce wour understandang.

w By

Goyuright & A Donen bl Fabanin
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LESSON 3
APPLIED GENETICS

FOCUS QUESTION
What are examples of selective breeding?

selective Breeding

You might be familiar with different breeds of dogs, such as Saint Bermards, huskies,
and German shepherds. Observe some of the phenotypic traits of these breeds in
Figure 13. All three have strong, muscular bodies. Saint Bernards have traits such asa
keen sense of smell that make them good rescue dogs. Huskies are endurance runners
and pull sheds long distances. German shepherds are highly trainable for special ser-
vices, Since ancient times, humans have bred animals with certain traits Lo obtain
offspring that have desired traits. As a result, these traits become more commern.
Breading for desired traits is not restricted to animals alone. Plants also are bred to
produce desired traits, such as larger fruits and shorter growing imes. The process by
which desired traits of certain plants and animals are selected and passed on to their
future generations is called Selective breeding. Through the processes of hybridization
and inbreeding, desired traits can be passed on to fubure generations.

Aishn Taity lims

Figure 13 DDQ‘E hare2 tiads that make them suiled far differant tashss Saln Bemand—keen sense ol smedl:
Psky—endurance 1o i long detances, and German shepherd—high t=inedility

Febgaian 0 es) B b sty be s W00 Bl budier dos boooes, 500K 8 WA Pl M

COLLECT EVIDENCE INVESTIGATE

E Elkewuk&mema]m DGO OMLINE 1o find these acivlles and mire resounces.

= recodd e svidence you codledt as &Mﬂ:lnﬂnﬂgﬂhﬂ Model Hybeidization

you complete e resdings and Use @ model ta determine the eMect hybridization has an By prodecdion.

=

acivlies bn ihis lesson
Review the Mews

Dtain Infarmation from @ qerent news Slory about the spplied geastics and salechve
beeeding. Evaluate your source and communicaie ypour fndings to yowr ciass.




. Inspare: Biclogy, Student Editicn

Hybridization

Crossing parent organisms with different forms of a trait to produce offspring with
specific traits reésulls in hyvbrids. Farmers, animal breeders, scientists, and gardeners
often use the production of hybrids, also known as hybridization. They sebect traits that
will grve hybrid organisms a competitive edge, such as disease-resistance or faster
growth. For example, plant breeders might choose o cross two different varieties of
tomato plants in order to produce a hybrid that has both the disease resistance of one
parent and the fast growth mte of the other parent.

Care must be taken to cross organisms to yield the right combination of traits from both
parents. A disadvantage of hybridization is that it is time consuming and expensive. Far
examphe, it took rice breeders three decades to produce hybrid rice varieties that can
produce higher vields than nonhybrid varieties. Because hybrids can be bred to be more
nutritious, ko have the ability to adapt to a wide range of changes in the environment,
and to produce greater numbers of offspring, the advantages of hvbridization some-
times outweigh the disadvantages.

Inbreeding

Omnce a breeder observes a desired trait in an organism, a process is needed o ensure
that the trait is passed on to fulure generations. This process, in which two dosely
related organisms are bred 1o have the desired traits and to eliminate the undesived
ones in fulure generations, is called inbreeding.

Pure breads are maintained by inbreeding. Clvdesdale horses, Angus cattle, and Ger-
man shepherd dogs are all examples of organisms produced by inbreeding. You might
have seen Clydesdale horses at parades and petting #oos. Horse breeders first bred the
Chydesdale horse in Scotland hundreds of vears ago for use as & farm horse. Because of
their strong build, agility, and obedient nature, Clydesdales ariginally were inbred and
used exdensively for pulling heavy loads.

A disadvaniage of inbreeding is that harmful recessive traits also can be passed on to
future generations. Inbreeding increases the chance of homorygous recessive affspring.
If both parents carry the recessive aflele for a harmful trait, that harmiul trait likely will
ot be eliminated.

EGE‘!H‘?

Describe the clsdvm‘hms_aﬁmdahdiﬁﬂl hybridization and inbreeding.

Test Cross

When producing a hybrid, breeders must determine the genotype of the hybrid. The
genotype is determined by perﬁaminga lest cross. A best eross involves breeding an
organism that has the unknown genotype with one that is homozygous recessive [or the
desired trail If the parent's genotvpe is homozygous dominant, all the offspring will
have the dominant phenotype; il it is heterozygous, the offspring will show a 1:1 pheno-
tvpic ratio.

Copyrighd & M Coaimitll Fobanins
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Performing a test cross
Suppose a breeder wants to produoce hybrid white grapefruits. In Homaozygous
grapefruit trees, white froit color s the dominant trait; red is recessive. wh: gmptmﬂt
Therefore, the red grapetruit trees in the orchard must be homoezvgous

recessive (i), The genotype of the hybrid white Erapel‘ruil tree can be
homoeypous dominant (W) or heterozygous (Firl. The breeder can
use a test cross to determine the genotvpe of the white grapefruit tree.
When perfarming a cross, pollen from the ower of one plant is
transferred 1o the female organ in a flower of another plant.

Az shown in the top Punnett square in Figure 14, if the wihite grapefruil

H
H

g
g

Homozygous
red grapefruit

tree is homoevgous dominant (WY and is crossed with a red grapefruil Heterozygous
tree {imn), then all the offspring will be heteroaygous (Wi} and white in white grapefruit
color; the dominan phenctype. However, a5 shown in the second w o
Punnet square in Figure 14, if the white grapedruil tree is heterosygous 8%
W), then half the number Ei e waw
:E[En;g “ﬂ:;d“:lew Figisre 34 The gemalyps of a white grapelrsl E E
: ] “.!a:mnﬂ t:- S tree can be determined by & test cross f v b e i,
pienctypicy T Explain How does o fast oss show e e
elatinnsiin hahiesn genotyps oad phapalype?
\& Check Your Progress
Summary Demonstrate Understanding
+ Selective breeding is used to 1. Assess the effect of selective breeding on food crops.
produce organisms with traits 2. Describe three traits that might be desired in sheep.
that are considered desirable, How can these traits be passed on to the next genera-
+ Hybridization produces organ- tion? Explain.
b e e e S 3. Compare and contrast inbreeding and hybridization.
m"mh""t“"?"s'"“ﬂ‘“"““ 4. Predict the phenotype of offspring from a test cross
between a seedless orange (=) and an crange with
+ Inbreeding creates pure seeds (S5).
breads.
+ A test cross can be used to Explain Your Thinking
determine an organism’s 5. Evaluate Should a cow and a bull that both camy
geEnotypE. recessive alleles for 3 mutstion that causes decreased
milk production be bred? Explain your answer using
probability.

6 [[IAGP Connection | A hreeder performs a test cross
to determine the genotype of a black cat He crosses

the black cat {BB or Bbj with @ white cat (bb). [f 50
percent of the offspring are black, what is the geno-
type of the black cat?

ILEARKNSMART S Goonineto follow your personalized leamang path to review, practics,
and reinforce your understanding.



LESSON 4
BASIC PATTERNS OF HUMAN INHERITANCE

FOCUS QUESTION
Why is a pedigree helpful in analyzing the inheritance of traits
through several generations?

Pedigrees

Review Table 1, and recall that a recessive trait is expressed when the individual is
homozygous recessive for that trait. Therefore, those with at least one dominant allele
will not express the recessive trait. An individual who is heteroeygous for a recessive
dizorder is called a carrier. This information is applied o help stody patterns of
human inheritance, including the inheritance of dominant and recessive disorders.

Table 1 Review of Terms

Exampis Definition

| True-breeding yellow-seed pea plants would An crganism with two

| be ¥Y. and green-seed pes plants would be of the same alleles

| ¥ for & pasticudas trait is
Homorygous | said to be homozy-

H Cs:_g . gous for that trait.

Ay ceganism with o
ditferent alleles for a

| & plant that & Yy would be a yellow-seed pea. | parbicular tral is said
o be heterozygous

. %LI‘; < fior that trait. Wihen
bt . ‘g_)-ﬂt) abeles are present in
the heterozygous
state, the dominant :
trait will be obserred, i

) F:
COLLECT EVIDENCE INVESTIGATE w
'ﬁkﬂemkmmﬂm ¥ GO DMNLINE 10 find these aciivilies and mofe resounes, E
record the evidence you collect 2z &ﬁul&hﬁuﬂgﬂnﬂ: investigate Human Pedigress E
you compiste the readings and Obstain, evaluate, and commusnicate mformation abodt the patiems of genstic tail n a

activities i this |essan. pedigrae.

¢ Rewislt the Encounier the Phenomenon Question
‘Wit ievfoemation drom fhés |esson can help you answer the Unit and Module guestions?
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In organisms such as peas and fruit flies, scientists can perform crosses Lo study genetic
relationships. In the case of humans, a scientist studies a family history using a pedigree,
a diagram thal traces the inheritance of a particular trait through several generations.

A pedigree, such as the one shown in Figure 15, uses symbaols to illustrate inheritance
of the irail. Males are represented by squares, and females are represented by circles,
Omie who expresses the trait being studied is represented by a dark; or filled, square or
circle, depending on their gender. One who does nol express the irait is represented by
an unfilled square or circle.

Eﬁﬂtlt?

Explain how symbols are used to represent individuals in a pedigres.

A horizontal line belween two symbols shows that these individuals are the parents af
the offspring listed below them Ofspring are listed in descending birth order from left
to right and are connected o each other and their parents.

A pedigree uses a numbering system in which Roman numerals represent generathons,
and individuals are numbered by birth order using Arabic numbers. For example, in
Figure 15, individual 111 is a female who is the firstborn in generation IL

Key to Symbals Example Pedigree
0 Nosmal femate [ Marmat mate I —D
@ remaie whoenpresses [ Mate wha expresses 1

the trast heing steittied e tralt being studied
(P Femaie whois acamer [ Mate wha isa canies $ I

fow the partscistar trall far the panticular trait ] I Gt)

1 2 3

I Generation Roman numerals — Generations
— Parenis Arabic rumensls — Individusis in

& ceraln genaraton
[T1 sitings

Figure 15 & padigres uses siandand symbals toindicate winat is knesm sboul the tas being studisd.
Summarize e ganolypes oo shenslypes of fhe indideals f1 gensation i for the troit befng stumted.

Analyzing Pedigrees

Pedigrees can be apphiad Lo study the inheritance of both recessive traits and dominant
traits within a family. A pedigeee is constructed wsing all of the information availabie
abowt the presence or absence of a particular trait in members of a family. It i then
analvzed o reveal patterns of inheritence.

The study of pedigress can be used to determine both X-linked and autosomal traits.
The patterns revealed in a pedigree can be used lo determine the mode of inheritance
of a disease, disorder, or other trait. Patterns can also be used to infer genotypes of
specific individuals and 1o predict the possibility of disorderss occurring n future
offspring of family members.

.h.i-—-—
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Recessive genetic disorders

A pedigree illustrating Tav-5achs disease is shown in Figore 16. Tay-5achs disease is a
recessive genetic disorder caused by the lack of an enzyme irvolved in lipid metabo-
lism. The missing enzyme causes lipids o build up in the central nervows system, which
can lead to death.

Examine the pedigree in Fipure 16. Note that two unaffected parents, 11 and 12, have an
affected child—[13, indicating that each parent has one recessive allele—they both are
heteroevgous and carriers for the trait. The hali-filled square and circle show that both
parents are carriers.

4 Camiers for Tey-5achs
r | —

N !

Tay-Sachs

FH‘I‘.ITI 16 This u-em.gree EEucirales the innedtance of ke recesois Ssorde Tﬂlf-iil:h:".i dsease Nole hal
Iwo unaferiad parenis {1 a0 (2] can have an sHecled child (113).

Doeminant genetic disorders

The pedigree in Figore 17 shows the inheritance of the dominant genetic disorder
polvdactyly {pah lee DAK tuh leg). People with this disorder have extra fingers and toes.
Recall that with dominant inheritance the trait is expressed when at least one dominant
aliele is present. An individual with an unaffected paremd and a parent with polydactyly
could be either heterceygous or homaozygous recessive for the trait. Each vmaffected
persan would be homozvgous recessive for the trail

For example, in Figure 17, individual 12 has polydactyly, indicated by the dark circle.
Becanse she shows the trail, she is either homozygous dominant or heterozygous. It can
be inferred that she is heterozvgous—having one dominant gene and one recessive
gene—becanse offspring 113 and 4 do not have the disorder. Notice that TI6 and 7, two
unaffected parents, have an onaffected offspring—I1I2. What can be inferred about 112,
based on the phenotype of her parents and her offspring?

! (-
1

~ i

L]
1 2

Figure 17 This pedigees llustrates the nheitancs of a domnant disorded. Mobe that affecied parenis can
pass on el genes {12, 05), bul uhalfeced parents cannod hawve an aflected child [

Copyrighd & M Coaimitll Fobanins
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Inferring genotypes

Fedigree; are used to infer genotypes from the observation of phenotypes. By knowing
physical traits, genealogists can determing what genes an individual i most likely to
have. Fhenotypes of entire families are analyzed in order to determine family
gEnOlypes,

Pedigrees help genetic counselors determine whether inheritance patterns are domi-
nant or recessive. Once the inheritance pattern is determined by analyzing the available
information, the genotypes of the individuals can largely be resolved, or identified,
through pedigree analysis.

To anmalyze pedigrees, one particular trait i selected to be studied, and a determination
15 tnade as to whether that trait is dominant or recessive. Dominant rails are easier to
recognize than recessive Lraits because dominant traits are exhibited in the phenatype
of individuals.

A recessive trait will not be expressed unless the person is homozygous recessive for the
traif. That means that a recessive allele is passed on by each parent. When recessive
traits are expressed, the ancestry of the person expressing the trait is followed for
several generations to determine which parents and grandparents were carriers of the
recessive allele.

Eﬂet i?

Analyre What can be determined about the genotypes of the parents of an
individual who expresses a recessive trait?

Predicting disorders

If good records have been kept within families, the possibility of disorders occurring in
future offspring can be predicted. However, more accuracy can be expected if several
individuals within the family can be evaluated. Having information about several
generations of Bamily members can provide valuable information. The study of human
genetics can be difficult, because scientists are limited by time, ethics, and and availabil-
ity of information.

For example, it takes decades for each generation to mature and then to have offspring
when the study involves humans. Therefore, good record keeping, where it exists, helps
scientists use pedigree analysis to study inheritance patterns, to determing phenotypes,
and to ascertain genotypes within a family.

[EE= CROSSCUTTING CONCEPTS

Cause and Effect Prepare a visua presentation thaf includes the pedigree of an
inneritatie conddion or disandes in hemans. Then present infonmation that
Eaphaing hew the condiien i mhertisd, using the (nformation (nthe pediges
B5 evience,
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Types of Recessive Genetic Disorders
Review Table 2 as vou read about several recessive genetic disorders.

Table 2 Recessive Genetic Disorders in Humans

Chocurmence

Cure/Treatment

in the S
= Mo cure
s Mo color i the ;
o SO EYES NG .HESUHS:';hm
Albinism in 17,000 PILCsCCTOme || e ather environ-
- amaurls of the + Skin susceptibie o VA
pigment melanin. to UV damage vema
« \ision problems elaibs
- N cure
= Dally cleaning of
The gene that + Excessive mucus mucus from the
Ciysthe codes for & I wchon ungs
abrosl 1in 3500 beane protein « Digesthve and « Mucus-thinning
is ded respiraiony drugs
failure = Pancreatic
ENTyme
supplements
u?:l'n:m - Mental - Mo cure
1in 50,000 1o I'nfg b dsabilites » Restricthon of
Galactasemis ENTYITE
70,000 PR f Enlerged lver lactose/galac-
etnciirss « Kidney fallure tose in the diet
T " Buildup of fatty | =
Tow-Sachs 1in 2500 .n:zenne itn depasits i the = Mo cure ar
¥ {atfects people of EIEE'”" EMZYME | bwain treatment
poiioa Jewish descent) s « Mental = Death by age &
substa
fatty MCes sl
Albinism

In humans, albinism is caused by altered genes, resulting in the absence of the skin
pigment melanin in hair and E}ﬂﬁ.ﬂ:inismi&fmmdinmjnanimnliaswﬂl_hpemn
with albinism has white hair, very pale skin, and pink pupils. The absence of pigment in
eves can cause problems with vision. Althoagh we all must protect our skin from the
Sum’s uliraviolet radiation, those with albinism need to be especially careful.

Galactosemia

Galactosemia {guh lak tuh SEE mee uh} is characterized by the inability of the body to
digest galactose. During digestion, lactose from milk breaks down into galactose and
glucose. Glucose is the sugar used by the body for energy. Galactose is broken down
into glucose by an enzyme named GALT. Persons who lack or have defective GALT
canmot digest galactose and should avoid milk products.

Copyrighd & M Coaimitll Fobanins



Inspare: Biology %12 Student Edition

Cigitid © Wy Crang il Falidathn

Cystic fibrosis

One of the most common Fecessive genetic disorders thal occurs amang Cascasians is
cvstic fibrozis, which affects the mucos-producing glands, digestive encymes, and sweat

glands. Chioride ions are nol properly transported out of the cells of a person with

cystic fibrosis. This causes a high concentration of chloride bons in the cells, and water
does not diffuse from the cells. This causes a secretion of thick mucus. The mucus clogs
the ducts in the pancreas, interrupts digestion, and blocks the tiny respiratory pathways

ini the lungs. Patients with cystic fibrosis are at a higher risk of infection because of

excess mucus that builds up in their lungs.

Treament for cyvstic fibrosis corrently includes phvsical therapy, medication, special

diets, and the use of replacement digestive enzvmes. Genetic tests are available to
determine whether a person i a carrier.

Tay-Sachs disease

Tay-Sachs (TAY saks} disease is a recessive genetic disorder in humans. The gene for
Tay-Sachs is found on chromosome 15. Often identified by a cherry—red spot on the

back of the eve, Tay-Sachs disease (TSDY) seems (o be predominant among Jews of

eastern European descent.

T5D is cansed by the absence of the enevmes that are responsible E:lrhmaking dowmn
fatty acids called gangliosides. Normally, gangliosides are made and then are dissolved
as the brain develops. In a person with Tay-Sachs disease, the gangliosides accumulale
in the brain rather than being broken down. The gangliosides inflate and damage brain
nerve cells and cause mental deterioration:

Types of Dominant Genetic Disorders
Some human disorders, such as the rare disorder Huntington's disease, are caused by

dominant alleles. That means those who do nil have the disorder are homozvgous
recessive for the trait. Review Table 3 as vou read about several dominant genetic

disorders that oocur in humans.

Table 3 Dominamt Genetic Disorders in Humans

Crooumence

Diisorder inthe LS. Cure/Treatment
= Decline ol
A gene affecting meanial and
Huntingten's 1in 10,000 newrohogical nelrsingical « Mo cure of
digeaze function is Turschions treatment
dalecive. = Ability to mowe
deterlarates
A gens that
1 i 25000 affecis bone igh::tannsarh:l « Mo cure of
¥ ! growith s : v haad) treatmeat
abmormial
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Huntington's disease

The dominant genetic disorder Huntington's disease affects the nervous system and
DOCUES inoone ol of 10,000 people in the US. The symptoms of this disorder first
appear in alfected individoals between the ages of 30 and 50 vears old. The symptoms
include a gradual loss of brain function, uncontrollable movements, and emotional
disturbances. Genetic tests are available to detect this donanant aliele. However, no
preventive treatment or cure for this disease exists,

Achondroplasia

Anindividual with achondroplasta (a kahn droh PLAY zhee uli) has a small body size
and limbs that are comparatively short. Achondroplasia is the most commeon form of
dwarfism. A person with achondroplasia will have an adult height of about four feet and
will have a normal life expectancy.

Interestingly, 75 percent of individoals with achondroplasia are born to parents. of
werage size. When children with achondroplasia are born o parents of average size, the
cenclusion is that the conditien occurred becanse of a new mutation or a genetic change.

E Get It?

Compare the chances of inheriting a dominant disorder to the chances of inherit-
ing a recessive disorder if you have one parent with the disease.

\& Check Your Progress

Summary Demonstrate Understanding
+ Genetic disorders can be 1. Construct a family pedigree of two unaffected parents
caused by dominant or reces- with a child who suffers from oysfic fibrosis.
sive aliales. 2. Explain the type of inheritance associated with
« Pedigrees are used to study Huntington's disease and achondroplasia.
human inheritance patierns. 3, Interpret Can two parents with albinism have an
+ Cystic fibrosis is 3 genetic unaffectad child? Explain.
disorder that affects mucus and 4. Diagram Suppose one parent is heterozygous for a

sweat secrefons.
Individuals with alhinism dio not
have melanin in their skin, hair,

dominant disorder and the other parent s homozygous
normal. Draw a pedigree showing these parents and
three posszible offspring.

and eyes:

i . Explain Your Thinking

=M MATH Phemnylketonuria [PKLI) is a reces-

me disorder. i both parents camiers, what is the
% E - SE . pa ‘e . =
+ Achondroplasia sometimes is b il thi i b ith
called dwarfism. o ol s P

What is the chance of this couple having two children
with PEL?

&. Determine 'What quesfions might a doctor ask a
couple who request tests fiar the cystic fibrosis gene?

LEARKMSMART Sooninetofoliow your personailzed izaming path to review, practice,
and reanforce wour understanding.
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LESS0N 5

COMPLEX PATTERNS OF INHERITANCE

FOCUS QUESTION
What are examples of complex inheritance?

Incomplete Dominance

Eecall that when an organism is heterozygous for a trait, s phenotype will be that
of the dominant trait. For example, imagine a pea plant with the genotype Ti. I T is
the allele for the dominant trait of tall plants, then a pea plant with the genotvpe

Tt will be tall.

However, when red-flowered snapdragons with the genotype ("CF are crossed with
white-flowered snapdragons with the genotype O, the heterceygous offspring have
pink flowers (C° C), as shown in Figure 18. This is an example of incomplete domi-
nance, in which the heterozygous phenatype is an inlermediate phenotype between the
two homosygous phenotvpes. When the heterozygous F, generation snapdragon plants
are allowed to seli-fertilize, as in Figure 18, the fowers are red, pink, and while in a
1:2:1 ratio, respectively.

| E— —
cre crew coe - ‘ ]

Figure 18 The cofor of snapdragon Hlowers i & resell of Incomplete dammance. When a plant with whits
Hiosers is orossed with 2 plant with red fhowers, the oiispring frave pank fowers. Red, pink, and whils
etfspring will reull fram sat fenilization of a plant with pank Nawers,

Predict who! woult! hopsan if you crossed o plak-fiwersd sropdrogon wah o whie-flowsred sampdrogan
Iefaratifly tha genolypes ond phentlges possie iy the affsgring

Frhpsinn

C,rm-n-uum DEt Destipilinary Core kduas eee w:m P1E7 Besgiee & Engiteenng Practice

; COLLECT EVIDENCE INWESTIGATE

£ Emﬂlﬂl‘ﬂﬂm 3 GO ONLINE to find these activities and more resourtes

= fo recoed the evidence you ammm:mwmummmw
Coflert 35 you compiate the Pian and carry oul &n investigation to determins | the sbiuctures i the face & penetdally
readings and arthatios in his Inhesiied
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Codominance

Recall that when an organism is heterozvgous for a particular trait, the dominant
phenotype is expressed. In a complex inheritance pattern called codominance, both
alleles are expressed in the heterozygous condition. Sicklecell disease in humans

provides a case study of codominant inheritance.

Sickie-cell disease

The allele responsible for sickle-cell disease is
particularly conmmon in pmp[eul' Adrican
descent, with about nine percent of African
Americans having one form of the traif.
Sickle-cell disease affects red blood cells and
their ability to transpart axygen. The middle
pholograph in Figure 19 shows the blood
cells of an individual who is heteroevgous for
the sickle-cell rait. Compare the shape of the
biood cell to the top photograph in Figure 19
that shows a normal blood cell. Changes in
hemoglobin—the protein in red blood cells—
cause Lthose blopd cells to change 1o a sickle,
or C-shape.

Sickle-shaped cells do not effectively trans-
port oxygen because they block circulation in
small blood vessels. Those who are heterozy-
gous for the trait have both normal and
sickle-shaped cells. These individuals can
lead relatively normal lives, as the normal
blood cells compensate for the sickie-shaped
cells.

Sickle-cell disease and malaria

Mote in the bottom image of Figure 19 the
distribution of both sickle-cell disease and
malaria in Africa. Some areas with sickle-cell
disease overlap with areas where malaria is
widespread. Why might such high levels of
the sickle-cell allele exist in central Africa?
Scientists have discovered that those who are
heterpzvgous for the sickle-cell trait also have
a higher resistance 1o malaria. The death rate
due 1o malaria is lower where the sickle-cell
trait is higher. Because less malaria exists in
those areas, more people live o pass on the
sickle-cell trait to offspring. Consequently,
spchkle-cell disease conlinues bo Increase in
Africa.

S5 il st Lo el aliis

. Sicie-oedl deveame

Bl o0

Figure 19
Top: Mormal ied blood cells are i and disk-shaped.

Middile: Sickle-shaped ceils are siangated andior C-shaged.
Theey caint clismp, blodeing Cocufation in smssll vesseds

Baottom: The sickle-ce® sllele increases resiktancs 1o maisnia.
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Multiple Alleles

Not all traits are determined by two alleles. Some forms of inheritance are determined
by more than two alleles. This is referred to as multiple alleles. An example of such a
trait is human blood group.

Blood groups in humans

The ABD blood group, shown in Figure 20, has three forms of alleles, sometimes cafled
AB markers: P is bood type A; I is blood type B; and i is blood type Q. Type O is the
absence of AB markers. Individuals with blood type O have the genotype ii.

MNote that allele i is recessive to I and P, However, P and I* are codominani. Blood type

AR results when an individual inherits both an I* allede and an I allele. Therefore, the
ABO blood group is an example of both muliple alleles and codominance.

B cetie

Explain how genetic traits camied on multiple allebes can lead to a wide range of
characteristics in humans.

The Rh blood group inclodes Rh factors, inherited from each parent. Rh factors are
either positive or negative {(Rh+ or Rh-); Rh+ s dominant and Rh- is recessive. The Rh
factar is a blood privein namaiaﬂer!herhmmnnquhﬁause stusdies of the rhesus
monkey led o discovery of that blood prodein.

Possible gametes from
female parent

B®=«D

el ¥

or

® e
gl
— T

Figure 20 These are three inams of aisles in the AEQ blood growp—+, I, aad L M ond ® are codoouinant. | is
FECESShE b Both M mod B,

all

male parent

Possible gametes from
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Coat color in rabbits

Multiple alleles can demonstrate a hierarchy of dominance. In rabbits, four alleles code
for coat color: C, o*, &, and ¢. Allele C is dominant o the other alleles and results in a
full color coat. Allele ¢ & recessive and resulls in an albine phenotype when the geno-
tvpe is hamozygous recessive. Allele o is dominant to ¢, and allele « is dominant 1o e
The hierarchy of dominance can be written as Co= ¢ > >

Figure 21 shows the genotypes and phenotypes possible for rabbit-coat color. Full color
is dominant over no? full color, which is dominant over Himalavan, which is dominant
aver albino.

The presence of multiple alleles increases the possible number of genotvpes and pheno-
types. Without multiple-allele dominance, two alleles, such as T and [, produce only
three possible genotypes—in this example TT, Tt and ll—and two possible phenotypes.
However, the four alleles for rabbil-coat color produce ten possible genotvpes and four
phenotypes. as shown in Figore 21. More variation in rabbil coat color comes from the
interaction of the color gene with other genes.

Fuill calar Chimchilla
O or Cc o O or O [l oy

Albdrn
ec

Figure 21 Rabbits have muipbe alishes Jor coat cobar. The tour aileles pravide four asi vanstons .
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Epistasis

Ciat color in Labeador retrievers can vary from vellow to black. This is the result of one
gene hiding the effects of another gene, an interaction called epistasis (ih PEHS tuh
sus). A Labrador’s coat color is controlled by two sets of alleles, The dominani allele E
determines whether the fur will have dark pigment. The far of a dog with genotvpe ez
will not have any pigment. The dominant B allele determines how dark the pigment will
be. Study Figure 22, Genotvpes eebb, eeBb, and eeBE will produce a yellow coal. If the
dog’s genotvpe is EERh or Esbb, the dog’s fur will be chocolate beown. IF the dog's
genotype includes at least one E allele and at least one B allele, the fur will be black.
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Dosage Compensation

Human females have 22 pairs of autosomes and ane pair of X chromosomes, Males have
22 pairs of autosemes, along with one X and one Y chromosome. The X chromosome is
larger than the ¥ chromosome. The X chromosome carries a variety of genes that are
necessary for the development of both lemales and males. The Y chromosomse mainky
has genes that relate 1o the development of male characteristics.

Because females have two X chromosomes, il seems as though females get two doses of
the X chromosome and males get only one dose. To balance the difference in the dose
of X-related genes, one of the X chromosomes stops working in each of the female's
body cells. This often is called dosage compensation or X-inactivation. Which X chromo-
some stops working in each body cell is a compietely random event. Dosage compensa-
tion ceocurs inall mammals.

As a result of the Human Genome Project, the Matbonal Institutes of Health {(NIH) has
released new information on the sequance of the human X chromosome. Researchers
now think thai some genes on the inactivated X chromosome are more active than was
previously thought.

E Get It?

Summarize dosage compensation and its effects.
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Chromosome inactivation

The cost colors of the calico cat shovwn in Figure 23 are cansed by the mndom inactivation
of a particular X chromosome. The resalting colors depend on the X chromosome that is
activated. The orange patches are formed by Lhe inactivation of the X chromosomae
carrying the allele for black coat color. Similardy, the black patches are a result of the
inactivation of the X chromuosome carrying the allele for orange coal color.
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Barr bodies

The inactivated X chromosomes can be observed in cells. In 1949, Canadian scientist
Murray Barr observed inactivated X chromosomes in female calice cats. He noticed a
condensed, darkly stained structure in the micleus. The darkly stained, inactivaled X
chromosomes, such as the one shown in Figure 24, are called Barr bodies. It was
discovered laber that only females, including human females, have Barr bodies in their
cell nuclei

Figiene 24 An inactivated X chroma-
soene in @ femaie body cell s cafied &
By body, & dask body wseally feand
neat the nsdeus
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Traits controlled by genes located on the X chromosome are called sex-linked braits, or
X-linked traits. Because genetically classified males have only one X chromosome, they
are affected by recessive X-linked traits more ofien than are genetically classified

females. Fernales are less likely 1o express a recessive X-linked trait becanse the other X

chromosome may mask the effect of the brait.

Some traits that are located on autosomes
may appear to be sexdinked, even though
they are not. This occurs when an allele
appears to be dominant in one sex, but
recessive in Lhe other. For example, the
allele for baldness is recessive in females
but dominant in males, capsing hair loss
that fiollows a tvpical pattern called
male-pattern baldness. A male would be
bald if e were heterozvgous for the traif,
while a female would be bald only il she
wWere ]‘u‘ltlll.h.’..‘.}'{dlh FECEsEIe.

Hed-green colorblindness

The trait for red-green colorblindness,

most commonly; is a recessive X-linked trail.
About 8 percent of males in the United
States have the rail of red-rreen color
blindness, The right photo in Figure 25
show hiow a person with red-green cobar
blindness might view colors compared o
the left photo that shows how colors appear
o & person who does not have red-green
color blindness.

Study the Punnett square shown in
Fignre 25. The mather is a carrier for
color blindness because she has the
recessive allele for color blindness on one
of her X chromosomes. The father is mot
cobor blind because he does not have the
recessive allele an his one X chromosome.
The sex-linked trait is represented by
wriling the allele on the X chromosome.
MNotice that the only affspring that can
puossibly have red-green color blindness s
a male child, and that it is also possible for
miale offspring of this cross to kave normal
vision. As a resolt of it being an X-linked
trait, red-green color blindness is very rare
im bemabes.

X® = Normal
X® = Red-green color blindness
¥ = Y chromosome

X& Y
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Figu.ue 25 Peopks wilm TEC-Q et Cos bl inddnssge wiew red and
green a5 shades of gray.

Explsin w1y Mers iE IEWer IBIHRES W0 Ve [E0-0es cvor

biiminess Har molke



. Inspare: Biclogy, Student Editicn

Hemophilia

Hemophilia, another recessive sex-linked disorder, is characterized by delaved clotting
of the blood. Like red-green color blindness, this disorder is more common in males
than in females.

A famous pedigree of hemophilia is one that arose in the family of Queen Victoria of
England {1819-1901). Her son Leopold died of hemophilia, and her daughters Alice and
Beatrice, as illustrated in the pedigree in Figore 26, were carriers for the disease. Alice
and Beatrice passed on the hemophilia trait bo the Russian, German, and Spanish roval
families. Follow the generations in this pedigree to see how this trait was passed
through Cueen Victoria's family. Queen Victoria's granddaughter Alexandra, who was a
carrier for this trait, marmied Tsar Nicholas II of Russia. Irene, another granddaughter,
pazsed the trait on to the German royal family. Hemophilia was passed to the Spanish
royal family through a third granddasghter, whose name also was Vieloria

Men with hemophilia usually died at an sardy age until the twentieth century when
clotting factors were discovered and given i hemophiliacs. However, blood-borne

viruses such as Hepatitis C and HIV were often contracted by hemophiliacs until the
1990, when safer methods of blood transfusion were discoveraed.

Gueen Victoria's Pedigree
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Figure 26 The pedigres Sbove shows The Inkeritance of emaphilia inihe royal tamilles of Engésnd,
Gefmany, Spas. and Russia. stanng with the children of Gueen Vickaria.
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Polygenic Traits

You have examined traits determimed by a pair of gemes. Many phenotypic traits, hiwever,
arise from the interaction of multiple pairs of genes. Such traits are called polygenic
trails. Traits soch as skin color, height, eve color, and [ingerprint pattern are polvgenic
traits. Ome characteristic of polygenic traits is that, when the frequency of the number of
dominant alleles is graphed, as shown in Figure 27, the resull is a bell-shaped curve. This
shoiws that mare of the intermediate phenctypes exist than do the extreme phenotypes.

Environmental Influences

The variation and distribution of aits in a population depends on not only genetic
factors but also environmental factors. Becanse environmental factors affect the EXpres-
sion of some trails, they affect the probability of those tralls appearing in a population.
For example, the tendency to develop heart disease can be inherited. However, environ-
mental factors such as diet and exercise also can contribule Lo the occurrence and
seripusness of the disease. Sunlight, water, and temperature are environmental influe-
ences that commonly affect an organism’s phenotypse.

Sunlight and water

Without enough sunlight, most flowering plants do not bear
flowers. Many planis lose their leaves in response o water
deficiency.

Temperature

Most organisms experience phenolvpic changes from extreme
temperature changes. In extreme heat, for example, many plants”

leaves droop, flower buds shrivel, r_h]m'u]:llr_l.rll disappears, and
roots stop prowing. These examples probably do not surprise

changes. Temperature also infleences the expression of genes.
Motice the fur of the Siamese cat shown in Figure 28. The gene
that codes for production of the color pigment in the Siamese
cat's body functions only under cooler conditions. Therefore, the
cooler regions are darker; and the warmer regions, where
pigment production is inhibited by temperature, are lighter.

Flgure 28 Temperatuse aHects the
axpression of talos pgment i the fe af
Siamese cats
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Twin Studies

Identical twins are genetically the same. If a trail is inherited, both twins will have it
Scientists conclude that traits that appear frequently in both identical twins are at least
partially due o heredity. Traits expressed differently in identical twins are strongly
influenced by environment. The percentage of twins who both express a given irail is
called a concordance rate. Figure 29 shows soms braits and their concordance rafes.

Concordance Rates

Il bdentical twins [ Featernal twins

100 (-
80% |-

Concordance

Alcoblism  Alconolism  Alzhesmer's
infemales  in males fEseace

Flgure 29 When a baitis
faund mare oiiEn n bath
members of entisl twins
than in iraternad iwins, tha
13l & presied 1o have. 2
Signitiant inkeried
Comginent

Blood  Depeession  Reading
types dsaniliy

Traits

\2 Check Your Progress
Demonstrate Understanding

Summary

= Some traits are inhented
through complex inhemtance
patterns, such as incomplete
dominance, codominance, and
multiple alieles.

+ Polygenic traits involve more
than one pair of alieles.

= Baoth genes and environmeant
influence an organism’s
phenatype:

= Studies of inhertance patierns
of large families and twins give
insight into complex human
imheritance.

. Describe two patterns of complex inheritance and
explain how they are differant from Mendehan
pattems.

. Explain How is epistasis different from dominance?
. Determine the genotypes of the parents if the father is

blood typa A, the mother is blood type B, the daughter
is biood type O, one son is biood type AB, and the
other son is biood type B

4. Analyze how twin studies help to differentiate the

effects of genstic and emvironmenta! influences.

Explain Your Thinking

Evaluate the influence of emvironmental factors on why
the trait for sickie cell disease might be an advantage
in central Africa.

MATH What Is the chance of producing
a son with normal vision if the father is colorblind and
the mother is homonygous nommal? Explain.

LEARNSMART Goonine tofollow your personalized leamming path to review, practice,
and rednlorce your undersiandang.
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Calculated Risks
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Genetic counselors, who advise people about
paotential genetic disorders, may hold several
types of postions. Some genetic counselors
work one-on-one with families, and others
work in genetic testing labe. interpreting test
resulis and writing reporis for doctors and
patients. The goal of genstic counselors s

io provide people with information so that
they can make informed decisions about their
healthcare.

Genetic Counseling

Peopla who are concemned about their

rizk of having a genetic disorder or who

are considering getting tested for &

genetic disorder often consult with genstic
counselors. The counselors ask clents about
their family history of a disease, disorder, or
condition. They provide information about
genetic disorders and the types of tests that
can detect them, including the tests’ accuracy.

Genetic counselors discuss with clients

the pros and cons of being tested for a
disorder. The advaniages include being able
o take action to protect one’'s heafth. The
disadvantages include the possility of a
falze positive or an inconclusive test

-@i AMALYZE COMCEFTS OF STATISTICS
k! " AND PROBABILITY

Research a genetic disorder. Find out which
mutated gene increases a person's riske. Write
a short paper on the information that a
genetic counseior might provide someone
who tested positive for the mutated gene.
Include the person’s probability of developing
the disorder.

Inspare: Biology %12 Student Edition

Mutations i the BRCAI gene significantly increase a
person’s sk of deve|cping breast cancer.

Identifying the Risk of Disease

Genetic counselors often help peopie identify
genetic nsks. For exampie, research has
showen that mutations in the BRCAT or BRCAZ
gene often lead to breast cancer and ovarian
cancer (in women) and breast cancer and
prostate camcer in men) Mutations shut down
these genes’ ability to produce proteins that
heip repair damaged DMA in cells. Without
these proteins. malignant tumors can develop.

When people test positive for certain mutated
genes, genstic counselors provide information
about steps they can fake to lessen ther

chances of developing diseases or conditions.
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STUDY GUIDE

QGG DMLIMNE to study with your Science Motebook.

Lesson 1 MEMNDELIAMN GENETICS » genetics
* The study of genetics began with Gregor Mendel, whose experi- : :;Thnnt
mends with garden pea plants gave inssghi into the inheritance of e
braits. « homorygods
» Mendel developed the law of segregation and the law of indepen- = heberorygous
dient sssortment. = phenctype
. i = gEnotype
Punnett squares help predict the offspring of & cross. e
- hybrid
= b of ndependent assorbmen
Lesson 2 GEMETHC RECOMBINATION AND GEME LINKAGE = genetic recombnation
+ polyploidy

*+ Genetic recombinmtion mvolves both crossing over and indepen-
dent assortment.
+ Early chromosome maps were created based on the linkage of

H\EI'IE-\.

*+ Polyplosd organisms have one ar mone extra sets at all
chromosomes.

‘Lessan 3 APPLIED GENETICS | S ne ek

« Selective breeding and hybridization are wed to produce organ- st

= A test eross can bewsed o determine an organism’s genotyvpe.

+ Inbreeding ereates pure breeds.

Lessan 4 BASIC PATTERNS OF HUMAN INHERITANCE e

+ Genetse disorders can be cnmed by dominant or recessive alleles. e

+ Pedigrees are used b sty human mheritance patterns.

Lessan 5 COMPLEX PATTERMNS OF INHERITANCE = mcomplete dominance :

+ Some traits are inherited theough comples inheritance patterns, T Eeiostics i
such as incomplete dominance, codominance, and multiple . i T .
allcdes. + tn Borked tait i

* Palygenic tridks involve mwre than one pair of slleles. « palygenic tran %

= Both genes and environment influence an organism’s phenotype. ;

+ Studies of inheritance patierns of large families and twing gove ;

insight into complex human inhentance.



o= THREE-DIMENSIONAL THINKING

=/ Module Wrap-Up

REVISIT THE PHEMOMENON

Why are these siblings not
identical?

@D Claim, Evidence, Reasoning

Explain Your Reasoning Revisit the claim you made when you encountered the
phenomenon. Summarize the evidence you gathered from your investigations and
research and finalize your Summary Table. Does your evidence support your claim? F niot,

revise your claim. Explain why your evidence supports your claim.

STEM UNIT PROJECT
Mow that you've completed the module, revisit your STEM unit project. Yo will
summarize your evidence and apply it to the project

of pain before being hospitalized?
2. Reasoning Describe the relationship between age and
fever before haspitalization.

GO FURTHER Symptoms v. Age
&3 Data Analysis Lab ok
E What is the relationship between sickle-cell disease and i .
§ other complications? 1 E
E Patients who have been diagnosed with sickle-cell disease E E e
3 face many sympioms, including respiratory failure and neuro- Fi 20
z logical problems. The graph shows the reiationship between F o
=!, age and two different symptoms—pain and fever—during the
1 two weeks preceding an episode of acute chest syndmome o= <3  Fed 5D 0=19 20
2 and hospitalization. Age [years)
'.: nterp *Dialo ohizmed from: Wallers, et al. 2003 Nows
1 .ﬁlliltjl'll! ang § et Dato. lrexapeubc appmaches i sckie d=f Masade
‘% L Claim, Evidence Which age group has the highest level Harmrislogy 17 10-34
3
+
i
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MOLECULAR GENETICS

ENCOUNTER THE PHENOMENON ‘

Why do the rungs of the DNA
ladder appear “broken?”

Ask Questions

Do wou hawve other questions about the pheromenon? If so, add them ta the driving
question board,

Claim, Evidence, Reasoning

Make Your Claim Lse your Collect Evidence Lse the Explain Your Reasoning You
CER chart 1o make a claim lessons i this module 1o weill rewigit your Claim and
about why the rungs of the collect evidence to support explaim your reasoning at the
DMA lacder appear “braken.” wour claim. Record your end of the module,

Explain your reasoning, evidence as you mave

through the module.

Q GO DMLIME to access your CER chart and explone resources that can
help you collect evidence,

A )|

LESSOM 1: Explore & Explain: LESSOM 3: Explore & Explain:
Ciscovery of DMA Central Dogma; BNA, RMNA, and
Protein




LESSON 1
DNA: THE GENETIC MATERIAL

FOCUS QUESTION

Which experiments led to the discovery of DNA, and
which led to the structure of DNA?

Discovery of DNA

Cinee Mendel's work was rediscovered in the 1900s, sclentists began to search for the
medecule ivelved i imheritanee, Sclentists knew that genetic information was carmied on
the chromozomes in eukarvotic cells, and that the two miain components of chromosomes
are DNA and protein. For many years, scientists tried to determine which of these
macrmlecules—nucleie ackd (DNA) or proteins—was the source oF genetic information,

Griffith

The first major experiment that fed to the discovery of DNA as the genetic material

was performed by Frederick Griffith in 1928, Griffith studied two strains of the bacteria
Streptocoeens prommoniae. e found that one strain could be transformed, or changed,

into the other forne. Of the two strains he studied, one had a sugar coat and one did
not. Both strains are shown in Figure 1.
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Smogihatrain--5, prepmamnos Rough sirain— & proumamoe

Figure 1 The smooth (5} straln of 5 preumonies can cause preumania, though the rasgh {R) strain |s not
diease-Caiging, The siraimt can be ideal®lied by 1he appsarancg of (he colonios.
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COLLECT EVIDENCE INVESTIGATE

I s youe Science Joumsito 03 GO DMLINE ta find these activities and mare sesources.
recond the evidanco vou calloct as
you complete the readings and BiolLab: What Is DNAT

aetivities im 1 |essea, Pran and carry aut an investgation 1o determing @ there are paliems when comparing DR
{rom yarious soemes.

' Rewvisit the Encounter the Phenamenon Question
What inlarmation from this lesson can belp you answesr e Madule guestians?
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Followe Grifflith's study in Figure 2. The coated strain causes pneumonia and is called the
smossth (5] strain, The noncoatesd, or rough (B) stram, does not cause poeumaonia. The live 5
cells killed the mouse in the study. The live K cells did not kill the mouse, and the killed &
cells did not kil the mowse. When Griffith made o miaxiwre of live B cells and killed 5 cells
and irjected the maxture inko a mouse, the mouse died. Griffith isolated live bacteria from
the dead mouse, When these isolated bacteria were cultured, the smooth trait was visible,
sugmmesting that a disease-causing factor wis passed from the killed 5 bacteria to the live B
bacterta, Geiifith concluded that theee had beery o transformation from live B hacteria to live
5§ bacteria, This expermment set the stage for the search to identfy the transforming
snhstance.

° { Irjected G & injected
into '

irboy
LS . G :
af= " I "_’ =
5 [smaath) stram Mousa ges R {rough) strain Mouse lvas
(S EASE-CAEING) {nc disaane-causing)

C ) (D g
S strain f % strain # B srain
\ ’
[ 4 " Injocted '
...' Inte [

meUse - ln]e-:led

e { togetfhar
:ﬁfﬁt -"__;, L ::ﬁii_l Mo mause

= Girain S sirain -
I Mouse livas I { s e~
Mouge diss

ngﬂ-}: Griffith's transiemation Eapefiment demonsirates the oange al reugh bacteria inb smootn bedtera

Avery

[n 1944, O=wald Avery and his colleagues identified the molecule that transformed the B
straim of bacteria into the 5 strain, Avery isolated different macromalecules, such as DNA,
proteins, and lipids, from kalled § cells, Then e exposed live B cells to the macromolecules
separately. When the live K cells were exposed to the 5 strain DMA, they were transtormed
into & cells. Avery concluded Uthat when the S cells im Grillilh's experiments were killed,
DA was rebeased, Some of the R bhacterta incorporsted this DNA indo therr cefls, and this
changed the bacteria into 5 cells. Avery’s conclusions were not widely accepted by the
seientific commmunity, and many biologists continwed to guestion and experiment o
determine whether proteins or DNA were pesponsible for the teansfer of genetic materkal,

B cete

Explain how Avery discovered the transforming factor
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Hershey and Chase

I 1952, Alfred Hershey and Martha Chase published results of experiments that
provided definitve evidence that DMNA was the transforming factor. These experiments
involvid a bacteriophage (bak TIHE ce ub fayil, & type of virus that attecks bacteria.
Two components made the experiment ideal for confirming that DMNA is the genetic
mmaterial. Firat, the bacleriophage used in the experiment was made of DNA and
protein, Second, viruses cannot replicate themselves. They must inpect their genetic
material into a living cell in order for replication to take place, Hershey and Chase
labeled both partsof the viras o determine which part was injected into the bacteria

and, thus, which part was the genetic material,

Radioactive labeling Hershey and Chase Group 1 Group 2
used a technigue called radioactive Tabeling to Wiresas are greswn in Wiruses are grown in
THEdini L oG TPl P SO aaneng

trace the fate of the DNA and protein as the
bacteriophages infected bacteria and
reproduced, Follow along in Figure 3, which

Hp g label DHA.

%5 ta label protbein,

illustrates the Hershev-Chase experiment. They - “h:h

5EEH.!']E|.‘| one set of bacteriophages w.'ilh E col -..':':m::.- e iz ’,... E w#
radiactive phosphoras (%), Proteins do not Winus

contain phosphorous, so DNA and not protein I E. coliand

in these viruses would be radioactive, Hershey Lll:adi fiatte

and Chase labeled another set of tageiier inte

bacteriophages with radicactive sulfur (5 lirguid cufture

Because proteins contain sulfur and DNA does
not, prodeins and not DNA would be
radbsctive,

Hershey ard Chase infected bacteria with
viruses from the two groups. When

viruses infect bacteria, they attach to the
outsude of the bacterla and inject their

genetic material, The infected bacteria then
were separated from the viroses,

Tracking DMA Hershey and Chase examined

medium. l
Wiruses

infect the

bacterin,

infacting

thelr genatic
isabeial,

The mbxtura is ’{
agitaled to
asiosge e (D

wirlees from

Group 1 labeled with “F and found that the e bacterla
labeled viral DINA hael been mjected into the
!:lnctena. ".’trus-?ﬁ later r_EIeasfd from the e " s b - =
infected bacteria contained P further arodeins are separated '.rlrldI“:l
indicating that DNA was the carrier of genetic fram the liguid proteins
information. Pl g Tm the
B Bt tadial

When examining Group 2 labeled with ¥5, proteins Bocteial
Hershev and Chase observed that the labeled calls
proteins were found outside of the bacterial Mgt PP s in the Piga1 5 is in the liguid

bacterisl cells. weith the virsl profeins,

cellz, Viral replication had ocowrred in the
bacterial cells, indicating that the viruses'
genetic material had entered the bacteria, b
nao label (5] waz found,

Figure 3 Hershay and Chase used radmactive abaling
lechinicjioes 10 ot ofe Elial DN& i T geniedic malerial
m ylruses.
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Table 1 Summary of Hershey-Chase Results

oup Group 2

abeled with “P) Miruses labeled with 5}

Infected Bacteria | Liquid with Viruses | Infected Bactoria | Liquid with Viruses

[ = Latiobod viral DMA | « MNa labeled DMA |« Ma labeled visal | = Labeled proteins
[Py found nthe |« Mo viral replication proteins (75) found
bacterta | = Wiral reglication |« Mawiral reglicatian
« Wiral replication | pocurred
| ocourred = Mew viruses did not
« Maw vinuses have a labe|
| cantained P

Table 1 summarizes the resulis of the Hershey-Chase experiment. Based on their
results, Hershey and Chase concluded that the viral DNA was injected mito the cell and
provided the genetic information needed to produce new viruses. This experiment
provided powerful evidence that DNA, nod prodein, was the genetic material that could
be passed from generation b generabion m viruses,

IEGH It?

Explain why it is impartant that new viruses were produced in the bacteria,

Discovery of DNA Structure

After the Hershey-Chase experiment, scientists were more confident than ever that
DMA was the genetic material of living things. The experimental results had led to the
flentification of the genetic material, but the questions of how nucleotides came
together to form DMNA molecules and how DNA could communicate information

remained.

The structure question

Just as the work of many scienti=ts led to the discovery that DMA was the genetic
muaterial, it took the work of many scientists to develop an understanding of the
shructure of DMNA, For examiple, Erwin Chargalf's work led him to conclude thal
nucieotides paired together specifically. Rosalind Franklin, Maurice Wilkins, James
Watson, and Francis Crick provided data, analysis, and insights that were pivotal in
answering the DNA structure question,

FF3 CROSSCUTTING COMNCERT ACADEMIC VOCABULARY

Structure and Funclian Lse 1he svidence obitained by the experments of Hershey | Transtorm

e Chiarse 1o gaplain the conclusian that DRA was e sirociure hat ahawed T2 it a chisnga in b of kind

characteristics o be passed from generation o generation, Alfrad Hershey ond Marthe Chase
puhishad resuls of exgevimants thor
privacher delinitive ewdence fart DA
s fve fronsfovming foctor
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Chargaff

Erwin Chargaff analyzed the amount of adenine,
guaning, thymine, and cviosine in the DNA of
various species, A portion of Chargatfs data,
published in 1951, is shown in Figure 4. Chargaff
found that the amount of gaanine nearly equals
the amount of cvtosing, and the amount of
adenine nearly equals the amount of thymine
within a species. This findjng s knowmn ax

Chargailzrule: C=Gand T = A,

Franklin and Wilkins

Wilkins was working at King's College in London,
England, with a technigue called X-ray diffraction;
a technigue that mvobved aiming X rays at the
DA molecule. In 1951, Rosalind Franklin joined
the stalf at King's College, There she took the now
famicus Phioto 51 and collectsd data eventually

Chargaff's Data

Crganism T G

a0

Herring

Figure 4 Chargali's data showad that theogh base
compostion vares irom species 1o spacies, within a
sppcs C=Gad A=T

used by Watson and Crick. FPhoto 51, shown in Figure 5, indicated that DNA waz a
double helix, or twisted ladder shape, formed by two stramds of nucleatides Iwisted
arcund each other, The specifie structure of the DNA double helis was determined later
by Watson and Crick when they used Franklin's data and other mathematical data.
DA is the genetic material of all organisms. composed of bwvo complementary, pre-
chsely paired stramds of nuckeotides wound in a double helis.

Figure & Rosalird Frankiin's Photo 5% and ¥-ray
ditracthin Jalm hetped Watson and Crick sohe the
struchure of BHA. When analyzad ard messured
I:ﬂll:‘ll"'r. the patiern shows the characlarisiics

of o biolical struciure

c
FL

m

Lopirghd © W-Crre-HB Eileion Shows Smece
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Watson and Crick

Watson and Crick were working at Cambridge University in Cambridge, England,
when thev saw Franklin's X-ray diffraction picture, Using Chargafl's data and
Franklin's data, Watsen.and Crick measured the width of the helix and the spacing of
the bases. Together, they built a model of the double helix that conformed to the
others’ research, The model that they built is shown in Figure 6. Some important
featiures of their proposed molecule include the following:

1. Twor onstside strands consist of alternating deoxvribose and phosphate
2, Uytosine and guanine bases pair to each other by three edrogen bonds,

3. Thymine and adenine bases pair to each other by two hydrogen bonds,

Flgure & Lising Chargalf's and FrankSn's data, Watson and
Crick, shown e, sohed The puzihe of Ehe sireciune of DR

The announcemant

I 1953, Watson and Crick surpnsed the scentific commumity by publishing a
one-page letter in the scientific journal Nahiore that suggested a structure for BNAL The
letter also hypothesized a method of replication for the molecule deduced Irom the
proposed structure, Inarticles individually published in the same issue of Niabere,
Wilkinz and Franklin presented evidence that supported the structure proposed by
Walson and Crick. Still, the mysteries of how to prove DNA'S replication and how DINA
worked a5 o genetic code remained. Further investigations waould be needed o build on
the wark of Wilking, Franklin, Watson, and Crick and to solve these mysterses

Eem it?

Explain the structure shown In the Image at the beginning of the Module,
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MNucleotides

I the 19205, the biochemist I A, Levene determined the basic structure of nucleotides
that make up DNA, Mucleotides are the subunitz of nucleic acids and consist of a
five-carbon sugar, o phosphate group, and & nitrogenous base, The twe necleic acids
found in living cells are DNA and RMA. DMNA nucleotides contain the sugar
deosyribose {dee ahk sih Rl bas), a phosphate, and one of four nitrogenous bases:
adenine (A dub neen), guanie (GWAH neen), cvtosine (51 uh seen), or thymine

{THI meen). BMA nucleotides contain the sugar ribose, a phosphate, and one of four
nitrogenous bases: adenine, guanine, cvtosine, or uracil (YOO ruh sihl). Notice in
Figure 7 that guanine (G) and adening (A) are dooble-ringed bases. This type of base iz
called a purine base, Thymine (T}, cytosine (C), and wracil {U) are single-ringed bases
called pyrimidine bases,

Mucleotide strsciure FPurine bases Pyrimidinge bases

HH &, EH,
Phosphate ! i: . _
. H
TUAgar g
Adenine u!q Cytosine {C) Thymine [T}
Id*
Sl

Guanima |:1’=‘] Urmcil (L)

Figure ¥ Hueciectides are made of a phosphals, sugar, and & baze. Thare we fve deiferent bases found
In nuciedtide subunits that make wp DNA andg BNA.

Explain thie she fund diffivence Setween ausne amd pyimiating beies

Sugar Base

DMNA structure

DMA is often compared 1o a lwisted ladder, wilth the rails of the ladder represented by the
alternating decsyribose and phosphate. The pairs of bases {eyvtosine-guanine of Ehyimisne-
aderne] form the steps, or rungs, of the ladder. A purine base always binds to a pyrimi-
dine base, ensuring a consistent distance between the two rails of the ladder. This
propoged bonding of the bases alzo explains Chargaff™s data, which suggested that the
number of purine bases eoualed the number of pyrimadine bases ina sample of DSA,
Kemember, cytozine and thymine are pyrimidine bases, adenine and guanine are purines,
and C = (G and A = T. Thevefore, C + T = G + A, of purine bases equal pyrimidine
bases, Complementary base pairing is used to describe the precise pairing of purine and
pyrimidine bases betwieen strands of nocleic acids. It s the characteristic of DMNA replica-
ticn through which the parent strand can determine the seqoence of a new strand.

E{GEI i

Explain why Chargaff's data was an important clue for understanding the
structure of DA,

Lopirghd © W-Crre- HE Eilssion
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Crrientation

Another unique feature of the DNA
mabecule is the direction, or
orientation, of the two strands, Carbon
molecules can be numbered in organic
molecules, Figure § shows the
onentation of the numbered carbons
in the sugar molecules on each strand
of DNA. On the top rail, the
orienkation of the sugar has the 5
(read “five-prime”) carbon on the left,
and on the end of that rail, the 3 (vead
“three-prime”} carbon is on the right of
the sugar-phosphate chain, The strand
i% =aid to be oriented 5° to 3°. The
strand on the bottom runs in Lthe

h
&#r

4 '_a' Rl ul]
, g “CHy o i T :
- L. 0 5 g
Flgl.lrﬂ'a Iwio strands ol DNA Turning antiparaliel make up the DN
Hirdiz

Euplain wiy tihe ends of ithe DV stnnds mre dobeled 37 ond 5°

opposite direchon and 15 oriented 37 to 5% This orentation of the teo strands is called
antiparallel, Another way to visualize antiparallel orientation is to take two pencils and
position them so that the point of one pencil is next to the eraser of the other.

|8 Check Your Progress

Summary
« Griffith’s bactertal experiment
—and Avery's explanation first
indicated that DNA is the
genetlc material

« The Hershey-Chase
experiment provided
evidence that DMNA is the
genetlc material of viruses:

« Chargaff's fule states that in
O the amount of cytosine
equals the amount of guanine
and the amount of thymine
eguals the amount of adenrine.

. The work of Watson, Crick,

Demonstrate Understanding

1. Summarize the experments of Griffith and Avery that
indicated that DNA is the genetic material.

2. Describe the conclusions drawn by Hershey and

Chase abolrt the substance respensible for the transfer
of genetic Infarmaticn,

3. Describe the data used by Watson and Crick 1o deter-
mine the structure of kA,

Explain Your Thinking
4. Describe two characteristics that DMNA needs to fulfill
It role as a genetic materal,

5. Explain what the story of determining the struciure of
DA teils us about the nature of science.

6. Bvaluate Harshey and Chase’s decision to use

Frankiin, and Wilkins provided radioactive phosphorus anc suifur for their

evidence of the double-helix axparimants. Enpl::l they have used carbon ar

structure of DA, oxygen instead? Why ar why not?
LEARNSMMART' Goonlineto follow your personalized learming path to review, practice,

and reinforce your understanding,



LESSON 2
REPLICATION OF DNA

FOCUS QUESTION
How does DNA replicate?

Semiconservative Replication

When Watson and Crick presented their model of DNA to the science community,

they also suggested a possible method of replication called semiconservative replication.
Dwuring semiconservative replication, parental strands of DMNA separate, serve as
templates, and produce DMNA molecales that have one strand of parental DMNA and one
strand of new DNA. Recall that DNA replication occurs during intérphase of mitosis
and meiosis, allowing genetic infermation o be transmitted during these processes. An
overview of semiconservative replication is shown in Figure 9. The process of semicon-
servative replication oocurs in three main stages: unwinding, base pairing, and joining.

Original First replication Second replication

O o Ry

.--""hl

/ One parent strand

m with ane new strand

Prensrand N _ ORNOF
YO — LINK

Flgue 9 |n sembconsenvataes replicatan, the pasental DHA strands separate and serves as templates 1o
prodoce Twd daughiee [¥MA moferules. which then can separals to pradoce four DML molecoles.

EHPJMD how repheation ansoes hat DN of siccessive gensnmlinns of calls duning mitasrc is the soms ‘i

3D THINKING OO Dimciginary Cove (dass.  GCC Crmescuring Capeepis

COLLECT EVIDEMCE INVESTIGATE f
| se your Science Joumnai 1o Q) GO ONLINE 1o find these acifvities and move sesources. ?
PELEE SIe SRS JON PIE BioLab: Forensics: How is DNA extractee?

you compéste the readings and Plan and eairy out an imestination to deteming e propartion and quantity of DR fourd

acthities in ths |esson.
in.com.

.Eg Qulck Imvestlgation: Model DMA Replication
Use & moded to determing the cause and effect of DMA repicalan
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LESS0N 2

REPLICATION OF DNA

FOCUS QUESTION
How does DNA replicate?

Semiconservative Replication

When Watson and Crick presented their model of DNA to the science community,

they also sugprested a possible method of replication called semiconservative replication,
Curing semiconservakive replication, parental strands of DNA separate, serve as
temptates, and produce DNA molecules that have one strand of parental DNA and one
steand of new DNA, Recall that DNA replication occurs during interphaze of mitosis
and maiosis, allowing genetic information to be transmitted during these processes. An
overview of semiconservative replication is shown in Figure %, The process of semicon-
zervative replication oocurs in three main stages: unwinding, base pairing. and joining,

Original First replication Second replication

ORR

AN — YRF

/ Cine parent strand

m with one new strand

Figure & |n semecanservntiee roplication, the pasontal DHA strands separate and serves as fomplates to
prodince bwa dasghter DA motacubes, which then can separata to praduce four DM molecutes.
EHPFI“-'I feaw repcatinn ensires it i of spocessie QL‘.‘1I’7.'I'.'T|'|.'I.|i5 o pas -El'rll.lu"lg.'.'lll'.'GS"_'-' i e same

AN

:
2

23D THINKING o0 DocmilnryCom i Gcc Cromseuting Ooncents 57 Sctumes & Fginesring Proctices
COLLECT EVIDEMCE IMVESTIGATE E
|2 s yaur Science Jourmai o i GO CMLINE b fird these aclivities and mare resources. E
recand lhaeuldemw_umllmus BloLab: Forersics: How is DNA extracted?

pabitk oo i Plam and carry ouf an inmvestigation {0 determing the proportion and quantity of DA faund

Siilles i 11 (et
Im Cofm

Chulek Investigation: Model DMA Replicaticn
Uee a model to ditermm s cauti and offoct of DNA repSoation
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Unwinding

DMA helicase, an enzyme, unwinds and unzips the double heliv. The enzyme breaks
the hwdrogen bonds between the base pairs and the double helix unzips leaving single
strands of DMNA. Then, proteins called single-stranded binding proteins associate with
the DA to keep the strands separate. As the helic unwingds, another eneyme, RNA
primase, adds a short segment of RNA, called an RMNA primer, on each DNA strand.

Base pairing

The enzyme DNA polymerase catalyzes the addition of nuclestides to the new DNA
strand. The nuckeotides are added to the 3" end of the new strand, as illustrated in
Figure 10. DMNA polymerase conlinues adding nucleotides to the chain by adding to the
3" end of the new DNA strand. Recall that each base binds only to #ts complement—#4 binds
to T and C binds to G. In this way, the templates allow identical copies of the original
double-stranded DINA 1o be produced.

Motice in Figure 10 that the two strands are made in a slightly different manner. The
leading strand is elongated as the DNA unwinds. This strand is buill continwoushy by
the addition of nuclentides to the 3° end in the 5’ to 3’ direction. The lagging strand
elongates away from the replication Foirke. Tt is synithesized discontinuously into small
segments, called Okazaki frapments, by DMNA polymerase in the 3 o 5 direction.
These fragments are later connected by the ercyme DNA ligase. Each Okazaki
fragmeent is abouwt 100-200 nucieotides long in eukarvotes. Because one strand is
synithesized continuowsly and the other is synthesized discontinuously, DNA replication
s semidiscontinuous as well as semiconservative.

Leading g
shrand

Direction of
replication

Okazaki fragments

¥ parental
DA ligase g DNA strand
3 Helicase
Lagging RMA
strand primes

& DMNA polymerase

F‘EH.H'W Thie DMA sTands are Sepamisd during replication 85 esCh parent Strand Senves a5 4 iemplaie i
new sErands.

Joining

In enkaryotes, DNA replication often begins at many areas along the chromosoms:.
When the DNA polymerase comes o an RNA primer on the DNA, it removes the
primer and fills in the place with nucleotides. When the RNA primer has been
replaced. DMNA ligase links the two sections.
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Comparing DNA Replication in Eukaryotes
and Prokaryotes

Eukaryotic DNA omwinds in multiple areas as DMNA is replicated. Each individuoal area
of a chromosome replicales as a section, which can vary in length from 10,000 to one
miillion base pairs. Multiple replication origins look like bubbles in the DNA strand, ax
showm in Figure 11

In prokarvotes, the circular DNA strand is opened at one origin of replication, as shown
in Figare 11. MNotice that DNA replication ocours in two directions, just as it does in
eukaryotes. Prokaryotic DMNA is typically shorter than eukaryvotic DMNA and remains in the
cytoplasm, not packaged ina nocens.

it
||.
Prokaryotic Eukaryotic
replication replication
-,
Ry, %
J:j- o #”“”Q
* @
L3
S
b o
fd
_I‘I.

t i
i¥ o
T +
Tyt

n~y
-

-

Figure 1 Eulasyoles have many ongins af seplication. Bacieita have one ofga of Teplicabion, with the DHA
replicating in both dirsntions wiven & wzios

I& Check Your Progress
+ The enzymes DNA helicase, 1 Indicate the sequence of the template strand if a
RMA primase, DMNA polymerazse, nontemplate strand has the sequence
and DMA ligase are involved in 5 ATGGGGCGC 3°
LT OCHlion, 2. Describe the role of DNA helicase, DNA polymerase,
« The leading strand is and DNA ligase.
synthesized continuously, but 3. Diagram the way leading and lagging strands are
the |agging strand is ot
synthesized discontinuously, & : i =
: i Olkcaaaic s Twmfﬂpkﬂnﬁmmmﬂex
» Prokaryotic DNA opensata Explain Your Thinking
;ﬂﬂw&mm 5. [ITSTIR Connection| If £ coli bacteria synthesize DNA
multiple areas of replication. at a rate of 100,000 nuclectides per min and it takes
30 min to replicate the DMA, how many base pairs are
in an E cofi chromosame?

LEARMNSMART  Goonline tofollow your personalized leaming path to review, praciice,
and reinforce your understanding.
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LESSON 3
DNA, RNA, AND PROTEIN

FOCUS QUESTION
How is DNA and RNA involved in transcription and translation?

Central Dogma

Omne of the inportant features of DMNA that remained unresolved beyond the work of
Watzon and Crick was how DNA served as a genelic code far the svnlhesis of proteins.
Recall that proteins function as stroctural building blocks for the cells and as enzymes.

Ceneticists now accept that the basic mechanism of reading and expressing genes is
from DNA o ENA to protein. This chain of events ocours in all living things—from

bacteria to humans. Scientists refer to this mechanism as the ceniral dogma of biology:
DNA codes for RNA, which guides the synthesis of proteins.

Types of RNA

RMA is a nucleic acid that is similar to DMA. However, RNA contains the sugar ribose,
the base uracil replaces thymine, and usually is single stranded. Table 2 compares the
structures and functions of the three major types of ENA found in living cells.

Table 2 Comparison of Three Types of RMNA

Mame | mRMA rRMA tRMA
| Function | Camies genetic information | Associates with protein o - Transports aming acids 1o
from DA in the nucleus to {zrmi the ribosome the ribosome
direct protein synthests in the
cyloplasm
| Example

L 3D THINKING  DC! Dncimmary Coroions <G Erommeasing Conesps

COLLECT EVIDENCE INVESTHZATE

E

= o

E Eli‘!“:“mmm‘;?'” 0 GO OMLINE 1 find thess aciviles and mare resources.
recoid the evidente you collect as Practicas: T pREEEM

“  you compieie the readings and .:P PRiYiIng I b

arhviles in fhic lesan: HS-L511. Constroct an explanation based on evidence far how Bhe struchre of DA

determinzs e shruchure of prodeins whach cosry ol the essential Tunctions of lifs heaugh
Syiledns of speciallred cells
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Messenger RNA (mENA) molecules are ong sirands of RNA nucheotides that are
formed complementary to one strand of DNA. They travel from the nucleus to the
ribosome to direct the synthesis of a specific protein. Ribosomal RNA (rRMNA) is the
type of RNA that associates with proteins to form ribosomes in the cvioplasm. The third
type of ENA, tramsfer RNA (IRMA) are smaller segments of RMNA nuclectides that
transport amine acids to the ribosome.

Transcription

The first step of the central dogma involves the synthesis of mENA from DNA ina
process called transeription (trans KRIHP shun). Through transcription, the DNA code is
transferred from a strand of DNA o mRENA in the nodeus. The mENA then can take the
code into the cvtoplasm for protein synthesis. Follow along with the process of transcrip-
tion in Figore 12. The DNA is unzipped in the nucleas and RNA polymerase, an enzyme
that regulates RNA synthesis. binds to a specific section where an mENA will be synthe-
sized. As the DNA strand urwinds, the ENA pofymerase initiates mRNA synthesis and
mowes along ong of the DNA strands in the 3° to 5° direction. The strand of DMNA that is
read by RNA palvmerase is called rj'he-r_emplates!ram:l,a'rdmﬂ..‘«.’ﬁ is symthesized as a
complement to the DNA nucleotides. The DINA strand not used as the template strand is
called the nontemplate strand. The mEMNA transcript is manufactured ina 5 to 3° direc-
tion, adding each new RNA nuclestide to the 3° end. Uracil is incorporated instead of
thymine as the mEMNA molecule is made. Eventually, the mEMNA is released, and the RMNA
polymerase detaches from the DNA. The new mRNA then moves out of the nuclens

through nuclear pores into the cytoplasm.

@ Get It?

Explain the direction in which the mRMA transcript is manufactured.

Figure 12 BHA is grown
imihse 5o X direction.
Identify which enzyme
Dods ieclecbobes fo the
g B

[ET3 CROSSCUTTING COMCEPT ACADEMIC VOCABLL ARY
Structure and Functian Our knowletdge of protein synthesis has been gathered | transtes

through Extensive angoing biochemical research. The evidence obtatned from this | 40 pass from one ting o place fo
reseanch is the source af the infermatian presentsd in this esson. Use this - anather

evidence 1o (redte @ chart of table summarizing the funcsons of the main celluar | The process of mmascnpion Fomsfars
strsctures bmvalved in protein synthesls. the D code fo mENA in B nucieps.

oy 1B R, iy 1 Eyhmai b



. Inspare: Biclogy, Student Editicn

Copynght © M Cesse Pl Exkasoem

RNA processing

When scientists compared the coding region of the DNA with the mBENA that niti-
mately coded for a protein, they found that the mRMNA code is significantly shorter than
the DMA code. Upon closer examination, they discovered that the code on the DNA is
interrupted periodically by sequences of code that are not found in the final mEMNA
These sequences are called intervening sequences, or introms. The coding sequences
that remain in the final mEMNA are called exons.

In eukarvoles, the original mRMNA made in the nuclews is sometimes called premRNA.
The pre-mENA contains all of the DNA code. Before the pre-mEMA leaves the nucieas,
the introns are removed from it, leaving the sequences contained in the exons. Cther
processing of the pre-mBENA that ocrurs includes adding a protective cap on the 5° end
and adding a tail of many adenine nuclectides, called the poly-A tail, to the 3" end of
the mREMNA
Research shows that the 3° end cap aids in ribosome recognition, while the 3’ end
poby-A tail stabilizes the mENA. The 3 end potv-A tail also prevents mENA degrada-
tmmlha-q,‘taplam and allows the mENA to be exported from the noclens; The
mENA that reaches the ribosome has been processed.

@ Get It?

Summarize how pre-mRMNA s changed during RNA processing.

The Code

Binlogists began to hypothesize that the instructions for protein synthesis are encoded
in the DMA. They recognized that the only way the DMNA varied among organisms was
in the sequence of the hases and therefore the instructions for forming species’ charac
tieristics are carried in DMNAL Scientists knew that 20 amino acids were used to make
proteins in living things, so they knew that the DNA must somehow provide at least
20 different codes.

The hypothesis for how the DNA bases formed the code is based
on both math and logic. Consider that if each base coded for a single amino acid, then
the four bases could code for only four amino acids. If each pair of bases coded for one
amino acid, then the four bases could only code for 16 {4 » 4 or 4%} amino acids.
However, if a group of three bases coded for one amino acid, there would be 64 (4 % 4 x 4
or 47) possible codes. This provides many more than the 20 codes needed for the 20
aming acids, but is the smallesl possible combination of bases to provide enough codes
for the aming acids.

This reasoning meant Lhat the code was not contained in the baze pairs themselves, bul
must run along a single strand of the DNA. Experiments performed during the 196(s
demonstrated that the DMNA code was indeed a three-base code. The three-base code in
DNA or mEMNA is catled a eedon. Each of the three bases of a codon in the DNA s
transcribed into the mRMNA code.
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Figure 13 shows a “dictionary” of the genetic code. This code is often called universal
and it is common o almaost all living things. Notice that all but three codons are specific
foran amino acid; these three are stop codons. Codon AUG codes for the aming acid
miethionine and also fumctions as the start codon.

Figure 13 ns “dictionary ol e genstd cooe i helphal tor enowing which Codons oode 07 WikCh Sming 2cios

Translation

Omnce the mENA is synthesized and processed, it moves to the ribosome. In eukaryoles,
this means the mENA must leave the nuckeus and enter the cvtoplasm. Once in the
cvtoplasm, the 53° end of the mENA connects to the ribosome. This is where the code s
read and translated to make a protein through a process called translation. Follow along
in Figure 14 on the next page as yvou learn aboul translation.

In transkation, tRNA molecules act as the interpreters of the mEMNA codon sequence.
The tRNA s folded into a cloverleal shape and is activated by an enzyme that attaches a
specific aming acd to the 3 end. At the middle of the folded strand, there is a three-
base coding sequence called the anticodon. Each anticodon is complementary (o a

codon on the mRENA. Though the code in DNA and ENA is read 5 to 3, the anticodon
is read 3" 1o 5%

E Get It7

Explain how the processes of transcription and translation are essential for life

i igyrigid 1 A Coomy 16 Frhsaiom
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Figure 14 Visualizing Transcription and Translation

Transcription takes place in the nedeus. Translation ocowrs in the oytoplasm and results
in the formation of polypeptides.
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The role of the nbosome

The ribosome consists of two subunits, as shown in Figure 14. These subumits are mot
associated when they are not involved in protein translation. When the mREMNA leaves
the nucleus, the two parts of the ribosome come together and attach to the mENA to
complete the ribosome. Once the mREMNA i associated with the ribosome, a t(RMA with
the anticodon CAL carrving a methionine will move in and bind to the mEMNA start
codon—ALFG—on the 5" end of the mENA. The ribosome structure has a groove, called
the P site, where the tRMA that is complementary to the mENA mioves in

A sacond IRMNA moves into a second groove in the ribosome, called the A site, and
corresponds to the next codon of the mRMA. The next codon is UUL, so a tRNA with
the anticodon AAA moves in, carrying the amino acid phenylalanine.

Fart of the rRMA in the ribosome now acls as an engyme catalyzing the formation of a
hond between the new amino acid in the A site and the amino acid in the P site. As the
two aming acids join, the {RNA in the P site is released to the third site, called the E
site, where it exits the ribosome. The ribosome then moves so the IRNA found in
theﬁs.imiﬂs.hil’tedlnthel’ﬂu,uslmwnhfigmlLanammwmemme
A site, complementing the next codon on the mENA.

This process will continue adding and linking amino acids in the sequence delermined
by the mENA. The ribosome continues to move along until the A site contains a stop
codon. The stop codon signals the end of protein synthesis and does not complement
any tRNA_ Proteins called release [actors cause the mENA to be released from the last
tRMNA and the ribosome subonils to disassemble, ending protein synthesis.

One Gene—0One Enzyme

Cnce scientists learned how DMNA works & a code, they needed to learn the relation-
ships between the genes and the proteins for which they coded. Experiments on the
micld Newrospora were the first to demonstrate the relationship between genes and
enzymes. In the 19405, George Beadle and Edward Tatum provided evidence that a
gene can code for an enzyme. Thev studied mold spores that were mimtated by exposure
o M-ravs.

Mormally, Newrospara, a kind of mold, can grow on an artificial medium that provides
no amino acids, called minimal medium. Complete medium provides all the amino
acids that Neurospore needs to function. Beadle and Tatum used this information as
they designed their investigation.

ET3 cROSSCUTTING CONCERTS STUDY TIP
Cause and EMect Study the llustrations bn Fagures 13 and 4. As an exampée, Flowcharl Draw aflowchart that

imagine that a pelypeptide being synthesized in the fbosome requies the aming | COINEOS the processes of DMA
acld alanine. Lse the evidence presented in this kesson to predict the possible repiliCation, rans criptian, and
antcotans on the ERNA for which such & seqment of IRMA could move into s 4 | Bansiation.

ol the ribosame. Write an sxplanation far your predaction
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Examine Figure 15 to follow along with
Beadle and Talum's experiment. In the
experiment. the spores were exposed o
X-ravs and grown on a complete
medium. To test for @ mutated spore, the
scientists grew spores on a minimal
medium. YWWhen a spore was unable o
grow on the minimal medium, the
mutant was tested o see whal aminog
acid il lacked. When the mutant spore
tvpe grew on a minimal medium with a
supplement such as arginine, Beadle
and Tatum hypothesized thal the

Gacestin of Moerosporn
o minimal madism
[ aming achis)

Mo growith on
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X-rays couso madabion.

mutani was missing the enzyme needed Frini i Flgure 15
i symthesize arginine. Beadle and The Beadls
Tatum came up with what is known as IR r;lnT:w and Tatum
the “one gene—one enzyme” hypothesis, e are sopiemantod wit B
Further research built upon the work of — vasious subsiances. Zr:::j:;
Beadle and Tatum and today, because we 3 [ 1 | B iaran
know that polypeptides make up E |J -I ‘,U enTyme. We
enzymes, their hypothesis has been E fesi § & I o knoe
mindified slighthy to refer to the fact that i} i .5: HLZ‘:EIIE"_E
ane gene codes for one polypeptide. W, | 4 E Y, "-"|I v L pelypeptids
IE Check Your Progress
Summary Demonstrate Understanding
= Thres major types of RMA are tmmmmwmmmnm
invoived in protein synthesis: rasulis in the production of a protein.

mRMA, tRNA, and rRMNA 2. Describe the function of each of the following in
= The synthasis of the mRMNA protein synthesis: rRNA, mENA, and tRNA
from the template DNA is 3. Explain why scientists concluded that the instructions
calied transcription. for species characteristics were carried in DNA_
= Tm'ﬁhﬁm?s'ﬁ-epmcﬂﬁ 4. Explain the role of RNA polymerase in mRNA synthesis.
Shecich Wit thie PR 5. Conclude why Beadle and Tatum's "one gene, one
5 aﬁilﬂ‘_lr_.tuﬂﬁlﬂmsmmiﬂa e PRt hse Daen motkfied SHce iy
3 B presented it in the 1940s.
! = In eukaryotes, mRMNA contains
z introns that are excised before Explain Your Thinking
> leaving the nucheus. A cap and 6. (TS0 Connection | If the genetic code wsed four
? poly-A tail are added 1o the bases as a code instead of three, how many code units
= mRNA could be encoded?
LEAHHEMAHT' Go online ta follow your personalized leaming path to review, practice,

and reinforce yous understanding.
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LESSON 4

GENE REGULATION AND MUTATION

FOCUS QUESTION
How do prokaryotes and eukaryotes regulate their genes?

Prokaryote Gene Regulation

Gene regulation is the ability of an organism s control which genes are transcribed in
response o the environment. In prokarvotes, an operon often controls the transcription
of genes in response to changes in the environment. An gperon is a section of DMNA that
contains the genes for the proleins needed for a specific metabolic pathway. The parts
of an operon include an operator, promoter, regulatory gene, and the genes coding for
proteins. The operator is a segment of DMA that acts as an ony/off switch for
transcription. A second segment of DMNA, called the promoter, is where the RNA
polymerase first binds to the DMA. The bacteria Escherichia coli (E coli} respond to
tryptophan (an amino acid) and lactose {a segar) through bwo operons.

The trp operon

In bacteria, tryptophan synthesis ocours in a series of five steps. Each step is catalyzed
by a specific enzyme. The five genes that code for these enzymes are clustered logether
on the bacterial chromosome with a group of DNA, called the tryplophan (irp) operomn,
which controls whether or not these genes undergo transcription.

The trp operon is referred 1o as a repressible operon because transcription of the v
enzyme genes normatly is repressed, or turned off. When tryptophan is present in the
cell’s enviromment, the cell has no need to synthesize it and the frp repressor gene arns
off, or represses, the transcription process by making a repressor prolein, as shown in
Figure 16 on the next page. When this repressor protein binds to the operator, it
prohibits the synthesis of tryptophan,

When tryptophan levels are low, the repressor i not bound to tryptophan and is
inactive. The ENA polymerase is able w bind to the OPETANNT, tUIning on ranscription
of thi live enzyme genes. This enables the synthesis of iryptophan by the cell. Notice
the location of the repressor protein in Figure 16 when the operon is turned off and on
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Figure 16 The irp oparon is an emmple of the pens expression of Roressible enrymes

The lac operon

Whin lactose is present in the cell, E cofi makes enzymes that enable it to use laclose as
an energy source. The laciose {lrch operon, illustrated in Figure 17, contains a promaoter,
an operator. a regulatory gene, and three enzyme genes that control lactose digestion.
In the fac operon, the regulatory gene makes a repressor protein that binds to the
operator in the promoter sequence and prevents the ranscription of the enzyme genes.
When a molecule called an inducer is present, the inducer binds to the repressor and
imactivates it. In the lac operon, the inducer is allolaciose, a molecule that is present in
food that contains lactose. Thus, when lactose is present, the allolactose binds ko the
repressor and inactivates it. With the repressor inactivated, RNA polymerase then can
bind 1o the promoter and begin transcription. The !i.lr_'ﬂpem is called an inducible
operon because transcription is iurned on by an indocer.
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Figure 17 The loc operon is an exsmple of the gene expiession of induchle enzymes.
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Eukaryotic Gene Regulation

All cefls in an organism have the same genelic conbent, but the genes used jexpressaed)
by the cell may be regulated in different ways. Eukaryotic ceils must control what genes
are expressed at different times in the organism'’s lifetime. In eukaryotic cells, many
genes interact with one another, requiring more elements than a single promoter and
operator for a set of genes. The organization and structure of eukaryotic cetls is more
complex than in prokarvolic cells, increasing the complexity of the control system.

Controlling transcription

Omne way that -E'I..Iika.l"li'ﬂ'tﬁ controd gene expression is through proteins called transcrip-
tion factors. Transcriplion factors ensure thal a gene is used at the right time and that
proteins are made in the right amounts. There are fwo main sets of transcription
factors. One set forms complexes that guide and stabilize the binding of the RNA
polvmerase (o a promoter. The other sel includes regulatory proteins that help contral
the rate of transcription. For instance, proteins called activators fold DMNA so that
enhancer sites are close to the complex and increase the rate of gene transcription.
Repressor profeins also bind to specific sites on the DNA and prevent the Erirl.dinguf
activators. The complex structure of eukaryotic DNA also regulates transcription. Kecall
that eakaryotic DMNA ks wrapped around histones o form nucleosomes. This structure
provides some inhibition of transcription, althoogh regulatory proteins and RMNA
polymerase still can activale specific genes even when the].r are packaged in the

NECReOSE0TE.

Hox genes

Gene regulation is crucial as muolticellular enkaryotes develop from & single cell called a
#ygote. The zvgote undergoes mitasis, producing all the different kinds of specialized
cells in the organism through the process of differentiation. One group of genes that

controds differentiation has been discovered. These
genes, catled homeobox genes, are important for
determining the body plan of an organism. They
code for transcription factors and are active in
zones of the embryo in the same order as the genes
on the chromosome. For example, the colored
regions of the fiv and fly embryo in Figure 18
correspond (o the colored genes on the piece of
DA in the figure. One group of homeobox genes,
called the Hox genes, helps determine the develop-
menl of embrvonic regions along the anterior-pos-
terior axis. A mutation ar the Ioss of a segment in
one of these genes can affect the order of struc-
tures along this axis. For example, one specific
mutation in the Hox genes of fruit flies resulis in
flies with legs growing where their antennae
should be. Scientists study these flies o under-
stand maore aboul how genes control an organism's
body plan. Simiar clusters of Hox genes that
control body plans have been found in all animals.

Adult Dros oo

Drezophilos Hox genes
Dha 550 /Sl I

Flgure 18 Hax genes are responsible for the genedal
Bbody pattern of most animals. Nolice that the order of the
genes s the same as te arder ol the body secthans the
genes contnl.
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RMA interference

Another method of eukaryotic gene regulation is RMNA interference (RMNAI). Small pieces
of double-stranded RNA in the cytoplasm of the cell are cut by an encvme called dicer.
The resulting double-stranded segments are called small interfering RNA. They bind to a
protein complex that degrades one sirand of the RNA. The resulling single-stranded
small interfering RMNA and protein complex bind to sequence-specific sections of mENA
in the cytoplasm, causing the mENA in this region to be cul and thus preventing its
translation. Figare 19 shows the single-stranded small interfering RMNA and protein
complex binding to the mEMNA. Research and clinical trials are being conducted to
investigate the possibility of nsing RNAI (o reat cancer, diabetes, and other diseases.

Protein complex Single-stranded, Flgure 19 ENA mterferants Can st the

small interfering RNA mRMA from transiating it message
Describe Sow the ANA-prodein compies
prevents e randiiing of the miid.

mRNA

E{m i?

Explain how RMA interference can regulate eukaryotic gene expression.

Mutations

Just as you might make a mistake when typing, cells sometimes make mistakes during
replication. These mistakes are rare, and the cell has mechanisms that can repair some
damage. Usially DNA replication conserves the genetic information in the DNA mode-
cules, and allows it o be transmitted without any changes. Although DMNA replication is
tightly regulated and remarkably accurate, errors do occur and result in a permanent
change, called a motation, in a cell’s DNA. Some mutations are sources of genetic varia-
tion. However, mistakes during replication can impact personal health.

Recall that one inheritance pattern that Mendel studied was round and wrinkled pea
segds. It is now known that the wrinkled phenotype is associated with the absence of an

enzym that influences the shape of starch molecules in the seeds. Because the mutation
in the gene causes a change in the protein that is made, the eneyme s nonfunctional.

Copryrght 1€ A G bl Erbasoon
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Types of mutations

Mutations in an organism’'s DNA sequence may or may nol resull in phenotvpic
change. Mutations can range frosm changes in a single base pair in the coding sequence
of DNA to the deletions of large pieces of chromosomes. Point mutations involve a
chemical change in just one base pair and can be enough o cause a genetic disorder. A
point mutation in which one base is exchanged for another is called a substitution.
Sometimes, a point mutation does not change the amino acid coded for but most
substitolions are missense mudations, in which the DNA code is altered 5o that it codes
e the wrong amino acid. Other substitutions, called nonsense mutations, change the
codon for an amino acid (o a stop coedon. Mensense mutations cause translation o
termimate early. Mearly all nonsense mutations lead to proteins that cannot function

norrnally.

Another type of mutation invalves the gain or loss of a single nuclestide in the DMNA
sequence. Insertions are additions of a nucleotide to the DNA sequence; defetions are
the koss of a nuclectide. Both of these types of mutations change the multiples of three

bases from the point of the insertion or deletion. These are called franne-
shift mutations because they change the “frame” of the amino acid
sequerice. Table 3 fllustrates the effect of these mutations on the DXA
sequence, and describes how these mutations can affect individuals.

Sometimes mutations are associated with diseases and disorders. One
example is alkaptonuria. Individuals with this disorder have a mutation in
their DINA coding for an enzyme involved in digesting the amino acid
phenvlalanine. This mutation results in the black colored homogentisic
acid that discolors the urine. Studies have shown that patients with
alkaptunuria have a high occurrence of frameshift mutations and missense
mitations in a specific region of their DNA. Table 3, on the next page, lists
miore examples of diseases associated with mtations.

Large portions of DNA can also be invoived in a martation. A piece of an
individual chromosome containing one or more genes can be deleted or
moved b0 a different location on the chromosome, or even bo a different
chromosome. Such rearrangements often have drastic effects on the
expression of these genes.

g1k B Connection | In 1991, a new kind of mutation was discovered
that involves an increase in the number of copies of repeated codons,
called landem repeals. The increase in repealed sequences seems o be
involved in a number of inherited diseases and disorders. The first known
example was fragile X syndrome, which results in a number of mental and
behavioral impairments. Near the end of 2 normal X chromosome, there is
a section of CGG codons that repeat about 30 times, Individoals with
fragile X have (GG codons that repeat hundreds of times. The syndrome
received its name because the repeated area on the tip of the X chromo-
S0Mmes appears as a fragile piece hanging off the X chromosome, as illus-
trated in Figure 20. Currently, the mechanism by which the repeats
expand from one generation o the next is not known.

Figure 20 Fragile X
syndrme &= dise to many
extra repeated CGG units
e e end ol the X

cienmaseme, making Ine
lenwer tin of the X chromo-
some apoear Iragile

gy 1 Al Coomy 160 Frbuai s
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Tahle 2 Mutations

Mut=tion Type

Analogy Sentence

THE Bis FAT CAT ATE THE WET RAT

.THZE B12 FAT CAT ATE THE WET RAT

Examiple of

Assoriated Disease

i | Achondroplaska:
| [substitution) improper developmeant
| (wrong amino acid) | of carilage on the
| ends of the lang
bones of arms and
legs reswiting in a form |
| of dwearfism
| Honsense THE BiG GaT Muscular dystrophy: |
I-bl.l:ﬂ'lﬂ'.l.ﬂhﬂj | progressive muscle |
| (premature stop | disorder characterized |
| weeakening of many
musches in e body
| Drelestion THE MGF ATC ATA TET HEW ETR AT Cystic fibrasts: chasac- |
| fcausing frameshifr) | tasized by abnormaily
| thick mucus in the
lungs, intestines, and
| pancreas
| Insertion THE BiG ZFA TCA TAT ETH EWE TRA Crohn's disease:
| fcausing frameshift) | chronic inflammation
of the intestinal ract,
| producing freguent
| diarrhea, abdominal
| patn, nausea, fever,
| and weight loss
| Duplication THE BIG FAT FAT CAT ATE THE WET RAT | Charcot-Marie-Tooth
| disease {type 1A):
| damege to peripheral
| nerves leading to
| weakness and atropiny
| of masscles i hands
| and lower legs
| Expanding mutation | Huntingion's disease:
: tandem repaals) | & progressive disease
| Generation 1 THE Bi5 FAT CAT ATE THE WET RAT | Iim wihach brain calls
Generation 2 THE BIG FAT CAT CAT CAT ATE THE WET RAT | waste away, producing |
Gensfation 3 THE B#G FAT CAT CAT CAT CAT CAT CAT ATE THE WET | uncontrofied move-

AT

| ments, emotional
| disturbamces, and

mentad deterioration
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Protein folding and stability

Yoo might expect that large changes in the DMNA code, such as frameshift mutations or
changes in position, fead to genetic disorders. However, small changes like substitutions
also can lead to genetic disorders. The change of one amino acid for another can change
the sequence of amino acids in a protein enough to change both the folding and stabil-
ity of the protein.

One example of a genelic disorder caused by a single point mutation is sickle-cell
disease, as illustrated in Figure 21. In the case of sicklecell diseaze, the codon fora
glutamic acid (GGAG) has been changed to the codon for a valine {(GTG) in the protein.
This change in amine acid sequence changes the siructure of hemeglobin and is the
canse of this disorder.

Horma shaps of red bood ol

Shckie shape of fad blood ced

Fbl.l! 21 Asinple amino ackd substiutkon can cause the gpenetc disorde sickle-cell disease
Recall wihat Foppens o Me profein Wil e SuDsITiled o ook

Hemoglobin is made of four polypeptide chains, which are two sets of two identical
chains. The molecule also contains a large carbon-ring structure that binds iron, called
the heme group. The substituted ghitamic acid is Incated near the start of one set of
chains, as shown in Figure 21,

Glutamic acid is a polar amino acid, but the valine that substitutes for it in sickle-cell
disease is a nonpolar amine acid. Because of the charge difference in these bwo amino
acids, the sickle-cell hemoglobin folds differently than normal hemoglobin. The abnor-
mial folding of the protein caused by the mulation results in a change in the shape of Lhe
red biood cell. Compare the normal red bood cell and the red blood cell of an individ-
ual with sickle-cell disease, shown in Figure 21. Numerous other diseases imvolve
problems with protein i'ulu.li.ng caused by muotations, including Alzheimer’s disease,
cystic fibrosis, diabetes, and cancer.

Eﬁet 17

Explain how a change in a single base pair can result in a change in the shape of
a protein.
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Causes of mutation

Some mittations, especially point mutations, can oocur spontanecusly. During replica-
tion, DNA polymerase sometimes adds the wrong nucleotides, Because the DNA
polymerase has a proofreading function, the wrong nucleotide gets added only for one
in one hundred thousand bases; it goes unfived in less than one in one billion.

Certain environmental factors, such as chemicals and radiation also can damage DNA
and cause mutations in genes. Substances which cause mutations are called mutagens
(MYEW tuh junz). Many different chemicals have been classified as mutagens. Some of
these chemicals affect DMNA by changing the chemical structure of the bases. Often
these changes cause bases to mispair, or bond with the wrong base. Other chemical
mutagens have chiemical structures that resemble nucleotides so closely that Tha.r Can
substitute for them. Once these imposter bases are incorporated into the DNA, it
cannot replicate property. This tvpe of chemical has become wseful medically, especially
in the treatment of HIV—the virus that causes AIDS, Many drugs used 1o treat HIV and
other viral infections mimic various nucleotides. Once the drug is incorporated in the
viral ONA, the DNA cannot copy itsell property.

High-energy forms of radiation, such as X-ravs and garmma rays, are highly mutagenic.
When the radiation reaches the DMNA, electrons absorb the energy. The electrons can
escape their atom, leaving behind a free radical. Free radicals are charged atoms with
unpaired electrons that react violently with other molecules, including DNA. Ultraviolet
LUV} radiation from the Sun contains less energy than X-ray radiation and does not
cause electrons o be ejected from the atoms. However, UV radiation can cause adjacent
thymine bases to bind to each other, disrupting the structure of DNA, as shown in
Figure 22. DNA with this structure disruption, or kink, is unable to replicate properdy
unless repaired.

Flguere 22 Ultroviiet radiaton can
cairse pdjacent tymines to bind Lo
each other nsiead of ta thew
complementary bases, making the
DdA “kink" and proventing

reqlication.
|
5 WORD ORIGINS
’g mutages Clinécal | abaratory Geneticise
J U= frown T s Wt St Hire you teresied n how mutations cause human dissases and disorders? Does

meaning i change and from the Greek |y popnacis of genetic disoeders interest you? Clnical laboeatony gemeticists
ward genes, meaning bom develop and use tests 1o disgnese genetic mutaions and abnormalifies.
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Body-cell v. sex-cell mutation

When a mutation in a body cell, also called a somatic cell, escapes the repair
mechanism, it becomes part of the genetic sequence in that cell and in future daughter
cells. Somatic cell mutations are not passed on o the next generation. In some cases,
the mutations do not cause problems for the cell. They could be sequences nol used by
the adult cell when the mutation occurred, the mutation might have occurred in an
introm, or the mutation might not have changed the amino acid for which it coded.
These mutations are called neutral motations. When the mulation resulls in the
production of an abnormal protein, the cell might not be able 1o perform its normal
function, and cell death might oceur. Recall that mutations in body cells that canse the
cell cycle to be unregulated can lead to cancer. All of these effects are comtained within
the cells of the organism as long as only body cells are affected.

When mutations occur in sex cells, also called germ cells, the mutations are passed on
o the organism’s offspring and will be present in every cell of the offspring. In many
cases, these mutaiions do not affect the function of cells in the organizm, though they
miay resull in phenotypic changes in offspring. When the mutations resull in an
abnormal protein in the sex celdl, Il'Lequsprh'Lgh‘lherils the mutation. However,

the offspring is not impacted when an abnormal protein is produced inan isolated
body cell.

\& Check Your Progress

Summary Demonstrate Understanding

+ Prokaryotic celis regulate their 1. Relate gens regulation and mutations.
protein synthesis through a set 2. ldentify the two main types of mulagens.
of genes called operons.

3. Diagram how adding lactose to a culture affects the

Eukaryotic cefls regulate their loc aperon of E coli

'Idé"_ i_ ERAEE ViR 4. Analyze how a point mutation can affect the overall
transcription factors, eukaryolic - ;

i : el meﬁmmmmam
FHAT ) 5 Bnmpm'e- and contrast prokaryotic and

Mutations range from point e : e Bt icyolic
mutations to the deletion or HEGE TR

movement of large sections of Explain Your Thinking

AChAiroenne. 6. Explain why most mutations in eukaryotes are
Mutagens, such as chemicals racessive.

and radiation, cause mutations.

7. Hypathesize why DMA replication has such accuracy.
M WRITING Wite 2n artide describing how
Hox genes regulate development in animals.

ILEARNSMMART Goonline tofollow your personalized leaming path to review, practice,

and reinforce your understanding.
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SCIENCE & SOCIETY

A Question of Ethics
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In 1954, an Amencan woman named Henrietia
Lacks died at the young sge of 31 from cenacal
cancer. Without Lacks" permission, 8 sungeon
who was treating her took cell samples from her
cenix and gave them o cancer researnchers.

In the decades since then, Lacks' cells—called
Hela celis—hawe been the basis of many major
medical discoveries and treatmeni=s. Even so.
her cells were taken without consent, which has
sparked a comtinuing conversation on the ethics
of using humans in biomedical research.

Hela cells

For decades, scientisis were frustrated by
their inability to keep human cells alive im
cultures. But Lack’s cells changed everything.
From the time they were taken from her
body, the cells reprodueced every day, like
clockwiork—generation after generation.
Scientists began to use the HelLa cell ine in
all manner of research. Today, trifhons of Hela
cells are used in laboratories all over the
world.

Hela cells hawve made invaluable
contributions to the field of medicine.
Sroientists have studied them to leam how
cells age. which genes cause cancer, and
which ones help prevent it Research with
these cells led to the development of polio
and HPY (human papillomavirus) vaccines, as
well as drugs to treat leukemia, hemophilia,

EMNGAGE IN ARGUMENT

FROM EVIDEMNCE
Work with a group to consiruct an argument
in favor of or against requiring researchers to
get informed consent before using a person's
cells in medical research. Debate the issue
with a group that takes the opposite position.

Mmpafiaten, e e
Henrketta Lacks' cefs e psed entensively in the Halkds of
cesular and molecalar bl ogy.

Parkinson’s disease, influenza, and other
diseases and conditions.

Studying Hela cells helped scientists learn
how to fight wineses such as HIV (human
immunodeficiency wvirus) and measles as well
as the effeds of chemotherapy. ¥-rays, and
radiation on cells. Hela cells also contributed
to the Human Genome Project, cloning, and i
witro fertilization.

Ethical considerations

Taking Lacks' cells without her permission has
led to an ongoing examination focused on the
ethics of using a person’s celis or DMNA. Today,
scientists debate whether researchers shouwld
hawe to obtain informed consent from people
before their cells can be used in biomedical
researnch.
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STUDY GUIDE

B GO OMLUME o study with your Scence Motebook.

Lessan 1 DNA: THE GEMETIC MATERIAL

+ Griffith’s bacterial experiment and Avery's explanation first
imadicated that D™A i the genetic material,

+ The Hershey-Chase experiment provided evidence that DNA i
the genetic material of virises,

¢+ Chargafi’s rule states that in DNA the amount of eytosine equals

the amount of guanine and the amount of thymine equals the

amwant of adenine.

The waork of Watson, Crick, Frankbin, and Wilkins provided

evidence of the double-helng structure of DRAC

Lessan 2 REPLICATION OF DMA

« dpmiconservative replication

* The enzymes DNA helicase, RNA primase, DA polymerase, ' Dﬂllpnf:'rmmm
and DNA ligase are kvolved in DNA replication. FICIRRR S
* The kading strand is synthesieed contimeously, but the lagging
strand s synthesized :lur.‘u.mh:mmuh- l’m‘n‘u.rgﬂla:ﬂ_l.
tragrments.
+ Prokaryotic DNA apens at a single origin of replication, whereas
cukaryotic DNA has multiple areas of replication.
Lesson 3 DMA, RMA, AND PROTEIN » RHA
* Three major types of BNA are imvolved in protein synthesis: : :‘mwn;;.:ﬁ'
mbBnA, ERNA, and cBMNA : fer AENA
* The synthesis of the mENA from the template DNA s called - barscrption
transcrighion. « RMA polymerase
* Translation is the process through which the mRNA attaches to ntzan
the ribosome and a protemn is aasembled. o
* In eubaryobes, mENA contains introns that are exceted bedore : :thl |
leaving the nudeus. A cap and polv-A tail are added o the R
mRNA, i
* One gene codes for one polvpeptide. )
a2
Lesson 4 GEME REGULATION AND MUTATION - gent egulstion E
+ Prokaryotic cells re-tp.ll.ul'.-e their protein synthesis through a set of e i
+ Eubkaryotic cells I.'EE‘LIJ.EI'lH thesr prodein synthesis wsing various "'
h-n:umphun factors, enkaryotic nuclposame strischures, and ?
RMA mnterference. o

+ Mutations range from point mutations to the debetion or
mmuwvement of lerge sections of & dromosome,
+ Mutagens, such as chemicals and radiation, cuse mutations.
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=, THREE-DIMENSIONAL THINKING

\/ Module Wrap-Up

REVISIT THE PHENOMENON

Why do the rungs of the DNA
ladder appear “broken?”

@& Claim, Evidence, Reasoning

Explain Your Reasoning Revisit the daim you made when you encountered the
phenomenon Summarize the evidence you gathered from youwr imrestigations and
resgarch and finalize your Summarny Table. Does your evidence support your dlaim? If not,
revise your claim. Explain why your evidence supports your claim.

STEM UNIT PROJECT
Mo that you've completed the module, revisit your STEM wnit project. You wall
summarize your evidence and apply it to the project.

&0 FURTHER Comparison of Fluorescence with
- B the Addition of Rifampin

Diata Analysis Lab

How can a virus affect transcription? e A VS 9 S,
& == = M smepmaiis

To study RMNA synthesis. a group of scientists usad a fluorescent B e o= Tr;§$4 i i irgmﬂ -

molecular beacon to trace molecules. This beacon becomes E T80 5

fluorescent when it binds to newly synthesized RNA. The g 500 _r'""_"

3 ; L=
fluorescence increases as the RMA chain lengthens. Thus, the i e _,-'_’,'..-'d-'""" =]
beacon can be used to follow RMA synithesis. = =

spkEcsE=5=4
Data and Dbsermtions In this experiment, sclentists added the v ill'l'l: m:‘ won A
antibiatic rifampin {rif) to RNA polymerase from a virus (T7 RNAF), fomin)
Escherichio coli (E coff RMAP), and Mycobocterium smegmotis “Diste ohtsined from: Marrs Sslwrione S 6
M. smegmatis RMAP) and followed RMA symthesis. et al. 2004 Real-time mesurement of in wiro

transcripiom. Mudeic &cids Reseorefy 12 Qe 72

(&3 Analyze and Interpret Data
1. Describe the relationship between fluorescence level and time
in each experiment not exposed to nifampin.

2. Clam, Evidence Infer what the relationship 15 betwesn
fluorescence level and time in each case where rifampin was
added.

3. Reasoning Interpret which orgamism’s RMA synthesis is affected
most by rifampin









Inspare: Biology %12 Student Edition

Cogmrwird i Cracd vl Dl wiid (A ande’ Ttve e Bl iled | Opss Cellp Lldgss

BIOTECHNOLOGY

ENCOUNTER THE PHENOMENON
What is this scientist putting
into the tube?

Ask Questions

D ywou have other questions about the pheromenon? If so, add them ta the driving
question board,

Claim, Evidence, Reasoning

Make Your Claim Lse your Collect Evidence Lse the Explain Your Reasoning You
CER chart 1o make a claim lessons i this module 1o weill rewigit your claim and
about what this scientist is collect evidence to support explaim your reasoning at the
putting inta the tube. Explain wour claim. Record your end of the module,

WU reasoning, avidence as you maove

through the module.

Q GO DMLIME to access your CER chart and explone resources that can
halp you collect evidence,

LESSOM 1: Explore & Explain: LESSOM 2: Explore & Explain:
Genetic Engineenng Thie Human Genome Project
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LESSON 1

DNA TECHNOLOGY

FOCUS QUESTION
What is genetic engineering and why is it useful?

Genetic Engineering
By about 1970, researchers had discovered the stracture of DNA and had determined the

central dogma that information fowed from DNA to BENA and from EMA w proteins.
However, scientists did not know much about the function of individual genes.

The situation changed when scientists began using genetic engineering, technology
that ivodves manmipulating the DINA of one organism in crder to insert exogenous DNA
{the DMNA of ancther organism), For example, rescarchers have inserted a gene for a
bioluminescent protein called green fluorescent
prodein (GFP) into varous organisms. GFF,
which 1= a substance natoarally Found in
jellvfishes that live in the north Pacific Ocean,
emits & green light when it is exposed to ultravi-
olet light. Organisms that have been genetically
engineered to synthesize the DMNA for GFL,
such as the mosquito larvag shown in Figure 1,
can be easily identified in the presence of
ultraviolet light. The GFT" DNA 3 attached to
exopenous DMA to verify that the DMNA has
been inserted into the orgemism. These
genetically engimeered organisams are used in
various processes, such as studving the Figure 1 The gane for green fluorescent proten [EFF) was
t!:li]fli'L"'!iﬁ-Cil.lnl'l af a le-m_-uhl. #n"l’f iJ'I'A.'EriI'iELEIing a Irtro ipcenf il imodeuita ladvae 46 1Ral resgasc s ookl
variety of cellular processes, studving the wesity that exogenaus DA was inserted

development of a certain disease, and sclecting Predict ik geretc enqineeding mighr b gsed i M fiire
traits that might be beneficial wo humans, iy e magtelicen e

M.lglll: o unewaisbin

v UL Cona s b grEe i

o B AT A = i

— = —= e T VTS -
| r'|-'_:‘,";.l, | ¥ Ty et S L |-” o | L.

5 T h=d ] A [l =t 5 T RAcEEs - o & Ton | T Ly
A I St L g o AR R e Ll i i o ey ettt 2t 1 | o ent=bda e B e Ll | e A el (ol oo S

COLLECT EVIDENCE INVESTIGATE

| se yaur Science Joumai 1o 03 GO OMLINE ba find these activities and mare resouroes.

;ﬁfﬂ:ﬂﬁ:&ﬁ:;ﬂglﬁ i , Biolab: Forenshes: How can genetie engineering be used to solve & erima?

SCTVITES i 119 20, Plam and carry NIE an investigation io detemming the proparticn and quantity of DA faund
2t & "crime scene.

Chubek Investigation: Model Restriction Enzymes

Use a model bo determing the propartion and quantity of DR Fagmanis
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DNA Tools

Genetic engineering can be used Lo increase or decrease the expression of specific
emes in sebected organisms, [E has many applications from homan health te agricolbure.

An organism’s genomme is the total DNA present in the noclews of cach cell, As o will
learn in the next lesson, genomes, such as the human genome, can contain millions and
millions of nuclestides. In order (o sludy a specific gene, DNA ools can be wsed to
maripulate DMNA and todsolabe genes from the rest of the genomee,

Restriction enzymes

Some types of bacteria contain powerful defenses against virwses. These cells conlain
proteins called réstrichon enzymes that recognize and bind to specific DNA sequences
and cleave the DNA within that sequence. A restriction enzvme, also called an
endonuciease {en doh NEW klee ayz), cuts the viral DMNA into fragments afler it enters
the bacteria, Singe their disooeery in the labe 1%0s, soientists have jdentifivd and
isolated hundreds of restriction enzymes. Restriction eneymes ave used as powerful
tools for isolating specific genes or regions of the genome. When the restriction enzyme
cleaves genomic DNA, it creates fragments of different sizes that are unique Lo every
ingdivichual

EcoRl

O pesstriction enzyme that is used widely by sclentisis b knowri as EceRL As illustrated
in Figure 2, EcoRl (read as ‘Foo B one’) specifically cuts DINA containirng the sequence
GAATTC The ends of the DNA fragments created by EcoRl are called sticky ends because
they contain single-stranded DNA. The abilily of some restriclion enzymes Lo creats
fragments with sticky erds is important because these sticky ends can be joined together
with other DNA fragments that have complementary sticky ends,

lEGet It?

Generalize how restriction enzymes are usad.

Flgure 2 DA contalning the

siyuenie GASTTE con li cut by
‘B AER . the rastrction enzyme EcoRl
produce Llcky amds
i N B E ] ¥ 1 b (= i
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However, not all restriction enzyvmes create sticky ends. Some enzymes produce frag-
ments containing blunt ends—created when the restrichion enzyme cuts steaight acrass
both strands. Blunt ends do not have regions of single-stranded DNA and can join to
any other DNA fragment with blunt ends.

EGEI 2

Ditferentiate between blunt ends and sticky ends and explain how each can
be used.

Gel electrophoresis

[ Connection | An electrlc current Is used o separate DNA fragments accord-
ing to the size of the fragments ina process called gel electrophoresis. Figure 3 shows
how the DMA fragments are loaded on the negativelv charged end of a gel. When an
electric current is applied. the DNA fragments move toward the positive end of the gel,
The smaller fragments move faster than the lacger ones, The umique pattern ereated
based on the size of the DMNA fragment can be compared to known DMNA fragments for
identification. Also, portions of the gel containing each band can be removed loe

further study,

Flgure 3 When tie loaded gal s placed in ais sleclrophoreds ek and te sleclic cuvent & turned on, te
DHA fragments separobe,

Qbserve carefily the DNA fapmamts shown in ihe imaoge oo the rigmd. Predict winich wary ine frogments
PRERE A WHIET TS Bl ClNE CLrTENT wirs cpplied. Expin pour predictian,

CROSSCUTTING COMCERT ACADEMIC WVOCABLULARY
Seience is a Human Endeavour Basic scientific ressarch nas manipulate

increaged g undenstanding of bove DNA works. The koewledge | 1o manage or utiige skillflly

gaimed from this reseanch ras been applied to problems thal Scientists pse fechnaiogy fo mamiaisate penetic
affect individuals and saciety. Using evicence from your infarmathon i ardar o fest solantific fypothesas,
fextboak and pther Soces, prapane A M roleass ahout o
redativedy new.DNA technology that has already influenced
ooty ar halds fhe patentinl far Fubire Braakdheaughs;

Crpwyrighi oo 30 Edwzwtoe, (B Jovmrm Poemedf SGock Ueti v lmegio ] mreed) et br e
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Recombinant DNA Technology

When DINA fragments have been separated by gel electrophoresis, fragments of a
specific size can be removed from the gel and combined with DA fragments from
another source. This newly generated DNA molecule, with DNA from different sources,
is called recombinant DNA. Recombinant DNA technobogy has revilutionized the way
seientists study DNA becawse it enables individual genes 1o be studied,

Latge quantities of recombinant DNA molecules are needed in order to stady them, A
carrier, called a vector, fransfers the recombinant DMNA into a bacterial cell cafled the
host cell. Plasmids and viruses are commonly uzed vectors. Plasmids—small, circular,
double-stranded DNA mobecules that ocour naturally in bacteria and veast cells—can be
used] as vectors becawse they can be cut with restriction enzymes, If a plasmid and a
M A fragment obtained from another genome hivve been cleaved by the same restric-
tion enzyme, the ends of sach DNA fragment will be complementary and can be
combined, as shown in Figure 4. An ensyme nocmally wsed by cells in DNA repair and
replication, called DMA ligase, joins the two DNA fragments chemically. Ligase joins
DA Fragments thal have sticky ends as well as those that have blunl ends,

Examine Figure 4 again. Motice that the resulting circular DMNA molecule contains the
plasmad DNA and the DNA fragment isolsted from amother geneme. This recombirani

plasmid DA molecube now can be inserted into a host cell so that large quantities of
this tvpe of recombinant DMNA can be made.

EGE! 53

Relate restriction anzymes 10 recombinant DNA.

TA
_1‘}1‘?: Xx Pe gt qu:{."ﬂ{ XX i
o) % &
oA =
poectar) T2 . 3 1
+—-f" {3"” 'I‘} Recambinant
o0t 000 ™ i
+11~Ix»?',;.-
Clemve the plasmid A
DA, and genomic A
DA with aresiriction >
enzyme H "':1
- Jain the 75
vl 4 L o
_ Igase

e — KOO0

Figure 4 Recombinant DHA = created by faining topether DNA from two different sources,
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Gene cloning

To minke a large quantity of recombinant plasmad DNA, Bacterial cells are mixed with
recombinant plasmid DA, Some of the bacterial cells take up the recombinant plasmid
DMA through & process catled transformation, a= shown in Figure 5. Baclerial cells can be
tramsformed using electric pulsation or heat. Recall that all cells, including bacterial cells,
have plasma membrames, A short electric pulse or a brief rise in temperature temporarily
creates openings in the plasma membrane of the bacteria. These temporary openings
alleny small molecules, such as the recombinant plasmid DMA, {0 enter the bacterial cell,
The Bacterial cells make copies of the recombinant plasmic BNA during cell replication,
Large numbers of genetically identical bacteria, each containing the inserted EXNA
mderules, can be produced through this process called cloning,

Y,

+
..iq-
2
%

14 Y I“f-'l'j_

Racombinant plasmid Da with
AMP mixed wilh Bacteris.

Copies of bacieriad calls

— D
ramsfarmed

Some bacieras undengo

transformation and some do not

!Hﬂl‘hﬂ

Colls that 1ake up
recombanant plasmid T
surdive on ampicillin plates.

bacieria

Replication of
Lacleria stes copies

Ampicilin sedecls
bacterinl cells that
conMain recombirant
i, T

Figure'S Clones contnining copies of the recombinnn DHA can be icemified and used for Turiber shdy
wihen the bacienal cells that do not contain secombinant DA dig.

Recombinant plasmid DNA contains a gene that codes for resistance to an anbibsiotic
such as ampicillin {AMP), Researchers pse this gene to distinguish between bacterial
cells that have taken up the recombinant plasmid DMNA and those that have nol. Motice
in Figure 5 that when the transformed bacterial cells are exposed to the specific
antibiotic, only the bacterial cells that have the plasmid survive.

DMNA sequencing

The sequence of the DNA nucleotides of maost arganisms is unkoosn, Knowing the
seguence of an organism’s DNA ar of a cloned DNA fragment provides scientists with
valuable information for further study. The sequence of a gene can be used to predict the
function of the gene, o compare genes with similar sequences from other organisms, and
o identife mutations or errors in the DNA segquence, Beease the genomes of mos)
arganisms are made up of millions of nudeotides, the PNA molecules used for
sequencing reactions first must be cul into smaller fragmenls using restriction enzvmes.

Coperight e Grres BE Eliamian
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Follow Figure 6 to understand how DNA s sequenced, Scientists mix an unknown
DA fragment, DMA polymerase, and the four nuclestides—A, ©, G, T—in a tabe. A
small amount of each nucleotide is tagged with a different color of fluorescent dye,
which also maodifies the structure of the nucleotide. Bvery timee a modifisd
fluorescent-tagged nucleotide is incorporated into the newly synthesized strand, the
reaction stops. This produces DMNA strands of different lengths. Then the lagged DNA
fragments are separated by gel electrophoresis, The gel is then analyaed ina DINA
sequencing machine that detects the color of each tagged nucleotide. The sequence of
the original DNA template 15 determined from the order of the tagged fragments.

Figure & DHL can b

Unknaoree DRA fragme=r

Frimer L I I I I saguenced wsing flmares:

”IIIIII"III"I“III cani-tagoed nucleotides.

Desciibie Mo (e Sedueimde of
tire aigimal O fempipte /s
oenanmined.

PO PO@"N=2n0FnN0

t

Pelymerase chain reaction

Omice the sequence of a BNA fragment is known, a technique called the polymerase
chain reaction (PCRj can be used to make millions of copies of a specific region of the
DMA fragment, PCR s extremely sensitive and can detect a single DMNA molecule in a
sample. T'CR is useful becawse this single DMA molecule then can be copied, or
amplified, numerous times to be used for DMNA analysis,

PCR components PCR is performed by placing the DRA fragment to be copied,
DMA palvymerase, the four DNA nucleotides, and two shart single-stranded pieces of
O A ealbisd primers in a tube, The primers ane complementary to the ends of the TNA
fragment that will be copied and are used as starting points for DNA synthesis. An
automated instrument called & thermocycler is used to cvele the tube containing all of
the components invidved in PCR through various hot and cool temperatures,
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Denaturation The first step in "CE s denaturation, as shown in Figure 7,
Denaturation invidves breaking bonds within the DNA malecules; it occurs when the
thermocyeler heats the tube to an extreme temperature. The heat separates the fwao
stramds of the template DA fragment by breaking the hydrogen bonds between the
base pairs. The double-stranded DMA molecule becomes two single-stranded DMNA
midecules,

Annealing When the thermaecyeler cools the tube, the annealing process beging, The
primiers in the mixture bind to each stramd of the template DNA. Each primer 15 mscde
to bind to one strand of the DMA fragment, as shown in Figure 7.

Extension Once the primers are bound, DMA polymerase incorporates the correct
nuclemides between the bwo primers as occurs in DMNA replication. Like DNA
replication, for every one original double-stranded DNA Fragment, two double-stranded
DA molecules are generated. This ends the first opcle of amplification. The two DNA
strands will start @ new cvele and serve as the new templates. This process of heating,
cooling, and nuclestide incorporation i repeated 20 to 30 times, resulting i millions of
copivs of the original fragment. Because the separation of DNA strands requires beat,
the DMNA polymerase used in PCR has to be able to withstand high temperatures, This
special DNA polymerase, called Tag polymerase, was isolated from a thermophilic, or
heat-loving, bacterium such as those found living in the hot sprimgs of Yellowstone
Mational Park.,

Because MCR can detect a single DMNA molecule ina sample, it has become one of the
msl pawerful tools rsed by scientists. PCR is not used only by researchers in laboralo-
ries, bat also by forensic scientists to identify suspects and victims in crime imvestiga-
tiomns, and by doctors to detect infectious diseases, such as HIV,

Denaturation BHA Heotvesistany Figure 7 PR 52
CilA sironds are mlhﬂ“mm bialogical versian af a
# mach PCR cycle, the
e reaciien mikture is
hiated 1o e paiate the
Annealing . DA sirans and ihen

As Hhe mixlune Coals, W f cooted to allow primess
primes ottach to W y ;

16 bing 1o camplenion

single strands, -
. tary seguences. The

DR polymerase then
adds mucleatides 1o

Extension form naw DG
DOHA polymerase maleculied
exienids complementary

specilic michsatdis, i

End result

The twin dentcal copies

af torget DM reswlt
from first lampentura
cuche.

Copsright W Cree-Hil Ebcacan
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Table 1 Genetic Engineering

ToolProcess

Functhen

I
| s DN strands into

Appiications

Lized to create DM fragments with sticky ends

| Restriction enzymeas R
Example: EcoRi fragments | :L:I;:T-,zndﬂ i eamer i other BHA
1
I
Gel electrophoresis | iﬂ:tﬁ DNA fragements : Used to study DA fragments of varlous sizes
| - Used to create recombinant DMA to be used to
[ Recombinant DA ! E::g:ii?;ﬂx?:em study individual genes and genetically ehgi-
| technology | neered organisms, and in the freatment of
|5uuﬂ:e [exogenous DNA) ool il s
: Produces large numbers of | Used to create large amoaunts of recombinant
Gene clening | identical recombinant DMA | DNA 1o be used in genetically engineerad
| mclecules organisms
i . Used to identify errcrs in the DMNA se
guence, to
it sequenc :“fec'lm”'iez ?;i:::f::ﬁ'ﬁm'm predict the function of a paricular gene, and to
¢ compare to other genes with similar sequences
| modecules for further stedy G d¥fferert ohganksie
I I
Palymerasa chain Makes coples of specfic Used to copy DMNA for any scientific Investigation,
| reaction (FCR} including farensic analysis and medical testing |

| | rgians of sequenced DA

Genetic engineering uses powertul tools, summarized in Table 1, to study and manipu-
lae DNA. Although researchers investigate many different problems, their experimen-
tal prostedures often include dleavage by a restriction enesyme, isolation of fragments,
combination with exogenous DMNA, cloning or 'CR, and identification of sequences.

Biotechnology

Biotechnologv—the use of genelic engineering to find solutions o problems—makes it
possible o produce organisms that contan individual genes from another organtsm,
Fecall that organisms such as the mosquite larvae shown in Figure 1 have one or more

genes from another organism. Such organisms are called ransgenic organisms.
Transgenic animals, plants, and bacterla are used for research, medical, and agricultural

P'IJ.TFIHSL‘E.

Transgenic animals

Currently, most tranzgenic animals are produced for research. Mice, frult flies, amnd the
ronendworm Casrtorrabalibis dlegans, also called © slegons, are used to study diseases and
treatments. Some transgenic organisms have been produced to improve the food supply
ared human health, Transgenic goats have been engineered Lo secrste antithrombin 11, a
pratem used to prevent human Blood from clotting during surgery. Researchers are
working to produce transgenic chickens and turkeys that are resistant to diseases. In

the future, transgenic organizsms might be used as a source of organs for lransplants,
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Transgenic plants

Many species of plants have been genetically engineered
f0 be mcre resistant W insect or vical pests. In 2004, about
181 mmillion hectares grown by 18 million Farmers in

28 countries were planted with transgenic crops

These crops included herbicide and msecticide-resistant
1\.:_1:.-'|;|e;:r-|-;, Corm, cothom, and camnola, Scientists o are
producing genetically engineered cotton, as shewn in
Figure 8, that resists insect infestation of the bolls.

Researchers also are developing peanuts and sovbeans Flgure 8 This resaprchar i examining colion
it plord leaves, The deal oo the BT hes baen

genetically enginesred ta resist mseck infestatiar

that dor mot cause allergic reactions. Other crops ane being
grown commmercially and being feld tested. These crops
include sweet-polatoe plants that are resistant bo a virnas
that could kill most of the African harvest, rice plants with
increased iron and vitaming that could decrease maloutrition in Asian countries, and a
variety of plants that has been genetically engineered to survive extreme weather.

Transgenic bacteria

[nsulin, growth hormones, and substances that dissolve blood clots are made by
transgenic bacteria, Transgenic bacieria also clean up oil spills, decompose garbage,
and sl the formation of ice ervstals on crops o help prevent frost damage

\& Check Your Progress

Summary Demonstrate Understanding
« Banetlc engineering is usad to 1. Seguence how recombinant DMA 5 made and
produce organisms that are manipulated,
useful to humans. 2. Explain why some plasmids contain a gene for
Recambinant DMNA technology |s resistance to an antibiotic:
used to study individual genes. 3. Describe and give examphes of how genatic
+ DM& fragments can be engineerng and biofechnology can mprove human
separated using gel heatth,
electropharesis, 4, Describe three examples of ransgenlc arganisms and
« Cloning can be wsed to produece explain how each is useful to humans,

genetically identical bacteria ; g
which contain recombinant DA, Explain Your Thinking
« The polymerase chaln reaction 5. Evaluate Several popular movies and books involve
[PCR) Is used to make many organisms produced by genetic engineering. Are these
ransgenic organisms a possibilityT Why o why not?
« Transgenlc organisms are &, mmnn&cﬁun Why would 8 business
being created ta solve human synthesize and sall DNA? Who would their customers
problems. be? Write a list of possible uses for DMNA that ks
synthesized in a labaratany.

copies of small DMA sequences,

LEARMNSEMART' Goonline to fallow your personalized leaming path to review, praciice,
mndd reanfarce your understanding

Cowmrnghd bk Craatbilifaks shas e i uedics Tl Cangeaiids Sl
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LESSON 2
THE HUMAN GENOME

FOCUS QUESTION
Why does the Human Genome Project continue to be significant?

The Human Genome Project

Genamics, the study of an organism’s genome, has become one of the mest poweriul
strategies for wentifving human genes and interpreting their functions, The *genomic
era” began with the sequencing of the human genome. One of the biggest achievements
in the last 20 years was the completion of the Human Genome roject, an indernational
effort in which the goal was to determine the seqguence of the appresimately three
billion nucleotides that make up human DNA, modeled in Figure 9, and to identify all
of the human genes,

Marih
America

Los Angelas

Tyl | Wasres Ul Edusion

Fhguire & This image shows how Tar ke mucleatsdes in the human genamse would streich if each of the
ppEproEmately fhnoe Billion nuclealides in hueman DNA wore (besim of e ype an tha page. and 1 sl of the
(M in the hueman parame were fused bagetherin one conirious line.

COLLECT EVIDENCE INVESTIGATE
Llﬁ'-lw?wrﬁﬂem Jouarmal 12 GO OMNLINE 1o find these actiuilios and mar resauroes,
to recond the evidence you

BioLab: Forensics: Who did it?

collect as you complete the . .
; SRR Plan and ¢ out an imvestigation ta determing how pattarns of DN are comparad to-a

rgadings and pctivitis in this et

lessan. Suepects DNA

Virtual Investigation: Gene Splicing
Usa & madel to determine the cause and effect of spiiong an arganism’s peines
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The Hurman Genome Project stacted in 1990 and was 9 percent complete in Felrruary
2000, Tk was completed in April 2003, Upon completing the project, scientists planned
out the next steps: determine what genes would code for specific proteins, understand
the locations of genes related o inherited diseases, advance the field of medicine and
treatment, and develop and brain the next generation of molecular blologists.

Sequencing the genome

Human DMA is organized into 46 chromosomes {23 pairs). In order to determine one
continuous human genome sequence, each of the 46 human chromosomes was cleaved,
ar cut into pieces, Several different restriction cnzyvmaes were used in order to produoce
fragments with overlapping sequences. These fragments were combined with vectors to
create recombinant DNA, cloned to make many copies, and sequenced using auto-
mated sequencing machines. Computers then analveed the overlapping regions to
generate one continuous sequence.

Decoding the sequence of the human genome can be compared to reading a book thal
was printed in code. Imaging the genome as words in a book written without
capitalization; punctuation, or breaks between words, sentences, or paragraphs,
Suppase there are random strings of letters scattered between and within sentences,
Figure 10 illustrates how a page from such @ book might leok. In order to understand
what is written, you have to decode the jumbled text. Similarly, scientists had to decode
the genetic code in the human genome,

Aufter sequencing the entire human genome, scientists observed that less than bwo
percent of all of the nucleotides in the human genome code for all the proteins in the
body. These nuclesides make up approximately 22,300 genes that code for proteins or
are invelved in regulatory of structural funchions, The remaning mere than 98'% of the
genome is filled with long stretches of repeated sequences that have no aset known
function. These regions are called noncoding sequences.

Decadingthehumansurntodig
enomesequencecanhigeteiry
nfhdbecomparedtorefdtwigpn
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fstwuthnbkutiprintedihjgkhkkdki
ncorrectlyimaginethegenome
asterdiongpmliirkdjcwordstkfh
gnviinabook nvhgytpwmlwritte
nwithoutansopncapitalization

kghtowkfgchvjorpu nctuationh

withoutvhtofuib e e nkov

pabetWeenwordsfide|pidsh
SentenCEE'mWhg otwpgm nk
paragraphsandwithfoagwit
ostringsoflettersdfir,wquv
scatteredbetweaenandwithr
bir sentEHCEEIngomlaﬂrd erl
rohdgpvunders, ndwhatis
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Figure 10 The genatic infarmatian contained within the buman genome has (o be decoded in ardar o
uncowel imponant Sepuences.
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Comparing genomes

Though the Human Genems Project is finished, analyvsis of the vast amount of data
generated from this project will continue for many decades. To complete this huge tazk,
vesearchers alse have studied the genomes of many other organisms, mcleding the frut
fly, the mouse, and Eschericlin coli—a bacterium present in the human intestines,
Studies in nonhuman organisms helped o develop the technology required to handle
the Targe amounts of data produced by the Human Genome Project. These technologics
help to-analyze and interpret the functions of newly identified human genes,

Identifying genes

o that the human genome is completely sequenced, the rext step in the process s to
identify the sections of the sequence that are genes and determine the functions of the
geres, The functions of many of the genes in the human genome are s6ill unknown.
Researchers use techniques that integrate computer analvsis and recombinant DNA
technology to determine the function of these genes,

For organisms suech as bacteria and yeast, whose genomes do not have large regions of
noncoding OMA, researchers have identified genes by scanning the sequence for open
reading frames jor ORFs, pronounced *orphs”), ORFs ave siretches of DNA containing
it least 100 codons that begin with a start codon and emd wath a stop codon, While
these sequences might indicate a gene, thev must be tested to determine if these
sequences produce funclioning proteins,

Recall that & codon is a geoup of theee nuclestides that code for an amino acid,
Researchers look for the start codon AUG and a stop codon sach as UAA, UGA, or
LiaAG, ORF analysis has been used to identify correctly over 90 percent of genes i yeast
and bacteria. However, the identification of genes in more complex organisms such as
humans tequires more sophisticated computer programs called algorithms. These
algorithms use information, such as the sequence of the genomes of other organisms, to
identify human genes.

B cetr

Explain why identifying genes in bacterial genomes is less complex than
identifying genes in the human genome.

Bioinformatics

The completion of the Human Genome Project and the sequencing of the genomes of other organ-
isms have resulted in large amounts of data, Not only has this enormous amount of data required
careful storage, organization, and indexing of sequence information, but it also has created a new
field of study. This field of study, called bisinformatics, involves creating and maintaining databases
of Bialagacal information. The febd of bionformatics draws on other disciplines—compuber science,
biology, mathematics, and engineering—to analyze and interpret the data.

The analysis of sequence information ivolves finding genes in DNA sequences of various organisms
and developing methods to predict the strocture and function of newly discovered proteins. Scien-
tisks also study the evolution of genes by geouping prodein sequences into Families of related
sequences and comparing similar proteine from different organisms,



- Inspare: Biclogy, Student Editicn

DNA Typing

Wou may have heard aboul DNA fingerprinting. The process is well-known because of the crime
seene television shows where forensic scientists wse it to identify suspects and victimes, amd ko defer-
mine paternity. However, in forensics, the term DNA fingerprinting is inappropriate because foren-
sic scientists also examine actual latent fingerprints. Forensic scientists prefer the ferm DNA typing
or DINA analysis, DNA typing i3 the process of separating an individual s unique sequence of DNA
fragments to observe distinct patterns.

Unlike the protein-coding regions of DNA that are almost
idemtical among individuals, the long stretches of nenceding
regions of DNA are unique to each individual, With the excep-
tion of identical fwins, there 15 an extremely rare chamce that two
people in the world have the same stretches of noncoding
regions of DNA, DNA typing amalvaiz involves separating these
DA fragments using electrophoresis in order to observe the
distinct patterns that are unique to every individual, Forensic
scientists use DNA typing Lo i.denlif_l.-' suspects and viclims in
criminal cases, o determine paternity, and to identify soldiers
killed in war.

DMA typing process

Samples obtained from humans, sech as blood, hair, and saliva,
shown in Figure 11, can be used by forensic scientists for DA
typing. DNA s extracted from any of these types of samples
using chemicals. The polymerase chain reaction (PCR) is then
wzed to amplify, or copy, the small amount of extracted DMNA to
create a larger sample for analvsis.

Different markers used during electrophoresis allow the differ-

ent segments of the amplified DNA o be analyzed, The results
from the fragments are compared to DNA segments from known  Figure ! Pecole can be dentified using
sources, such as viciims and suspects in a criminal case, to Ir:;.l-;:l-.ﬂum:::r" ;lﬁn:;:"if';l:i:""’""'m "
identify similar fragment patterns. There is a high probalility Al :

that the two DNA samples came from the same person if the two

fragment patterns match. Since its development in England in 1984 by Alec Jeffrevs, the technigue
af DMA typing has been used not only to identify and convicl criminais but also to exonerate, or
free, innocent people who had been wrongfully imprisoned. Figure 12, on the next page, provides a
clioser look at the history of genetic technology,

STUDY TIP

Faransic Lab Techniclan Biadournal Asyou read abaut the
Do youl preher kb activilies aver classroom Actvities? Da yoaeny sedahng lod tuimsan gersme, Bst several boneficial
clues 1o salve prablems? Doas a good murdar mystery entertain you? You may be uses of this indormation.

destined for a career asa farensic lab techniclan] Forensic |ab technacians spend
mgst o Aseir ima ina Toransic laboradery and ane respansibia for the preparation
&nd anatysls of eyigence in criminal and civil investgations.
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Figure 12
Discoveries in Genetics

Many studies in genetics have led 1o
advanoes in bistechnology
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DMNA Microarrays

Analvzing all the expressed genes froms a given organism or a specific cell Lype can
provide useful information for researchers, This analvsis can be done using DNA
microarrays, which are tiny microscope slides or silicon chips that are spotted with
DONA fragments, DNA microarravs can contain o few genes, such as the genes that
contral the cell evele, ar they can inclide all of the genes of the human genome
Theretore, a large amount of information can be gathered and stored wsing one small
slide or chip. PMA microarrays can help researchers determine whether the expression
of certain genes is caused by genetic factors or environmental factors,

EGEI 1t?

Summarize the type of information that can be leamed by analysis of a DNA
microarray.

Follow the steps imvelsed in carrying out the DMNA microarray technique by analyzing
the infurrmation in Figure 13, on the mext page, mEMNA from two different populations
of cells is solated, or purificd, as ilhostrated in Step A of the figure, Then, an ensyme
called reverse transcriptaze allows the isolated mENA from both sets of cells to build
complementary DNA (called cDNA) strands.

The complementary DMNA from each cell population is then labeled with a different,
specific fluorescent dve. In Figure 13 Step B, red due is used for the cDINA from the
cancer cells and green dye is used for the cDNA from normal celis. Then, the pouls of
complementary DMA are combined, placed on the microareay slide, and imcubated

[shavn in Steps C and D in the ligwre),

Figure 13 shows the Meorescent signals that are produced durtng the analysis of the
mmicroartay slidie. YWhen the expression of a gene is the same in both the normal cells
and the cancer cells, a yellow spot is produced on the chip. If the expression of a gene iz
higher in cancer cells than in normal cells; then the spot formed iz red, However, if the
expression 1% higher in normal cells than it s in cancer cells, then the spat formed =

ETEE.

Because a single DNA microarmay slide can contain thousands of genes, researchers can
examine changes in the expression patterns of a large numbet of genes at the same
time. Scientists also arve using DNA microarrays o sdentify previcusly unknown genes
and o identify and analvze changes in the expression of proteins under diffierent
growth conditions.

(EEE CROSSCUTTING CONCERT ACADEMIC VOLCABULARY

Patterms OKA typing can be used io determine the identity of individuals | analysis

bursed on e amatysis of samgles af body tissies, such as biood arhain or | adelaied aeammation o siedy

oy flutds, =uch as salwm or semen, Usng eyvidence tnom your textbock The arnvsis af o DA microaray espariment can
and oiher sources, explain how & torensic scenttst relies on patiems o help sckentists determing whethar sxwession of
idantity sispocts and vickinms in criminal Cases. Assuma the rake of &n corfodn games is Coursod By genoti fociors or
expeart watness [n a murder nial and presant your esidence o the cout ma | apdroamants) ivciors.

writhen ar arsl preseviation.
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Figure 13 Visualizing Microarray Analysis

The expression of thousands of human genes can be detected using DN microarray
anahysis. Each spot on the microarray chip represants a gene. A red spol indicates the
expression of a gene is higher in cancer cells compared to normal celis. A green spot
indicates the expression in normal cells is higher, Yeliow spots indicate no difference In
the expression between cancer cells and normal celis.
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Applications of the Human Genome Project

Although more than 99 percent of all nuclectide base sequences are exactly the same in
all people, sometimes there are varistions that are linked to human discases, These
point mutations in the DMA sequence that cocur when a single nucleotide in the
genome k5 altered are called single nucleotide polymorphisms or SNPs {pronounced
‘spips’h they are found most commaonly in the nopcoding regions, For a variation to be
considered a SME, it must oceur in at least one percent of the human population. Most
58Ps have no effect on the function of the cell, but scentists hypothesize that SKP
maps will help identify many genes associated with many different types of genetic
disorders and other complex diseases,

The HapMap project

Aninternational group of scientisés 15 currently creating a catalog of common patterns
of genetic variation that occur in humans, The project to create this catalog is called the
haplotype map, or Haphap project. Linked genes are inherited together and similarly,
genetic variations located close together also tend to be inherited together, These
regins of linked variabons in the human geneme, known as haplotypes, can be
located. Assembling the HapMap imvalves identifving groups of

SMPs in a specific region of DA,

Figure 14 shows how the genome is divided into haplotypes.

Afper three phases, the Haphap describes what these chromosome 1
haplobypes are, where they occur in our DMA, and how they are Eg #:%I;Eg:# Igg# #:E
distributed among people wilthin populations and among several Ernmmnn'ggnmup@
populations in different parts of the world, Thi= information will  "CGATATTCCCATCGAAT G+
help researchers take the next step to find genes that cause Gt B s REasd

disease, such as cancer, stroke, and diabetes, and affect an chramosome 2
individual’s response to driegs. SMP
Eﬁﬂ Ie? ; chromosome 1
Summarize how the HapMap project could impact CGATATTCCTATCGAATG -
human health. cECTATAAGGATAGETTAC-
wariant genabype
CCGATATTCCTATCGAATG
Pharmacogenomics CECTATAAGGATAGCTTAC:

Sequencing the human geneme combines the knowhedge of ehtanescime 2

genes, proteins, and SMPs with other areas of science, The Figure 4 The HapMap project invalves
patlerns of genetic variation found while analyzing the human grouping all ad|acent SHPs thiat are
genome have been applied o medicing, The study of how i Dpether fito Inpiatypes
genetic inheritance affects the body's response to drugs is catled

pharmacogenomics {far muh koh jeh NAW mihks).

The benefits of pharmacogenomics include more accurate dosing of drugs that are safer and more
specific, Researchers hope that pharmacogencmics will allow for drugs to be custom-made for
individuals based on their genetic makeups, Presoribing drogs based onan individual's genetic
makeup will increase safety, speed recovery, and reduce side effects. Perhaps one day when vou are
sick, vour doctor will read your genetic code and prescribe medicine Lalloe-made for vou,

Ligmengd b Craw Hil Fikise foan
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Gene therapy

A technigue aimed at correcting mutated genes that cause human diseases is called
geni therapy, Scientists insert a normal gene Into a chromuosome 1o replace a
dysfunctional gene, In most gene theropy studies, inserting a normal gene imte o viral
vector, like the one in Figure 15, produces recombinant DA Target cells in the patient
are infected with the viros and the recombinant DMNA material is released into the
affected cells. Onee deposited into cells, the normal gene inserts itsell into the genome
and begins functinning,

Figure 15 ONA can be arcapstated o vines and delivered
Inig 3 pabemt to reglace a gafactive QENE. LINCE INE WrLs eniers
thiy cells, the nee genglic information is released info fhe
nucleus and irsarkad b the ganoms,

Imatitutes of Health was conducted omea four vear obd child with severe combined
immunadeficlency (SCIY, The Food and Drug Administration (FDRA} monitors new
medical trials, including gene therapy. Gene therapy has seen its share of setbacks, but
the possibilities are endless when it comes Lo new freatments. Recent gene therapy
trials include work aimed at correcting mutated genes related to diabetes, cancer, retinal
disease, Parkinson’s disease, and others

\E:;et It?

Compare and contrast pharmacogenamics and gene therapy.

Proteomics

Crenes are the primary information storage units, whereas proteins are the machines of a cetl. Recall
that when a gene is expressed, a protein is produced. Therefore, an understanding of how prodeins
furection 1% also mmportant. For instance, if the genome represents the words ina dictionary, the
protenme, which represents all the proteins found in a cell, provides the definition of these words
and how to use these words in a sendence, The large-scale study and cataloging of the structure and
Farection of protetns in the human body is called probeomics.

The growth of proteomics is a logical development resulting from genomics and the sequencing of
the human genome, The causes and effects of diseases, disorders, aging. and environmental impacts
cannol be determined by studving the genes alone. 1t is essential that researchers examine the
proteins that are the consequences of gene expression in order to confirm the role of individual
genes, Proteomics allows researchers to look at hundreds or thousands of proteins at the same time
This type of broad analysis will better define both normal and diseaze slates.
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Proteomics is based on the central dogma illustrated in Figure 16, Proteomics is revolu-
tionizing the development of new drags to treat diseases such as Type 11 diabebes,
obesity, and atherosclerosis,

\& Check Your Progress

Summary Demaonstrate Understanding

= Gepomics is the study of an 1. Relate the hurnan genome to bluepiints for a housa.
Croanism's genome. 2. Analyze the role of DMA typing in criminal and civil

+ Researchers who worked on investigations,
the HGP sequenced ail nuctec- 3. Indicate why the HapMap project s useful in diagnos-
tides irs the human genoame. ing human disease.

= DNAtyping can be used to 4, Explain the process of gene therapy, What is the
identify individuals. ultimate goal of gene therapy?

« DMA microarrays allow Explain Your Thinking

researchers o study ail the

genes in the genome. 5. Hypothesize Most of the human gename consists of

noncoding DMNA. Where did all of this noncading DA
= Gene therapy is a technigue originate? :

aimed at correcting mutated w._l
s et g B, Connaction | If 1.5 percent of the human

digsases o fenete disam e entire genome has 3.2 = 10° nucleotides, how many

= Proteomics is the study of the codons are in the human genome? Remember that &
profelns In the himan body, codon is three nucleatides in length.

genome consists of protein-coding sequences, and the

LEARMSMART S Goonline o follow your personalized leaming path 1o review, practice,

end resmforce your undersianding.
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ENGINEERING & TECHNOLOGY

Smartphone Diagnostics

Kyl Bt DB F it oo BB ity it

Researcheds have bulll 8 microscope that uses a
smanphone camera to detect 3 gens mutation
that poours in many cases of colon cancer.

The mitroscope uses the phona's camara for
DMNA sequencing. Seguending technidues
amglify and label coples of DMNA using
fluorescence. The microscope then images the
saquencing products. This tachnology has been
made passible by advances in smartphons
imaging, sensing. and cloud computing.

The casze containing the microscope is
attached to a smartphone and interacts with
the smarphone's cameda. The attachmeant
atsa contains the equipment needed for the
imaging process, including equipment for
flusrascence imaging.

Presentty, most of the microscoplc infarmation
used to make a diagnosis is gathered in
spedialized laboratories that dre located far
away from patients and their primary carg
physiclans, The developers found that the new
technolagy is just as refiable as diagnostics

in regular laboratories. The new technolagy
has the polential to reduce the cost of diseasa
dlagnastics and bring these services right ta e
patient’s health care professicnal and remote

@ ASK QUESTIONS TO CLARIFY

Ask guestions to clarfy how mebile
technodogies could be particularly usedul
during disease outhreaks, Find aut mare
abaut how infectious diseases are currently
diagnosed duning outbreaks, Share yoaur
findings with the class.

The micrescope and image processing equipment ane buile
imta a smartphone case,

areas where expertise and resources often are
scarce or not avallable.

The future of diagnostics

This techinology might ba helpiul in the
diagnosis of infectious diseases, particularty
during cutbreaks. The technalogy could be
used in the field with results sent remotely to
pathologists and other expearts. Other recent
developments in mobile diagnestics include
cedl phone apps for detecting skin cancer and
eye disease.

Scientists and anginaars are still warking to
improve the technadogy 5o it really can be
used everywhere. They are alsa working to
reduce the cost ard the amount of training
nasded 1o use it
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STUDY GUIDE

B GO OMLINE 1o study with your Science Notebaak.

Lestads 1 DNA TECHNOLOGY

* Genefic engineering is used to produce organisms that are useful

» Recombinant DA t{‘fhﬂilhw 15 ugied B 5t|.1d'_\' individual RETES

b humans,

« ganetic enginearing
» génome

s rasticiion enayms
« gl eleciapheresis
racambinant Dids

"

* DA fragments can be separated using gel electrophoresis, » plasmid
+ Clonbng can be used 1o produce genetically idestical bacteria r AN Ny o

which contain recombimant DINA : ::r;:?nl :gl Tafan
= The pobymerase chain reaction is used to make copies of small « palymarase chaln reacticn

DMA sequences, » LHASEERIC BHgARET
 Transgenic arganisms are being created o incresse the quality

of human lifie,
Lezson 2 THE HUMAN GENOME = gEnRITICE

- N L « plalnfarmatics

= Liemomics is ihe study of an organism's geoome, « DMA yping

= Researchers who worked on the HGP sequenced all nucleotides

trr thve harman pendoame.

DA tvping can be used to identify individuaks

= DA microareays allow researchers to study all the genes in the

FCTIOETTE.

 Leena therapy is a technique aimed at correcting mukated genes

thiat cowse harman diseases or penetic disorders.

* Proteomics is the study of the proteans in the human body.

Tharapeulic DRA

-

DA microsray
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. THREE-DIMENSIONAL THINKING

%/ Module Wrap-Up

REVISIT THE PHENOMENON

What is this scientist
putting into the tube?

Claim, Evidence, Reasoning

Explain Your Reasoning Revisit the claim you made when you encountered the
phenomenon. Summarize the evidence you gathered from your investigations and
resaarch and finalize your Summary Table. Does your evidence support your claim? If not,
revise your claim, Explain why your evidence supports your claim,

STEM UNIT PROJECT
Mow that you've completed the module, revisit your STEM unit project. You will
apply your evidence from this module and complete yvour project.

GO FURTHER

533 Data Analysis Lab

Heow can DNA microarrays be used to classify types of prostate
cancer?

The gens expression profiles between normal prostate cells
and prostate cancer cells can be compared wsing DNA
microarray technology.

Data and Observations The diagram shows a subset of the

data abtained "D obisied Iromm Lapointe, &8 ol 04
2 GEne eapression profiling idestifies dinecally
An.ﬂyze and Interpret Data relevasd sublypes of prostale cencer

PHAS W0 B1-B16.
1. Calculate the percentage of spots that are yellow. Then, calcuiate

the perceniage of green spots and red spots.

2. Claim, Evidence Explain why some of the spols are black.

3. Reasoning How would you choose a gene to study as a cause of
prostate cancer?
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EVOLUTION

ENCOUNTER THE PHENOMENON

Look for the insect in this photo.
Why would an animal try to look
like a plant?

Ask Questions

Do wou hawve other guestions about the pheanomenon? if so, add them to the driving
guestion board.

Claim, Evidence, Reasoning

Make Your Claim Use your Collect Evidence Use the | Explain Your Reasoning You
CER chari to make a claim lessons in this module to wall revisit your claim and
about why an animal would collect evidence to suppoit explain wour reasoning at the
iry to ook fike a plant. Explain your claim. Record your end of the module.

WOur reasoning. evidence a5 you move

through the module.
E‘Gﬂ CMLUIME to access your CER chart and explore rescurces that can

help you collect evidence.

LESSOM T Explore & Explain: LESS50M 2: Explore & Explain:
Diarwin’s Theory of Evolution by  Support for Evolution—The
Matural S=lection Fossil Record




LESSON 1
DARWIN'S THEORY OF EVOLUTION BY
NATURAL SELECTION

FOCUS QGUESTION
What is the theory of evolution by natural selection?

Developing the Theory of Evolution

People had been suggesting theories about the origins of Earth’s
species for thousands of years by the time Charles Darwin,
shown in Figure 1, boarded the HMS Beagle in 1831, Darwin
considered both the observations he made and the existing
theories to arrive at his theory of evolution.

Darwin on the HMS Beagle

The primary mission of the Beagle was lo survey the coast of
South America. In 1831, the Beagle set sail from England for
Maderia and then proceeded o South America, as shown on the
map in Figure 2 on the nex! page.

Darwin’s role on the ship was as a naturalist and companion to
the captain. His job was o collect biclogical and geological
specimens during the ship’s travels. Darwin had a degree in Figire 1 Charles Darsin [1808-1882)
theology from Christ’s College, Cambridge, although he previ-

ously had studied medicine and the sciences.

Ovwer the course of the ship’s fve-vear vovage, Darwin mads

extensive collections of rocks, fossils, plants, and animals. He

also read the first volume of Charles Lyell's Principies of Geology. The Principles of
Geology was a set of three books that proposed Earth was millions of years old. Lyell's
ideas influenced Darwin's thinking as he observed fossils of marine life at high eleva-
tions in the Andes, unearthed what looked like giand fossl versions of smaller Ii'l.ring
mammals, and saw how earthquakes could Lift rocks greal distances very quickly.

e Banreit Hishoraed® S e ok
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The Galapagos Islands

In 1835, thie Beagle arrived in the Galdpagos (guh LAH poh gus) slands off the coast of
South America. Darwin was initially disappointed by the stark barrenness of these
volcamic islands. However, as he began o collect mockingbirds; fimches, and other
animals on 1he four islands that he visited, he noticed that the different islands seemed
o have their own, slightly different varieties of animals. These differences, however,
only sparked & mere curiosity. He took little notice of the comment from the colony's
vice governor Lhat the island origins of the giant toroises could be identified solely by
the appearance of Lhe tortoises” shells.

A few years after Darwin returned to England, he began reconsidering his observations.
He took note of the work of John Gould, an ornithofogist who was classifying the birds
Darwin brought back from the Galapagos. Gould discovered that the Galapagos Anches
were separate species and determined that the finches of the Galapagos did not bive
anvwhere else in South America. In fact, almost every specimen that Darwin had
cotlected on the slands was new to European scientists. These new species most closely
resembled species irom mainland South America, although the Galapagos and the
mainfand had different environments. Island and mainland species should not have
resembled one ancther so closely unless, as Darwin began to suspect, populations from
the mainland changed after reaching the Galapagos.

E Get It7

Summarize same of the expenences and obsenations that influenced Darean
during his voyage on the Beagle,

== Wl LTIy (il
-— hoiamey home

Figure 2 The map shisss Ehe roule of INE Seame's voyage

Infesr Hosy dig! ie st ongovisans reach ihe Godpogos Eionds?
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Darwin continued his studies

Darwin hypothesized that new species could appear gradually through small changes in
ancestral spevies, but he could not see how such a process woubd work. To understand it
better, he turned W animal breeders—pigeon breeders in particular.

Different breeds of pigeons have certain distinctive traits that also are presemdt in these
breeds’ offspring. A breeder can promote these trails b}rsel':ecling and breeding pigeons
that have the most exaggerated expressions of those traits. For example, to produce
pigeans with fan-shaped tails, the breeder will breed pigeons that most show that
characteristic. The process of directed breeding to produce offspring with desired traits,
referred b as selective breeding, was called artificial selection by Darwin.

Artificial selection also ocours when humans develop new breeds of dogs or new strains
of crop plants. Darwin interred that if homans could change species by artificial selec-
tion, then perhaps the same process could work in nature. Forther, Darwin thoughit

that, given enough time, perhaps this process could produce new species.

Matural selection

While thinking about artificial selection, Darwin réad an essay by economisi Thomas
Malthus. The essay suggested that the human population, if unchecked, eventually
would cutgrow its food supply, leading to a competitive strugele for existence. Darwin
realized that Malthus's ideas conld be applied o the natural world. He reasoned that
some competitors in the struggle for existence would be betier equipped for survival
than others. Those less equipped would tend to die more often. Here, finally, was the
framework for a new theory about the origin of species.

Darwin's theory of evolution by natural selection has four basic principles that explain
how traits of a population can change over time. First, individuals ina population show
differences, or variations. Second, at least some varistions are inherited, meaning that
they are passed down from parent to offspring. Third, some organisms have more
offspring than can survive on available resources. Finally, variations that increase
reproductive success will have a greater chance of being passed on than those that do
nob increase reproductive success,

Mobice that two tvpes of verialion in a population musi be present for natural selection
to oceur. A population murst have genetic variation between organisms. There atso st
be variation in how genes are expressed in the form of trails. This variation in trails is
what enahles some individuals o survive and reproduce more successfully than others,
and to pass Lhe favorable traits to the next generation.

Given enough time, natural selection could madify a population enough to produce a new
species. Natural selection is a mechanism by which evolution takes place. Figure 3 on the
next page showes an example of natural selection.

The Origin of Species

Darwin had likely formmulated his theory of evolution by nabural m’.‘ecthn'f:lg.rahnut 18400
Hee began writing a multivolume book compiled of evidence for evolution and explaining
hionwr natural selection might provide a mechanism for the origin of specios. Table 1 p. 372
summarizes the principles of natural selection described in Darwin's work.

Copyrighd & M Coaimitll Fobanins
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Figure 3:
Visualizing Natural Selection

The theory of natural selection includes four principles that explain how this can occur:
variation, heritability, overproduction, and reproductive advantage.
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Tahle 1 Basic Principles of Matural Selection

Principles

Indhviduals in a population show variations

among others of the same Species.

Example

The students in a cdassroom all look different.

Certain variaions are inheriled,

You kook similar o your parents.

Some organisms Nave more young than
can survive on the avallable resources.

The average candinal léys nine eggs per summet. i each
cardinal Ived anly one year and all oftspeing survived, in
saver years there would be 2 millien cardinas.

Heritable vanatons that incCrease reépio-
ductive success will be more common in
the next QEneralson.

If hawing a fan-shaped tad Increases the reproductive
sucoess of pigeons, then mare pigeons in the next
generstion wil heve fan-shaped tails

In 1859, Darwin published On the Origin of Species by Means of Natural Selechion—a
condensed version of the book he had started many vears before. In his book,
Darwin wsed the term evolition only on the last page. Today, biologists use the term
evolution to define cumuolative changes in groups of organisms through time.
Matural selection is not synomymeus with evelution; it is a mechanism by which

evolufion ocours.

\E’Eutn?

Explain how Darwin's ideas about natural selection support the theory of evolution.

{E Check Your Progress

Demonstrate Understanding
1. Describe the evidence Charles Darwin gathered that

Summary

« Danaan drew from his observe-
tions an the HMS Beagle and
other studies to develop his
theory of evolution by natural
selection.

= Matural selection is based on
ideas of vanation, inheritance,
excess reproduction, and
advantages of certain traits in
cerzin environments,

« Danwin reasoned that the
process of natural selection
eventually could result in the
appearance of new species.

2,

a

led to his theory of evolution.

Explain how the idea of arfificial selection contributed
to Diarwin's ideas on natural selection.
Describe the four conditions reguired for natural
sedection o occwr and explain how evolution s a
consequence of the interactions of these factors.

. Discuss why natural selection could not occur if organ-

mﬁdunihmmmmpemhﬂmmm
need to survive and reproduce.

Explain Your Thinking
5. Infer the consequences for evolution if species did

et wany.

[l WRITING Write a short story about what

it might hawe been like to visit the Galapagos Islands
weith Dianawin,

LEARNSMART Goonline tofollow your persenalized isaming path to review, practice,
and reinfor e your undersianding.
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LESS0N 2

EVIDENCE OF EVOLUTION

FOCUS QUESTION

How does the fossil record, morphology, biochemistry,
and adaptation provide evidence of evolution?

Support for Bvolution

Darwin's book O the Origin of Specics explained how e —
evolulion might happen. The book also provided
evidence that evolution has occurred on our planet. The
concepts of natural selection and evolution are differ-
ent, though related. Darwin’s theory of evolution by
natural selection is part of the larger theory of evalu-
tion, Recall that a theory provides an explanation for a
natural phenomenon based on observations. Theories
explain available data and suggest further ares for Gaypindant
experimentation. The theory of evolution states thal all
organisms on Earth descend with modifications from
their ancestors.

The fossil record

Fossiks provide & record of species that Ived long ago,
and they supply some of the most significant evidence
of evolotionary change. This record can show how Fr—
ancienl species are similar o curren! species, as ifhes-
trated in Figure 4 Fossils also show that some species,
such as the horseshoe crab, have remained onchanged
for millions of vears. The Ipssil record is an imporiant
spurce of nformation for determining thie ancestry of
organisms and patlerns of evolution.

Figure & The glan armadio-like gyatodont,
Glyplodon, is an extinct animal that Darwin thaoght
mist hawe been ralaied 1o living srmadilles

Dbserve Whal femiures 0F e AD00-rG

piymhaant e semdar o ass o B d-k omoediiin

Eabmuinm inivnperi o k' ol i bmagary

COLLECT EVIDENCE INVESTIGATE
I_E'usewukumma]m QGO OMLINE 1o find these acivilles and mare resaunces.

recodd ihe evidence you oollect as ﬁ Applying Practices: Could You Beat Natural Selection Lising Camouflage?

you complete e readings and HS-154-3 of statisties and ks sippont atians that
activiibes in ihis lesson. ias A b enien baoesena,
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Although Darwin recognized the limitations of the
fossil record, he predicted the existence. of fossils
indermediate in form between species. Today, scien-
tists studying evalutionary relationships have found
hundreds of thousands of transitional fossils that
contain features shared by different species. For
examiple, certain dinosaor fossils have feathers like
mesdern birds and teeth and bony tails of reptiles.
Figure 5 shows an artist’s rendering of Archasoplery,
one of the first birds. Archesmpteryr fossils provide
evidence of characteristics that classify it as a bird,
and alao show that the bird retained several distinct

X e 5 This atist’s rendeding of Archasopbenys
dinpsaur features. i y g - d

shivs that It shanes many teallaes with modem birds
Researchers consider bwo major classes of traits when while estaaning andesital tBnosanr leatunes
studying transitional fossils: derived traits and ances-  Infer wity Junsitionaf fossis Se Archoeoplenyx are
tral traits. Derived traits are newly evolved features, ~ TPHERIT I Stidying svoiton
such as feathers, that do nol appear in the fossils of
common ancestors. Ancestral trails, on the other hand, are more primitive features,
such as teeth and lails, that do appear in ancestral forms. Transitional fossils provide
detailed patterns of evolutionary change for the ancestors of many modern anineals,
including mollusks, horses, whales, and humans.

Comparative anatomy

Why do the vertebrate forelimbs shown in Figure 6 on the next page have different
functions but appear to be constructed of similar bones in similar ways? Evolotionary
theory suggests that the answer lies in shared ancestry.

Homologous structures Anstomical structures inherited from a common ancestor
are called homologows structures. Evolution predicts that an organism's body parts are
mare likely bo be modifications of ancestral body parts than they are to be entirely new
teatures. The limbs illustrated in Figure & move aninals in different ways, vel they
share similar construction.

Bird wings and reptile limbs are another example. Although birds use their wings to fy
and reptiles use thedr limbs fo walk, bird wings and reptile forelimbs are similar in
shape and construction, which indicates that they were inherited from a common
ancestor. While homaologous sirectures alone are not evidence of evolution, they are an
example for which evolution is the best available explanation for the biological data.

WORD ORIGINS
hamalegous Evoluticnary Biologist

cames fram 1he Gresk wants homos, e you Emtesested in leaming abost e diversay of [ving things? Da you like
Meaning same, and fogos, meaning genstcs and ecology? Evolutionany bickogisis piecs together clues from masmy
reigtion of fRosmng. sounces including DMA, anatomicad struciures, and the fossi recond bo' determine
hiw arganisms are related, and to fry and wravel the mystery of how new

specias evoive:

Gopyrigd @ M Coaemitll Fobanins
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Cat Porpaise

Bart

Figure & Thafarslimios af verlebraces iusiate BOMM GQOouUS. Shnsises Each b & adapled for ditferent

uses, barl by all hawe similar bones

Inder mow the strociures of o mouse fovelmb woukf compars In the limbs shawm,

Vestigial structures A bird’s strong, lightweight skeleton is cne adaptation that
allows fight. In seme cases, a functioning strocture in one species i smaller or Jess
functional in a closely retated species. For example, most birds have wings that enable
flight. Kiwis, however, have very small wings that cannot be used for flying. The kiwi
wing is a kind of homalogous strocture called a vesfigial strociure. \"u.hsiﬂ:shml:nrﬂ
have either a reduced function or no function in an adult crganism. These structures are
functional m related organisms, or were functional in an ancestral organism. Table 2
illzsirates some vestigial sirectures in different species. Evolutionary theory predicls
that features of ancestors that decrease fitness for that species will become smaller over

time until they are lost.

E Get It?

Expiain why vestigial structures are examples of homologous structures.

Table 2 Vestigial Structures

Tailbane

(=Tl Since modem humans do
ot share the same plant
heawy diel as ouw ancestds,
thesy can be removed whean
they emerge

The wings of emus are too
small to be of any use in
flfeghit

The tailbome, or coccyx, s
tive remnant of the tad that
gl mammals, including
hurnans, develop at some
podnt.
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Mot all anatomically similar fealures are
evidence of common ancestry. Analogous
structures can be used for Lthe same purpose
and can be superficially similar in construc-
tiom but are not inherited from a common
ancestor. As shown in Figure 7, the wings of
am eagle are used to flv, as are the wings of
dragonflies and other insects. However, the
wings of insects are constructed in different
ways and from different materials than the
wings of birds. While analogous structures
do not indicate close evolutionary relation-
ships, they do show that functionally similar
features can evolve independently in similas

BEAVIFOTIMEn1s.

Figure T Eagles and inSecls use 1sei W

Expl

Comparative embr YOIogy

Vertebrale embryvos provide miore glimpses into evolutionary relationships. An embryo 15
an early, prebirth stage of an organism’s desslopment. Scientists have found that verte-
brate embryos exhibit homologous structures during certain phases of development that
become tolally different structures in the adull forms. The embryos shown in Figure 8,
like all vertebrate embryas, have a tail and paired structures called pharyngeal pouches. In
fish, the pouches develop into gills. In reptiles, birds, and mammals, these stroctures
become parts of the ears, jaws, and throats. Although the adult forms differ. the shared
features in the embryos supgest that vertebrates evobved [rom a shared ancestor

Figure 8 Embiyos reveal evoluliomary tary. Bod and mamenal embiyas share severs devslopmantal faature

ambe il Eakawinen 0
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Comparative molecular biology Biochemical Differences

Scientific data also show that common
ancestry can be seen in the complex meta-
bolic molecules that many different organ-
isms share. Cylochrome ¢ is an eneyme that
15 essential for respiration and is highly
conserved in animals. This means that
despite slight variations in its amino acid
sequence, the molecule has changed very

it

-
g
L]

Type of organism

i F= B

Evolutionary theory predicts that mole-
cules in species with a recent comman
ancestor should share certain ancient
amine acid sequences. The more closely
related the species are, the greater the

number ol sequences that will be shared. a 0 %0 30 %0 o -
This predicted pattern is what scientists Humber of aming acld differences

find to be troe in cytochrome © For exam- compared to human cytochrome ¢

ple, as illustrated in Figure 9, the cyto- Frgure 9 This lliustraton compares amnn &od sequences o
chrome ¢ in the pig and in the m cybochrome ¢ in humans and other srgansms.

share z actdd seq willy Inter Woukd e cpachiveme ©of 0 /epiie o o Iird be expedied 1a
¥ 1T

b & than the cytod ik Tﬁﬂﬁ;ﬁ;mmmmmm&m:mmmmmmm

shares with humans. '

Scientists: have found similar biochemical patterns in other proteins, as well as in DNA
and BMA. DNA and RNA form the molecular basis of heredity in all living organisms.
The fact that many organisms have the same complex molecules suggesis thal these
molecules evolved early in the history of life and were passed on through the life-forms
that have lived on Earth. Comparisons of the similarities in these molecules across
species reflect evolulionary patterns seen in comparative anatomy and in the fossil
record. Organisms with closely related morphological features have more closely related
miolecular featumes.

Geographic distribution

The distribulion of plants and animals that Darwin saw during his Sooth American
travels first suggested evolution to Darwin. He observed that animals on the South
hmnﬁcanmairﬂmdmmmsinﬂlarmmmmﬁmeﬁcmmmqum
Lo amimals living in similar enwironments in Europe. The South American mara, for
example, inhabited a niche that was occupied by the English rabbit. You can compare a
mara and an English rabbit in Figure 10 on the next page. Darwin realized that the
mara was more similar W other South American species than it was 1o the English
rabbit because it shared a closer ancestor with the South Amerkcan animals.

Patterns of migration were critical (o Darwin when he was developing his theory.
Migration patterns explained winy, for example, islands often have more plant diversity
than animal diversity: the planis are more able o migrate from the closest mainland as
seeds, either by wind or on the backs of birds.
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Since Darwin's fime, scientists have confirmed and
expanded Darwin's stody of the distribution of plants
and animals around the world in a Deld of study now
called Hm Evolution is intimately linked with
climiate and geological forces, especially plate tectonics,
which helps explain many ancestral relationships and
geographic distributions seen in fossils and living,
organisms today.

Adaptation English tabit

The five categories discussed in the previous section—
the {ossil record, comparative anatomy, comparative
embryology, comparative biochemistry, and geo-
graphic distribution—offer evidence for evolution.
Darwin drew on all of these except biochemisiry—
which was not well developed in his time—to develop
his own theory of evolution by natural selection. At
the heart of his theory lies the idea that natural
selection leads to adaptation.

Types of adaptation

..ﬂm adaptation is a T.rall shaped by _na‘:Ln'al selection that Figure 10 The mara Dalichotis patoganum|
increases an arganism’s reprodoctive success. One Way o n 2 niche similar 1o that of the Englisn
to determine how elffectively a trait contributes to rabalt fvyeiningus ot
reprodoctive success is o measure fitmess. Fitness is a

measure of the relative contmbution that an individoal brait

makes to Lhe next generation. 1t often is measured as the number of reproductively

viable offspring that an erganism produces in the next generation. The better an organ-

tsm is adapted to its environment, the greater its chamces of survival and reproductive

success. This concept explains the variations Darwin observed in the finches” beaks on

the Galipagos [slands. Adaptation means that the distribution of traits in a population

can change when conditions change. Because the environments differed on each island,
differant beak characteristics were selected for,

Mara

Matural selection resulis in populations that are dominated by organisms that are anatomi-
cally, behaviorally, and physiologically well suited to survive and reproduce in a specific
envirenment. Organisms in a population thal have a trait that gives them an advantage will
survive and reproduce more successfully than the organisms that don't have that trait
Ower time, the number of organisms that have the advardageous trait will eventually be
larger than those that do not Changes in the physical environment, whether doe to
human activity or naturally ocourring, can—and have—contributed to the expansion of
some species. Changes in the emvironment can also have other effects. If an adapiation is
not an advaniage in a newly-changed emvironment, the mumber of organisms in that
species will fikely decline, and may sometimes go extincl. In other cases, a change in
environmental conditions can cause the emergence of new, distinct species as populations
diverge, or become different from each other, under differemt conditions. 1t is clear why the
ability of a species o survive and reproduce in a specific environment is essential to
natural selection.

wan L) C s T ooy o v oo D ol ree_ e o S bphaoto® Ly Bevoes

Copyrighi @ A& Conimitll Fobani



Inspare: Biology %12 Student Edition

s B b Ly % Db

il &

EIEL I ey

PE T P T o e

w1 Dk |

Cigirrd O Wy Cranp il Faliaal

Camouflage Some species have evolved morphological
adaplations that allow them to blend in with their
environments. This is called camouflage (KA muh fahj).
Camouflage allows organisms to become almaost mvisible
to predators, as shown in Figure 11 As a result, more of
the camoulflaged individuals survive and reproduce.

Mimicry Another type of morphological adaptation is
mimicry. In mimicry, one species evalves o resemble
anather species. You might expect that mimicry would
miake it difficult for individuals in one species to find and
breed with other members of their species, thus decreasing
reproductive success. However, mimicry often increases an
organisms fitmess. Mimicry can occur in a harmless species
that has evolved 1o resemble a harmiul species, such as the
example shown in Figure 12 Sometimes two harmiul
species mimic each other. Both mimics are protected
because predators gquickly leamn to avoid beth species.

E Get Ii?

Compare mimicy and camouflage.

Antimicrobial resistance Species of bacteria that
originally were killed by penicillin and other antibiokics
have developed drug resistance. For almost every
antibiotic, at least cne species of resistant bacteria exists.
One unintended consequence of the contimued
development of antibiotics is that some diseases, which
were once thooght to be contained, such as [mberculosis,
have re-emerged in more harmiul forms.

Consequences of adaptations

Mot all features of an organism are necessarily adaptive.
Some features might be consequences of other evolved
characteristics. Binlogists Stephen Jay Could and Richard
Lewontin made this point in 1979 in a paper caiming
that biclogists tended 1o overemphasize the impaortance
of adaptations in evolution.

Fgure T [ would be easy har 8 peedator to
crvarlool this meact Decause af the animal’s
effactive yollow camauflage.

Coarml sniake
Figune 12 Predaions avoid the harméess
Kingsnake becauss it has color paltems simlar to
those of the poinsanoys cofal snake

Spandrel example To illustrate this concept, they wsed an example from architecture.
Building a set of four arches in a square to support a dome means that spaces called

spandrels will appear between the arches.

SCEMCE USAGE v COMMON LISAGE
Adaptaton

Sclance wsmige: & rait shaped by natural selachan o inoease the suviial o reproducive success of an organism

The prenensie ol of monkays £ o0 sdnplobion for We o iees.
Comaran usage: adusiment o change
fhe mowie sovipk is on odopiobion of fhe original play;



Spandrels, like the anes shown in Figure 13, are
often decorative. Because of their appearance, ane
muight think that they exist only for decoration. In
reality; they are an unavoidable consequence of arch
censtriction. Gould and Lewontin argued that some
features in organisms are like spandrels because
even though they are prominent, they do not
increase reproductive success. Instead, they likely
arese as an unawoidable consequence of prior

Inspare: Biclogy, Student Editicn

evislutionary change.

Human example A biolegical example of a
spandrel is the helplessness of human babies.
Humans give birth at a much earlier developrental

F|gulE 13 Spaces Detween anhes s o a squate o
suppod] 2 doeme are called spandeets and are oflen
decoratieg. Same Eatures in argantsms might be ke

slage than other Frrinutg i This caurses them boneed  Spandvels, 2 consaquence of another adapiatan
increased care early in their lives. Many scientists think

that the helplessness of human babies is a consequence of the evolution of big brains and

upright posture. To walk upright, humans need narrow pelvises, which means that

babies” heads must be small enough to it through the pelvic opening at birth_ In contrast,
scientists previcusly thoughi that the helplessness of human infants provided an adaptive
advantage, such as increased attention from parents and more learning

I& Check Your Progress

Summary

Fossils provide strong direct
evidence to support evolution:
Homologous and westigial
structures indicate shared
ancestry.

Exampies of embryological and
biochemical traits provide
imsight into the evolution of
SpECIES

Biogeograplry can explain why
certain species live in certain
locations.

Matural selection gives fise to
features that increase repro-
ductive success.

Demaonstrate Understanding

1. Explain how the scientific theorny of evolution is
supported by patterns i the fossit record.

2. Explain wihy camoufiage and mimicry can ncrease an
organism s fiiness.

3. Explain how the scientific theory of evolution is
supparted by molecular biclogy:

4. Compare the morphological evidence and the
biochemical evidence supporting evolution.

Explain Your Thinking

5. Hypothesme Evidence suggests that the bones in bird
wings share a number of features with the bones of
dinosaur arms. Based on this evidence, what lypothe-
sis could you make about the evolutionary relationship
between birds and dinosawrs?

&. Apply Research has shown that if a presoribed dosea
of an anfibiotic is not taken completely, some bacteria
might not be kiled and the disease might returm. Hows
does natural selection explain this phenomenon?

LEARNSMAIRT' Goonline tofollow your persenalized ieaming path to review, practice,
and redlorce your undersianding.
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LESSON 3
SHAPING EVOLUTIONARY THEORY

FOCUS QUESTION
What patterns can be observed in evolution?

Mechanisms of Evolution

Evolutionary theory states thal four things must happen in order for the evolulion of a
species to occur: the number of individuals must be able to increase, there must be
genelic variation within the species, individuals mosi compete for limited resources, and
the numbser of organisms that are better able o survive and reprodoce in that environ-
ment must increase. At the center of this understanding is that evolution occurs at the
population level, with genes as the raw material.

Population genetics

At the turn of the twentieth century, genes had not been discovered. However, the allele
was understond o be one form of an inherited character trait, such as eve color, that geis
passed down from parent 1o offspring. Scientists did nol understand winy dominant
alleles would not cverpower recessive alleles in a
population.

In 1908, English mathematician Godfrey Hardy
and German physician Wilhelm Weinberg
independently came up with the same solulion
to this problem. They showed mathematically
that evolution will not accur ina population
unless allelic frequencies are acted upon by
forces that canse change. Without these forces,
the allelic (requency remains the same and
evolution doesn't oocur. This idea, now known

as the Hardy-Weinberg principle, states that

when al_hﬁ"-: h:equenci_e-s. m““fi'“_‘_-m"a“_l- o Figure ¥ Acrording o the Hardy-Weinheny princple, if the
F population is in genetic equilibrium. This con-  number af awts in 3 population doubiles, the fatic of aray 1
4 cept is illustrated in Figure 14 red e el rEmaln the same

A\ JADTHINKING ot Bacipiary Core dess

COLLECT EVIDENCE INVESTIGATE
Elhewukbmlmma]m QDGO OMNLINE 1o find these acivilles and mare resaunces.
SEELEITHE B JOC IR RS :P Applying Practices: Can Scientists Model Natural Selection?

you comglets e readings and MS-164-4_ Construet am explanation hased on evidanes far how naluial sslection leads to
artiilies n this lesson
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Tabie 3 The Hardy-Weinberg Principle

Condition Vinlation Consequence

The population = wery | The populathon is small Chance events can lead to changes in

large. 1 population traits.

There = no immigration | Organisms move in and aut | The population can lose or gain trads with

oF emdgration. of the populaticn, mezneement of ooganisms. |

Mating is random. | Mates are selected The: proportion of the population with & trait

| aver time.

Mulations do not occur Mutaticns oocus. Mew vadations appear in the population with
each new generation

Matural selecthon doss | Matural sedection oocurs. Trafs in a populaton change from one

FOt oCeUE Seneraian e ned.

To illpstrate the Hardy-Weinberg principle, consider a population of 100 humans. Forty
people are homozvgous dominant for earlobe sttachment (EE). Another 40 people are
heteroevgous (Eg). Twenty people are homozygouws recessive (ee). In the 40 homozygons
dominant pecple, there are 80 E alleles (2 E alleles * 40); and in the 20 homozygous
recessive people, there are 40 ¢ alleles (2 ¢ alleles x 20). The heterozygous people have
40 E alleles and 40 £ alleles. Summing the alleles, we have 120 E alleles and 80 ¢ alleies
for a total of 200 alleles. The E allele frequency is 120/200, or 0.6. The ¢ allele frequency
s B0, or 0.4,

The Hardv-Weinberg principle states that the allele frequencies in populations should
be constant. This often is expressed as p + q = 1. For our example, p can represent the
E allele frequency and q can represent the ¢ allele frequency.

Squanng both sides of the equation yields the new equation p* + 2pg + q° = 1. This
equation allows ws o determing the equilibrium frequency of each genotype in the
population: homosygous dominant (pf), heterozvgous {2pq), and homoaygous recessive
(). From the above example, p = 0.6, and q = 0.4, so {0L6)(0.6) + 2{0.6) (0_4] -+ (0.4)
(4) = 1. In the exampie population, the equilibrium frequency for hemozygoos domi-
nant will be .36, the equilibrium frequency of heterozygous will be 0.48, and the
equilibrium frequency of homoxvgous recessive will be 0.16. Note that the sum of these

frequencies equals orme.

EGE’:H‘?

Determine when a population is in equilibrium,

Conditions According to the Hardy-Weinberg principle, a population in genetic
equilibrium most meed five conditions: there must be no genetic drifl, no gene Bow, no
mutation, mating must be random, and there must be no natural selection. Populations
in nature might meet some of these requirements, bul hardly any population meets all
frve conditions for long periods of time. If a population is not in genetic equilibrium,

at least one of the five conditions has been violated. These five conditions, listed in
Table 3, are known mechanisms of evohitionary change.

Copyrighd & M Coaimitll Fobanins
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Genetic drift

Any change in the allelic frequeencies i a population that results from chance is.called
genitic drift. Recall that for simple traits, only one of a parent’s two alleles passes to the
offspring, and that this allele is selected randomly through independent assoriment. In
large populations, enough alleles “dnft” to ensure that the allelic frequency of the entire
population remains relatively constant from one generation to the next. In smaller
populations, however, the effects of genetic drift become more proneunced, and the
chance of losing an allele becomes greater.

Founder effect The founder effect is an extrems example of genetic drift. The
founder effect can occur when a small sample of a population settles in a location
separated [rom the rest of the population. Because this sample is a random subset of the
original population, the sample population carries a random subset of the population’s
genes. Alleles that were uncornmon in the original population might be commaon in the
new population, and the offspring in the new population will carry those allebes. Such
an event can resull in large genetic variations in the separated populations.

The founder effect is evident in the Amish and Mennonite communities in the United
States, in which the people rarely marry outside their own communities. The Old Order
Arnish have a high frequency of six-finger dwarfizm. All affected individuals can race
their ancestry back to one of the founders of the Order.

Bottleneck Another extreme example of genetic drill is a bottleneck, which occurs
when a population declines to a very low number and then rebounds. The gene pool of
the rebound population often is genetically similar to that of the population at its
lowest level, that is, it has reduced diversity. Researchers think that cheetahs in Africa
experienced a bottkeneck 10,000 vears ago, and then anodher one aboot 100 vears ago.
Throughout their current range, shown in Figure 15, cheetahs are so genetically similar
that thev appear inbred. Inbreeding decreases fertility, and might be a factor in the
potential extinction of this endangered species.

Figure 15 The magp shows the
presedl range of theetans n Alica. i
5 Delleved that chestahs had & much
aiged pogutalion Wil a-bottleneck
occurred

Apply Cancepls Wit sffect hos ihe
haltienack hod oo the reproductie
faie af cheelmhss

Chestal range
12040

Cheedoh range
Presenl day
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Gene flow

A population in genetic equilibrivm experiences no gene fow. It is a closed system,
with no new genes entering the population and no genes leaving the population. In
reality, few populalions are solated. The random movement of individuals between
populations, or migration, increases genetic variation within a population and reduces
differences between populations.

Nonrandom mating

Earely 15 mating completely random in a population. Usually, organisms mate with individ-
uals in close proximity. This promaotes inbmedinga:ﬂmu[d lead 1o a change in allefic
proportions fm.'a:u'i.ng individuals that are homoeygous for particular traits.

Mutation

Fecall that 3 mutation is a random change in genetic
material. The cumulative effect of mutations in a Stabilizing Selection
population might camse a change in allelic frequencies
and thus violate genetic equilibrium. Although many
mutations cause harm or are lethal, oocasionally a
mutation provides an advantage b an organism. This
mutation will then be solected for and become more
Ccomiman in subsequent generations. In this way,
mutations provide the rmw material upon which
natural selection works.

Matural selection

The Hardy-Weinberg principle requires that all
individuals in a population be equally adapded to their
environment and thus contribute equally to the next
generation. As vou have learned, natural selection
depends on variation in both genetic information and

haowy that information is expressed as traits within a
population. Natural selection favors the individuals
that are best adapted for survival and reproduction.
Ower time, the traits the trails that have a positive
effect will become maore common in the population.
Matural selection acts on an orgarism’s phenatype
and changes allelic frequencies. Figure 16 shows thres
main ways in which natural selection alters pheno-
tvpes: through stabilizing selection, directional

selection, and disruptive selection. A fourth type of
selection, sewual selection, also is considered a type of
matural selection.

Flgure 96 haleizl selection can aiter sisle frequencies
af & population in thres ways, The bell-shaped oiree
sherwn 25 2 dodted Bne in each graph Indicates the Bail’s

E ariginal vanation in & populatan. The salid fne indicates
Get It? the autcome of ach type of selection pressure.

Summarize how mutation violates the
Hardy-Weinberg principle.
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Stabilizing selection

The most common form of natural selection
is stahilizing selection. It operates 1o
eliminate extreme expressions of a trait
when the average expression leads o higher
lilness,

For example, human babies born with
below-normal and above-normal birth
weighits have lower chances of survival than
babies born with average weights. There-
fore, birth weight varies fittle in human
populations.

Directional selection
If an extreme version of a trait makes an

organism more fit, directional selection
might cccur. This form of selection increases
the expression of the extreme versions of a
trait in a population. One example of
directional selection is the evolution of
Hawaiian Pacific field-crickets like those
shown in Figare 17. The male field-crickets
that had normal chirping prior to the 19905
are mow silent. Why? In the 19905, the

field-cricket was targeted by a parasitic fly. Femaie Paciic Field-icket
The {ly larvae burrowed inside the feld

erlcket and would s theo alive The flies Figure T7 Mabe feld crickets can be chirping or s8ant. Over
listened to the chirping of the ma time, dirsctional selection has caised the populsiban to be made

Held-crickets in order to find them. Since P Y

the parasitic flies were 50 successful at
finding the field-cricksts, the population
had dramatically decreased. However, Lhe
silent male feld-crickets escaped the atbention of the parasitic [lies. Male crickets had a
mutation that allowed them to remain silent and that trait was passed on. After about
20 generations, the male feld-crickets were mostly silent.

frequency af the geroiypes

The distribution of traits in & population can change when environmental conditions
change. For three decades in the latter part of the twentieth century, Peter and Rose-
mary Grant studied populations of Galdpagos finches. The Grants found that during
dmgMyeau,fmdmpp]hﬁdﬂinﬂledamiﬂmhmﬁhndmsal the hard seeds that they
normally ignored. Binds with the largest beaks were more successful in cracking the
tough seed coatings than were birds with smaller beaks. As a resull, over the duration
of the drooght, binds with larger beak s came 10 dominate the population. In raimy years,
however, the directional trend was reversed, and the population’s average beak size
decreased. Changes in the finches’ physical enviromment contributed to the expansion
of some species and the decline of others.

Imfer fonw noafwal salection Bl frove coused o change in e
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Intermedisie color patiesms would make thedn more vissie i predabars

Figune 18 Noaihsm waiee snakec nave wi diffess o patiens, depending am their habitats

Disruptive selection Another type of natural selection, disruptive selection, is a
process that splits a population into two groups. It tends o remove individuals with
average traits bul retain individuals expressing extreme traits al both ends of a
cortinuum. MNorthern water snakes, illustrated in Figure 18, are an example. Snakes
livingg on the mainland shores inhabit grasslands and have mottled brown skin. Snakes
inhabiting rocky island shores have gray skin. Each is adapted to its particular
environment. A snake with imtermediate coloring would be disadvanlaged because it
would be more visible to predators.

Sexual selection Another type of natural selection. in which the change in
frequency of a trait is based on the ability to altract a mate is called sexual selection.
This type of selection aften operates in populations in which males and females differ
significantly in appearance. Usaally in these populations, males are the largest and
mierst coborful of the groop. The bigger the tail of a male peacock, as shown in Figure 19,
the more attractive the bird is 1o females. Males also evolve threatening characteristics
that intimidate other makes, This is common in species sach as elk and deer, where the
male keeps a harem of females.

Darwin wondered why some qualities of sexual
attractiveness appeared to be the opposite of
qualities that might enhance survival. For
exampple, the peacock’s tail, while attracting
fermales, is large and combersome, and it mighi
make the peacock a more likely target for
predators. Although some modern scientists
think that sescual selection is not a form of
natural selection, others Lhink that sexual
sebection follows the same general principle:
brighter colors and bigger bodies enhance
reproductive success, whatever the chances are o0 npgnens The frequency of this 1
for individueal long-term: survival. o4 sprual sedaction

Figure 19 Paacocks that have the largest talls tend (o sitract
il
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Dreelmg

F|glnt 20 The map shows 1 Gveriapp ] IEn0es of the
Eastesn meadowlan, and the lefl, ard Wesbern mesadowlark
o ENe fght, Whike the two are simiiad in appeasande; their
OGS Sepadie them Dehaviomily

Ierfesr i T Raray Soms pvevenl e mendiwioeis Fom

Mechanisms of evolution—genetic drift, gene flow, nonrandom mating, mutation, and
natural selecion—violate the Hardy-Weinberg principle. To what extent each mechanism
contributes to the origin of new species is a major topic of debale in evolutionary science
today. Maost scientists define speciation as the process whereby some members of a
sexaually reproducing population change so muoch that they can no longer produce fertile
offspring with members of the original population. Two tvpes of reproductive isolating
mechanisms prevent gene flow among populations. Frﬂygntirisdnﬂug mechanisms
operate before fentilization occurs, Postzygotic isolating mechanisms cperate altes
fertilization has occurred o ensure that the resulting hvbrid rernains infertile.

Prezygotic isolation

Prezygotic isolating mechanisms prevent reproduction by making fertilization
unlikely. These mechanisms prevent genotypes from entering a population’s gens

pool through gespraphic, ecological, behaviaral, or other
differences. For example, the Eastern meadow lark and the
Western meadowlark, pictured in Figure 20, have overlapping
ranges and are similar in appearance. These lwo species.
howewver, nse differemt mating songs and do not interbreed.
Time is another factor in maintaining a reproductive barrier.
Closely related species of fireflies mate at different times of
night, just as different species of trout Live in the same stream
but breed at different times of the vear.

Postzygotic isolation

Whien fertilization has ocourred but a hybrid affspring cannot
develop or reproduce, postzygntic isolation has occurred.
Postzygotic isolating mechanisms prevent offspring survival or
reproduction. A lion and a tiger are considered separate species
becapse even though they can mate, their offspring—like the
tigon, shown in Figore 21—is often sterile.

Figtere 21 The offspring of 2 male Higs
and 5 femaks | Tian
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Speciation

For speciation to occur, a population must diverge and then be reproductively isolated.
Binlogists usually recognize two types of speciation: allopatric and svmpatric.

Allopatric speciation

In allopatric speciation, a physical barrier divides one population into

twri o more populations. The separate populations eventually will
contain organisms that, if enoogh time has passed, will no longer be
able o breed successfully with one another. Most scientists think
that allopatric speciation is the most commvon form of speciation.
Small subpopulations solated from the main population have a
better chance of diverging than those living within it This was the
condusion of biokogist Ernst Mayr, who argued as early as the 19405
that geographic iselation was not only important bul also was

required for speciation.

CGeographic barriers can include mountain ranges, channels Abet squine|

between islands, wide rivers, and lava flows. The Grand Canvon,
pictured in Figure 22, is an example of & geographic barrier. The
Kaibab squirrel is found on the canvon's north rim, while the Abert
squirrel lives on the south rim. Scientists think that the two types
of squirrels diverged from an ancestral species and today are
reproductively isolated by the width of the canvon. While these
animals officially belong to the same species, they demonstrate
distinct differences and, in time, they might diverge emough to be

classified as separale species.

Sympatric speciation

In sympatric speciation, a species evolves into a new species

without a pivysical barrier. The ancestor species and Lhe niw
species live side-by-side during the speciation process. Evidence
of sympatric evolution can be seen in several insect species,
including apple maggot flies, which appear to be diverging based
on the type of fruit they eat. Scientists think that sympatric
speciation happens [airdy frequently in planis, especially through
polyvpioidy. Recall that polyploidy is a mutation that increases a

plant’s chromoseme number. As a

able o interbreed with the main population.

ACADEMIC VOCABUL ARY

lzalation

e condifion of besng separmied from
othess

Afar infertion, o potent i kept i
salntian fom other potianis fo prevenf
e e ctian Sram s mding.

resull, the plant is no longer

Figure 22 The Grand Camyon 5 a
geagraphic bastiar separating the Abert
and Kaibab squimeds

E=Z5 crOSSCUTTING CONCEPTS

Cause and Efect Retsarch an example of either allopatnic or Sympatibc
speclation ather 1han the ones decribed on ths page. Skefch a moded of haw
fhis example of spaciation warks., idesiifying Doth the cause and ihe effed. What
evidente from your reseasch suppaors you moder?
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Fish eater Looplankion eater Insect eates
Snail eater Leaf eater Akjae scraper

Frgure Z3 Mone than 300 species of ciohld fishes ance vied in Lake Viciona. Ther adaglive rafiston £
rEmaTEie hacanse T a houht & Rave GCrmyes in jess ihan 1,000 years

Patterns of evolution

Many details of the speciation process remain unresalved. Relative to the horman life
span, speciation i a long process, and firs:-hand accounts of speciation are expected o
be rare. However, evidence of speciation is visible in patterns of evolution.

Adaptive radiation

More than 300 species of cichlid fish, six of which are illustrated in Figure 23, once lived
in Africa’s Lake Victoria: Data show that these species diverged from a single ancestor
within the last 14,000 years. This is a dramalic example of a type of speciation called
adaptive radiation. Adaptive radiation, also called divergent evolution, can occur in a
relatively short time when one species gives rise (o many species in response to the
creation of a new habitat or another ecological opportumity. Likely, a combination of
factors caused the explosive mdiation of the cichlids, including the appearance of a
unique double jaw, which allowed these fish o exploit various food sources. Adaptive
radiaticn often follows large-scale extinctions. The adaptive radiation of mammals
occurred l'nllﬂwi.ng the extinction of dinosaurs at the beginning of the Cenozsic Era.
This likely produced the diversity of mammals vizible today.

Coevolution

Many species evolve in close relationship with other species. The relationship might be
50 chose that the evalution of one species affects the evolution of other species. This is
called coevolution. Mutualism is one form of coevolution. Mutualism occurs when two

species benefit each olther. For example, flowers and the many pollinating insects that
pollinate them have coevolved in an intimate dependency.

Am]wfmnn{mmﬂ.hnisdlﬂnmﬂﬂdamemhﬁmwy arms race. The classic example
is a plant, and an insect predator that i dependent on the plant for food. The plant popula-
tion evolves a chemical defense agamst the insect population. The insects, in urn, evolve
the biochemnistry to resist the defense. The plant then steps up the race by evalving new
defenses, the insect escalates its response, and the race goes on. Complex coevolutionary
relationships like m&qemigiurel'hﬁ thousands of years af evolutionary interaction
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Convergent evolution

Sometimes unrelated species evolve similar traits even thoogh they live in different
parts of the world. This is called convergent evolution. Convergent evolution occurs in
environments that are geographically far apart bul have similar ecology and climate.
The mara and rabbit discussed in Lesson 2 provide an example of convergent evolution.
The mara and the rabbit are not closely related, but becanse they inhabit similar niches,
they have evolved similarities in morphology, physiology, and behavior, Table 4 shows
examples of convergent evolution between Australian marsupials and the placenial
mammals on olher continents.

Table 4 Convergent Evolution

Placental Mammals Awstralian Marsupials
Male Marsupial male
Anteater
: } -

Lesser anteater MHumbat (anteater)

Mouse ’7“- %
Maouse Marsuplal mouse

w | -

) Pty soyted. Fiying puinnger
Wolf

Wall Tasmanian wall

Rate of speciation

Evolution is a dynamic process. In some cases, as in a cosvolutionsry arms race, trails
might change rapidly. In other cases, traits m.'ghl remain unchanged for millions of
years. Scientists think that evolution proceeds in small, gradeal steps. This is a theory
called pradualism. A great deal of evidence {avors this theary. However, the fossil
record contains instances of abrupt transitions. For example, certain species of fossil
sniails looked the same for millions of years, and then the shell shape changed drammali-
cally in only a few thousand years. The theory of punctoated equilibrinm attempts to
explain such abrupt transitions in the fossil record. According to this theory, rapid
spurts of genetic change cause species to diverge quickly; these periods punctuate much
longer perinds when the species exhibit little change.

Copyrighd & M Coaimitll Fobanins
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The two theories for the tempo of evolution are illustrated in Figure 24 The tempo

of evolotion is an active area of research in evolutionary theory today. Dioes most
evolution occur gradually or in short bursts? Solving this puzzle requires insights from
a variety of disciplines using a variety of methods. Evolotion offers a complex collection
of evidence, and it does not yield easily to simple analysis.

Punctuoted model

% W

o
;"

Grodunl model

pE-chOn

Figure 24 Geadiaiicm and punciuated egalbnium ste o mpeing modes desorbeng the 1Empo of

el |ilhan
\& Check Your Progress
Summary Demonstrate Understanding
« The Hardy-Weinberg principte 1 Discuss genetic drift and gene flow as mechanisms of

which svobution does ot oocur.

« Speciation often begins in
small, isolated populations,

+ Selechion can operate by
fawvoring average or extreme
traits.

+ Punciuated equilibrium and
gradualism are two models that
explain the tempo of evolution.

2 Identify the conditions of the Hardy-Weinberg principle.

3. Discuss factors that can lead to speciation.

4. Explain how the pattern of evolution is shown by the
many species of finches on the Galdpagos Islands is
awvidence that the distnbution of trails in a population
can change when conditions change.

Explain Your Thinking

5 Design an Experiment Two populations of frogs live
separated by the Amazon River. What experiment
could be designed to test whether the two populations
are one spades or two?

6. What type of mathematical results would you expect
from the expenment you designed abowe if the two
populations diverged only recently?®

ILEARRNSMART Goonlne to fallow your personalized learming path to review, practice,
and reinforce yodr understanding
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NATURE OF SCIENCE

Cool Adaptations

You might think that by this millennum,
soientists have discovered zall the species
there are to be discovered. You might think
that they know pretty much all there s o
kmow about those species. Howewver, you
wiould be wrong.

Dizcovering Mew Species

Thanks to advanced DA analysis technigues,

new species are still being discovered today.
Many of these species, including archaea,
bactena, alga=, and fungi,. are found n harsh
environments, and their ability to survive in
those environmenis is dus to thedir incredible

adapiations.

Built for the Cold

Lakes in Antarctica get cold—as cold as
-13°C. The only reason they are not frozen
solid is because they are supersaturated saft
soiutions. So you might be surprised o find
that these lakes are hotbeds of microbial

life, From bacteria to zlgae, these super cool
species would die if you brought them to a
room temperature Bb.

COrganizms that thrive in extreme cold

are called psychrophiles. The secret to
these microbes surviving in this exiremes
emvironment is found in their DiMA. By
sequencing DNA found in water samples,
researchers have discovered more about the

'E' COMMUNICATE SCIENTIFIC
= INFORMATION

Research organisms that e in hydrothemal
venis. Wte a descripbve essay about the
adaptations that enable them to survive.

Ardarctic kakes like Mis one sre home to marsy yperspe.
Cialized arganisms that Can withstand extreme oold

adaptations these organisms hawve that allow
them to live in cold temperatueres.

One of the adaptations is that the cefl
membranes of these organisms remain
fliexible in cold temperatures. Another
adaptation that these organisms have is that
ihe proteins in their cefis do not stop workimg
when exposad to extreme cold. Like their cell
membranes, proteins in these organisms are
more fiexible than those of organisms that live
in warmer temperatures. This flexibility helps
the proteins to maintain their shape, and
therefore function properly.

Peychrophiles also have show metabolisms.
They perform cellular activities incheding
cell division at much slower rates than their
wanmer relatives.

The more scientists learn about these species,

the more they may understand abouwt species
that live in other extreme environmenis.
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Copyrighi @ A& Conimitll Fobani



Inspare: Biology %12 Student Edition

STUDY GUIDE

1LY GO ONLINE to study with your Science Notebook.

Leszon 1 DARWING THEORY OF EVOLUTION BY MATURAL = artificml sebection
SELECTION « natxal sefection
* Darwin drew from his observations on the HMS Beagle and other i
studies bo develop b theory of evalution by natural selechion.
= Matural 2election is based on ideas of excess reproduction,
vartation, inheritance, and advantages of certain traits in certam
ETTVin e
* Darwin reasoned that the process of natural selection eventually
el result in the appearance of new spedes.
Lesaon 2 EVWIDENCE OF EVOLUTION » derfeed trail
+ Fossils provide strong disect evidence b support evolution. T A .
- homolsgous structure
* Homaologous and vestigial stroctures indicate shared anceséry. « westigal structure
+ Examples of embryokegical and bischemical traits prinfide insigcht « analogous structure
ind the evolotion of species. « embryo
* Biogengraphy can explain why certain spedes live in certain L
locations. » finess
= mmu.ﬂngﬂ
+ Matural selection gives rise to features that mcrease reproduoctive mimicry
pElaal )
Lesson 3 SHAPING EVOLUTHONARY THEORY = Hardy-Weinbeng principle
+ The Hardy-Wemberg principle describes the condstions within g
h‘!‘lu‘."}l I'.'.'HJ]I.'IEI.H! dlunes nu.l: oCcur. . . | o
* Speviation ofien begins in small, isclated populations » stabifizing selection
+ Sedectaon can operate by Eivoring average or extreme irais. - directional selestion
. B IFP i » disrptee selection
L:Prmlupuhh;u:lwﬁuﬁ:Mmm two models thak 2
I ) precyoolic isolating mechanmm
pastrygotic isolating mechanism
i . i
» sympisinc speciaton

|
%
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== THREE-DIMENSIONAL THINKING

L=/ Module Wrap-Up

REVISIT THE PHENOMENON

Look for the insect in this
photo. Why would an
animal try to look like a
plant?

@& Claim, Evidence, Reasoning

Explain your Reasoning Revisit the daim you made when you encountered the
phenomenon. Summarze the evidence you gathered from your mvestigations and
research and finalize your Summary Table. Does your evidence suppaort your claim? f not.
rewise your claim. Explain winy your evidence supparts. youwr claim.

STEM UNIT PROJECT
Mow that you've compieted the module, revisit your STEM unit project. You waill
summarize your evidence and apply it to the project.

GO FURTHER Recent History of Melanism in

@33 Data Analysis Lab American Peppered Moths

How does pollution affect melanism in moths? ‘:E _.:mg;. ]
= By

The changing frequencies of light-colored and dark-colored EE » Wgna |

moths hawve been studied for decades in the United States. ¥ &0

The percentage of the melanic, or dark, form of the moth was ‘i 50 suturn,

low pricr to the Industrial Revolution. it increased until it made i 40 o

up nearty the entire population in the early 19200s. After anfi- _:_E

pollution laws were passed, the percentage of melanic moths 10 WS

dediined. a5 shown in the graph.

Qﬁﬁﬁﬁ?ﬁ
Year

Matyzeand Interpret Data

1, _“rhat e pE'I'EE'H'I decrease in Perisy o "Datd obbimed fiom: Beanl, B S and L L. ‘Wiseman
metamc moth population? 002 Recent hishary of melanism in dmericon

2. Bvidence, Reasoning Hypothesize why the percentage of peppered moths. dswnnal of Hessdily 93 5530

mekanic moths might have remained at = relatively low level in
Vinginia.
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POPULATION ECOLOGY

ENCOUNTER THE PHENOMENON 4
Why are bee populations
declining?

Ask Questions

Do you have other guestions about the phenomenon? If so, add them to the driving
question board.

Claim, Evidence, Reasoning

Malke Your Claim Use your Collect Evidence Use the Explain Your Reasoning You
CER chart to make a daim lessons in this module to will rewisit your cigim and
¢ about the impacts of global collect evidence to support expain your reasoning at the
I TESOUNCE Consumption on your claim. Record your end of the module.
_E populations. Explain your eVIdENCe 85 you Move
i | reasoning. through the module:

QG’D OMLINE to access your CER chart and explore resowces that can
help you collect evidence.

Cighrighd 0 By CraapHill Fsbdalhm

LESSOM 1: BEgplore & Explainc LESSOM 2: Explore & Explain:
Population Characteristics Human Population Growth
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LESSON1

POPULATION DYNAMICS

FOCUS QUESTION

What are characteristics of populations and how are they
determined?

Population Characteristics

All species ocoor in groups called populations. There are certain characteristics that
all populations have, such as population density, spatial distribution, and growih
rate. These characteristics are wsed to classify all populations of organisms, including
bacteria, animals, and planis.

Population density

One characteristic of a population is its population densily; which is the number of
organisms per unit area_ For exampie, the population density of cattle egrets; shown
with the Cape bulialo in Figure 1, is greater near the buffalo than farther away. Near
the Cape buffalo, there might be three birds per square meter. Fifty meters from the
Cape bulfalo, the density of birds might be zero.

Fagure 1 The popuilation densiy of the Callle-sgrets is greater near the Cane Diudtalo.

Suigopest e Npe af CHpersion ol wolnd SEpecT iete hirds o hole:

COLLECT EVIDEMNCE INVESTIGATE
(S e yous Science Joumal OGO OMLIMNE to find these activities and more resourtes.

o compite e esngrang | 0} Apolying Practices: Local Ecosystem Dynamics
o Thetiie: it ks |pason H5-L521. Use mathematic s ardior compulational representations ta suppor sxplanations
of factars thad affedt corrying capncity of eoosy=isns 54 diffesand scales
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Figure 2 Visualizing Population Characteristics

American Bison White-tailed Deer

Spatial distribution
Thi patbesm of spacing of a population within s srea; one of the primary faclods in the
pattern of dispersion for &l arganisms i the availability of resources swch as food.
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Fopulation range
Some speecied have a very limiled populaion range, o distribution. DIher species RaWwe 8
vas! desiribulion A species Iﬁligf-".'l ol e able o expand B population range bBecauss it
cannal survive The abiate conditions Tound in the expanded ll’.‘";il'.‘ll"l

Historic range prior to 1865
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Spatial distribution

Another characteristic of 2 population is called ﬁispami:n—the pattern of spacing of a
population within an area. Figure 2 on the previous page shows Lhe three main types of
dispersion—uniform, ciumped, and random. Black bears are typically dispersed in a
uniform arrangement. American bison are dispersed in chumped groups or herds.
White-tailed deer are dispersed randomly with unpredictable spacing. The availability
of respurces such as food and water is one of the main determinanis of spatial distribee-
tion of a population within ils ecosystem.

Population ranges

Mo population, not even Lhe human population, eccupies all habitats in the biosphere.
Some species, such as the Hawaiian honeyereeper shown in Figure 3, have a very
limmited popalation range, or distribotion. This songbird is found only on some of the
islands of Hawail. Other species, such as the peregrine falcon shown in Figure 3, have a
vast distribution. Peregrine falcons are found on all continents excepl Anlarctica. Mote
the ranges of the animals in Figure 2.

Hawalian honaycreepe) Pelegiine Ealcon

Figure 3 The Hawaiian honeyreeps s anly on some af the Hawasan ilands. The peregrineg faicon &
Raund workdwide

=2 CROSSCUTTIMNG CONCEFTS

Scale, Proportion, and Quandity The coyote ives in almost every habfiat in Calfomsa,
with the exception of mapor city centers. The Denarmment of Fish and Wikitie ecimates 3
ppudation of eteeen 250,000 and T50,000 animals. Why dé you think that the estimats
k5 Such & wids range of wal e Find the area of the siafe and then determine the range af
e estimated popuaiion density. Wnal evidence would be nesgded 1o d=iemming 3 more
arourale estmate of the coyobe population density? Debate with your dassmrates whether
Coyides afe A pest of simply fust another wild animal lsoking for sultable habitat
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You mav have learned that organisms adapt to the biotic and abiotic factors in their envi-
ronment. A species might not be able to expand its population range because it canmot
survive the abiotic conditions found in the expanded region. A change in temperature
range, humidity level, annual rainfall, or sundight might make a new geographic area
umirthabitable kor the species. In addition, bictic [actors, such as predators, competitors,
and parasites, present threats thal might make the new location difficudt {or survival,

E Get It?

Describe two reasons why a8 speces might not be able to expand its range.

Population-Limiting Factors

Limiting factors are biotic or abiotic factors that keep a population from confinuing (o
increase indefinitely. Decreasing a limiting factor, such as the available [ood supply,
often changes the number of individials that are able Lo survive in a given area. In
ather words, if the food supply increases a larger population might result, and if the
food supply decreases a smaller population would likely result.

Density-independent factors

Any factor in the environment that does not depend on the number of members ina
population per unit area is a density-independent factor. These factors wsually are
abiotic and include natural phenomena such as weather events. Weather events that
limil populations include drought or Aooding, extreme heat or cold, lornadoes,
hurricanes, or fires {as shown in Figure 4).

Crowen {ire damags MWanaged ground e damages

Figure & A ciown fie is a densfy-independent fallor that cam it populalion grawth. Howewer, small
ground [ees cen promode growlh in 3 fobest commundy

Euplain why Bhese fwo situmiions sl e bove ciliensnd resuits on the iree popuiations

STEM CAREER Connection ACADEMIC MOCABULARY
Popalatian Biologist damingni

Wiy k5. [t bmpeartant b knows Ihe chaaolenistios, sueh as size, growth, and distribs- | moee powerful, sisccesstul, or in comtrol
ticn, of populstions? How wookd you study 3 population o defesmine fhese fhan something else

characieristes? Would you ke 3 job thal requires you io be In the fleld sudying The: hmng il wihich oo wiite ond oo
orgamisms in their natural habitat? If these questions interest you, yoo mightbea | most ofher tosks 5 coded your
future populstion Diokegist. Populstion biologists use their fndings fo predad the domirmar fand

fsture of populafans and determine what can b= done 1o kessen negatve impacs.
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Figure 4 on the lask page shows an example of the effects that fire can have on a popula-
tion. The ponderosa pines have been damaged by a crown fire; a fire that advances to
the tops of the rees. In this example, the fire limits the pepulation of penderosa trees
by killing many of the rees. However, smaller bﬂlnm!"requenl ground fires have the
opposile effect on the population. By thinning lower growing plants that use up nulri-
ents, a healthier population of mature ponderosa pines is produced.

Populations can be Hmited by the results of human interference. For example, over the
last 100 years, building dams and other human activities on the Colorado River have
&uguﬁmnmr reduced the river’s water flow and changed its temiperature. In addition,
the introduction of nonnative fish species altered the river's biotic [actors. Because of
the changes in the river, the number of small fish calied humpback chub was reduced.
During the 1960s, the number of humpbarck chub deopped so low that they were in
danger of disappearing from the Colorado River altogether, Air, land, and water pollu-
tion are the result of homan activities that alss can limit popolations. Pollution reduces
the available resources by making some of the resources toxic.

Density-dependent factors

Any factor in the environment that depends on the number of members in a population
per unil area is a density-dependent factor, Density-dependent factors are often biotic
factors such as predatian, disease, competition, and parasites.

Predation A study of density-dependent factors was done on the wolf and moase
populations in northern Michigan on Isle Royals, located in Lake Superior. The
results of this study are shown in Figure 5.

Isle Royal Case Study
- 2400
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Figure 5 The long-tam sledy of Me woll 3nd moose populetions on loe Royale shows ihe
refationship betwaen the number of predalees and pray oves time.

Rrefir wiad Aongied ove: cosed ihe dacreoss i e number of moose Detweeen 1990 ang 19535
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Prior o the winter of 1%47-48 there were apparently no wolves on Isle Rovale. During
that winter, a single pair of walves crossed the ice on Lake Superior, reaching the
Bland, During the next en vears the population of wolves reached about twenty indi-
viduals. Motice that the graph in Figure 5 on the previous page shows that the rise and
fall of the mumbers of each group was dependent on the other group. For examiple,
follow the wolves” line on the graph. As the number of wolves decreased, the number of
msnse increased.

Diseage Another density-dependent factor is disease. Outbreaks of disease lend to
occur when population size has increased and population density is high. When
population density is high, disease is transmitted easily from one individueal to another
because contact between individuals is more frequent. Therefore, the disease spreads
eazily and quickly through a population. This i just as tree for human populations as it
ts for populations of protists, plants, and other species of animals.

Competition Competition between
organisms also increases when density
increases. When the population increases to a
size where resources such as food or space
become limited, individuals in the population
must compete for the available resources,
Competition can cccur within a species or
between two different species that use the
same resources. For example, the fowes fighting
over the squirrel in Figore & also compete with
other species, such as coyotes, for the same
food source.

- ; . B Figure 6 Adecrease in the food supply can irioger
Competition for insulficient resources might compettion bebwoen members of 1hs same speces
résult in a decrease in population density inan
area due o starvation or to individosls leaving the area in search of additional
resources, As the population size decreases, competition becomes less severe.

Parasites Like disease, parasitic organisms can place limits on a population. The
presence of parasites is a density-dependent factor that can negatively affect population
growth at higher densities.

Population growth rate

An important characteristic of amy population is its growth rate. The popuolation growth
rate (PGR) explains how fast a given population grows. One of the characteristics of the
population ecologists must know, or al least estimate, ts natality, The natality of a
population is the birthrate, or the number of individuals born ina given time period.
Ecologists also must know the maortality—the mumber of deaths that cccur in the Popu-
lation during a given time period.

The number of individuals emigrating or immigrating also s important. Emigration {em
uh GRAY shun} is the term ecologists use to describe the number of individuals moving
away from a population.
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Immigration (ih muh GEAY shun) is the term ecologists use o describe the number of
individuals moving into a population. In most inslances, emigration is about equal to
immigration. Therefore, natality and mortality usually are the most important factars in
determining the population growth rate.

Some populations lend io remain approximately the same size from year (o year. Other
populations vary in size depending on conditions within their habitats. To better
m}dﬂﬂuﬂhﬁypnpuhﬁnmgmwhdiﬁmtm}wﬂmldunduﬂmdmmm
matical models for population growth—the exponential growth model and the logistic
growth model.

Exponential growth model Look & Figure 7
Lo see how a population of mice would grow if
there were no limits placed on it by the
envircnment.

Exponential Population Growth

g
&= a0

E 25 f

Asspme that two adult mice breed and prodoce a § 26 Esponential growth lI|r J|
litter of two voung. Alss assume the two off- ; "'?‘ l||'
spring are able to reproduce in one month. If all F

of the offspring survive to breed, the population  § 10 -

grows siowly at first. This slow growth period is
defined as the lag phase. The rate of population
growth soon begins to increase rapidly becanse
the total number of organisms that are abie to
reproduce has increased. After only two years,
the experimenial mouse population would reach
meore than three million mice.

Notice in Figure 7 that
once the mice begin to reproduce rapidly, the graph
becomes fshaped. A Jshaped growth curve illus-
trates exponential growth. Exponential growth, also called gecmetric growth, ooours whan
the growih rate is proportional to the size of the popolation. All populations grow exponen-
tially urtil some lirmiting factor siows the popalation’s grewth, I is immpartant D recognize
that even in the lag phase, the use of available resouroes is exponential. Because of this, the
resources soon become lmited and population

i

i 0.5 !_r
a
1 3 8§ 7 9103868 713 A 231335
Maonths
Figure 7 If mice were alloessd o reproduce unhindered,
the papaiation woukd grow slewly a1 firss but waidd
arebarats guidkdy
Inder wiy mice ar other populofions o nol covtinus fo
e Expaaerlioily.

growth Logistic Population Growth
S LI ||

Logistic growth model Mast populations — Camying cpacky

grow like the model shown in Figore 8 rather

than the model shown in Figure 7. Naotice that i 8000

the graphs look exactly the same through some i — l"

of the time period: the number of individuals 2 !-'m

begins very low, then increases very rapidly. & snoo

During this period, competition for resources ] M HF

among individuals in the population is low. Lo

The second graph, however, curves into the n! 35 7 9 fi 13161718 N335

S-shape tvpical of lngistic growth, Population Time period

growth stops increasing when an environment!
carrving capacity has been reached.

s Figure B Wnen a population sxhaiils growth that results

20 5-shaped graph, it exhinils logistic geowth. The popalatan
kevels off 81 a limil called the camyng capacity

Cingpighi @ M Coyeetill Cikmnine
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Carrying capacity Ecosystems have limits to the numbers of organisms and
populations they can support. The maximum number of individuals in a species that
an enviranment can support for the long term is the carrying capacity. Yoo will notice
in Figure 8 on the last page that bogistic growth levels off a the line on the graph
identified as the carryving capacity.

Carrying capacity is limited by such factors as the availability of livimg and nonliving
resources and from such chelienges as predation, competition, and disease. Organismas
would have the capacity to produce p-upl.rlal:innsul'grear.s'ue were it nol for the fact thal
environments and resources are finite. This flundamental tension affects the abundance
inuraber of individuals) of species in any given ecosystem. When populations develop
in an environment with plentiful resources, there are maore births than deaths, The
population soon reaches or passes the carrving capacity. As a populstion nears the
CArrying capacity; resources become limited.

If a population exceeds the carrying capacity, deaths outnumber births because
adequate resources are not available to support all of the individuats. The population
then falls below the carrying capacity as individuals die. The concept of carrying
capacity s used o explain why many populations tend o stabilize.

Reproductive patterns

The graph in Figure 8 shows the number of individuals increasing until the carrving
capacity is reached. The graph s a useful population medel, and can be used to predict
o & pn]:uI.a.l:iun‘s number might change over time.

However, there are several additional factors that must be considered for real popula-
ions. Species of organisms vary in the number of births per reproduoction cycle, in the
age that reproduction begins, and in the life span of the organism. Both plants and
animals are placed into groups based on their reproductive factors. However, not all
organizms fit under a specific reproductive strategy.

Members of one of the groups are called the r-strategisis. The rate sirategy, or rsirategy.
is an adaptation fior living in an environment where foctuation in biotic or abiotic
factors oocur. Fluctuating factors might be availability of food,
changing temperatures, or nigrating aninuls. An r-strategist s
generally a small organism such as a fruit fly, a monse, or the
locusts shown in Figure 9. r-sirategists usually have short life
spans and prodoce many offspring.

The reproductive strategy of an ~sirategist is o produce as many
offspring as possible in a short time period in order to take
advantage of some environmental [ctor. Organisms classified as
r-strategists typically expend little or no energy in raising their ~ Figured Locusts, which are an example
young to adulthood. Populations of rstrategists are usually Pl i
controled by density-independent factors, and they wsnally do

e f : : Iy wihard specific fociors might
mat: st iini:s pogealation nesr the carryiess capacity. fluctisats in o locusts amiromneaL
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Just as some environments Foectoate,
others are fairly predictable. The
elephants in Figure 10 experience a
carrying capacity that changes fittle
from year to vear. The carrying-
capacity strategy, or k-siralegy, is an
adaptation for living in environmenis
that are fairly stable.

A k-strategist generally is a larger
organism that has a long life span,
produces few offspring, and whose
population reaches equilibrium at the
carrying capacity.

The reproductive strategy of a Figure 90 Eisphants are k-strategists that produce few atispring, but
-strategist is to produce only a few thesy brvest 8 kot of case i the raiing of their offsping

offspring that have a better chance of living to reprodective age becanse of the energy,

respurces, and time invested in the care for the young. The number of individuals ina

population of k-strategists usually are contralled by densitv-dependent factors and nol

by densitv-independent factors, For example, a ten-degree change in temperature might

be enough Lo drastically reduce the number of locusts in a population, but i would not

likely influence the number of elephants in a population.

\B Check Your Progress

Summary Demonstrate Understanding

« There are populstion 1. Compare and contrast spatial distribution, population
characteristics that are density, and populaton growth rate.
s 'I’.E' puwlnhtmﬁ of 2. Summarize the concepts of carrying capacity and
organisms, including plants, limiting factors, and their effects on reproductive
amimals, and bactera. patierns.

+ Populations tend 1o be 3. Sketch diagrams showing population dispersion
distributed randomly, untfonmly, pattertis.
ol ] : - 4. Analyze the impact a nonnative species might have on

» Population-limiting factors are a native species in terms of population dynamics.
either density-independent ar
density-dependent. Explain Your Thinking

+ Populstions tend to siabifize 5. Design an expenment that you couwld periorm to
near the carying capadity of determina which population growth model apples to
their emvironment. fruit fiy populations.

6. [CLTER Connection | Write a newspaper article
describing how a weather event, such as drowght. has
affected a population of animals @ your community.

ILEARNSMART Goonine to follow your persanalized leaming path to review, practice,
and reinforce your understanding.

Copwnigt O M Craslbll Ehasbion Wuimaler e ety imags
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LESSON 2
HUMAN POPULATION

FOCUS QUESTION
What factors affect human population growth?

Human Population Growth

The study of human population size, density, distribution, movement, and birth and

death rates is demography (de MAH gra fee). The graph in Figure 11 shows demogra-
phers’ estimated human population on Earth for several thousand vears.

Husnan Population an Earth
2 | :
I i
: driy
o - §rEt
 Stone o Mew m_m__!._g_._
Al

Population fin billions)

b W & M oM o o mowm B =

L=

Z iy 6000 5000 4000 3000 2000 W00 AD. AD AD
Il BC. BLC BC BC BC BC 1 100D 2000

Year
Figure 11 The human poguladicon o Earih was relatively constant until moaal tmes. wihen te pegulatan
began 1o prow &t an exponential rats

:
:

COLLECT EVIDENCE INVESTMEATE

1=
[ use your Science saumaito G0 OMLENE 10 find these acthities and mans reseunces.
tecord the evidence you calleck as

Blolab: How can you show a populathon trend?

z:clml FI'::;E ; e Man and cary oul an vestigation 1o determing the cause and effect of popadlation trends.
Cubek Imeestigation: Evaluste Factors

inadyre and interpret data to defermine e facbars thal affed populsbon growdh.
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Motice Figure 11 on the last page shows a relatively stable mumber of individuals over
thousands of years—ontil recentiy. Notice also the recovery of the human popuolation
after the outbreak of the bubonic plague in the 1300s when an estimated one-third of the
population of Europe died. Perhaps the maost ﬁigmﬁ:anl feature in this graph is the
increase in the population in recent times. In 13(4, the population of Earth was an
estimated one billion people. Earth reached a milestone in 2011, when our population
was recorded at seven billion people. With the corrent growth rate al just over 83 million

people per vear we are expecied to reach a population of 9.8 billion by 2050.

Technological advances

For thousands of years, environmental conditions kept the size of the human population
al a relatively constant number below the environment’s carrying capacity. Mone
recently, however, humans have aitered the environment in ways that appear 1o have
changed ils carrying capacity. Agricullure and domestication of animals have increased
the human food supply. Technological advances and medicing have improved the
chances of human survival by reducing the number of deaths from parasites and disease.
In addition, irprovements in shelter have made humans less vulnerable o climatic

I.EI:I.F-BE'S.

Get It?
Explain the factors that have contributed to an increase in the survival rate of the
‘human popuiation. Have these factors contributed to the homeostasis of the
population within its enviroment? Explain.

Human population growth rate
Although the human population is still growing, Parcent Increase in Human Population
the rate of its growth has slowed. Figure 12
shows the percent increase in human population
from the late 1940s through 2016. The graph
also includes the projected population increase
through 2050.

Motice the sharp dip in human population
growth in the 1960s. This was doe primarily to a
famine in China in which about 60 million
people died. The graph also shows that human

A

Percent increase
oRERREREREER
%

population growth reached its peak at over 2.2 B5 o5 i .l D
percent in 1963, By 2015, the percent increase in Year

human population growth had dropped 1o less Figure T2 This graph shows the percent increase in the
than §.2 percent. glabal himan popalation using data fram thalats 140s
i ot e e, ST PR Tt e
growth rate 1o be below 0.6 percent by 2050. :

2025
The decline in human population growth is due

primarily o diseases such as AIDS and volun-
tary population control,

Copanight @ M Cnisrlill Exhanbion
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Trends in Human Population Growth

The graph in Figure 12 on the last page is somewhat deceptive. Population trends can
be altered by events such as disease and war. Figure 13 (mext page] shows a few histori-
cal events that have changed population trends. Figure 12 could also easily be misinlor-
preted becanze human population growth B not the same in all countries. However,
population growth trends are aften similar in countries that have similar economies.

For example, one trend that has developed during the previous century is a change in
the population growth rate in industrially developed countries such as the United
States. An industrially developed country is advanced in indusirial and technological
capabilities and has a population with a high standard of living. Criteria for determining
developed countries incdude average national income, individual average health and
education, and naticnal export and import of goods.

In s early history, the United States had a high birthrate and a high death rate. It was
nol uncommon for people W have large families and for individuals w die by their early
frties. Many children also died before reaching sdulthood. Presently, the birthrate in
the United States has decreased drarmatically and the life expectancy is greater than
seventy vears. This change in a population from high birth and death rates to low birth
and death rates is called a demographic transition.

LN Connection | How do population growth rates (PGR) compare in industrially
developed countries and developing countries? As an exampie, we will compare the
2008 populations for the United States and Honduras, a small country in Central
America, The calculation for PGR s

birthrate — death rate + migration e
iii = PGR (&)

In our example, we'll have to divide the final answer by 1 to get a percentage because

the rates are calculated per 100{. The Uniled States has birthrate 14.1 {per 1000}, death
rate 8.3 {per 1000)), and migration rate 2.9 {per 1000). This gives a PGR of (L7 percent

for the United States. Honduras has birthrate 26.9 (per 1000}, death rate 5.4 (per 10040},
and migration rate -1.3 (per 1001). This gives a PGE of 2.02 percent for Honduras.

'IE Get It?

Compare the population growth rates in the United States and the United Kingdom,
which has a hirthrate of 12 (per ¥000). deaih rate 8.8 [per 1000), and migration rate

25 [per 1000},

WORD ORIGINS

demography

dema— from the Gieek wond demos, meaning peopls
—ogrmahy fiom the French word grophis; meaning weiiog



Figure 13

History of Human
Population Trends

Many factors have affected human population
grawth throughow history.
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Table 1 Population Growth Rates of Countries

Population Growth

Courntry

Rate [percent)

Afghanistan 2163

C1:7
Brazil 0o E it
Buigaris -0 8 25
Germany 0.0 i i

1.5
Hondigas 202 E 10
Imdia 158 05
Indanesia 118 i o

—05
Kemya 276 [ S

=z L] L]
= | = BHUE
@ i

Migeria 238 £ g 5 g E 3
Undted States 088 » 5
Population growth models predict that the total number of people added (o the world
population in developing countries will be greater than the total number of people added
in the industrially developed countries. For example, between now and 2050, the develop-
ing country MNiger—shown in Table 1—will be one of the fastest growing countries. Assurm-
ing that the growth rate remains the same, ils population is expected to expand from 13
mﬂmﬂﬂnnpenph.ﬁhdmﬂﬂ@demhpaimnuy&ﬂgmiahupmnﬂmma
population decline from seven to five million people in the same time period.
Zero population growth
Another trend that populations can experience is zero population growth. Zero population
growth (717G} occurs when births plus immigration equals deaths plus emigration for a
generatiom. This will mean that the population has stopped growing, because births and
deaths ocour al the same rate. Once the world population reaches ZPG, the age stroc-
ture eventually should be more balanced with numbers al pre-reproductive, reproduc-
tive, and post-reproductive ages being approximately equal
Zero population growth is a gualai' many countries and societies. Many population
planners and environmentalists believe that ZPG will contribute to the sustainability of
Earth's vt
EE9 cROSSCUTTING COMCEPTS STUDY TIP
Scade, Praportion, and Ouantity Caredully study the data presented interactive Reading s you read, wite
Tabde 4. Regaarch to find the current popalation of sach of these cowntries. thiee questions sboul human popula-
Assuming that the growih rale remales the same, deleiming whal he populagon | 1on dynasmice. The questions should
f 1hese countries will e in 10 years. Select & country that you think has a begin with why, fiow, where, of when
problematic trend and prepare a repodt for i govermment summarizing the Ask a paitner ihe questions abeul the
populstion trend for the nest decade. Lse your svidance to identily potengal cemtent in e modale.
profolers. and supoest solkificns for thess problems.
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Age structure

Anaother impartant characteristic of any population is its age structure. A population’s
age structure is the number of males and females in each of three age groups: pre-re-
produciive stage, reproductive stage, and post-reproductive stage. Humans are consid-
ered e be prereproductive before age 20 even though they are capable of reproduction
at an earlier age. The reproductive vears are considered to be between 20 and 44, and
the post-reproductive vears are after age 44.

Analvze the age structure diagrams for three different representalive countries in
Figure 14. The age structure dizgrams are typical of many countries in the world. Notice
the shape of the overall diagram for a country that is rapidly growing, one that is
growing skowly, and one that has reached negative growth. The age structure for the
wiorld s homam population looks more like that of a rapidly growing country.

Age Structure in Human Population far 2015
Eermym Uinsded Sistes Gesmany

Age
&
5

I f i) il S5 S IS WSSt AR ] Co A R RS 1
WEEBE4202468W0 64202468 4302486

Percent of population Percent of population Percent of population
Figure 1 The relstiee nembers of ndiaduss in pre-reproductive, repraductiee, and post-regroductive
years are shown far three representative countries.

B et

Compare and contrast the age structures of the countries shown in Figure 14

Earth's carrying capacity for humans

Caleulating population growth rates is mot just a mathematical exercise. Scientists are concerned
about the human population reaching or exceeding the carrving capacity. As you learned in

Lesson 1, all populations are limited by the carrving capacity of their ecosystems, and the human
population is no exception. Mamy scientists suggest that human population growth needs o be
reduced. In many conntries, volintary population control is ocourring through family planning.
Unfortunalely, if the human popuolation continues to grow—as most populations do— and areas
become overcrowded, disease and starvation will occur. However, techniotogy has allowed humarns to
increase the carrving capacity of Earth, at least tempaorariby. It might be possible for technodogy and
planmning to keep the human population at or below Earth's carrving capacity.

Copanight @ M Cnisrlill Exbanbion
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Another important factor in keeping the human Human Use of Resources
population at or below the carrying capacity is
the amount of resources from the biosphere that
are used by each person. Currently, individuals
in industrially developed countries use far more
respurces than those individuals in developingy
countries, as shown in Figure 15. This graph
shews the estimated amount of land required to
suppart a person through his or her life,
including land wsed for production of food,
forest products and housing, and the additicnal
forest land required to absorb the carbon
diowide produced by the burning of fossil

fuels. Couniries such as India are becoming
more industrialized, and they have a high
growth rate. These countries are adding more
people and are increasing their use of resources. Al some point, the land needed 1o sustain each
person on Earth might exceed the amount of land that s available. Al that time the human
population will ikely have exceeded Earth's carrying capacity.

oW EDE DR

LA
Gammany
Branl

2

Flgure 16 The amownt of resounces used per peeson
varses amaund the woedd.

Estimated hectares of land used

[E Check Your Progress

Summary Demonstrate Understanding

=  Human population growth rates 1 Describe the change in human population growth
wary in industrially developing over time.
tountries and ndustrialized 2. Describe the differences between the age structure
Countres. graphs of nongrowing, slowly growing, and rapidly

+ Fero population growih ocowrs growing countries.
Mre.nﬂ‘het.irﬂﬂtemdh_nn’l— 3. Assess the consequences. of exponential population
gration rate of a population growth of any population.
eaus the devtn rate s the 4. Summarize why the human population began to grow
CERiOEATon e, exponentially in the Modern Age.

= The age structure of the human
population is a contributing Explain Your Thinking
factor to population growth in 5. Analyze how a newly emerging dissase might affect
SOME Countries. the population size in an industrislty developing and in

+ Earth has an undefined carry- an already developed country.
ing capacity for the human . [[TREJ Connection | Construct an age-structurs
popuiation. Eﬁwlﬁfﬂgﬂ'ﬂ! following percentages: 0-19 years:

44T, 2044 years: 52 9; 45 years and over: 2.4. Which
type of growth is this country expenencing?

LEARMNSMART Goonine tofolisw your persenalized lesming path to review, pracice,
and redlorce your undersianding.
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STEM AT WORK

As Easy (or Not)as 1, 2, 3

Biologisis and other scentists often cound
popudations of organisms as part of their
work in the field. There are several different
methods scientists can use to determine or
estimate a population count

Complete Counts, Sampling,
and Indirect Counts

With a compieie count, scientists count every
member of a population. They can use an
airpiane to fiy over a population and take
photographs of its members, or they can wakk
SCRO5S an area and count every population
member they see. With sompiing, scientists
court a small number of population members
and use that number to estimate the total
population. With an mdirect count, scientists
count signs left by a population—such as
scat, nests, and dens—instead of counting the
actual members of the population.

Quodrot sompling is used with plant species,
which do not mowe, or with animal species
that mowe wery slowly. Scientists coumnt all
members of 8 population in a specific area
{called a quadrat) and then extrapaolate to

| PLAN AND CONDUCT AN
e INVESTIGATION

Work with a partner to conduct a quadrat
sampling population count on an area of one
sguare meter. Recard your data in a table.
Dascuss how to use your data to estimate the
total population

insefta
passhee indegrated Banspondsr @ilo an animal 1o 2o
farmation on its growth, movemsnts, and survival
estimate the total population. In fronsect
sampling, scientists “draw” ines across an
area instead of marking off a guadrat They
waik the ines and count the plants or animals
they see along the lines. They use those
numbers to estimate the total population

Mark-recapture
Mark-recopture is a sampling method used

with anmimals. Scientists capture members of 2
population, tag them. and release them.

Later, scentists recapture population
members. They count the number of
untagged and already-tagged animals. They
then use these numbers to determine a ratio
{tagged to untagged animals) and extrapolate
that to an estimation of the total population.

Chwi nj ubwms sy Sis

Cingpighi @ M Coyeetill Cikmnine
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STUDY GUIDE

L) GO ONLINE to study with your Science Noteboak

Legson 1 POPULATION DYMAMICS » populatan dernsity

*» There are population characterishics that are commam fo all . m“::i :
populatiens of organisms, including plants, animals, and bacteria. SRS , mdmb;:‘_u

* Populations tend to be ditributed randomly, wniformly, or in « population growih mte (PGR]
clumps. « emigraten

* Pomudation lirmiting factors ane either density-imdependent or = -T“'"E""m"
densitv-dependent. = CRITYUR C2pocy

* Populations bered to stabilize near the carrving capacity of their
envoromment,

Legsan 2 HUMAMN POPLELATION - demography
* Human population growth rates vary in industrially developing oMM aOston
couniries and indwstrialized countries. s shan g ¥
« age structure

= Zero population growth ocours when the birthrate and mmemigration
rafe of a population equals the desth rabe and the emigration mbe.

= The age structure of the human pogaelation is a contributing factor
to population growth n some countries.

+ Earth has an undefined carrying capacity for the human
population.

Coprighh & M Craeeitll Dshanbon M dey! e b Catiy bmpd



o= THREE-DIMENSIONAL THINKING

\:=/ Module Wrap-Up

REVISIT THE PHEMOMENON

Why are bee populations
declining?

' a
. ' ' -
@& Claim, Evidence, Reasoning ‘fﬂ

Explain Your Reasoning Revisit the claim you made when you encountered the
phenomenon. Summarize the evidence you gathered from your investigations and
research and finalize your Summary Table. Does your evidence support your claim? F niot,

revise your claim. Explain why your evidence supports your claim.

' STEM UNIT PROJECT

Mow that you've completed the module, revisit your STEM unit project. Yo will
summarize your evidence and apply it to the project

a0 FURTHER
€D Data Analysis Lab House Finches and )
Do parasites affect the size of a host population? gallisepticum infection

¥
?
:
;

il

Connrigfi @ M Cramphill Cobmpin 1k ihal! Mo

In 1994, the first signs of a serious eye disease caused by the
bacterum Mycopiosmo gollizepticum were observed im house
finches that were eating in backyard bird feeders. Volunteers
collected data at the beginning of three different years on the
number of finches infected with the parasite and the total number

1
of finche L
inches presen ol 3 :
= Years after infection rate
Diata and Observations The graph shows the abundance of i 0 .

houwse finches in areas where the infection rate was at least 20
percent of the houwse finch population. it also shows the changes
in the population over the three years following the mitial count.

"Dirla obiuined from' Gregory, B, et sl X000
Parmsiies tnke condml. Nofore 406 3354

(&=5) Analyze and Interpret Data

L Compare the data from the three years.

2 Claim, Evidence, Reasoning Explain why the house finch
abundance stabilized in 1995 and 1996,

3. Infer whether the parasite is effectve in limiting the =ze of
house finch populations. Explain.
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ENCOUNTER THE PHENOMENON
Why would this scientist
need all this protection?

<

Ask Questions

Do you have other guestions about the phenomenon? if 50, add them to the drivimg
question board.

Claim, Evidence, Reasoning

Make Your Claim Use your Collect Evidence Use the Explain Your Reasoning You
CER chart to make a claim lessons in this module to waill revasit your claim and
about why this scientist would | coflect evidence to suppaort explain your reasoning at the
need all this protection your claim. Record your end of the module.

Explain your reasoning. evidence a5 you move

through the module.

aﬁﬂ CMLUINE to access your CER chart and explore rescurces that can help you
collect evidence.

@

Il ¢l ‘ILF “-‘I-luf
S .,‘- . ;‘: 'L‘ R it
g f" I S

e = b

LESSOM & Explore & BExplain: LESSOM 2: Explore & Explaire
The Immune System: Diseases  The Immune System: Spedific
Ity
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LESSON1

INFECTIOUS DISEASES

FOCUS QGUESTION
What are infectious diseases?

Pathogens Cause Infectious Disease

What do a cold and athlete’s foot have in common? They are both examples of an
infections disease. An infections disease is a disease that is caused by a pathogen
passed from one organism o another, disrupting homeostasis in the organism's body.
Agents called pathogens are the cause of infections diseases. Some, but not all, tvpes of
bacteria, viruses, protooans, fungi, and parasites are pathogens.

Many types of these organisms present in the world around us do not cause infectious
diseases. Your body benefils from organisms. such as certain types ef bacteria and
protozoans, that normally live in youor intestinal and reproductive tracts. Cther bacteria
live on vour skin, especially in the shafts of your hair follicles. These organisms keep

pathogens from thriving and moltiplying on yoor body.

Germ Theory and Koch's Experiments

Before the invention of the microscope, people thought “something” passed from a sick
person o a well persan o cause an illmess. Then, scientists discovered microorganisms
and Lowis Pasteur demonstrated that microorganisms from the air are able to grow in
mutrient solutions. With the knowledge gaimed from these and other discoveries,
doctors and scientists began to develop the germ theory. The germ theory states that
SoMme microorganisms are pathogens. However, scientists were not able to clearly
demonstrate this theory until Robert Koch developed his postulates.

Identification of the first disease pathogen

In the late 180=, Robert Koch, a German physician, was studving anthrax
(AN thraks}—a deadly disease that affects cattle and sheep and can also affect people.

COLLECT EVIDENCE INVESTIGATE

'ﬁkﬂemkmmﬂm ¥ GO DOMNLIME 10 find these aciivilies and mofe resounes,

recard the evideace you callect 35 | oo mioLab: Forensics: How do you find Patient Zero?

you compiste the readings and PMan and cary oul an investigation to determing patisns thal indicale who & patient 2era.
activities i this lessan. = e

‘Wihat mfermatian from this lesson can help you answer the Module guestion?

£
®
3
£
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Koch isolated bacteria, like those in Figure 1. from the blood of
cattie that had died from anthrax. After growing the bacteria in
the laboratory, Koch injected Lhe bacteria inte healthy cattle.
These animals developed the disease anthrax. He then isolated
bacteria rom the blood of newly infected cattle and grew the
bacteria in the laboratory. The characteristics of the two sets of
cultures were klentical, indicating that the same type of bacteria
caused the illness in both sets of cattle. Thus, Koch demonstrated
thai the bacteria he originally isolated were the cause of anthrax.

i - Evhmicsed SEM Magnditaban uiesaliabis

- =,

EGEI i Figure 1 These moolie bactes caase
Explain how Koch proved the germ theory carrect, e dbspase andhiaz

Koch's postulates

Koch established and published experimental steps known as Koch's postulates, which
are rules for demenstrating that an organism causes @ disease. These steps are followed
today to identif_'r a specific pathogen as the agent of a specific disease. Follow the steps
in Figure 2 as you read each of the four postulates.

i Pastulate 1- The suspected pathogen must
e Bolated from the diseased host in everny

(-—H*M case of the dissase.

Pastulate 2 - The suspected pathogen must
e grown In pure cullure an artifhelal media in
the labaratory.

Palhogen identitied and
Qror i pure CEune.

R — - —_

Postulate 3 - The suspected pathogen from
the pure culture must cause the same disease
when placed in a healthy new host.

Postulate 4 - The suspected pathogen must
Fathogen lsolated fom be |solated from the new host, growr agaln in
geCond anamal. pure cubture, and shown to have the same

characteristics as the original pathogen.

Figure 2 Keoh's posiulates demansizste that 3 specifc pathogen causes a spedfic disesse,
nder wha! Koch demanstroied wiien Ae olpfed the some borfen rom the cmie fe seoond time.
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Some exceplions to Koch's postulates do exist. Some pathogens, soch as the pathogen
that is thought to cause syphilis (STH fuh lus), cannot be grown in pure culture on

artificial media. Artificial media are the natrients that the bacleria need o survive and
reprodoce. Pathogens are grown on this media in the laboratory. Also, in the case of
viruses, cultored cells are needed because viruses cannot be grown on artificial meedia.

Spread of Disease

Although there are a large number of microorganisms, only a few cause disease. Some
might cause mild diseases, such as the common cold. Others cause serious diseases,
such as meningitis, an infection of the coverings of the brain and spinal cord. Table 1
lists some human nfectious diseases. For a pathogen to spread, it miust have botha
reserviir and a way 1o spread. A disease reservoir is a source of the pathogen in the
enwironment. Reservoirs might be animals, people, or inanimate objects, such as soil.

Human reservoirs

Humans are the main reservoir for pathogens that affect humans. Many pathogens
might be passed on o other hosts before the person even knows he or she has the
disease. An individual that is symptom-free but capable of passing the pathogen is
called a carrier. Pathogens that cause colds, the i, and sexually transmitted diseases,
such as HIV, can be passed on without the person knowing he or she is infected.

Animal reservoirs

Other animals also are reservoirs of pathogens that can be passed to humans. Influenza
mdrahiﬁmﬂmﬁnlhuman:ﬁs&a&esﬁslﬂdm'ﬂﬂ:ki that are caused by patho-
gens passed to humans from other animals, Influenza can infect pigs. Rabies is found in
domestic dogs and many wild animals, such as bats, skunks, and raccoons.

Tabte 1 Human Infectious Diseases
How Dis

Spread

Sodl in deepn punchure
Tetanus Baciemum Mermus sysiem iciaidl
Strep throat Bactenum Respiratory system Droplets/direct contact |
Lyrme disease Bactesium ::‘and s i iector (Eick)
Chicken pox Wirus Shan Droplets/direct contact
Rabbes Wi MErvous systedm Amimal b
Influenza {ihe flu) Wirus Respiratory system Diroplets/difect contact
H e Direct contact with
g Vi . exchange of body fluids
Giardia Protozoan Diigestive tract Contamingted watar
Malaria Protozoan Bliood and liver ector {mosguibo)
Direct contact o«
Mbletels faok ung Sidn comaminated objects

Copyrighd & M Coaimitll Fobanins
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Uther reservoirs

Some bacteria normally found in the spil, such as tetanns bacteria, can cause disease in
humans. The tetanus bacteria can cause a serious infection if it contaminates a deep
wound in the bedy. Contamination of wounds by bacteria was a major canse of death
during wars before the development of antibtotics and vaccinations.

Contaminated water or food & another reservoir of pathogens for human disease. One
of the main purposes of sewage treatment plants is the safe disposal of human feces,
which prevents contamination of the water supply by pathogens. Contaminated water
used in growing or preparing food can ransfer pathogens. Food also can become
contaminated through contact with humans or insects such as flies.

Transmission of pathogens

Pathogens are transmitied to humans in fowr main ways: direct contact, indirectly
threugh the air, indirectly through louching contaminaled objects, or by organisms
called wectors that carry pathogens. Figure 3 illustrates some of the ways pathogens can
be transmitted to humans.

Derect codtact indirect conlact throagih alr

Wechars
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Direct contact Direct contact with other humans is one of the major modes of
transmission of pathogens. Diseases such as colds, infections mononucleosis {mah noh
new klee OH sus) jcommenly referred (o as mono, or the “kissing disease™), herpes
(HUR peez), and sexually transmitted diseases are caused by pathogens passed
through direct condact, even if the person is a carrier.

Indirect contact Some pathogens can be passed through the air. When a person with an
infections disesse sneeres or coughs, pathogens can be passed along with the tiny muocus
droplets. These droplets then can spread pathogens to ancther person or 1o an object.
Many organisms can survive on objects hamdled by humans. Geansing of dishies,
wlensils, and countertops with detergents, as well ps careful hand-washing help prevent
the spresd of diseases that are passed in this manner. As a result, there are various food
rudes that restaurants masst n]:li.:i*b}.r that are based on preventing the spread of disease.

Vectors Certain diseases can be transmitted by vectors. The misl cOmmon vectors
are arthropods, which include biting insects such as mosquitoes and ticks. Recall from
Table 1 on the previcus page that Lyme disease and malaria are dizeases that are
passed to humans by vectors. The Zika virus is another exmple of a disease that can be
passed to humans h].r avector. The Zika virus, which is currently spreading across
South America and Norih America, is fransmitted (o humans by infected mosquitoes.
The mosquiboes becomse infected whan they bite a person who is already infected with
the Fika virus. The West Nile virus, coses of which were reported in 47 states in 2016,
is transmitted from harses and other mammals w0 humans by mosquitoes. Flies can
transmit pathogens by landing on infected materials, soch as feces, and then landing
o materials handled or eaten by humarns.

Eﬁmﬁ?

Describe how diseases are spread to humans.

Symptoms of Disease

When vou become ill with a disease such as the flu, why do you feel sches and pains,
and why do you cough and sneeze? The pathogen, such as the influenza virus or
bacteria, has invaded some of Lhe cells nl'g.raurbnd'_r. The virus multiplies in the cells
and Jeaves the cells either by exocytosis, or by causing the cell 1o burst. Thas, the viros
damzges tissues and even kills some cells. When pathogenic bacteria invade the body,
harmiul chemicals or toxins might be produced. The toxins can be carried throughout
the body via the bloodstream and damage various Fhl.l'i.".ﬂfl.h&h:hij'_

(EE3 CROSSCUTTING COMNCEPTS SCIENCE USAGE v. COMMON USAGE
Patterns Koch's research established the idea that CAITIET
EaME Miciocmanisms cacse infectiows dseases Soience uSape person who spreads germs whes remasning well

Summerize the histosical evidence that lead o the germ | Typhol fever wos saread By o covrier knowa o5 “Typhoat Mary,”
Theory. Présent your summary in the fom of a news Commion usege: & PErson L COTpOration in the transporason
repe that stans wih the following sentence: “People. | pusiness ' '

have bt for some time that ‘something’ pas=es 100 | eointy i chinged by caniers

@bk persan o & well person to cause a0 liness ™

Eopyrighd & M Coseritd Eshastas:
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Toxins produced by some pathogens can affect specilic organ systems. The tetanus
bacteria produce a potent toxin that cavuses spasms in valuntary muscles. The disease
botulizm (BAH chuh lih zum) wsually &5 caused when a person consumes (pod in which
the botulism bacteria have grown and produced a toxin. This toxin paralyzes nerves.
The toccn from the bobulism bacteria can cause disease in humans even when no
bacteria are present.

Some tyvpes of bacteria, some protozoans, and all viruses invade and live inside cells,
causing damage. Because the cells are damaged, they might die, causing symptoms in
the hast. Some disease symiploms, such as coughing and sneezing, are triggered by the
immune svsiem, as discossed later in this module. For a closer look at research om the

immune sysiem, examine Figure 4, on the next page.

EGH it?

Describe what happens when a person consumes food that contains botulism

bactera.

Disease Pattermns

As outbreaks of diseases spread, certain patterns
are observed. Agencies such as commumity
health depariments, the Centers for Disease
Control and Prevention (CDC), and the World
Health Organization {(WHO) contincally monitor
disease patterns (o help control the spread of
diseases. The CDNC, with headguarters in Atlanta,
Georgia, receives information from doctors amd
meedical clinics and publishes a weekly repart
about the incidence of specific diseases, as
shown in Figure 5. The WHO similarly walches
disease incidence throughout the word.

Some diseases, such as the common cold, are
known as endemic diseases because small
numbers of incidents are continually found
within the population. Somelimes, a particalar
disease will have a large outbreak in an area
and afflict many people, causing an epidemic,
In 2003, there was an epidemic of severe acute
respiratory syndrome (SARS). If an epidemic is
widespread throughoot a large region, such as a

r‘mﬂEl Rupodtiod cases of nolifiabile diseases,” -‘\]

by guographic division and area = Unibed States, 2013

Total resdet

peopulatien fin Ly
Al thiisands | st
UNITED STATES 3B.E5E 3460
HEW ERGLAMD 14 EE1 nz2s2
‘Connactici 3597 2360
Wi 1323n LA08
Mascacfsems 6745 5304
Haw Hampahie 1327 T24
oo leking 1055 504
Wermont B27 553
MID_ATLANTIC 41471 HMEDD
Hew Jersay E 338 31,385
Hew ok [Upstme) ey 2887
e York Ty EL31 B43
Penneyivania 1277 7457
EN CENTRAL 45740 LEs0
Rinoes 12,821 233
Fdiznn 8557 H v
Wichigan S510 27

%, Onio 11554 m

Figwre § The Centess for Heease Caomntred and Preventian
publish reparts an the Incidence of certan dEeases
Infer i ihass RS ore helmul in wibsrssnging disesse
[MHTSTS

country, continent, or the entire globe, it s described as pandemic, HIV is an exampie
of a pandemic. Influenza has led to several pandemics throughout history, inclsding the
Spanish (T in 1918, the Asian flu in 1957, and the Hong Kong (o in 1968, Each of the
these flu pandemics killed millions of people worldwide.

B cetie

Compare and contrast an epidemic and a pandemic.
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Figure 4

Immunology
Through Time

For centuries, scientists have strugaled 1o
leatn about the human Immuns systam.
Today, schentists are wiorking 1o stop HIV a
virus that has atiacked the immune syskem
of ower 40 million peopie worldwide.
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Treating and Fighting
Diseases

A medical professional may prescribe a drug to
help the body fight a disease. One type of
prescription drug is an antibiotic jan i b AH
tihk}, which is a substance that can kill or
inhibit the growth of microorganisms. Penicillin
is secreted by the fungus Penicillim, which i
shown in Figure 6. This fungus secretes the
chemical penicillin to kill competing bacteria
that grow on the fungal food source. Penicillin
was isolated, purified, and first used in humans
during Warld War IL Many other fungal secre-
tions are used as antibiotics, such as ervthrormy-

Figure & Penédilin a widely used anfibiabic, & secreted by
e mald called Pancilllm, shawn growing on these
DERNGES

Dhetermine why many shrengins and warkebes of peniliin
g o AN BCS. (Ve Needad

antibintics also have been developed by pharma-

ceutical companies.

Chemical agents also are used in the treatmient of protozoan and fungal diseases. Some
antiviral drugs are used to treat herpes infections, influenza in the elderly, and HIV
infections. Most viral diseases are handled by the body's built-in defense system—the

B et

Explain the history of the use of penidillin as an antibiotic.

Owver the last 60 years, the widespread use of antibiotics has
caused many bacteria o become resistant to particular antibiofics. Matural selection
worurs when organisms with favarable variations survive, reproduce, and pass their
variations to the next generation. Bacteria in a population might have a trail that
enables them to survive when a particular antibiotic is present. These bacteria can
reproduce quickly and pass on the variation. Because reproduction can occur so rapidly
in bacteria, the number of antibiotic-resistant bacteria in a population can increase

Problems resulting from antibiotic resistance

Antibiotic resistance of bacteria has presented the medical community with problems
when treating certain diseases. For example, penicillin was used effectively for many
vears o treat ponorrhea {gah nuh REE uh), a sexually transmitted disease, but now maost
strains of gonorrhea bacteria are resistant o penicillin. As a result, new drug therapies
are needed o treal gonorrhea. Figure 7, on the next page, shows the increase in gonor-
rhwa resislance from 1980—15990.

Another treatment problem is with staphylococral disease—it is acquired in high-dinsity
living conditions, which can result in skin infections, pneamonia {noo MOH myuh), or
meningitis. These staphylococci are often strains of bacteria that are resistant to many
current antibiotics and can be difficult o treat.
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Resistance of Gonorrhea to Penicllin
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Figure 7 The graph shows e eportzd incdence-of
penicillin-resisiant goaocchea in the U 5. freem
1980-1990

For example, MSRA, or methicillin-resistant Stapdiylo-
COCCIES aurens, is a type of bacteria that & a commaom
cause of infections in hospitals and other healthcare
facilities. It is spread by direct contact, usually from
the contaminated hands of healthcare providers.

Streplococcs preimenia is another bacterium that has
become resistant to antibiotics. This bacteriom causes
preumonia, sings infections, and infections in the
bloodstream. The bacterium that canses luberculosis,
a respiratory infection, can be resistant to the initial
antibiotics used (o real the infection. In these cases,
different misdications are usad to treat the infection,
but it takes more time and can be more expensive.
Scientists are continually researching solutions o
treal anbibiolic-résistant bacteria

I& Check Your Progress

Summary

+ Pathogens, such as bacteria. 1-
viruses, protozoans, and fungi,
cause infectious disesses. 2

+ Koch's postulates describe the
accepted procedure for 3
demonstrating that a particular
pathogen causes a specific 4
disease,

« Pathogens are found in disease
reservairs and are transmitted

Demonstrate Understanding

Compare the mode of transmission of the common
cold with that of maiaria.

. Summarize some symptoms of a bactenal infectious

disease.

. Define infectious disease and give three examples of

infectious diseases.

. INustrate Koch's postulates for a bactenal nfectious

disease in a rabhit by drawing a graphic organizer ar a
concept map.

G =ty i 5. :jnud_:mvm::‘iemzﬂmlshmdéﬁashlnga
indirect methods. ) -
+ The sympioms of disease are Explain Your Thinking
causied by imvasion of the 6. Evaluate the following scenario: Two days after visiting
pathogen and the response of a pet shop and obsendng green pamots in a display
the host immune system. cage and fish in an aguarium, a student developed a
« Treatment of infectious disease fewer, became ill, and was diagnosed with pammot fever
includes the use of antibiotics What might be the disease reservoir and possible
and antiviral drugs. transmission method?

" Analyze how the widespread use of antibiotics o treat

infectiows diseases has played a role in the develop-
ment of antibictic-resistant bacieria. How are scientists
dealing with this issus?

LEARMSMART Goonine to folow your persenalized Laming path to review, practice,

and redlorce your undersiandng.

Coygrighd & My Drmertid Erhasinm
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LESS0ON 2

THE IMMUNE SYSTEM

FOCUS QUESTION
How do nonspecific and specific immunity compare?

MNonspecific Immunity

Al the time of birth, the body has a number of defenses in Lhe imrmune system that fight
off pathogens, These defenses are nonspecilic because they are not aimed at a specific
pathogen. They profect the body from any pathogen that the body encounters.

The nonspecific immunity provided by the body helps to prevent disease. Nonspecific
immunity also helps to slow the progression of the disease while the HPEEi.ﬁL' immunity
begins W develop its defenses. Specific immunity is the most effective immune
respanse, but nonspecific immunity is the first line of defense.

Barriers

Like the strong walls of a fort, barriers are used by the body to protect against patho-
gens. These barriers are found in areas of the body where pathogens might enter.

EE W b agri (i sdion. urisvsiisbis

Skin barrier The first major line of defense
is the unbroken skin and is secretions.
Skin contains layers of living cells covered
by many layers of dead skin cells. By
forming a barrier, the layers of dead skin
cells help protect against invasion by
microorganisms. OF the many different
types of bacteria that normally five on the
skin, most have little or no effect on our
health. Many of the bacteria that live Sl mniOCoCous Enitey s
symbiotically on the skin digest skin oils io

produce acids that inhibit many pathogens. Figure @ These bactenia ase found on hisman
EI.E'I'.L'I.'E 8 shows bacleria thal are I"IIJJ".I'.I:'I-BJ]}' giein and provide protection mm :lﬂ”ll.'lgil'l:i.
found on the skin and protect the skin from attack.

[N e RS

Fakddlaw |miw

COLLECT EVIDENCE INWESTIGATE

IEH’SE'.H]USEEMEMHJM DGO OMNLINE 1o find these aciilles and mare resaunces.

recodd the evidence you coledl s | (5 identify Crossculting Concepts

yiu comgilete Be eadings and Create a table of the crassoutiing concepts and fill in sxamplos yau find as you read.

aciiviiies i this lesson

Review the Hews
Dtain Infarmation from  aeent news Story @bout the immune system. Evaluate your soarce
and cammunicaie pour findngs to your class.

Cogurgdn O Ay Cambae
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Chemical barriers Saliva, tears, and nasal secretions contain the enzyme lysozvme.
Lvsozyme breaks down bacterial cell walls, which kills parhogens.

Another chemical defense is mucos, which is secreted by many inner surfaces of the
bosdy. It acts as a protective barrier, blocking bacteria from sticking to the inmver epithe-
lial cells. Cilia also line the airway. Their beating maotion sends any bacteria canght in
the muces away [rom the lungs. When the airway becomes infected, exira mucus is
secreted, which inggers coughing and smeezing to help move the infected mucus out of
the body.

A third chemical defense i the hvdrochioric acid secreted in yvour stomach. In addition to
dige=stion, stomach acid kills many microorganisms found in food that conld cause disease.

E Get it?

Compare and contrast the different types of bamiers of the immune system.

Monspecific responses to Invasion

Even if an enemy gets through the walls of a town's for,
defense doesn't end. Similarly, the body has nonspecific
immune responses o pathogens that get bevond its barriers.

Cellufar defense [f foreign microorganisms enter the body,
the cells of the immune system, shown in Table 2, on the nexi
page, defend the body. One method of defense is phagooytosis.
White blood cells; especially neutrophils and macrophages, are
phagocytic. Recall that phagocytosis is the process by which
phiagocytic cells surround and internalize the foreign
microorganisms The phagocyies then release digestive
enzymes and other harmfol chemicals from their lysesomes,
destroving the microorganism.

Azeries of about 20 proteins that are found in the blood plasma
are called complement profeins. Complement proteins enhance
phagocytosis by helping the phagocovtic cells bind better o
pathogens and activating the phagocvtes. Some complemsant
predeins can form a complex in the plasma membrane of a
pathogen, This complex forms a pore, which aids in the destrec-
tion of the pathogen, as shown in Figure 9.

Na MEmane ol e Fvadknd Cedl

Interferon When a virus enters the body, another cellular defense helps prevent the
virus from spreading. Virus-infected cells secrete a protein called interferon. Interferon
binds to meighboring cells and stimelates these cells to produce antiviral proteins
which can prevent viral replication in these cells.

Inflammatory response Another nonspecific response, the inflammatory response,
i5.a complex series of events that involves many chemicals and immune cells that help
enhance the overall immune response. When pathogens damage tissue, chemicals are
released by both the invader and cells of the body. These chemicals attract phagocvies
to the area, increase blood flow to the infected area, and make blood vessels more
permeable o allow white blood cells to escape into the infected area.

Fgure § For some parbogens, CamgHe-

T Al protesns can horm 2 poee in e

& Pl Consmiill Fohaninm
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This response aids in the accumulation of white blood cells in the area. Some of the
pain, heat, and redness expenienced during an infectious disease are the result of the
inflammatory response.

Tabie 2 Cells of the Immune System

Function

: Fnagocyiosis: biood celis that

Meutraphils ingest bactena

| Fhagooyiosis: biood cells that
Ingest bacteria and remove

- dead nedtrophils and ofher

| debris

Macrophages

Specific immunity (antbodies
- and killing of pathogens): biood
- cells that produce antibodies
| and other chemicats

Lymphocytes

Specific Immunity

Pathogens sometimes gel past the nonspe-
cifie defense mechanisms. In this event, the

body has a second line of defense that
attacks the pathogens. Specific Immunity is
miore effective and involves the Hsswes and
organs found in the lymphatic system.

Lymphatic system

The ymphatic system, shown in Figare 10,
includes organs and cells that fiiter lymph
and blood, destroy foreign microorganisms,
and abzorb fat. Lymph is the watery part of
the biood (the plasma) thai leaks out of
capillaries to bathe all the cells in the body.
This clear fluid, containng owygen, nuiri-
ents, and white blood cells, circulates among
the tissue cells, is collected by lymphatic
vessels, and 5 returned o the circulatory
system via Lhe veins near the heart

Figure 10 The lympnats system contains the digans
Irrvchved in the specilic immune responss

idemtity the iwmohatic argma where T cefis mote
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Lymphatic organs

The organs of the lymphatic system contain lymphatic tissue, lyrmphocvies, a few other
cell types, and connective Lissue. l;qulmqharea type of white blood cell that i
produced in red bone marrow. The lymphatic organs include the lvmph nodes, tonsits,
spleen, thymus {THI mus} gland, and diffused hrmphatic tissue found in muoous mem-
branes of the intestinal, respiratory, urinary, and genital tracts.

The lvmph nodes fiter the lvmph and remove foreign materials from the emph, The
tonsils form a protective ring of lymphatic lissoe between the nasal and oral cavities.
This helps protect against bacteria and other harmiful materials in the nose and mouth,

The spleen stores blood and destrovs damaged red blood cells. It also contains lvm-
phatic tissue that responds to foreign substances in the blood. The thymus gland, which
is located above the heart, plays a role in activating a special kind of mphocyte called
Teells. T cells are prodoced in the bone marrow, but they mature in the thymus gland.

B Cell Response

B lvmphocytes, often called B cells, are located in all lymphatic Hssues and can be
thought of as antibody factories. Antibodies are proteins produced by B lymphocytes
that specifically react with a foreign antigen. An antigen is a substance foreign o the
body that camses an irmmune response; it can bind to an antibody or T cell. When a
portion of a pathogen is presented by a macrophage, B cells produce antibodies. Follow
along in Figure 11 on the next page as you learn about how B cells are activated to
produce antibodies.

When a macrophage surrounds, internalizes, and digests a pathogen, il takes a piece of
the pathogen, which is called a processed antigen, and displays it on its membrane, as
illustrated in Figure 11. In the lymphatic tissues, such as the lvmph nodes, the macro-
phage. with the processed antigen on its surface, binds to a type of mphocyte called a
helper T cell. This process activates the hetper T cell. This lymphocyte is called a
“helper” because it activates antibody secretion in B cells and another tyvpe of T cell,
which will be discussed later, that aids in killing microorganisms:
* The activated helper T cell reproduoces, birlispmcﬁsedarﬂjgaaand attaches to a B cell.
* The new helper T cells continue the process of binding antigens, attaching o B cells,
and reproducing,
Once an activated helper T cell binds to a B cell holding an antigen, the B cell begins
i manufacture antibodies that specifically bind to the antigen.
* The antibodies can enhance the immune response by binding to microorganisms,
making Lhem more susceptible to phagocytosis and, by initiating the inﬂamn'l.al:::r_r.'
response, helping promote the nonspecific response.

(73 CROSSCUTTING COMCEFTS WORD ORIGIN
Structure and Fumetian As you have leamed, there are several components of | Urymas
s immune system spread throwg houl the body, hese components a0 comies from he Geeek woed Mo,

ingether io protect the body from pathogens. The ymphatc system responds meaning warfy excrescense
when other defenses have falled. Using the evidence presented in this kasson,
oreate @ chast 1hat summarizes the fenctions of the various components af the

Iympiatc system.

Eopyrighd & M Coseritd Eshastas:
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Figure 11 Visualizing Specific Immune Responses

Specific immune responses involve antigens, phagocyies, B cells, helper T cells, and cytotoxic
T cells. The antibody-mediated response involves antibodies produced by B cells and memony
B cefls. The cytotodc T cell response resuits in cytoboxic T cell activation.

Antibody-Mediated Response Cytotaxie T Cell Response
Antigen ks
snguited. Antigen ks
&
& macmphage ongaifs
an anbigen. & places a
partion of the antigan

B coilz continue 10
divide and produco
antiaodics.

Some actvabed B i and kil

il remain s
memary B cels.

ouizide tha cell, hiotd in
placs by & FeCopioe

" ‘ ankgen

The macrophage
presenis the antigen o
the halper T coll by
hinding 1o & recepior
on tha hefpar T ool
Thiz binding halgs tha

neiper T ool dede
g T call

Frocosood

antigan e

The actvated hefpor

The aciested holper T T cofl presents a
ol presenis & processed processed amigon to
antigen to B cefis. Tha B tho cytosoxic T ool

ceils divida by mitosis. i activating it ba dedde
Cyiotooc and socrete
T cell

@ Aciratod

Tha doughter & cytotoooe T
oelis cantinue o Cedls divida
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those daughtar &
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=ame pathogen

I3,

The activatod

cytabmec T cell birds

anbgen-presontng
rdected) oolis.




. Inspare: Biclogy, Student Editicn

B cells make many combinations of antibodies by
using DINA that codes for the prodoction of
various heavy and light protein chains that make
up-antibodies, as shown in Figure 12, Any heavy
chain can combine with any light chain. If a B
cell can make 16,000 different kinds of heavy
chains and 1200 kinds of light chaing, it can
make 19,200,000 different types of antibodies
{1204 = 16,000.

T Cell Response

Once helper T cells are activated by the presenta-
tion of an antigen by macrophages, helper T cells
can-also bind to and activate a group of lvmphio-
ovies called cvtotoxic T cells. Activated cybotoxic
T cells destroy pathogens and release chemicals
called cytokines. Cytokines stimulate the cells of the immune system o divide and
recruil immumne cells to anarea of infection. Cytotowic T cells bind to pathogens, release
& chemical attack, and destroy the pathogens. Multiple target cells can be destroved by
a single cytotonic T cell. Figure 11, on the previous page, summarizes the activation of
ovtotoxic T cells.

Eﬁetm‘

Summarize the role that ymphooytes play in immumity.

Figure 12 Antibodies ar2 made up of twa Types of protein
chains—heauy and byt chaine.

Passive and Active Immunity

The body’s first response toan invasion by a pathogen is called the primary response.
For example, iff the viral pathogen that causes chicken pox enters the body, nonspecific
and specific immune responses eventually defeat the foreign virus and the body is
cleared of the pathogen.

Ome resull of the sperific immune response is the Pl."ﬂdl.h:iim'l.ﬂf memory Band T cells.
h'h:mr_ftdh are bong-living cells that are exposed o the antigen during the primary
immune response. These cells are ready to respond rapidly if the body encounters the
sarme pathogen later. Memory cells protect the body by reducing the likelihood of
developing the disease if exposed again o the same pathogen.

STEM CAREER Conneaction ACADEMIC VOCABULARY
Immurelogist pASSine

The immaune sysiem in Rumans 5 & very robust sysiem. However, sven (he immuns | nob acive; acted wpan

-System occasionally needs culside help from a specialist. caled an immunologist, e possive mankey stored loniy ot
wiho undersiands mafundioning of the system. An Immuroiogist manages a The 200 wislars

varkety of immune system probiems ranging fram the very common, such as
asihena, b0 the kess common, such as Bhe sutolmimune dcesses. Immuncéogy is a
specialty requiring addificnal sty beyond the mormad medical fraining.

Gopyrigd @ M Coaemitll Fobanins
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Passive immunity

Sometimes temporary protection against an infectious disease is needed. This type of
temporary protection ocours when antibodies are made by other people or animals and
are transferred or injected into the body. For example, passive immunity ocours
between a mother and her child. Antibodies produced by the mether are passed
through the placenta to the developing fetus and through breast milk to the infant
child. These antibodies can protect the child until the infant’s immume system matures.

Antibodies developed in humans and animals that are aln.-ad!.' e to & specific
infectious disease are used (o treat some infectious diseases in others. These antibodies
are injected into people who have been exposed o that particular infectious disease.
Passive immune therapy is available for people who have been exposed to hepatitis

A and B, tetanus; and rabies. Antibodies also are available to inactivate snake and
SCOMPEON VEnoms.

Active immunity

Active immumty occurs after the immune svsbem is exposed to disease antigens and
miemory cells are produced. Active immunity can result from having an infectious
disease or immunizalion. Immunization, atso called vaccination, is the deliberate
exposure of the body to an antigen so that a primary response and immune memory
cells will develop. Table 3 lists some of the common immunizations affered in the
United States. Immunizations contain killed or weakened pathogens, which are incapa-
ble of cansing Lhe disease.

Mozt immunizations include more than one stimulus o the immune system, given after
the first immunization. These booster shots increase the immume response, providing
further protection from the disease-causing organism.

Eﬁetlt?

Describe the difference bebyeen passive immundty and active immunity.’

Table 3 Common Immunization

Immunization

Dighiesla {03, Setanus (T) D inactivated ton,

o e oo ot | RS
Polio Pollonmyeliils Inactivated wvirus

MMR Measies, mumps, rubella All three Inactivated vinises
'.i'u-i.ml.u Chacken pox . Il:wcuu'a;led wiruis

HIB Haemaphilus influenzae () Portions of bacterka cell wall

type b COWEring

HEWV Hepaiitis B Subunit of virus
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Why are immunizations effective in preventing
disease? The characteristics of the secondary
immune response, which i the response o a
second exposure o an antigen, enable immun-
zatiors (o be effective in preventing disease.
Hudy the graph in Fegure 13. Note that the
secondary response o the antigen has a number
of different characteristics. First, the response is
mere rapid than the primary response, as showm
by the greater steepness in the portion of the
curves plotted in red, Second, the overall
respanse, both B and T cell response, is greater
during the second exposure. Lastly, the overall
memaory lasts longer alter the second exposure.

Eﬁet ?

Analyze how immunizations help prevent

disease.

Immune System Failure

Defects in the immun:s system can result in an

increased likelihood of developing infectious diseases
a5 well as certain types of cancers. Some diseases can
affect the immune system’s effectiveness. One such
disease called acquired immunodeficiency syndrome
[AIDS) results from an infection by homan ioamuono-

deficiency vires (HIV). AIDS is a serious health
problem worldwide.

In 2015, approximately 18,303 AIDS cases were
diagnised in the U5 In 2014, 6,721 people died of
AIDS in the US. In 2F15, an estimated 36 million
people globally were living with HIV infection.

REecall the important role that helper T cells play
in specific immumnity. T cells are also called CD4*
cells because these cells have a receptor on the
pulside of their plasma membrane. This CD4+

Primary and Secondary Responses

Far=t Second
eupasure io Antibocies

Atigen X pimies

R
A

Serum sntibedy level

Figure 13 This graph shows iha diferance between the
peimary and SECONOary IMmune responses D eposie o
an antigen

Anslyze the diferences Selween e pimarny and second-
vy iUTAnE ESPORSES.

Helper {rol stained)

Figure 14 Helpes T celis have receators an the
surfate that sie bsed o identlly them @ the
|aboratnry,

receplor is used by medical professionals o identify these cells, as illustrated im

Figure 14.

HIV is.an ENA virus that infects helper T cells. The helper T cells become HIV facto-
ries, producing new vireses that are réleased and infect other helper T cells. Over
time, the number of helper T cells in an infected person decreases, making the person
less able o fight disease. HIV infection usually has an early phase during the first six
to twelve weeks while viruses are replicating in helper T cells.

Copyrighd & M Coaimitll Fobanins
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The patient suffers symptoms sach as night sweats and fever, bul these sympioms are
reduced after about eight bo ten weeks. Then, the patient exhibits few symptoms for a period
ol fime as long as ten years but is capable of passing the infection through sexual intercourse
or blood products.

HIV is a secondary immumodeficiency disease, which means that the immune system of a
previously healthy person fails. Without antiviral drug therapy, the patient usually dies from
a secondary infection from another pathogen atter about ten vears of being infected with
HIV. Cuorrent antiviral drog therapy is aimed at controlling the replication of HIV in the
body. Resistant strains, expensive drugs, and side effects are all issoes that patients {ace.
Eesearchers and health care providers are working fo meel these needs and continue the
search for a cure.

EG&: it?

Summarize how the immune system protects and attempts fo maintain a healthy
balance in the body.

\B Check Your Progress

Summary Demonstrate Understanding

« The nonspacific immung 1 Compare specific and nonspecific immune responses.
respanse includes the skin 2. Describe the steps involved in activating an antibody
barier, secreted chemicals, response to an antigen.
b et piﬂi‘l‘h‘lﬂ]:rﬂ\ﬂt 3 I:hni_ify.vmyspassimaﬂa:ﬁweinmurﬂy can be

» The specific MMUne rESPOM=e. 4 b ceribe the structure and function of the immune
immives the activation of B celis, system.
which produce antibodies, and . .
T cellis; which inclide helper B Fﬁrfuiw_&mdedrujn:.nnnfhﬂpe.rTl_:dhm.H\f
T cells and cvtolac T celis. infection is so devastating to specific immumnity:

+ Passive immunity invoives Explain Your Thinking
RECEOIT BMOCKEC > SISt H 6. Hypothesize what happens when an HIV strain
disease. mutates swch that wiralweplication drugs are no longer

+ Active mmunity resulis in affectivie.
SRTANS memony adeist 8 7. Evaluate the efiects of severe combined immuna

daficiency on a child bom without T cell immunity:

« HIV attacks helper T cells, 8. [[TETP Connection | Anfibodies are made of two fight

:‘E'rgﬂ’"mmm protein chains and two heavy protein chains. If the
iure.

mistecudar weight of a light chain is 25000 and the
molecudar weight of a heawy chain is 50,000, what is
the miolecular weight of an antibody?

ILEARNSMART S Goonfine o follow your personalized leaming path 1o review, practice,
and reinforce your understanding.
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LESSON 32

NONINFECTIOUS DISORDERS

FOCUS QUESTION
Should you worry about catching a noninfectious
disease? Why or why not?

Genetic Disorders

Mot all diseases or body disorders are caused by pathogens. Some diseases, such as albi-
nism, sickle cell anemia, Huntington's disease, and hemophilia, are caused by the inheri
tance of genes that do not function properly in the body. There are also disorders, such as
Do syndronse and Turner syrsdromse, that result from abnormal chromosome niumbers.
Many diseases are complex and have both an environmental and a genetic cause.

Coronary artéry disease (CAD) is an examiple of a condition
with environmental and genetic origins. This cardiovascular
disease can result in blockage of arteries, shown in Figure 15,
that deliver oxygenated biood to the heart muscle. Thereis a
genetic component that increases a person’s risk of developing
CAD. Environmental factors such as diet and inactivity contrib-
ote o the development of this complex disease. Families with a
history of CAD have a two o seven limes greater risk ol having
CAD than families without a history of CAD. The exact gemetic
factors, howewver, are not known.

E&tﬂ?

Summarize the factors that cause coronary artery disease.

Degenerative Diseases fnraugh 3 corpaary artery, such a5 the
diseased artery shown heve, o heart

Diiseases that are the result of the body wearing oul or of the Bk o kel o it it £ et

natural aging process are referred W as degenerative (dih TEH
nuh ruh tilw) diseases.

w0 EE wwer e by b

(=%

COLLECT EVIDENCE INVESTIGATE
'ﬁkﬂemkmmﬂm DY GO DOMNLIME 10 find these activilies and mofe resoines,
record the evidence you callect as &ﬁul&hﬁuﬂgﬂnﬂ: Compare Cancersus and Healthy Celis

£
®
3
£

you complete the resdings and finaiyre and interprel data bo defermine the differences in the strociues of heatihy cells b
activities in this lessan. il dlls
(159 |dentity Cross Cutting Concepts

Creale a table of the cressoulling concepis and 1M in examples you fnd 25 you read.




Inspare: Biology %12 Student Edition

Cigitigd © Ny Crang il Falidatho flainie! Caw o bniSide (R0

However, a deégenerative condition, such as degenerative arthritis, could oocur sooner
than would be expected if the person is genetically predisposed to the disease or if the
person’s joints have experienced an increased amount of wear and tear. Degenerative
arthrikis is common; maost people have it by age 7ib. It i found in almost all vertebrate
animals. Armdosdemﬁiiim-ﬁreeahskmhﬂﬂﬂsm},w!ﬂchisam:dentrgdﬂw
arteries, is another example of a degenerative disease. Because degenerative diseases
also have a genetic component, some individuals might be more likely 1o develop such a
disease because of their genetic makeuap.

Metabolic Diseases

Metabaolic disease results from an error in a biochemical pathway. Some metabolic
diseases result in the inahility to digest specific amino acids or o regulate body
processes, The condition known as phenylketonuria (PKU) is an imherited disorder that
creates the inability to break down part of a protein calied phenylalanine. YWhen the
pamenﬁdn-e-snntnﬁimﬂnpmpernmuﬂnfinsuﬂnamiglmu&edﬂﬁnmmmhndy
cells normally, the condition & known as Type 2 diakbeles, This results in high glucose
levels in the bioodsiream, which causes damage to many organs including the Kidneys
and the retinas of the eves. Metabolic diseases can have a genetic component but also
can invodve environmental factors such as diel.

Cancer

Cancer is characterized by abnormal cell growth. Mormally,
certain regulatory molecules in the body conteol the beginning
and end of the cell cvele. If this control is jost, abnormal cell
growth results that could lead 1o various types of lumors, as
shiown in Figure 16. The abnormal cells can interfere with
normal body functions and can travel throughout the body.
Cancer can develop in any body tissue or organ, including the
blood cells. Cancer in the blood cells is called leukemia. Both
genetic and environmental factors have been shown to cause
Cancer

FEIEET@ Connection | Cancer is a disease that has affected
humans since ancient imes. Egyptian mummies show evidence
of bone cancer, and ancient Greek scientists described different
kinds of cancer. Medieval manuscripts have reported details ) Vol
about cancer. Figare 16 Cances is due bvan sbnermal
Increase in cell divisian in the body,
psLlfing in @ hamor such 35 this siin imes

Inflammatory Diseases S b il b
Inflammatory diseases, such as allergies and autoimmunity, are  #e-fuegeniog,
diseases in which the body produces an inflammatory response

1o a cormmon substance. Recall from Lesson 2 (hat infectious diseases also resull inan
inflammatory response. However, the mflammatory response in an infectious disease
enhances the pverall immune response. This inflammatory response is a result of the
immune system removing bacteria or other microorganisms fromy the body. In inflam-
matory disease, the milammatory response is not helpiul to the body.

| ; " e L



Allergies

Certain individwals might have an abnormal reaction o environmental antigens.

A response o environmental antigens is called an ilhrmLThoﬂ: antigens are called
allergens and include things such as plant pollens, dust, dust mites, and various foods,
&5 shown in Table 4. An individual becomes sensitized to the allergen and has a localized
inflammatory response with swolen #chy eyes, stully nose, sneezing. and sometimes a
skin rash. These symptoms are the result of a chemical called histamine, released by
certain white blood cells. Antihistamine medicationy can help alleviate these syraploms.

@Entn?

Explain how allergies are refated to the immune system.

Severe allengic reactions to particular allergens can result in anaphylactic (an uh fuh LAK
tiki shock, which canses a massive release of histamine. In anaphnviactic shock, the smooth
musscles in the bronchiobes contract, which restricts air flow into and out of the lungs.
Common allergens that cause severe allergic reactions are bee stings, penicillin,
peanuts, and latex, which is used to make balloons and surgical gloves. People

whi are extremely sensitive 1o these allergens require prompt medical treatment if
exposed ko these agents, because anaphylactic reactions are life-threatening. Allergies
and anaphylactic reactions are known to have an inherited component.

Table 4 Common Allergens

Example Description

b -aiifiant el SEW, maghite s # 48

Duest mites are found in matiresses, pilbows, and

| Duat e carpets. Mites and mite feces are allerngens.

_n;- -.i.'l:-I' .-\.-l-!: -'.E"«l _-:."-I‘I'.'I'.rﬂ'-::l:.‘\.H.
Different parns of the country have very different
polien seasons. People can react to one o mate |
podlens, and a person’s polien allengy season [
might be from early speing to late fai

| Plant pollen

Eisler s nows 566, maglicatos «im

Dander is skin flakes. Cat and dog allergles ane
the most common, bt people also are allergic
o pets such as birds, hamsters, rabbits, mice,

and gerbills.

Animal dander

Allergic reaction to peanuls can result in @naphy- |
lactic shock. Peanut abergy i responsible fod
more (atalities than any other type of allergy

Peanut

Latex comes from the milky sap of the rubber
Latex tres, found in &frca and Southeast Asia: The
exact cause of latex allengy s unkmown

& Pudind by oy a1 )y | B e Ll e i i
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Autoimmunity

During the development of the immune system, the
immune system learns not o attack proteins prodoced
by the body. However, some people develop autoimmu-
nity {aw teh th MYOON ih tee} and do form antibodies
o their own proteins, which injures their cells. Figure 17
shows the hands of a person with rheumatoid arthritis—a
form of arthritis in which antibodies attack the joints.
Degenerative arthrilis, the form of arthritis that you read
abwirt earlior in the section on degenerative diseases, is
not cansed by autoimmuomnity.

Eheumatic fever and lupus (LEW pus) are other
examples of autoimmune disorders. Rheumatic fever is
an inflammation in which antibodies atiack the valves of
the heart. This can lead o damage to the heart valves
and cause the valves W leak or not close properly as
blood moves through the hearl. Lupus is a disorder in
which awtoantibodies are formed and attack healthy
tissue, As a resull, many organs are vilnerable to altack
by the body's own immune system.

\& Check Your Progress

Summary Demonstrate Understanding
« Moninfectious disorders often L Identify the type of noninfectious disease shown in
hawe both a genetic and an Figure 15.
environmental componemnt 2. Explain the roleof allergens in allergies:
+ The inflammatory response to 3. Create a diagram demonsirating the process of
an infectious disease enhances anaphylactic shock
the immune response, but the

4. Categorize the following diseases into the categorkes
used in this section- sickie cell disease, Type 2 diabetes,
vertebral degeneration, autoimmunity, and leukemia,

inflammatony response to an
inflammatory disease is not
malpful to the body.

+ Allergies are dusto an Explain Your Thinking
overactive irnmu_ne response o 5. Hypothesize several causes of chronic bronchitis
allergens found in the {inflammaticn of the bronchioles) found in coal miners.
witniiid _L 6. Create a plan that fimiis a child's exposure to cat

- Anaphylachic shock = a severs dander when the child is found to be aliergic to that
hypersensitivity to particudar albergen.
aller-gens.. . ) T Connection | Create a pamphiet listing

+ Autcimmunity results in an common allergens and explaining the symptams
immune attack on body cells of allergies:

ILEARNSMAIRT Goonine o follow yourpersonalized |eameng path io 1eview, practics,
and reinforce youw understanding
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NATURE OF SCIENCE

Taking the Bite Out
of the Zika Virus

The Jika virus was first identified in 1947, but
was not considered to be a significant health
threat untl 2007, its increased danger o
humans changed the way that scientists study
the Tika virus.

The Changing Mature of Zika Study

There are over 200 viruses known to infect
humans. Some viruses are fatal, while others
cause only mild symptoms, so the study of
viruses is a consistent challenge to the scien-
tific commumity. Scientists must be prepared
to change the way they think about a virus if
its impact on the human population changes.

Far most people, infection with Zika causes
symptoms like fever, eye inflammeation, joint
swelling, and pain. In more severe cases, Zika
is azsociated with Guillain-Barre syndrome, an
autoimmune disorder in which the body
atfacks its own nerve cells, causing muscle
pain and weakness. Zika can pose a grave
danger to pregnant women, who can pass the
wirus to their unbom chifdren. This can lead to
savere birth defects.

The first confirmed human cases of Zika were
in the earty 1950s, and its symptoms were
officially described in the early 1960s. Since
Zika's symptoms were mild, and the number

 COMMUNICATE SCIENTIFIC
R INFORMATION

Create an information sheet for the general
public that explains the Zika virus and gives.
tips people can use in order to protect them-
sefves from it

The Tilea virs s mosly spread from person 1o persoa by
thie Aades gegypdl mosqusin

of cases small, scientists were not concerned
gbout developing a vaccine. The number of
confirmed casas remained low but by the
early 2000s small outbreaks of Zika had
begun to appear outside of Africa and Asia.
Cases were confirmed in Morih and South
America by 2015 It was time for the scientific
community to change theirr approach.

What happens next?

Recently, scientists have discovered that the
Zika virus, flike HIV, infects white blood cells,
suppressing the mother's immune system so
that the virus can cross the placenta. They
hope to use this mformation to help genarate
a vaccine. Other scientists are focusing on
how to prevent mosguito populations from
increasing, a problem tied to climate change
and urbanization. A solution to the problem
will require the combined work of the entire
global scentific community.

ey DA oy Eirthery
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STUDY GUIDE

1LY GO ONLINE to study with your Science Notebook.
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Lesson 1 INFECTIOUS DISEASES

* Pathagens, such a3 bacteria, viruses, pritascans, and fungi, cause 2 ':Hh?ﬂn
indections disees. : Hokkian

* Raoch's postulstes describe the sccepted procedure for demon- b VR
strating that a parbicular pathogen causies a specific disease. « apidemic

= Pathogens are found in disease reservoirs and are transmitted to + pendemic
humans by direct and indirect methods. » antibeotic

* The symptoms of disease are coissed by mvasion of the pathegen
and the response of the host immune svsiem.

» Treatment of infechoos disease mchedes the wse of entibiotics and
antreiral drogs.

Lesann 2 THE IMMUNE SYSTEM = complement protein

= The nonspecific imomene response includes the skin barrier, i
secreted chemicals, and cellular pathwavs that activate : g'::“ll'“
phagocvtosis. . ity

* The specific mmmune response mvalves the activation of B cefls, - helper T eall
which priduce antibodies, and T eells. which include helper « Eytotoxic T ol
T cells amd cytotonae T cells. . nmyu,-.l

= Passive mmmunity involves recenvanmg antibodies against a disease. %S T T

= Active mmmundty results in immune memory against a disease.

= HIV attacks helper T cells, causing an immune system fadhore.

Lesson 3 MOMINFECTIOUS DISORDERS = degenaraire disesse

» Moninfectiows disorders often have both a genetse and an environ- ez Eﬂhﬁt gresag
menkal component : Eyl dach

* The milammatory response to an infectxes disease enhances the
immune response, but the inflammatory response to an inflam-
matory disedse is not helphul o the body:

* Allergies are due (o an overactive immune response bo allergens
found i the environment.

« Anaphylactic shock i a severe hypersensitivity to particular
allerpgens.

+ Antnimmunity resubts in an immune attack on body cells.
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== THREE-DIMENSIONAL THINKING

2/ Module Wrap-Up

REVISIT THE PHENOMENON

Why would this scientist
need all this protection?

@D Claim, Evidence, Reasoning

Explain your Reasoning Revisit the caim you made when you encountered the
phenomenon. Summarze the evidence you gathered from your imvestigations and
reseanch and finalize your Summary Table. Does your evidence support your claim? if not.

revisea your claim. Explain why your evidence suppars your claim.

STEM UNIT PROJECT

Mow that you've completad the module, revisit your STEM unit project. You wall

apply your evidence from this module and complete your project.

GO FURTHER
33 Data Analysis Lab 0
Is passive immune therapy effective for HIV infection? o 4.5

The standard treatment for a patient with an HIV infection is antniral = :’: W’ - 3

drug therapy. Unfortunately, the side effects and increasing preva- E bl

lence of drug-resistant viruses create a need for additional thera- '; 20 : ::::, 1

pies. One area being studied is passive immune therapy. 25 e Paliarkd
! 20 ——

Data and Observations The graph shows HIW patient responses to * i5 —]_'

passive immune therapy. The number of viral copies/mlL is a mea- o 50 100 150 200

sure of the amount of wirus in the patient’s blood.

(&= Analyze and Interpret Data

Study days

"Dats obluined [ Stingier i, ef al 2002
Artwiral actiwty of the neutralinog antibodies

1. Compare the patient responses to passive immune therapy. 2% ard 212 in axymptomatic HiV-1-sdecied

2. Claim, Evidence, Reasoning Explain whether the researchers can
conclude if passive immune therapy is effective,

humeery & phase § evislhoshor 405 16
A0\ - 0TS

was | Daad s LUK

Copyrighi @ A& Conimitll Fobani
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CELLULAR ENERGY

ENCOUNTER THE PHENOMENON <
Why would a farmer grow
lettuce in a greenhouse?

Ask Questions

Do you have other guestions about the phenomenon? if 50, add them to the drivimg
question board.

@3 Claim, Evidence, Reasoning

Make Your Claim Usea your Collect Evidence Use the | Explain Your Reasoning You
CER chart to make a claim fessons in this module to wiill revisit wour clsim and
3 about why a farmer woulkd cofiect evidence to support explain your reascning at the
grow plants in a greenhouse. your claim. Record your end of the module.
Explain your reasoning.- evidence as you move

through the moduls.

GGU OMLIME to access your CER chart and explore resources that can help you collect
evidenoe.

Cigitifd © Ny Cran il

LESSOM 2: Explore & Explain LESSOM 3: Explore & Explaim
Overview of Photosynthesis Crverview of Cellular Respiration



LESSON 1
HOW ORGANISMS OBTAIN ENERGY

FOCUS QUESTION
Lettuce plants can't eat, so how do they obtain energy?

Transformation of Energy

Many chemical reactions and processes in voar cells are ongoing, even when you might
not think that you are using any energy. Macromolecules are assembled and breken
dowmn, substances are transported across cell membranes, and genetic instructions ane
transmitted. All of these cellular activities require energy—the ability to do work.
Figure 1 on the next page shows some of the major advancements in the study of
callular nnerg_l.r.Tl!rudyulmi: is the study of the flow and ransformation of energy

in the universe.

Laws of thermodynamics

The first law of thermodynamics is the law of conservation of energy, which states that
energy can be converted from one form to another, but it cannot be created nor
destroved, For example, the stored energy in food is converted lo chemical energy when
vour eat and to mechanical energy when you run or kick a ball.

The second aw of thermodynamics states thal energy cannal be converted without the
loss of usable energy. The energy that is “lest” i generally converted to thermal energy.
Entropy (EN truh pee} is the measure of disorder, or unusable energy, in a system.
Therefore, the second law of thermodynamics can also be siated as “entropy increases.”
One example of the second law of thermodynamics is evident in food chains. Recall
that at each step in a food chain, the amount of wsable energy that is available to the
next trophic level decreases.

Autotrophs and heterotrophs

All prganisms need energy to live. Directly or mdmwectly, nearly all the energy for life
cemes from the Sun. Seme organisms make their own foed, while others st obtain it
from: other organisms. Organisms can be classified based on how they get the energy
thiey need to live.

Fohawinmm

COLLECT EVIDENCE INVESTIGATE
'ﬁkﬂemkmmﬂm ¥ GO DMNLIME 10 find these activilies Snd mofe resounes,

record the evidente you collectas | [E53 jdentify Crosscutting Concepis
you compiste the readings and Creale 3 tabie of the cressculling concepts and 8 i examples you find 25 you read.
activilies in this lessan.

Review the Mews
Dbstain information from a current news Story about co0ider poergy, photospiteads, and
callntar respliston. Evaluabe your source o communizate your fndings to yoar class

£
®
3
£
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Figure 1
Understand
Cellular Energy

Scientific discoveries have ked 10 8 greater
undeistanding of photosynihesis and celiuls:
respiration.

Ciqimrifd U Wy CoamHill Enbiautaa
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Sunlight Autotroph Heteratroph Heterolrapty
Flgure 2 Almast 2l the anangy in bving organiems origanates from the Sun, and energy Nows tram
aulotrophs io helesotroghs.

Antotrophs make thetr own food. Chemoautotrophs use inorganic substances such as
hydrogen sulfide as a source of energy. Photoautotrophs, such as the plant in Figure 2,
convert light energy from the Sun into chemical energy. Heterotrophs, such as the aphids
and the ladvbug in Figure 2, ingest food to obtain energy.

Metabolism

All of the chemical reactions in a cell are referred to as the cell’s metabolism. As matter
and energy flow through different organizational levels of living systems, chemical
elements are recombined in different ways G form different products. A series of
chemical reactions in which the product of one reaction is the substrate for the next
reaction is called a metabalic pathway. There are two main tvpes of metabolic pathways:
calabolic (ka tuh BAH lik) pathways and anabolic (a nub BAH lik) pathways. Catabolic
pathways release energy by breaking down larger molecules info smaller molecules.
Anabolic pathways use the energy released by catabolic pathways to build larger
melecnles from smaller molecules. As a resali of these chemical reactions, energy is
transferred from one system of interacting molecules to another.

Energy continoally flows between organisms.
Photosynthesis is the anabolic pathway in which

light energy is comverted to stored chemical energy
by converting carbon dioxide plus water into sugars
plus released oxygen. The energy stored in glucose is

transierred to other organisms when the molecules W

are consumed as food.

Cellular respiration is a catabolic pathway in which EL ¢ 120
organic malecules are broken down to release energy. In \&h{:ﬂmrr\upﬁnﬂmy
cedlular respiration, oxygen is used to break down organic (heterotrophs)

mdecubs. mmm dinsdde and waler. Motice Fgmj Pﬂ’ﬂ{ﬁ.hl‘m?ﬁﬁ and cediular respiration provide
the cyclical nature of these processes in Figure 3. mast of Ihe enedagy Tl 2 procecoes

ATP: The Unit of Cellular Energy
Energy exists in many forms, such as mechanical energy

nndchﬂuuc:a] energy. In organisms, chemical ensrgy stored in biological molecules can
be converted o other forms. For example, chemical energy is converted to mechanical
enengy when muscles contract. Adenosine triphosphate (uh DEN uh seen » tri FAHS
fayti—ATP—is the most important biological molecale that provides chemical energy.

Copyrighd & M Coaimitll Fobanins
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ATF is a multipurpose storehouse of chemical group

energy that can be used by cells in a varisty of Adte il +®
reactions, Although other carmier molecoles trans-

port energy within cells, ATP is the most abundant Ribase

enengy-carrier molecul in cetls and s found in all

types of organisms. ATFP plays an important role in ”11

energy transfers within cells. As shown in Figore 4, wkad

ATP is a nucleotide inade of an adenine base, 3 - -;,r‘

a ribose sugar, and three phosphate groups. AR VL

ATP function

ATP releases energy when the bond between the
second and third phosphate groups is broken,
forming a molecule called adenosine diphasphats
(ADF) and a free phosphate growp, as shown in
Figure 4. Energy is stored in the phosphate bond Ebose
formed when ADP receives a phosphate group and
becomes ATE. As shown in Figure 4, ATF and ADP
can be interchanged by the addition or removal of a
phosphate group. Sometimes ADP becomes adenosine monophosphate (AMP) by losing
an additional phosphate groap. There is less energy released in this reaction, so most of
the energy reactions in the cell involve comversions between AT and ADF.

ATP structure aTR
Tiiphosphale

Figured The breasdessn of ATP releases ensigy for pawering
celirlar aciviles in arganizms

{E Check Your Progress

Summary Demonstrate Understanding

+ The laws of thermodynamics 1. Identify the major source of enengy for lving organisms
govern the flow and transfor- and the main process by which that energy is captured
mation of energy in organisms. and stored on Eanthe

« Some onganisms produce their 2 Deseriba an example of the first law of
owen food, whereas others thermodynamics.
obtain energy from the food 3. Compare and contrast anabolic and catabolic
they ingest. pathways.

« Cells store and release energy 4. Connect the role of adenosine triphosphate (ATP) to
mmrghcﬁupl?ﬂanahui:ard energy transfers within a cell
RRRINC PR NS Explain Your Thinking

+ The energy released from the - 5
bk of ATP dri 5. Write an essay describing the laws of thermodynamics.
colitdar Attt Lise examples related to binlogy to support your ideas.

6. Cite evidence to support the argument that photosyn-
thesis and ceflular respiration provide most of the
energy for life processes.

Go onling (o follow wour personalized leaming path to review, practics,
ILEARNSMART S S i



LESSON 2
PHOTOSYNTHESIS

FOCUS QUESTION
What do lettuce plants need to survive?

Overview of Photosynthesis

Fecall the first law of thermodvnamics, which states that energy can be converted from one
form to another, but it cannot be created nor destroved. Fhotosynthesis is a complex
chemical process thal converts energy from one form to another, It is the main way that
solar energy is captured and stored on Earth. Along with cellular respiration, it provides
mierst of the energy for life processes.

Most autotrophs, including plants, make organic compounds, such as sugars, h'l. a
process called photosynthesis. Recall that a basic fonction of photosynthesis is the
conversion of light energy into chemical energy. The products and reactants of
photosynithesis are identified in the overall chemical reaction for photosynthesis, which
s shown belaw.

600, + 6HO — 2 W CHD, + 60,

Photosynthesis occors in two phases. Phase one of photosimithesis consists of reactions
called the light-dependent reactions. Fiest, ight energy is captured, or absorbed, by
organelles called chloroplasts. It is then converted into chemical energy. which is stored
in ATP and NADPH molecules.

Phase two of photosynthesis consisis of a series of reactions called the light-
mdependent reactions. In phase two, molecules of ATP and NADPH that wers Iormed
in the phase one light-dependant reactions are used Lo make glucose, a form of sugar.

Once glucose is produced, it can be joined to other simple sugars to form complex
carbohydrates, such as starch. The ghocose malecules that are formed contain carbon,
hydrogen, and ocygen; their hydrocarbon backbones are used to make amino acids and
other carbon-based molecules that can be assembled into larger molecules such as
proteins, lipids, or DNA used. for example, to form new cells.

Fohawinmm

COLLECT EVIDENCE INVESTHSATE
'ﬁkﬂemkmmﬂm ¥ GO DOMNLIME 10 find these activilies and mofe resounes,
record the evidence you callect as &mum Oibserve Chisroplasts
:;mlﬂllﬁmﬂmﬂ Draw & pictorial model of the suchre al 5 charoplsa
! ) Biolab: Do different wavelengths of lght affect the rate of photosynthesis?

Plan and casry out an investigation o determine the eflect of different colors of light on the
raie ol photnsyrihesis.

£
®
3
£
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Phase One: Light Reactions

The absorption of light s the first step in photosynthesia. Plants have organelles that
capture, or absorb, light energy. Once the energy is captured, two enengy storage
miplecales, NADPH and ATT, are produced. These molecules are used in the
light-independent reactions.

Chiloroplasts

Large organelles called chloroplasts capture light energy in photosynithetic organisms.
In planits, chioroplasts are found mainly in the cells of leaves. As shown in Figure 5,
chloroplasts are disk-shaped organelles that contain two main compartments essential
to pholosynthesis, The first compartmaesni is called the thylakoid (THI la koyd).
Thylakoids are fattened, saclike membranes that are arranged in stacks. The stacks of
thylakoids are called grama {singular, granum). The light-dependent reactions take place
within the thylakoids, The second imporiant comparimend within the chloroplast is
called the stroma, the fuid-filled space that is cutside the grana. The stroma, shown in
Figure 5, is the location of the light-independent reactions that take place in phase two
of photosynthesis,

Eﬁmlﬂ

Apply Look back at the photo at the beginning of the moduie. What celfiudar
mhMMahmrhﬂHMH‘Btpassshmﬁgm?

Leaf

Thylaiced

Figure 5 Pratosynthesis oocurs insids plgmented organeles called chloroplasts
Maemtity rhe inootian of fe StFoan o0 Lpmatids within o peant osil
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Pigments

Light-absorbing colored molecules called
pigments are found in the thylakoid
membranes. Pigments absorb specific
wavelengihs of light energy, as illustrated in
Figure 6. Different pigments absorb different
wavelengths of ight

The major light-absorbing pigments in plants
are chlorophyvlls. There are several ypes of
chlorophyils, but the two most commaon bypes
are chiorophvll a and chlorophyll b The
structure of chlorophyll can differ from one
molecule o another, enabling distinct
chiorophyvil molecules to absorb light at uniguoe
areas of the visible spectrum. In general,
chilorophyils absorb light energy most sironghy in
the viclet-blue region of the visible light spectrum
and reflect light in the green region of the
spectrum. This i why plant parts that contain
chlorophvll appear green o the human eve.

E Get It?

Explain why many plant parts appear green
in color.

In addition to chlorophvils, most photosynthetic
organisms contain accessory pigments that
aliow plants 1o trap additional light energy from
other areas of the visibie spectrum:. One such
group of accessory pigments is the carotenoids
{(kuh ROH tuh noydz). Carotennids, such as
B-carotene (beta-carolens), absorb light mainly
in the blue and green regions of the spectrum,
while reflecting mast light in the vellow, orange,
and red regions, as shown in Figure 6.
Caroternids are the pigments that prodoece the
colors of carrots and sweet potatoes.

Chlorophylls are more abundant than other
pigments in feaves, and thus hide the colors of
the other pigments. However, autumn in certain
parts of the United States can bring out shades
of yellow, red, and orange as the leaves turn
colors, as shown in Figure 7. As trees prepare to
lose their leaves before winter, the chiorophwil
molecoles break down, revealing the colors of
the other pigments.,

Absorption Spectrum of Photosynthetic Pigments

o
400 460 500 2550 G000 2650 20D
Figuwre & Colorfis plgments fownd & the leaves of tress
difier in i abiliky o aksoi speolic wavessngise al kght.
Hypothesize ihe affec! o0 Rabd odsorpdon § o pioirl did pof
P cisarogin b

i P

Figure T When chilonopfiyl] breaks daown in e leawves ol
some rees, e other plgments Deoome visible

o el 0y | g

LT

w T
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Electron transport

The strocture of the thylakoid membrane is the key 1o efficient energy transfer during

electran transport. Thylakoid membrangs have a large surface arca, which provides the

spare needed to hold large numbers of electron-transporting molecules and bwo types

of protein complexes called photosystems. Photosystem [ and pholosystem [1 contain

light-absorbing pigments and proteins that play important rofes in the light reactions.

Follow along in Figure 8 on the next page as vou continoe o read about electron

transport.

= First, the light energy excites electrans in photosystem [ The light energy also causes a
water molecule 4 split, releasing an electron into the electron transport systerm, a hydm-
gen ion (H'j—also called a proton—into the thylakosd space, and the release of oxygen (00)
as a waste product. This breakdown of water is essential for photosynthesis to ooour,

* The excited elecirons move from photosystem I 1o an electron-acceptor molecale in
the thylakoid membrane,

* Next, the electron-accepior molecule transfers the electrons along a series of elec-
trom-carriers o photosystem L

* In the presence of light, plrnlmyﬂem I tramsiers the electrons o a protein called
lerrodoxin. The electrons lost by photosystem [ are replaced by electrons shutiled
from photosystem [0

* Finally, lerrodoxdn transfers the electrons o the electron carrier NADPY, forming the
energyv-siorage malecule NADPH.

Chemiosmosis ATF is produced in conjunction with electron transport by the process

of chemizsmosis, the mechanism by which AT is produced as a resolt of the flow of

electrons down a concentration gradient. The breakdown of water is essential to this

process, not enly for providing the electrons that initiate the eleciron transport chain,

but also for providing the protons (H') necessary to drive ATF synthesis during

chembosmosia

The protons (H') released during electron transport accomulate in the interior of the

thylakoid, creating a concentration gradient. As a result of a high concentration of H* in

the thylakoid interior and a low concentration of H” in the stroma, H” protons diffuse

down their concentration gradient out of the thvlakoid interior into the stroma through

ion channels spanning the membrane, as shown in Figure 8. These channels are

enzymes called ATP synthases. As H* moves through ATP synthases, ATF is formed in

thi stroma.

Eﬂellﬁ'

Summarize the function of water during chemiasmosis.

ACADEMIC VOCABULARY EEE CROSSCUTTING CONCEPTS

Iranapoat Enesgy and Matier With & partner, reviess 1he information about electron

b cairy something feoen one place to transpodt on this page and n Flgure B Wrke a pasagraph that cites evidence from
anothes the text and fgise 10 descibe the anesgy flew within This system.

MADF maoder et ransport elecions

cluring phatosmthasis
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Figure 8
Visualizing Electron Transport

fActivated electrons are passed from one molecule o another akong the thylakoid

membrane. The energy from electrons is used to form a proton gradient

Az protons move down the gradient, a8 phosphate is added to ADP, forming AT

Stroma

Photasystem il |
¥ B Electren carriers

FPholosystem |

LA ]

M

Thylakoid space
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Phase Two: The Calvin Cycle

Although NADPH and ATF provide cells with large amounts of energy, these molerules are

not stable enough to store chemical energy for long periods of time Thus, there i5 a second

phase of photosynihesis called the Cabvin cyele, in which energy is stored in organic male-
cules such as glucose. The reactions of the Calvin oycle are also referrad (o as the Bght-inde-
pendent reactions. Follow along in Figure % as vou learn the steps of the Calvin cvcle.

* In the first step of the Calvin cycle, siv carbon dioxide (O0.) molecules combine
with six S-carban compounds to form twelve 3-carbon molecules called
F-phosphoghveerate (fahs foh GLI suh rayt) {3-PGA). The joining of carbon dioxide
with other organic molecules is called carbon fixation.

* In the second step, the chemical energy stored in ATP and NADFPH is transferred to the
I-PCA molecules to form high energy molecoles called glyceraldehyde 3-phosphates
(GIF). ATP supplies the phasphate groups for forming G3P malecules, while NADPH
supplies hydrogen ions and electrons.

* In the third step, two G3F molecales leave the cycle to be used for the production of
glucose and other organic compounds.

* In the (inal step of the Calvin cycle, an enzyme called robisoo converts the remaining
ten G2AP modecules into 5-carbon molecules called ribulose 1, 3bisphosphates (RuBP).
These molecules combine with new carbon diovide molecnles to continue the cvcle.

Because rubisco comverts imorganic carbon dioside molecules into organic molecules

that can be wsed by the cell, it is considered one of the most important biological

enzymes. Flanis use the sugers [ormed during the Calvin cycle both as a source of
energy and as building blocks for complex carbohydrates, including cellulose, which
provides structural support for plants,

Figure § The Calvin cyele poins
cedbinn diowide wilh arganic male-

B Ly
€]
- rudes imside he sroma af the
Rubisco m chiaroplast
15-bi 17 3-PEA m'

Determine e coompound bt wiklh

"eeess :
556 enefgy i slored af ifre end of the

Coivin cyci.
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Alternative Pathways

The enviromment in which an organism lives can
mmpact its abiliby to carry out photosynthesis.
Enwironmeents with insufficient water or carbon
dimedde can decnease the ability of a photosynithetic
organism bo corvert light energy into chemical
eneTgy. For exarnpde, plants in hot, dry emviron-
menis are subject o excessive water loss that can
lead 1o decreased pholosynthesis. Many plants in
extrems climates have allernative pholosymithesis
pathways bo maximize energy commversion.

C, plants One adaptive pathway that helps
planis maintain photosynthesis while
minimizing water kss is the C, pathvway. The C,
pathwway occurs im plants such as sugarcane and
corn. These plants are called E‘ plants because
they fix carbon dinxide into four-carbon
compounds instead of three-carbon molecules
during the Calvin cycle. T, plants also have
significant stroctural modifications in the
arrangement of cetls in the leaves. In general,

E4 plants keep their stomala (plant cell pores)
closed during hot days, while the four-carbon
compounds are transferred to special cells
where CO, enters the Calvin cvele. This allows
for sulficient carbon diowide uptake, while
simultaneously minimizing waler loss.

CAM plants Another adaptive pathway used
by some plants to maximize photosynthetic
activily is called crassulacean (KEAH so0 lay
shunj acid metabolism (CAM photosynihesis).
The CAM pathway occurs in water-conserving
plants that live in deserts, sall marshes, and
other environments where access bo water is
limited. CAM plams, such as cacti, orchids, and
pineapples allow carbon diowide Lo enter the
leaves only at night, when the atmosphere is
coolier and more humid, Al night, these plants
fix carbon dipxide into organic compounds.
During the day, carbon dioxide is released (rom
these compounds and enters the Calvin cycle.
This pathway allows for sufficient carbon
dimxide uptake while minimizing water loss.

\& Check Your Progress
Summary Demonstrate Understanding
+ Plants contain chioroplasts with 1. Summarize how light energy is converted to stored
]igﬁﬂ-abﬁcu'h'rﬁgpi_;na‘dﬁﬂm chemical energy during photosynthesis,
convert fight energy into 2. dentify two other molecules that can be assembled in
chemical energy: livireg things by recombining the chemical elemants in
+ Photosynthesis s a wo-phase glucose with other elements in the cell
process that consists of fight 3. Explain why water is essential for the fight reactions.
reactions: and the Calvin cycle 4. Summarize the st in the Canin ;
= In the light reactions, autotro- i
s S ert light 5. Diagram and explain electron transport
mmdﬂnﬁmémm Explain Your Thinking
T SOt pEMADEE L end Y. 6. Predict how environmental factors such as light inten-
= Inthe Calvin cycle, chemical sity and carbon dicade levels can affect rates of
energy in ATP and NADPH is photosynthesis:
s S
rhan S WRITIM mﬂmeﬁemmgm_ul

wrarming on photosynthesis. Wnie an article summariz-

irg your findings.

LEARNSMART Gooniineto follow your personalized ieaming path 1o review, practice.

and redlorce your undersiandang.

Goyarigfd & My Cruerlid Erbaninm
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LESS0ON 3

CELLULAR RESPIRATION

FOCUS QUESTION
How does your body get energy from eating lettuce?

Overview of Cellular Respiration

Organisms obtain energy in a process called cellular respiration, during which the
bonds of food and oxvgen miclecules are broken and energy transfers from one set of
interacting molecales to another. New compounds (ATF) form that can transport energy
to mascles. Energy needed to maintain body temperature despite ongoing energy
transier to the environment is redeased. Cellular respiration is summarized in the
equation and Figure 10.

CH.O +60 +6H0—— 600 + 6H O + Energy
Cellular respiration has two main parts. Glycolysis is an anserobic process. Anaerobic

processes do not require oxygen. Aerobic reqlniin includes the Krebs cycle and
electron transport and is an aerobic process. Aerobic processes require OXVEEN.

@‘ 5 ""“""‘:ﬁ_l Cellutar Respiration
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COLLECT EVIDEMNCE INVESTIGATE

I_E'usewukumma]m QGO OMNLINE 1o find these acivilles and mare resaunces.

fecord the evidence you colestas | g3 Applying Practices: Modeling the Carbon Cycle

O] iy .EH!'IE&IIMS L H5-152-5. Develap 8 moadel to (liestrate the reée of photeryminesis end c=Bular respliration
actities in this lesson. In ke Syiding of chrbisn smang the biosphers simongibers, hydneiohene, did eoapbers

Eopright & b Do
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Glycolysis

Glucose is broken down in the cytoplam through the process of glycalysis. Two
muolecides of ATF and two molecules of NADH are formed for each molecule of glucose
thal is broken down. Follow along with Figure 11 as you read about the steps of
Eivoolysis. First, two phosphate groups, derived from two molecules of ATT, are joined
to glucose. MNotice that some energy, two ATE, 1= required to start the reactions that will
produce energy for the cell. The écarbon molecule is then broken down into bwo
J-carbon compounds. Next, two phosphates are added and electrons and hydrogen ions
{H") combine with two NAD" malecules bo form two NADH molecoles. NAD' is similar
to MADF, an electron carrier nsed during photosynithesis. Last, the e 3-carbon
compounds are converted into two molecubes of pyruvate. Al the same time, four
molecules of ATF are produced.

@68 aare WA (WaoH
At

Ed
A
’\

aoe

G3P

CaCac)
G3P

cacic)

~

am

Figure 11 Glaross & woken down duning glycokysts mside the cytoplasm of cells.

Krebs Cycle

Glveolvsis has anet result of two ATF and two pyruvate molecules. Maost of the energy
from the glucose is still confained in the pyruvate. In the presence of oxvgen, pyruvate
is ransporied into the mitochendrial matrix, where it is eventually converted to carbon
dioxide. The series of reactions in which pyruvate is broken down into carbon diowide is
called the Krebs cycle, or the tricarboxylic acid (TCA) cycle. This oycle also is referred 1o
as the citric acid cycle.

WOHRD ORIGINS (53 CROSSCUTTING CONCEPTS

ghyeolysis Enengy and Matter With a paitner, develop a mods] based on Figuee 12 that
cames from 1 Greek worts. phiys. Hhstrales he enegy transfer thal poeurs duwing ghycobysis Then, explain o
meaning sweed and fyss, meaning fo model to andther palr of students, diting evidence that enesgy moves fram glace
ruptire: or sk 1o plave, but i not crested nor destrayed diging this process.

Eopyrighd & My Coueritd Eshastan:
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Preparatory reaction

Prior to the Krebs cycle, the three-carbon pyrovate first reacts with cosnzyme A (CoA)
to form a two-carbon intermediate called acetvl CoA and carbon dicdde (OO NAD" is
converted to WADH. Carbon digedde is given off by the cell. Since there are two
mplecules of pyruvale for every preparalory reaction, it resulls in the production of two
carbon dimdde modecules and two NADH motecules. Acetvl CoA then moves to the
mitochondrial matric

Steps of the Krebs cycle

Follow along in Figure 12 as vou Pyruvate
continue reading aboul the steps of . Prom giycobls)
the Krebs cycle. CoA -
* The Krebs cycle begins with acetyl
CoA combining with a 4-carbon HADH
compound ti form a G-carbon Acepyl Coll
compound known as citric acid. @@t
» Cilric acid is then broken down in Fah
the next series of sleps, releasing
two molecules of carbon dioxide gﬁﬁm
and generating one ATF, three FW‘M -
NADH, and ane FADH. . FAD is NADH P, NADH
another electron carrier similar 1o NaD* _:‘; -
NAD" and NADF", . )
» Finally, acetyl CoA and citric acid v
are generated and the cvcle
continues. *
Recall that two molecules of ane co;
pyruvate are formed doring -
glvcolysis, resulting in two “tums” of BB MADH
¥he Kielsy vyl for each. glirgse Figuee T Pyruvate is BIGKEN Oown 119 Carban digkide
molecule. The net vield from the dairing the Krebs cyele inside the mitochandrla of cells.

Krebs cycle is six carbon dioxide Trace Folow tha path of corban molecues thot enler anel
malecules, two ATE, eight NADH, feave the Krehe oycle

and two FADH,. Ten NADH and
two FADH, move on io play a
significant role in the next stage of

aerobic resprabion.

STUDY TIP
Clarityimg Statement Wark with 3 Graenhouwss Techniclan

pariner to read the tent and discuss.

Do you have @ “green themb™? A greenhouse technician makes sure the
miﬁalﬂlﬂﬂmlémm conditions ina greenhouse are |ust right for plants o cary oul phabosynihesss
TR and celliar resparation. This caresr requires knowdedoe of the science aof plant
- oycle. processes and the technology of greenhouse design. It might invobee growing
food orops o plants wsed for decorative purposss
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Intermembiane space

Electron transport chain

Pyruvate

Mitochandrial matrix

drigl membirans.

Fgure T3 Efecton tansport ¢

Compare amd conrast sieclnm? I

tian and phomsyathess

As shiren in Figure 13, electrons move along the mitochondrial membrane from one
protein to another.

The start of the eleciron transport chain begins with the ten NADH molecules and
the two FADH, molecules releasing electrons. The released electrons move along the
mitochomndrial memibrane from one protein o another. The energy carmiers are con-
varted to NAD® and FAD, and H* 1ons are released into the mitochondrial matrix.

The H* ions are pumped into the intermembrane space through the profeins in the
inner mitochondrial membrane. This creates an increase in the concentration of H*

ions in the intermembrane space.

As a resull of high concentration in the intermembrane space and a low conceniration
in the milochondrial matrie, the H* fons diffuse down their concentration gradient
back across the inner mitochondrial membrane and into the mitochondrial matrix
through ATF synthase proteins in chemiosmosis. As the H* ions move through the
ATT synthaze; ADF is converted imto ATP in the mitochondrial matrix.

Ohevgen is the final electron acceptor in the electron transport systemin cellular
respiration. The H* jions and electrons are iransferred to oxvgen o form water.
Owerall, electron transport produces 32 ATE. Each NADH maolecule produces three ATP
and each group of three FADH produces two ATFE. In eukaryoles, one molecule of
glucose vields 36 ATF under ideal conditions.

Prokaryotic cellular respiration Some prokaryotes also undergo asrobic respiration.
Because prokaryoles do ned have mitochondria, there are differences in the process.
The main difference involves the nse of the prokaryotic celhilar membrane as the
location of electron transport. In enkaryotic cells, pyruvate is transported Lo the
mitochondria. In prokarvotes, this movement is unnecessary, saving the prokarvotic
cell two ATF, and increasing the et total of ATF prodoced to 35.

& Pl Consmiill Fohaninm

oy gl
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Anaerobic Respiration

Some cells can function for a short time when coovgen is low. Some prokaryoles are
anaerobic organisms—they live without oxygen. In some cases these cells continue to
produce ATP through ghycolysis. However, there are problems with solely relving on
glycolysis for energy. Glvoolysis provides only two net ATP for each miolecule of ghocose,
and a cell has a limited amount of MAD-. Glyoolysis stops when NAD* s used up. The
anaerobic pathway that follows glvoolysis is anaerobic respiration, or fermentation.
Fermentation occurs in the cytoplasm and regenerates the cefl's supply of NAD* while
producing a small amount of ATP. There are two tvpes of fermentation.

Glucose Glucose

2 Lactc acad 2 Ethanal

==t ==t

ra

2 Acetaldefyde
€ o)
2 Pyruvete 2 Pyruate _-.A 00,
[C R AC] cgcic] c ]
Lacter Acid Fernsentatan Alcobicl Fermentation

Figure 14 When trygen is absent of in limited supply, Jesmentation Can oo
Identity the reochonts and prodoects of oot oo femeanaion ond aicodal fermentation,

Lactic acid fermentation In lactic acid fermentation,
enzymes convert the pyruvate made during glvcolysis to lactic acid, as shown in

Figure 14. This invalves the transfer of high energy electrons and protons from NADEH.
Skeletal muscles produce lactic acid when the body cannot supply enough axvgen, such
as during pericds of strenuous exercise. When lactic acid concentration in muscle cells
increases, muscles become fatigoed and sore.

Aleohol fermentation Alcohaol fermentation oocurs in veast and some

bacteria. Figure 14 shows the chemical reaction that occors during aloohal fermentation
when pyruvate is converted to ethyl alcohiol and carbon dinxide. Similar to lactic aced
fermentation, NADH donates electrons during this reaction and NAD* is regenerated.

SCIEMCE USAGE v COMMON USAGE
cantenlation
Sofence wsage: e relalive amoant of & sunstance dssalved In anather substance

The concantronion of fydmgen foas i greater on ane Sde of the membnmne then on
tha arhar,

Comaran asmge: the directing of close, undivided aBention
Fhe studeal’s concentodion was forussed an the exmn,
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Photosynthesis and Cellular Respiration

Photosynithesis and ceflular respiration (incoding anasrobic processes) provide most of
the energy for lile processes. Figure 15 shows the interrelated, cyclical nature of photo-
synthesis and cellular respiration. The prodocts of photosynthesis are oxvgen and
glucose, the reactants needed for cellular respiration. The products of cellular respira-
tion, which are carbon dioxide and water, are the reactanis for pholosynthesis.

Figure 15 Protosynthesis and cellular eapiration fom a eycle.

|B Check Your Progress

Summary Demonstrate Understanding

« Many lving organisms use 1. Summarize the stages of cellular respiration and
cellular respiration to break explain its relationship to body temperature.
down glucose. 2. Identify how many carbons from one glucose

= The stages of cellular respira- mabecube enter one round of the Krebs cycle.
tiom are ghycolysis, the Krebs 3. Explain how high-energy efectrans are used in
cycle, and electron transport. electron transport

« NADH and FADH, are impoart- 4. Explain how energy drives the cycling of matter in
ant electron carriers for cedlular photosynthesis and cellular respiration.
i il Explain Your Thinking

s ll'Lﬂ'BEEIbEEFII‘.‘EDfDl:EEI‘LEEﬂE 5 I-l'-nwma‘tyr.ﬂ.TFtHADl-Land
::" it giveolyss by FADH, are produced in each step of cellular respira-
: tion? How is the number of ATP produced different
from the net ATP avalable?

&. Compare and contrast the two types of fermentation,

LEARNSMART S Goonineto folow your persenalized leaming path to review; practce,
and rednlorce your undersiandng.

Coygriid & By Duerlid Frhasine
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SCIENTIFIC BREAKTHROUGHS

Faster Photosynthesis:
The New Frontier of
Food

Cigitifd © Ny Crang il Falidathor hatd 10 7wt aatiak

The need for food for the workd's growing
population is a globat challenge. Crop yields
have been vastly improved over the years,
However, the rate of phiotosynthesis has
always limited crop production. Recently,
scientists have investigated ways to increase
the rate of photosynihesis. The more food
maoiecules plants produce and store, the
greater the amount of biomass produced and
the higher the crop yiekd.

Plants and light

Althouwgh plants reguire light, they hawe

a protective mechanism that keeps them
from absorbing oo much ight when it is
very sunmy. fAs the amowunt of incoming light
decreases, plants shut off the protective
mechanism. a process that takes up to
seyeral hours. During that tme, the rate of
photosynthesis is limited.

Ganeatic engineering and photosynthesis
Genetic engineering was used to increase the
efficiency of photosynthesis. The goal was to
dewvelop a plamt that could more quickhy tum
off its protectve mechamsm when the amount
of incoming fight decreased.

APPLY SCIENTIFIC PRINCIPLES

AND EVIDENCE
Create an explanation of how the use of
genetic engineering to improve the efficency
of photosynthesis could have a global impact
on humans. Use evidence and reasoning in
your scientific expianation.

Some of the Tesearch an indreasing 1he efficiency o
phobosynthesis was dane using obacco plants, becauss it
s relatively easy to alter thelr genes. Sucoessiil resu@s in
fmbacre plants can kead 1o wark with food oops:
Scienfists meerted extra copies of three genes
that code for proteins invohved in shutting

off the protective mechanizsm. They grew the
genetically-engineered plants, and compared
the amount of biomass produced to a control
group. Their data showed that quickly shutting
off the protective mechanizm increased the
rate of photosynthesis and resulted in plants
that were up to 20 percent larger.

Srientists are investigating additional ways to
micdify photosynthesis to increase crop yield
and produce a sustainable food supply for the
world's growing human population.
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STUDY GUIDE

&) GO ONLINE to study with your Science Nolebook

Lesson 1 HOW ORGAMISMS OBTAIN ENERGY * energy )
. L‘m‘iusm‘! cuntrel the finw and fransformation : ¥
* Some argansms produce their own ood, whereas athers obtain « celular redgaration
energy from the food they ingest. = adenosine irighosphate (ATH

+ Cells store and refease energy through coupled anabolie and
catabolic reackioms.
+ The energy released from the breakdown of ATP drives cellular

ackrvebies.
Lessan 2 PHOTOSYNTHESIS = vyl abooid
» Plants -:xl-nhu'n d‘IILrI'\G.hF]EII.'I wlﬂ'l hght-absorbing prgments that : gty
comvert lght energy into chermical energy. - phjaaat
+ Photosynthesis & a two-phase procesa that consists of light - MADP
reactions and the Calvin evele. « Calein oycle
* In the light reactions, aototrophs trap and convert light energy = rubisco
innby chemical energy in the form of NADPH and ATE
* In the Calvin cycle, chemical energy in ATF and NADPH is wed
to symthesize carbolvdrates such as ghicose.
Llessan 3 CELLULAR RESPIRATION = anapbic process
i i merobic nespiration
=+ Mamy living orgamisms wse cellular respiration to break down e i i
+ The stages of cellular resparation are ghveolysis, the Krebs cyde, = Krobs cycle
and electron transpeort. = fermentation
+ MADH and FADH, are impartant eleckron carriess for cellular
Tespiration.
* In the absence of oxygen, cells can sustain ghieolyass by
fermentation.

Gopyrigd @ M Coneitll Fobanine
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o= THREE-DIMENSIONAL THINKING

=/ Module Wrap-Up

REVISIT THE PHEMOMENON

Why would a farmer grow
lettuce in a greenhouse?

@D Claim, Evidence, Reasoning

Explain Your Reasoning Revisit the claim you made when you encountered the
phenomenon. Summarize the evidence you gathered from your investigations and
research and finalize your Summary Table. Does your evidence support your claim? F niot,

revise your claim. Explain why your evidence supports your claim.

STEM UNIT PROJECT

Mow that you've completed the module, revisit your STEM unit project. Yo will

summarize your evidence and apply it to the project

GO FURTHER

&3 Data Analysis Lab
How does viral infection affect cellular respiration?

Infection by viruses can significantly affect celllar respiration and
the ability of celis o produce ATP. To test the effect of viral infection
on the stages of cellular respiration, cells were infected with a winus,
and the amount of lactic acid and ATP produced were measured.

(&= Analyze and Interpret Data
L Claim Analyze how the virus affected lactic aod production
in-the cells.

2. Evidence Calculate after 8 hours, by what percentage was the
lactic acid higher in the wvirus group than in the comtrof group? By
whiat percentage was ATP production decreased?

3. Reasoning Infer why having a wirus such as the flu might make a
person feel tired.,

Effect of Viral Infection
an Lactic-Acid Production

k- -
O = Vi
o |Fd
0F

Fd

(4 il 108 cells)

02 & & 8 10
Time

Lactic peid praduction

Effect of Viral Infection
on ATP Production
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=
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o
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*[wsin ahinmed tram: EL.Backa T_ et al. 2004

Mayara wines nfection aliers glurewe
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