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Manipulate

to manage or utilize skillfully

Scientists use technology 1o rmmpm.ue

genetic Informarkon [ order 1o test

scientific hyporheses.

................

= Figure 4 ONA containing the sequence
GAATTC can be cut by the restriction enzyme
EcoRl to produce sticky ends.
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DNA Tools

You have learned that selective breeding is used to produce plants
and animals with desired traits. Genetic engineering can be used to
increase or decrease the expression of specific genes in selected organ
isms. It has many applications from human health to agriculture.

An organism’s genome is the total DNA present in the nucleus of
each cell. As you will learn in the next section, genomes, such as the
human genome, can contain millions and millions of nucleotides, In
order to study a specific gene, DNA tools can be used to manipulate
DNA and to isolate genes from the rest of the genome.

Restriction enzymes Some types of bacteria contain powerful
defenses against viruses. These cells contain proteins called restric-
tion enzymes that recognize and bind to specific DNA sequences
and cleave the DNA within that sequence. A restriction enzyme, also
called an endonuclease (en doh NEW klee ayz), cuts the viral DNA
into fragments after it enters the bacteria. Since their discovery in the
late 1960s, scientists have identified and isolated hundreds of restric
tion enzymes. Restriction enzymes are used as powerful tools for iso:
lating specific genes or regions of the genome, When the restriction
enzyme cleaves genomic DNA, it creates fragments of different sizes
that are unique to every individual,

EcoRl One restriction enzyme that is used widely by scientists is
known as EcoRl As i{llustrated in Figure 4, EcoR| specifically cuts DNA
containing the sequence GAATTC. The ends of the DNA fragments
created by EcoRl are called sticky ends because they contain

single stranded DNA that is complementary. The ability of some
restriction enzymes to create fragments with sticky ends is important
because these sticky ends can be joined together with other DNA
fragments that have complementary sticky ends.

€U Reading Check Generalize how restriction enzymes are used.

rrevirrve
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IBIO.3.3.01.DJ3 Analyze, on the basis of research, some of the social, ethical, and legal implications of biotechnology and agriculture.
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Essential Questions DNA Tech n0|09y

D Whot ore the different tools and
processes used in genetic

engineering? (T Researchers use genetic engineering to manipulate DNA.

P How does genetic engineering Real-World Reading Link Have you seen a handmade patch
manipulate recombinont DNA?

el pieces of fabric. Scientists use o ¢

quilts are

reated by combining diffe

\ 1t e the sir ares S LTITIw N N .
» What ore the similarities between process and combine DNA from different sousces to create an organism with unigue
selectve breeding and genetic

traits
engineenng?

P How can genetic engineering and
'y e used o improye - 4 -4
S G 2 Genetic Engineering
By about 1970, researchers had discovered the structure of DNA and had
Review Vocabulary determined the central dogma that information flowed from DNA 1o

biotechnolo

human e

DNA: the genetic material of ali RNA and from RNA to proteins. However, scientists did not know much
orgonisms, composed of two abourt the function of individual genes. Suppose your friend told you the
complementary chains of nucleotides final scare ol a high school foorball game but did not tell you how each
wound in o double helix plaver contributed to the game. Your curiosity about the detalls of the

game is similar to the curiosity scientists experienced because they did
' !
New Vocabulary not know how each gene contributed to a cell’s function
when scientists began using genetic

v that involves manipulating the DNA of one

genetic engineering I'he situation changed

genome engineering, technolo

restriction enzume

organism in order to insert exogenous DNA (the DNA ol another argan
gel electrophoresis

ynant DNA
plasmid
DNA ligase

transformation

ism). For example, researchers have inserted a gene for a bioluminescent

red \
protein called green fluorescent protein (GFP) into various organisms

GFI which s a substance naturally found in jellviishes that live in the

north Pacitic Ocean, emits a green light when it is exposed to ultraviolet
cloning light. Organisms that have been genetically engineered to synthesize the
l,(.,,x,,:,'..,,._,. ehoin roaction DNA lor GFFP. such as the mosquito larvae shown in Figure 3, can be
transgenic organism easily identified in the presence of ultraviolet light. The GFP DNA is
atached 10 EXO2enous DINA 10 verily that the DNA has l\\':l H]‘vl‘l]l‘li
into the organism. These genetically engineered organisms are used In
various processes, such as studying the expression of a particular gene,
investigating cellular processes, studying the development of a certain
disease, and sefecting traits that might be beneficial to humans

Figure 3 I’ .]' e ':’,‘ :’;l\ ent yorestc "'
protein (GFP) wos mtroduced mto masquito larvoe

%0 that resec

DNA waos

Predict how genetic engineering might be
used in the future by the medical field. Genetically engineered mosquito larvae

Section 2« DNA T¢ wiogy 71
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|HG.1.3.IIZM Ilustrate the mechanisms of gene therapy and the replacement of defective genes with healthy ones.
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Recombinant DNA Technology

When DNA fragments have been separated by gel electrophoresis, frag
ments of a specific size can be removed from the gel and combined
with DNA fragments from another source. This newly generated DNA
molecule, with DNA from different sources, is called recombinant
DNA. Recombinant DNA technology has revolutionized the way scien
tists study DNA because it enables individual genes 1o be studied

Large quantities of recombinant DNA molecules are needed in
order to study them. A carrier, called a vector, transfers the recombi-
nant DNA into a bacterial cell called the host cell. Plasmids and
viruses are commonly used vectors. Plasmids-small, circular, double
stranded DNA molecules that occur naturally in bacteria and yeast
cells-can be used as vectors because they can be cut with restriction
enzymes, If a plasmid and a DNA fragment obtained from another
genome have been cleaved by the same restriction enzvme, the ends
of each DNA fragment will be complementary and can be combined,
as shown in Figure 6. An enzyme normally used by cells in DNA
repair and replication, called DNA ligase, joins the two DNA frag
ments chemically. Ligase joins DNA fragments that have sticky ends
as well as those that have blunt ends.

Examine Figure 6 again, Notice that the resulting circular DNA
molecule contains the plasmid DNA and the DNA fragment isolated
from another genome. This recombinant plasmid DNA molecule now
can be inserted into a host cell so that large quantities of this type of
recombinant DNA can be made.

a Reading Check Relate restriction enzymes to recombinont DNA,

» Figure 6 Recombinont DNA is created by
joining together DNA from two different sources

NI YA A
. I\V\/\/\:““) Pv\z\/\,\/\ A
_— ) ~
(.) ‘) (.)
Ve g cJ -
Plasmid () () —_— ()
L)-' ﬁ‘:’J L.," o~ TA ~NN
~ '
LOCCC" LOCC CC\- ATGGTG ‘.-.:: VV\'\’L’::D)
Cleave the plasmid (r.) r,
DNA and genomic DNA ® 3
with a restriction enzyme. E )) <
mﬂ & ! ®
withoNa  ( ":, '\r‘-’
CACCAT /Y7y TAGGAG
Genomic e W IOOOOOOCK Recombinant plasmid ONA

DNA
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= Figure 12 The genetic information

comtained within the human genome has to
e be deceded in order 1o uncover important
Decodingthehumansurntodgenomeseque PN
s et the the
ncecanhfgetel!'unﬂ'atlbeq:omparedtot‘eﬂ’t m,‘.m sonmm‘bym
wigppnbfreadingabookthatwaswregdfst
wuthnbkutiprintedihjgkkkkincorrectlyima
ginethegenomeasterdlongpmilwordstkfh
gnviinabooknvhgytpwmiwrittenwithoutc
apitalizationkghtowkfgcbvjorpunctuation
hgitofcjwithoutvhtofutibreakshkovpabet
weenwordssentencesorvhgotwpgmnkpar
agraphsandwithfoagwitostringsofiettersd
hfiruwgscatteredbetweenandwithin
sentencesinghomlaordertohdgpvundersta
ndwhatiswrittenthejumbledbghfqomksite
xthastobeghqpmsddecoded.
Sequencing the genome Human DNA is organized inwo 46 chromo
somes. In order 1o determine one continuous human genome sequence,
each of the 46 human chromoesomes was cleaved. Several different
restriction enzymes were used in order 1o produce fragments with over.  :  VOCABULARY ..., :
lapping sequences, These fragments were combined with vectors to cre ACADEMIC VOCABULARY '
ate recombinant DNA, cloned 1o make many copies, and sequenced using Sequence (SEE kwens)
automated sequencing machines. Computers analvzed the overlapping PR s e
regions 10 generite one Continuous sequence, Qb srpenivs omd e :
: beawtiful pattern. o« .. coiieiiiiiinin, -

Decoding the sequence of the human genome can be compared to
reading a book that was printed in code. Imagine the genome as words
in a book written without capitalization, punctuation, or breaks
between words, sentences, or paragraphs. Suppose there are strings of
letters scattered between and within sentences. Figure 12 illustrates
how a page from such a book might look. 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.

After sequencing the entire human genome, scientists observed
that less than two percent of all of the nucleotides in the human
genome code for all the proteins In the body. That is, the genome is
filled with long stretches of repeated sequences that have no direct
function, These regions are called noncoding sequences,

DNA fingerprinting Unlike the protein-coding reglons of DNA thar are
almost identical among Individuals, the long stretches of noncoding
regions of DNA are unigue to each individual. When these regions are
cut by restriction enzymes, as described earlier in this chapeer, the set of
DNA fragments produced is unique to every individual. DNA finger-
printing involves separating these DNA fragments using gel electropho- use the various tools ond processes,
resis in order to observe the distinct banding patterns that are unique to such as DNA fingerprinting. in

every individual. Forensic scientists use DNA fingerprinting to identify \_ Cfiminal ond archaeological investi-  /
suspects and victims in criminal cases, to determine paternity, and to DAHORS: E
identity soldiers killed in war.

CAREERS IN BIOLOGY |

P
Forensic Scientist Genetic
engineering Is o technology used
widely by forensic scientists. They

Section 3 » The Human Genomo 89
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Figure 13 shows a sample obtained from hair that lorensic scientists
can use for DNA fingerprinting. PCR is used to copy this small amount
of DNA to create a larger sample for analysis. The amplilied DNA then is
cut using ditferent combinations of restriction enzymes. The [ragments
are separated by gel electrophoresis and compared to DNA fragments
from Known sources, such as victims and suspects in a criminal case,
to locate similar fragmentation patterns. There is a high probability that
the two DNA samples came from the same person if two fragmentation
patterns match. Since its development in England in 1985, DNA finger
printing has been used not only to convict criminals but also to free
innocent people who had been wrongfully imprisoned. Figure 14 pro
vides a closer look at the history of genetic technology.

a Reading Check Summarize how forensic scientists use DNA
fingerprinting.

Identifying Genes

Once the genome has been sequenced, the next step in the process
is to identify the genes and determine their functions. The functions
of many of the genes in the human genome are still unknown
Researchers use techniques that integrate computer analysis

« Figure 13 Poople con b identified using and recombinant DNA technology to determine the function of

the genetic mformotion contained in blood, halr, - these genes

semen, or skin For organisms such as bacteria and yeast, whose genomes do not
have large regions of noncoding DNA, researchers have identified
genes by scanning the sequence for open reading frames (or ORFs,
pronounced "orphs®). ORFs are stretches of DNA containing at least
100 codons that begin with a start codon and end with a stop codon
While these sequences might Indicate a gene, they will be tested to
derermine if these sequences produce functioning proteins

i
1
§
}
2005 Avian flu out- 2000 The first genetically 1986 The first genetically H
breaks in Asia step up engneered rice modified to engineered vaccine is :
efforts to create new vac-  yield vitamin A in humans is approved for prevention !
-~ P of Hepatitis 8. i

o

1993 Huntington & 1990 The Human i

used to treat diabetic disease is the first Genome Project, which 1
neuropathy, human disease to begins an international 3
be gene mapped. effort to sequence the g

human genome, launches. 2

»
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wariation of individuals in a spedes 3) competition for an environment's limited supply of the resources that individuals need in order to survive and
reproduce, and 4) the ensuing proliferation of these organisms that are better able to survive and reproduce in that environment
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Table 1 Basic Principles of Natural Selection

Principle
Individuals in a population show varlations
among others of the same species.

Varlations are Inherited.

Animals have more young than can survive on
the available resources.

Vatlations that increase reproductive success
will be more comman in the pext generation,

VOCABULARY ... .. .............
WORD ORIGIN
Evolve :
comes from the Latin word evolvere, -
meaning unroll or wnfold .. ..........0

Section1 Review

Section Summary

D Darwin deew from his observations on the
HMS Beagle and later studies to develop
his theory of evolution by natural selec-
tion.

D Natural selection is based on ideas of
variation, inhertance, excess reproduction,
and advantages of certain fraits in certain
environments,

P Darwin reasoned that the process of natural
salection eventually could result in the appear-
ance of new speces.

The students In a classroom all ook ddferent

You look similar 10 your parents.

The average cardinal lays nine eggs per summed, If each cardinal lived only one
year and all offspring survived, in seven years there would be a million cardinals

If having a fan-shaped tall Increases the reproductive success of pigeens, then
more pigeons in the next generation will have fan-shaped talls.

The Origin of Species

Darwin had likely formulated his theory of evolution by natural selec
tion by about 1840 Soon after, he began writing a multivolume book
compiled of evidence for evolution and explaining how natural selec
tion might provide a mechanism for the origin of species. Table 1 sum
marizes the principles of natural selection described in Darwin’s work. He
continued to compile evidence in support of his theory for many years,
For example, he spent eight vears studying relationships among barnacles

In 1858, Alfred Russel Wallace, another English naturalist, proposed a
theory that was almost identical 1o Darwin's theory. Both men’s ideas were
presented to the Linnean Society of London. One year later, Darwin
published On the Origin of Species by Means of Natural Selection-a con
densed version of the book he had started many vears belore,

In his book, Darwin used the term evolurion only on the last page.
Today, biclogists use the term evolution to define cumulative changes
in groups of organisms through time. Natural sefection is not synony-
mous with evolution; it is a mechanism by which evolution occurs.

Understand Main Ideas

1. [IUK( Describe the @adence Charles Darwn gathered that led 1o his the-
ary of evolution,

2. Explain how the idea of artificial sedection contributed to Darwin’s ideas on
natural selection.

3. Identify the four principles of natural selection and provide examples not
used in this section,

4. Discuss Wallace's contribution to the theory of evolution by natural
salection,

Think Critically

5. Inferthe consequences for evolution if species did not vary.

Biology

6. Write a short story about what it might have been like to visit the Galapagos
tslands with Darwin,

L

v

102 Chapter 4 = Evolution
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Figure 11
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B10.3.2.02.001 Communicate scientific information that y and lution are supported by multiple lines of empirical evidence.
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VOCABURARY .......cccovceiivess

SCIENCE USAGE Vv, COMMON USAGE
Adaprtation .
Sdenceusopeanisdvpecdhyninunbeloion -
to increase the survival or repro
ductive success of an organism
The prehensile tail of monkeys is an
adapearion for life in trees.

Commonusage:adjustmentorchange

The movie script is an adapration of
the origtnal play.

» Figure 11 It would be easy for & predator to
overiook this Arctic hare {Lepus articus) in a
nowy ecwironment because of the animal's
effective camouflage.

108 Chapter 4 « Evoluton

Patterns of migration were critical to Darwin when he was develop-
ing his theory. Migration patterns explained why. for exampie, Islands
often have more plant diversity than animal diversity: the plants are
more able 1o migrate from the closest mainland as seeds, elther by
wind or on the backs of birds. Since Darwin’s time, scientists have con-
firmed and expanded Darwin’s study of the distribution of plants and
animals around the world in a field of study now called biogeography.
Evolution is intimately linked with climate and geological forces. espe-
cially plate tectonics, which helps explain many ancestral relationships
and geographic distributions seen in fossils and living organisms today.

Adaptation

The five categories discussed in the previous section-the fossil record,
comparative anatomy, comparative embryology, comparative biochem-
istry, and geographic distribution-offer evidence for evolution. Darwin
drew on all of these except biochemistry-which was not well devel
oped in his time 1o develop his own theory of evolution by natural
selection. At the heart of his theory lies the concept of adaptation.

Types of adaptation An adaptation is a trait shaped by natural selec-
tion that increases an organism’s reproductive success. One way to
determine how effectively a trait contributes to reproductive success
is to measure litness. Fitness is 3 measure of the relative contribution
that an individual trait makes to the next generation. It often is mea-
sured as the number of reproductively viable offspring that an organ
ism produces in the pext generation.

The better an organism is adapted to its environment, the greater
its chances of survival and reproductive success. This concept explains
the variations Darwin observed in the finches' beaks on the Galipagos
Islands. Because the environments differed on each island, different
beak characteristics were selected for.

Camouflage Some species have evolved morphological adaptations
that allow them to blend in with their environments. This is called
camouflage. Camoulflage allows organisms to become almost invisi
ble to predators, as shown in Figure 11. As a result, more ol the camou
flaged individuals survive and reproduce,
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Transgenic plants Many species of plants have been genetically
ngineered 1o be more resistant 1o insect or viral pests. In 2006, about

699 million hectares grown by 7 million farmers in 18 countries were
planted with transgenic crops, These crops Included herbicide- and
insecticide-resistant sovbeans, corn, cotton, and canola. Scientists now
are producing genetically engineered cotton, as shown in Figure 10,
that resists insect infestation of the bolls. Researchers also are dey elop
ing peanuts and sovbeans that do not cause allergic reactions

Ocher crops are being grown commerclally and being field-tested
These rops ne lude sweet e 1aAto ;il ints that are resistant 1o a virus that
could Kill most of the African harvest, rice plants with Increased iron
and vitamins that could decrease malnutnicion in Astan countries, and a
variety of plants able 1o survive extre

me weather conditions. Prospe
tive crops include bananas that produce vaccines for infectious diseases
such as hepatitis B, and plants that produce biodegradable plastics
Transgenic bacteria [nsulin, growth hormones, and substances that
dissolve blood clots are made by transgenic bacteria. Transgenic bacteria
also slow the formation of ice crystals on crops 1o protect them from
frost damage, clean up oil spills more efficiently, and decompase garbage

Section 2 Review

Section Summary Understand Main Ideas

D Genetic engineering is used to produce organ
isms that are usefid to humons

» Recombinant DNA technology is used to
study individual genes

D DNA fragments can be separated using gel
electrophoresis

engineernng
Think Critically
P Clones can be produced by transforming bot
teria with recombinont DNA

P The polymerase chain reaction is used to

LD Biology

make copies of small DNA sequences.

» Transgenic organisms are being created to
increase the quality of human Ufe

Figure 10

Scientists have genetically engineered
the Jleaf on the nght to be able to resist

nsects and pests

, LI Sequence how recombinant DNA is mode and monipulated
2. Explain why some plasmids contain o gene for resistance to an antiblotic
3. Describe how genetic engineering can improve humaon heolth
4

. Contrast cne major difference between selective breeding and genetic

5. Evaluate Severol populor movies and books involve mutoted argonisms
Are those transgenic organisms o possibility? Why or why not?

6. Why would o business synthesize and sell DNA? Who would their customers

ba? Write a list of possible uses for DNA thot is synthesized in a laboratory

Section 2 » DNA Technology 79
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An automated
A machine prints out the
' sequence.
16
Foar reaction mixtures inchude the
unknown DNA fragment, primet, by
DNA polymerase, the four
nucleotides, and a different
tagged nucleotide.
» Figure 8 DNA con be sequenced using
fworcscent togged nucleotides. : Follow Figure 8 o understand how DNA s sequenced. Scientists
Describe how the sequence of the - mix an unknown DNA fragment, DNA polymerase, and the four

onpival DNA Sompiote &s deterainedt © nucleotides-A, C, G, T-in a tube. A small amount of each nucleotide is
- tagged with a different color of fluorescent dye, which also modifies

the structure of the nuckeotide, Every time a modified fluorescent-
tagged nucleotide is incorporated into the newly synthesized strand,
the reaction stops. This produces DNA strands of different lengths.
The sequencing reaction is complete when the tagged DNA (ragments
are separated by gel electrophoresis. The gel is then analyzed in an
automated DNA sequencing machine that detects the color of each
tagged nucleotide, The sequence of the original DNA template is
determined from the order of the tagged fragments.

Polymerase chain reaction Once the sequence of a DNA fragment
Is known, a technique called the polymerase chain reaction (PCR)
can be used to make millions of copies of a specific region of a DNA
fragment. PCR is extremely sensitive and can detect a single DNA mol-
ecule in a sample. PCR is useful because this single DNA molecule
then can be copied, or amplified, numerous times to be used for DNA
analysis. Follow Figure 9 as vou read about the steps of PCR.

Step 1 PCR is performed by placing the DNA fragment to be copied,
DNA polvmerase, the four DNA nucleotides, and two short single-
stranded pieces of DNA called primers in a tube. The primers are comple-
mentary to the ends of the DNA fragment that will be copied and used as
starting points for DNA synihesis. PCR begins when the tube is heated.

76 Chopter 3 « Genetics ond Biotechnology
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pecodingthehumansurntodgenomeseque
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gnviinabooknvhgytpwmlwrittenwithoutc
apitalizationkghtowkfgchvjorpunctuation
hgitofcjwithoutvhtofutibreakshkovpabet
weenwordssentencesorvhgotwpqmnltpaf
agraphsandwithfoagwitostringsofiettersd
hfiruwgscatteredbetweenandwithin

semencesingl'|cnnIaordertohdqp\mmiersta
ndwhatiswrittentheiumbledbghfqomksne

xthastobeghqpmsddecoded.

Sequencing the genome Human DNA is organized into 46 chromo
somes. In order o determine one continuous human genome sequence,
each of the 46 human chromosomes was cleaved. Several different
restriction enzymes were used in order 1o produce fragments with over
lapping sequences, These fragments were combined with vectors to cre
ate recombinant DNA, cloned to make many copies, and sequenced using
automated sequencing machines. Computers analyzed the overlapping
reglons 1o generate one Continuous sequence,

Decoding the sequence of the human genome can be compared to
reading a book that was printed in code. Imagine the genome as words
in a book written without capitalization, punctuation, or breaks
between words, sentences, or paragraphs. Suppose there are strings of
letters scattered between and within sentences. Figure 12 illustrates
how a page from such a book might look. 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.

Alter sequencing the entire human genome, scientists observed
that less than two percent of all of the nucleotides in the human
genome code for all the proteins in the body. That is, the genome Is
filled with long stretches of repeated sequences that have no direct
function, These regions are called noncoding sequences,

DNA fingerprinting Unlike the protein-coding reglons of DNA that are
almost identical amoeng individuals, the long stretches of noncoding
regions of DNA are unigue to each individual. When these regions are
cut by restriction enzymes, as described earlier in this chapter, the set of
DNA fragments produced is unique to every individual. DNA finger-
printing involves separating these DNA fragments using gel electropho-
resis in order to observe the distinct banding patterns that are unigue to
every individual. Forensic scientists use DNA lingerprinting to identity
suspects and victims in criminal cases, to determine paternity, and 1o
identify soldiers Killed in war.

» Figure 12 The genetic information
comained within the human genome has lo
be decoded in order to uncover important
sequences.

Interpret the text by decoding the
jumbled sentences.

VOCABULARY ..........ccocvvnnn.
ACADEMIC VOCABULARY .
Sequence (SEE kwens)
a continuous series
The sequence of colors formed a .
beautiful pattern, ... oooeviaiiiiiiint

CAREERS IN BIOLOGY |

Forensic Scientist Ganotic
engineering is o technology used
widely by forensic scientists. They
use the varlous tools ond processes,
such as DNA fingerprinting, in
criminol and archoeological investi-
“gutons:

J/
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Fallow the steps involved in doing the DNA microarrav experiment
1 in Figure 15. MRNA Ir( b
is nl tedd and converted into complementary DNA (CDNA) strands using

y diflerent populations of cells is

{

in enzyme called reverse transcriptase fl:v complementary DNA from

cell population is labeled with a specific Huorescent dye-for exam

ple, red lor cancer cells and green lor normal cells. Both pools of com

lementary DNA are combined on the mi
Figure 15 shows the {luorescent

roarray slide and incubated

als that are produced when

the microarray slide is analyzed. When the expression of a gene is the
same In both the normal and cancer cells, a vellow spot is produced
n the chip. If the expression of a gene is higher in cancer cells, then
spot formed is red. However, if the expression is higher in norma
cells, then the spot formed is green
Because one DNA microarray slide can co thousands of genes
researchers can examine changes in 'l;x- expression patterns of mulrti
ple genes at the same time. Scientists also are using DNA microarravs
10 Wdentily new genes and to study changes in the expression ol pro

teins under diflerent Srowin conaitions

The Genome and Genetic Disorders
Although more than 99 percent of all nucleotide base sequences are
exactly the same in all people, sometimes there are variations that
re linked to human diseases, These varlations in the DNA sequence
that occur when a single nucleotide in the genome is altered are
called single nucleotide polymorphisms or SNPs. For a varlation
1o be considered an SNP, It must occur in at feast one percent of the
popuiation. Many SNPs have no eflect on cell function, but scientists
hvpothesize that SNFP maps will help identify many genes associated
with many diflerent types of genetic disorders

DATA ANALYSIS LAB 1

Based on Real Data*

How can DNA microarrays be used to classify 000000 -

types of prosta
wofles betwed
cancer cells

ray technology

te cancer? The gene expression O0000OO OGOO0O0OFS

N normal prostate cells and prostate o) @

can be compared using DNA microar o o000 o004

Data and Observations e 90 o e o

Y

Ihe diagram sh

oLlameg

®e L R LR N 5] o0q
e e e o9 0 ® 06
ceeow® o900 e 29000

ows a4 subsetl of the data

Think Critically ® 000060 0@ o900 e S

1. Calculate th

Iow. Thenc

spots and

2. Explain why son
3. ApplyConcems How would you chot

to study
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B10.3.2.04.006 Explain that in artificial selection, humans have the capacity to influence certain characteristics of organisms ug breeding. |
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Figure 3
Natural selection is the mechanism by which, i given enough time, a population—
In this case, a population of sunflowers—could be modified to produce a new
species. There are four principles of natural selection that explain how this can
occur: variation, heritability, overproduction, and reproductive advantage.

Variation Indwviduals ina
popalation differ from one
another. For example, some
sunflowers are taller than others.

Heritability Variations are inherited
from parents, Tall sunflowers produce
1ol sunflowers, and short sunflowers
produce short sunflawers,

Overproduction Populations produce
maore ofispring than can survive, Each
sunflower has hundreds of seeds, most
which will not germinate.

Reproductive Advantage Some variations
allow the organism that possesses them to
hawve more offspring than the organism that
does not possess them, For example, in this
habitat, shorter sunflowers reproduce more

successfully.

Qver time, the average height of the sunfiower
population is short if the short sunflowers con-
tinue to reproduce more successfully. After many
generations, the short sunflowers might become a
new species if they are unable 1o breed with the
original sunflowers.
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12 B10.3.2.03.009 Describe how natural selection produces populations dominated by organisms that are anatomically, behaviorally, and physiologically well-

suited to survive and repreduce in a specific environment.

Figure 4
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Section 2

Essential Questions

D How do fosslis provide evidence of

avolution?

» How does morphology provide
evidence of avolution?

D How does biochemistry provide
evidence of evolution?

Review Vocabulary

fossil: remains of an organism or
its activities

New Vocabulary

derved tran

ancestral trait
homologous structure
vestigial structure
analogous structure
embryo
biogeography

fitness

camouflage

mimicry

Glyptodont

https://t. me/h11Ad36

Evidence of Evolution

[ LIX(TA wmuitiple lines of evidence support the theory
of evolution.

Real-World Reading Link The evidence for evolution Is like a sat of bullding blocks
Just as you cannot buiki something with only one bullding black, ane plece of
evidence does not make a theory. The evidence for evolution is more convincing when
It is supported by many pieces of evidence, just as a structure is more sturdy when it is
buiit with many blocks

Support for Evolution

Darwin's book On the Origin of Species demonstrated how evolution
might happen. The book also provided evidence that evolution has
occurred on our planet. The concepts of natural selection and evolu
tion are different, though related. Darwin’s theory of evolution by nat
ural selection is part of the larger theory of evolution. Recall that a
theory provides an explanation for a natural phenomenon based on
observations, Theories explain available data and suggest further areas
for experimentation. The theory of evolution states that all organisms
on Earth have descended from a common ancestor

The fossil record Fossils provide a record of species thar lived long
ago, and they supply some of the most significant evidence of evolu
tionary change. This record can show how ancient species are similar to
current species, as illustrated in Figure 4. Fossils also show that some
species, such as the horseshoe crab, have remained unchanged tor mil
lions of years. The fossil record is an important source of information for
determining the ancestry of organisms and patterns of evolution

= Figure 4 The giant armadilio-ike glyptodont, Glyprodon, is an extinet anmal that Darwin
thought must have been refated to Iving armadilios

Observe Whot features of the 2000-kg glyptodont are similar to those of the
4.kg armadillo?

Armadillo

Section 2 » Evidence of Evolution 103
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B10.3.2.03.009 Describe how natural selection produces populations d

suited to survive and reproduce in a specific environment.

inated by or

that are behaviorally, and physialogically well-
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Biochemical Differences

01—

20—

i1 TBES

to human cytochrome C

Number of amino acid differences compared

Candida  Moth Fsh Turtle Duck Piy
Type of organism

Comparative biochemistry Scientilic data also show that common
ancestry can be seen in the complex metabolic molecules that many
different organisms share. Cytochrome ¢ is an enzyme that is 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 little over time

Evolutionary theory predicts that molecules [n species with a
recent common ancestor should share certain anclent amino acid
sequences. The more closely related the specles are, the greater the
number of sequences that will be shared. This predicted pattern is
what scientists find 1o be true in cytochrome ¢. For example, as {llus
trated in Figure 9, the cytochrome ¢ in the goat and in the monkey
share more amino acid sequences with humans than the ¢ytochrome
¢ In the duck shares with humans.

Iy SN Scientists have found similar biochemical pat
terns in other proteins, as well as in DNA and RNA. DNA and RNA form

the molecular basis of heredity in all living organisms. The fact that many
organisms have the same complex molecules suggests that these mole
cules evolved early in the history of life and were passed on through the
lite-forms that have lived on Earth. Comparisons of the similarities in
these molecules across species reflect evolutionary patterns seen in com-
parative anatomy and in the fossil record. Organisms with closely related
morphological features have more closely related molecular features,

Geographic distribution The distribution of plants and animals that
Darwin saw during his South American travels first suggested evolu
tion to Darwin. He observed that animals on the South American
mainland were more similar to other South American animals than
they were to animals living In similar environments in Europe. The
South American mara, for example, inhabited a niche that was occu
pied by the English rabbit. You can compare a mara and an English
rabbit in Figure 10. Darwin realized that the mara was more similar to
other South American species than it was to the English rabbit
because it shared a closer ancestor with the South American animals

» Figure 9 This ilustration compares amino
acid sequences of cytochrome ¢ n humans and
other organisms.

Infer Would the cytochrome c of a tep-
tile or a bird be expected to have more
amino acid differences when compared
with that of o human? Expiain.

» Figure 10 The mara (Dalichatis patago-
nwm) exsts i a niche simelar to that
of the English rabbit {Oryctologus cumics)

Mara

English rabbit

Section 2 *» Evidence of Evoluton 107
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B10.3.2.02.001 Communicate scientific information that common ancestry and biological evolution are supported by multiple lines of empirical evidence. |
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» Figure 13 Spaces between arches et In a square
1o support a dome are called spandrels and are often
decorative. Some features In orgarsms might be like
spangrels, a consaquence of another adaptation.

Section 2 Review

Section Summary
D Fossils provide strong direct evidence to
support evolution.

D Homologous and vestigial structures indicate
shared ancestry.

D Examples of embryological and biochemscal
traits provide insight into the evolution of
Species.

D Blogeography can explain why certain
species live in certain locations.

P Natural selection gives rise to features
that increase reproductive success.

DR I T N R

Consequences of adaptations Not all features of an organism
are necessarily adaptive. Some features might be consequences
of other evolved characteristics. Biologists Stephen Jay Gould
and Richard Lewontin made this point in 1979 in a paper
claiming that biologists rended to overemphasize the Impor
tance of adaptations in evolution.

Spandrel example To illustrate this concept, they used 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, as illustrated in Figure 13.
Because spandrels are often decorative, one might think that
spandrels exist for decoration. In reality, they are an unavoid-
able consequence of arch construction. Gould and Lewontin
argued that some features in organisms are like spandrels
because even though they are prominent, they do not
increase reproductive success. [nstead, they likely arose as an
unavoidable consequence of prior evolutionary change.

Human example A biological example of a spandrel is the help
kessness of human babies. Humans give birth at a much earlier
developmental stage than other primates do. This causes them
to need 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 fit through the pelvic opening at
birth. In contrast, scientists previously thought that the help-
lessness of human infants provided an adaptive advantage, such
as Increased attention from parents and more learmning

Understand Main ldeas
1. [X( Describe how fossils provide evidence of evolution.

2. Explain what natural selection pradicts about mimicry, camouflage, homolo-
gous structures, and vestigial structures.

3. Indicate how biochemistry provides evidence of evolution.

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

Think Critically

5. Hypothesize Evidence suggests that the bones in bird wings share a num-
ber of features with the bones of dinosaur arms. Based on this evidence,
what hypothesis could you make about the evolutionary relationship between
birds and dinosaurs?

6. Apply Reseasrch has shown that if a prescribed dose of an antibiotic is not
taken completely, some bacteria might not be killed and the disease might
return. How does natural selection explain this phenomenon?

110 Chapter 4 « Evolution
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Figure 18

B10.3.2.03.010 Evaluate the evidence supporting daims that changes in environmental conditions may result in: (1) increases in the number of individuals
of some species, (2] the emergence of new species over time, and (3) the extinction of other spedies.
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» Figure 18 Northemn water snakes have two
different color pattesns, depending on thelr
habaatls. Intermediate color pattems would make

them more visibie 1o pradators

Review Based on what you have leamed
about adaptation, how would you now answer
the analysis questions?

» Figure 19 Peoacocks that have the largest
tals tend 1o attract moee peahens. The frequency
of this trat mcreases because of sexual selecton

116  Chapter 4 « Svolution

Disruptive selection Another type of natural selection,

disruptive selection, is a process that splits a population into two
groups. It tends to remove individuals with average traits but retain
individuals expressing extreme traits at both ends of a continuum
Northern water snakes, illustrated in Figure 18, are an example.
Snakes living on the mainland shores inhabit grasslands and have
mottled brown skin. Snakes inhabiting rocky island shores have gray
skin. Each is adapted 1o its particular environment. A snake with
intermediate coloring would be disadvantaged because it would be
more visible to predators.

Sexual selection Anocher type ol natural selection, in which change
in frequency of a trait is based on the ability to attract a mate is called
sexual selection. This type of selection often operates in populations
in which males and females differ significantly in appearance. Usually
in these populations, males are the largest and most colorful of the
group. The bigger the tail of a male peacock, as shown in Figure 19,
the more attractive the bird is to females. Males also evolve threaten
ing characteristics that intimidate other males; this is common in spe
cies, such as elk and deer, where the male keeps a harem of lemales.

Darwin wondered why some qualities of sexual attractiveness
appeared to be the opposite of qualities that might enhance survival
For example, the peacock’s tail, while attracting females, is large and
cumbersome, and it might make the peacock a more likely target for
predators. Although some modern scientists think that sexual selection
1$ not a form of natural selection, others think that sexual selection
follows the same general principle: brighter colors and bigger bodies
enhance reproductive success, whatever the chances are for long term
survival

nah
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B10.3.2.03.010 Evaluate the evidence supporting claims that changes in environmental conditions may result in: (1) increases in the number of individuals
of some species, (2] the emergence of new species over time, and (3] the extinction of other spedes.

Figure 22
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VOCABULARY .
ACADEMIC VOCABULARY
Isolation

the conditlon of being separated
from others

After infection, a parient is kept in
tsalarion from other patients 1o

prement the (nfection from \;"n.\bw;

» Figure 22 The Grand Camyon is a
geographic barner soparating the Abert and
Kabab squirrels,

Abert squirrel

118 Chapter 4 « Evolution

- -
Speciation
For speciation to occur, a population must diverge and then be repro
ductively isolated. Biologists usually recognize two tvpes ol specia
vion: allopatric and sympatric.

Allopatric speciation [n allopatric speciation, a physical barrier
divides one population into two or more populations. The separate
populations eventually will contain organisms that, if enough time
has passed, will no longer be able to breed successfully with one
another. Most scientists think that allopatric speciation is the most
common form of speciation. Small subpopulations isolated [rom the
main population have a better chance of diverging than those living
within it. This was the conclusion of biologist Ernst Mavr, who
argued as early as the 1940s that geographic isolation was not only
impartant but also was required for speciation

Geographic barriers can include mountain ranges, channels between
istands, wide rivers, and lava flows. The Grand Canyon, pictured In
Figure 22, |s an example of a geographic barrfer, The Kaibab squirrel is
found on the canyon’s north rim, while the Abert squirrel lives on the
south rim. Scientists think that the two tvpes of squirrels diverged
from an ancestral species and today are reproductively isolated by the
width of the canyon. While these animals officially belong to the same
species, they demonstrate distinct differences and, in time, they might
diverge enough to be classified as separate species

Sympatric speciation I sympatric speciation, 1 species evolves
into a new species without a physical barrier. The ancestor species

and the new 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 svmpatric speciation
happens lairly frequently in plants, especially through polyploidy. Recall
that polyploidy is a mutation that increases a plant’s chromosome num
ber. As a result, the plant is no longer able to interbreed with the main
population
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IBIO.3.3.01.D21 Describe some examples of genetic modification, and explain how it is applied in industry and agriculture.
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Loading the gel Sclution comtoining DNA & dropped into holes at one Fragment pattern A stoning solutson binds to the separated DNA

end of the gl with 0 ppetie frogments in the g, N er ulbroviotet Lot

Figu(. When the looded gel s ploced in an
However, not all restriction enzvmes create sticky ends. Some alectrophorests tork and the electne curent &

enzymes produce fragments containing blunt ends-created when the tumed on, the DNA frogments separote
restriction enzyme cuts straight across both strands. Blunt ends do not

nhave regions of single-stranded DNA and can join 10 anv other DNA

fragment with blunt ends

CITETD 10T Gel electrophoresis An clectri

current is used to separate DNA fragments according to the size of

the fragments In a process called gel electrophoresis. Figure 5 shows
how the DNA fragments are loaded on the negatively charged end of

a gel. When an electric current is applied, the DNA [ragments move
toward the positive end of the gel The smaller fragments move larthet
faster than the larger ones. The unique pattern created based on the
s1ze ol the DNA fragment can be compared to Known DNA [ragments
for identification. Also, portions of the gel containing each band can be
removed lor further study

Model Re Enzymes

How are sticky ends modeled? Use scissors and tape 1o produce paper DNA fragments with sticky ends and

a recombinant DNA plasmid

Procedure E‘

1. Mdentify the safaty concerns of this lab before work begins

2. Obtain one straight paper DNA sequence from your teacher, which will represent genomic DNA, and one
circular paper DNA sequence, which will represent a plasmid

3. Find each GAATTC sequence recognized by the restriction enzyme EcoR/ and cleave the genome and
plasmid DNA using scissors

4. Use tape to make a recombinant DNA plasmid

Analysis

% Compare your plasmid to those made by other lab groups, How many different recombinant
plasmids could be made using this particular genomic sequence? Explain

2. Infer what enzyme was represented by the scissors. Explain

Section 2 » DNA Technology 73
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- (ISR - B To illustrate the Hardy-Weinberg principle,
- consider a population of 100 humans. Forty people are homozygous
dominant for earlobe attachment (EE) Another 40 people are hetero-
zygous (Fel Twenty people are homozygous recessive (ee). In the 40
T ) homozygous dominant people, there are 80 E alleles (2 E alleles x 40);
it e ads and in the 20 homozygous recessive people, there are 40 ¢ alleles
- Biometrician Almost all scientific Y (2 ¢ alleles x 20). The heterozygous people have 40 E alleles and 40 ¢
alleles. Summing the alleles, we have 120 E alleles and 80 e alleles for a

research papers include some ' ¢
statistics. Mary researchers consult total of 200 alleles. The E allele frequency Is 120/200, or 0.6, The ¢

hiometricians—peogple who specialize allele frequency is 80/200, or 04,
in statistics related 1o biology—te The Hardy Weinberg principle states that the allele frequencies in
help design studies and analyze ) populations should be constant. This often Is expressed asp + q = L.
| Study results. . For our example, p can represent the E allele frequency and q can
represent the e allele frequency.

Squaring both sides of the equation yields the new equation
p? + 2pq + q' = 1. This equation allows us to determine the equilibrium
frequency of each genotype in the population: homozygous dominant
(p?). heterozygous (2pg). and homozygous recessive (g%). From the above
example, p = 06, and g = 04, 50 (0.600.6) + 2(0.600.4) + (04)04) = L In
the example population, the equilibrium frequency for homozygous dom-
inant will be 0.36, the equilibrium frequency of heterozygous will
be 048, and the equilibrium frequency of homozygous recessive will be
0.16. Note that the sum of these frequencies equals one.

q Reading Check Determine when a population is in equdibrium

Conditions According to the Hardy Weinberg principle, a population
in genetic equilibrium must meet five conditions: there must be no
genetic drift, no gene flow. no mutation, mating must be random, and
there must be no natural selection. Populations in nature might meet
some of these requirements, but hardly any population meets all five
conditions for long periods of time. If 2 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 evo:
lutionary change.

Table 3 The Hardy-Weinberg Principle

Condition Violation Consequence

Chance events can lead to changes in

T lon i | > M i Il.
he population is very large any popudations are sma ulotion traits.
Organisms move in and out of the The population can lose o gain traits with
I K niSms
There is no Immigration or emigration dation. il Of Gromtd

fr I the
Mating is random, Mating is not random, N a0 B0k PSS 88 QulcHlY 1

rest of the population
Now variations appear in the population
Mutations do not occur. Mustations occur, : oy
with each new generation.
ulatson ch fr
Natural selection does not occur, Natural selection occurs, TesitsIn & pop: STV NOPR.Ome

generation to the nexd,

112 Chapter 4 « Evolution
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Figure 16

B10.3.2.04.007 Apply concepts of statistics and probability to explain ch in the i L of
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= Figure 16 Natural selection can alter allele frequencies of o
population in theee ways. The bell-shaped curve shown a3 a dotted line in
each graph indicates the trait's original variation in a population. The
solid fine indicates the outcome of each type of selection pressure

Stabilizing Selection

Selection against both extremes

Directional Selection

Selection against one extreme

Disruptive Selection

Selection against the mean
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Gene flow A population in genetic equilibrium
experiences no gene flow. It is a closed system, with
no new genes entering the population and no genes
leaving the population. In reality, few populations
are isolated. The random movement of individuals
between populations, or migration. Increases genetic
variation within a population and reduces differences
between populations.

Nonrandom mating Rarely is mating completely
random in a population. Usually, organisms marte
with Individuals in close proximity. This promotes
inbreeding and could lead 1o a change in allelic pro
portions favoring Individuals that are homozygous
for particular traits.

Mutation Recall that a mutation is a random change
in genetic material. The cumulative effect of muta
tions in a population might cause a change in allelic
frequencies and thus violate genetic equilibrium.
Although many mutations cause harm or are lethal,
occasionally a mutation provides an advantage to an
organism. This mutation will then be selected for
and become more common in subsequent genera-
tions. In this way, mutations provide the raw mate-
rial upon which natural selection works.

Reading Check Summarize how mutation
violates the Hardy-Weinberg principle.

Natural selection The Hardv-Weinberg principle
requires that all individuals in a population be
equally adapred to their environment and thus con-
tribute equally to the next generation. As you have
learned, this rarely happens. Natural selection acts
to select the individuals that are best adapred for sur
vival and reproduction. Natural selection acts on an
organism’s phenotype and changes allelic frequencies.
Figure 16 shows three main ways in which natural
selection alters phenotypes: through stabilizing selec
tion, directional selection, and disruptive selection.
A fourth type of selection, sexual selection, also is
considered a type of natural selection.

Stabilizing selection The most common lorm ol nat
ural selection is stabilizing selection. It operates
to eliminate extreme expressions of a trait when the
average expression leads to higher litness. For exam
ple, human babies born with below normal and
above-normal birth weights have lower chances of
survival than babies born with average weights.
Therefore, birth weight varies little in human

populations
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oIS - SED 1o illustrate the Hardy-Weinberg principle,
consider a population of 100 humans. Forty people are homozygous
dominant for earlobe attachment (EE) Another 40 people are hetero-
zygous (Ee) Twenty people are homozygous recessive (ee) In the 40

/CAREERS IN BIOLOGY | homozygous deminant people, there are 80 E alleles (2 E alleles X 40),
and in the 20 homozygous recessive people, there are 40 ¢ alleles
Biometrician Almost all scientific ) (2 ¢ alleles x 20). The heterozygous people have 40 E alleles and 40 ¢
research papers include some alleles. Summing the alleles, we have 120 £ alleles and 80 e alleles for a
statistics. Mary researchers consult total of 200 alleles. The E allele frequency is 1207200, or 0.6. The ¢
biometricians—people who specialize allele fl('quell(y is 80/200, or 04,
in statistics related 10 biclogy—to ' The Hardy Weinberg principle states that the allele frequencies in
& help design studies and analyze ) © populations should be constant. This often is expressed asp + q = L.
| study results. | For our example, p can represent the E allele frequency and q can

represent the e allele frequency.

Squaring both sides of the equation vields the new equation
P’ + 2pq + q° = L. This equation allows us to determine the equilibrium
frequency of each genotype in the population: homozygous dominant
(p?), heterozygous (2pg), and homozygous recessive (¢°). From the above
example, p = 0.6, and q = 04, 50 (0.6X0.6) + 2(0.6)0.4) + (0.4)04) = L In
the example population, the equilibrium frequency for homozygous dom
inant will be 0.36, the equilibrium frequency of heterozygous will
be 048, and the equilibrium frequency of homozygous recessive will be
(.16. Note that the sum of these frequencies equals one.

a Reading Check Determine when a population is in equilibrium.

Conditions According to the Hardy Weinberg principle, a population
in genetic equilibrium must meet five conditions: there must be no
genetic drift, no gene flow, no mutation, mating must be random, and
there must be no natural selection. Populations in nature might meet
some of these requirements, but hardly any population meets all five
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 [n Table 3, are known mechanisms of evo
lutionary change.

Table 3 The Hardy-Weinberg Principle

Condition Violation Consequence

Chance events can lead to changes in

The population i large Man udation small
population is very larg y pop! s are Soouiation bk
Organisms move in ut of the The population can lose in traits with
Thete is no iImmigration or emigration. hms e R _o e et
population, maovement of crganisms.

New traits do not pass as quickly to the

Mating is random Mating is not randam,
9 0 rest of the population
Now variations appear in the population
Mutations do not occur Mutations occur, : : Py
with 2ach new generation.
Traits in a population change from one
Natural selection does not occur, Natural selection occurs, popu 9 e

generation to the noxt,
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