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 Let’s review previous homeworks and
group discussion results

homework

+ |dentify topic sentences among these
paragraphs in this section

« Based on SQ3R, propose a question
and an answer to summarize this
section

 Practice marking tips and upload your
marking figure




A Case Study in Scientific Inquiry:
Investigating Mimicry in Snake Populations

Now that we have highlighted the key features of scientific
inquiry—making observations and forming and testing
hypotheses—you should be able to recognize these features
in a case study of actual scientific research.

The story begins with a set of observations and inductive
generalizations. Many poisonous animals are brightly col-
ored, often with distinctive patterns that stand out against the
background. This is called warning coloration because it appar-
ently signals “dangerous species” to potential predators. But
there are also mimics. These imposters look like poisonous
species but are actually harmless. A question that follows from
these observations is: What is the function of such mimicry?
A reasonable hypothesis is that the “deception” is an evolu-
tionary adaptation that reduces the harmless animal’s risk of
being eaten because predators mistake it for the poisonous
species. This hypothesis was first formulated by British scien-
tist Henry Bates in 1862.

A Case Study in Scientific Inquiry:
Investigating Mimicry in Snake Populations

* Many poisonous species are brightly colored,
which warns potential predators

* Mimics are harmless species that closely resemble
POISONOuUsS species

* Henry Bates hypothesized that this mimicry
evolved in harmless species as an evolutionary
adaptation that reduces their chances of being
eaten

© 2011 Pearson Education, Inc.




Figure 1.25
Scarlet kingsnake (nonvenomous)
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Figu

(b) Brown artificial snake that has been attacked
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What is the function
H ' = s a 7
A Case Study in Scientifrc Inquiry: of mimicry”

Investigating|Mimicrylin Snake Populations

Now that we have highlighted the key features of scientific
inquirv—making observations and forming and testing
hypotheses—you should be able to recognize these features
in a case study of actual scientific research.
The story begins with a set of observations and inductive
generalizations. Many_poisonous animals are brightly _col-
ared. often with distinctive patterns that stand out against the
hackground. This is called{warning mfﬂmtimjt’recause it appar-
ently signals “dangerous species” to potential predators. But
there are alsopmimics.|These imposters |gok like poisonous
species but are actually harmless. A question that follows from
these observations is: What is the function of such mimicry?
‘A reasonable hypothesis is that the “deception” is an evolu-

B

tionary adaptation that reduces the harmless animal’s risk of

Answer: : . - :
a harmless | P€ing eatenjbecause predators mistake it for the poisonous
animal species. This hypothesis was first formulated by British scien-

Ireduceits | tist Henry Bates in 1862,

risk of being | As obwvious as this hypothesis may seem, it has been rela-
eaten tivelv difficult to test. esneciallv with field exneriments. But

1 BE#E

Ibdelntify the topic sentence and concluding sentence from texts
elow:
"The story begins with a set of observations and inductive
generalizations. Many poisonous animals are brightly colored, often
with distinctive patterns that stand out against the background. This
is called warning coloration because it apparently signals
“dangerous species” to potential predators. But there are also
mimics. Thes imposters look like poisonous species but are actually
harmless. A question that follows from
these observations is: What is the function of such mimicry? A
reasonable hypothesis is that the “deception” is an evolutionary
adaptation that reduces the harmless animal’ s risk of being eaten
because predators mistake it for the poisonous species. This
hypothesis was first formulated by British scientist Henry Bates in
1862."

2EE

e
topic sentence : The story about animal mimicry begins with a set

of observations and inductive generalizations.
concluding sentence:The hypothesis was first formulated by
British scientist Henry Bates in 1862.

. Topic and Concluding usually are
Many poisonous animals are brightly colored. NOt |USt Tacts

The warning coloration is an evolutionary adaptation.

X4n

Topic sentence:Brightly color is called warning coloration.

Concluding sentence:Warning coloration apparently signals

“dangerous species” to potential predators and reduces the
harmless animal’ s risk of being eaten.
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Topic sentence

Many poisonous animals are brightly colored, often with

distinctive patterns that stand out against the background.

Concluding sentence

A reasonable hypothesis is that the “deception” is an
evolutionary adaptation that reduces the harmless animal’ s risk
of being eaten because predators mistake it for the poisonous

species.

KEY CONCEPTS

16.1 DNA is the genetic material

16.2 Many proteins work together in DNA replication
and repair

16.3 A chromosome consists of a DNA molecule

The Molecular : .
packed together with proteins

Basis of Inheritance
OVERVIEW

Life’s Operating Instructions

In April 1953, James Watson and Francis Crick shook the sci-
entific world with an elegant double-helical model for the
structure of deoxyribonucleic acid, or DNA. Figure 16.1 shows
Watson (left) and Crick admiring their DNA model, which
they built from tin and wire. Over the past 60 years or so,

A Figure 16.1 How was the structure of

DNA determined? their model has evolved from a novel proposition to an icon

of modern biology. Mendel’s heritable factors and Morgan'’s
genes on chromosomes are, in fact, composed of DNA.
Chemically speaking, your genetic endowment is the DNA




The Search for the Genetic Material:

Scientific Inquiry

Once T. H. Morgan’s group showed that genes exist as parts of
chromosomes (described in Chapter 135), the two chemical
components of chromosomes—DNA and protein—became
the candidates for the genetic material. Until the 1940s, the
case for proteins seemed stronger, especially since biochemists
had identified them as a class of macromolecules with great

S I heterogeneity and specificity of function, essential require-
ample . _ .

h ments for the hereditary material. Moreover, little was known
readlng about nucleic acids, whose physical and chemical properties

. seemed far too uniform to account for the multitude of
m ate [l al S specific inherited traits exhibited by every organism. This view
gradually changed as experiments with microorganisms
yielded unexpected results. As with the work of Mendel and
Morgan, a key factor in determining the identity of the genetic
material was the choice of appropriate experimental organ-
isms. The role of DNA in heredity was first worked out while
studying bacteria and the viruses that infect them, which are
tar simpler than pea plants, fruit flies, or humans. In this sec-
tion, we will trace the search for the genetic material in some
detail as a case study in scientific inquiry.

Read sample reading (Ch 14. The molecular basis of inheritance, Campbell
biology)

Transform key concepts/key words you found in the section called "the
search for the genetic material" into 3-5 questions and answers. This allow
you to practice SQ3R.
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1.Why people's view gradually change?

Because there is a key factor to prove that the DNA is the best choice of genetic material.
JEPAREE (IR & SaT f15218 IR )

Why the view changed?

Because the experiments with microorganisms yielded unexpected results.

REDBME(REE)
(DWhy the old view that protein is the genetic material gradually changed?

Answer:The experiments with microorganism yielded unexpected results.
@What's the candidates for the genetic meterial?

Answer:DNA and protein.

(®What does genes exist as?

QHQ\MPI"GQHQQ avict 3¢ nart nf chromasames

HFHFEE(KE 55 LM)

1.Why people have different view later? Microorganisms vielded unexpected results.
2.What modern organism was used to prove DNA in heredity?

DNA in heredity was first worked out while studying bacteria.

3.Where the search for the genetic material? GOOd at

paraphrasing!

In some detail.

[TED-Ed] zf&afEt&fe{n sk 2 (Why are
therﬁ SO Mdny HlS@CtS()) https://tw.voicetube.com/videos/35769?ref=teded

YoiceTube'"
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to thrive

(® in a range of environments across the planet.

@ Even some of the most extreme environments are
in bounds;

(® Flat bark beetles can live at -40 degrees Fahrenheit,

() Sahara Desert ants can veniure out

(® when surface temperatures exceed 155 degrees,

() and some bumblebees can survive 18,000 feet
above sea level.

(® Insect exoskeletans also work like body armor,

B rretacting incacte anainet tha moteids werld

) 0:00/ 4:43 - - I ]
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Read: [TED-Ed] s2sa/Et&it{0] 2k ? (Why are there so many insects?)
https://tw.voicetube.com/videos/35769?ref=teded

Transform key concepts/key words you found in the film into 3-5 questions
and answers

1. What happens if insect suddenly become large beings
and numbers?

A: They will destroy us simply because they outnumber us
by more than a billion to one.

2. What are the secrets for insects to success?

They breed many offspring; so even they die a lot, still many
survive.

They mature rapidly so their cycles of reproduction resume
quickly.

Insect exoskeleton also protects them against the outside
world

Insects are tiny, so they can make use of all the available
resources around it. This means they can occupy hundreds
of niches across ecosystems

3. How could insect adapt so well on earth given their
huge species diversity and individual numbers?

A: Fast reproduction means insect contains great genetic
diversity allowing them to adapt different environment.

4. What is the advantage of metamorphosis in insect?

It not only transform insect but also help them to maximize
the available resources in an ecosystem.

Take butterfly, in the larval caterpillar form, they feed on
leaves. But when they emerge as butterfly, these insects
feed only on flower nectar.

So the larvae and adults share an ecological niche without
competing the same resource.




Read: [TED-Ed] s2sa/Et&it{] M2 ? (Why are there so many insects?)
https://tw.voicetube.com/videos/35769?ref=teded

Transform key concepts/key words you found in the film into 3-5 questions
and answers

AN B2

(1)What does insect abundance come down to or what's their secret to success?

I.

(DTogether make them some of the most adaptable and resilient creature.

@Their impressive ability to breed.

®lnsects harbor a tremendous amount of genetic diversity to suit various environment.
@]Insect exoskeletons also work like body armor,which can protect them from danger.
®Insect with tiny shape can make good use of space and all the available resources within it.

(2)What's the mighty power of metamorphosis?
Answer:

This traint not only transforms Insects,but also helps them maximize the available resources in an ec
osystem.

| (3)What does metamorphosis mean? |
Answer:

It means the larvae and adults of one species will never compete for the same resources.

Sllgo
1.Why are there so many insects?

First,insects have impressive ability to beed,and the cycle of reproduction resumes quickly.

Second, insects harbor a tremendous amount of genetic diversity.

2.Why we had be crushed simply if insects suddenly morphed into large beings, and decided to wag
e war on us?
Because of their sheer numbers.

3.The number of insects means what?
It means that as a class, insects harbor a tremendous amount of genetic diversity.

4. What a wealth of genetic data can give insects ?
It can give them the necessary adaptations they need to thrive in a range of enfironments across the

planet.

I 5.Metamorphosis means what? I

It means the larvae and adults of one species will never compete for the same resource, they success
fully share an ecological niche without limiting their own success.




TEE
1.Why humans would lose ,if insects decided to wage war on us?
Because their sheer numbers would crush humans.

2 Approximately how many insects on Earth ?
There are an estimated 10 quintillion individual insects on Earth. These are

questions on f:

These invertebrates are existing at special level. .

— but try ask fact

I 1.Why are there so many insects on earth? I ideas
Answer:Insect abundance comes down to many things that together make them some of the most a

3.Which numebers are existing at special level?

daptable and resilient creatures,beginning with their impressive ability to breed.

2.How terrible the number of insects?
Answer:Compared with our population of about 7 billion, these invertebrates out number us by mor
e than a billion to one.

3.How come we don't feel that the numbers of insects is lage?
Answer:Beause we're big and they're small,so it's easy to forget that these critters are moving in their
millions all around us,all the time.

i try ask fact + ideas

1.key words:outnumber astounding number ,breed ,offspring, tremendous genetic diversity,exceed, t

Iny,niches,metamorphosis,conqueror2.question:why we would simply be crushed by insects sheer nu
mbers? answes:there are an estimated 10 quintillion individual insects on earth that's a followed by 1
) zeroes.3.why insect's astounding number exist at the species level?

pecause there are  more than 6000 vertebrate species on the planet.but the class of insects contains

a million known species ,and mang othersthat haven't been classificed infact these critters make up

approximately 75% of all animals on earth ,3.why insects can ccupy hundreds of different niches acr

ss ecosystem most species are so tiny million of insects can inhabit a small space and made use of

all the vailable resources within it.4why insects is the true conquerors of the planet .because examin
almost any patch of ground,and you're sure to find them there numbers are immense and their succ
ess is unmatches.




Before you begin to read your
assignment:

1. Look at the way the material is organized.

Read the titles and sub headings.

2
3. Be sure to read all the captions for pictures.
4

Read the title and the axes labels for charts
and graphs.

5. If there are questions at the end of the
material, read them. You will have a good
idea which concepts are of key importance.
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While you read:

1. Read the entire paragraph or section
without making notes or underlining
anything.

2. Think about what the major ideas are
In contrast to the details.

The Role of Hypotheses in Inquiry

In science, a hypothesis is a tentative answer to a well-
framed question—an explanation on trial. It is usually a ra-
tional accounting for a set of observations, based on the
available data and guided by inductive reasoning. A scientific
hypothesis leads to predictions that can be tested by making
additional observations or by performing experiments.

We all use hypotheses in solving everyday problems. Let’s
say, for example, that your flashlight fails during a camp-out.
That'’s an observation. The question is obvious: Why doesn'’t
the flashlight work? Two reasonable hypotheses based on
your experience are that (1) the batteries in the flashlight are
dead or (2) the bulb is burnt out. Each of these alternative hy-
potheses leads to predictions you can test with experiments.
For example, the dead-battery hypothesis predicts that re-
placing the batteries will fix the problem. Figure 1.24 dia-
grams this campground inquiry. Of course, we rarely dissect
our thought processes this way when we are solving a prob-
lem using hypotheses, predictions, and experiments. But the
hypothesis-based nature of science clearly has its origins in
the human tendency to figure things out by trial and error.




Figure 1.2

i

]

é\f/
s

=

~ Observatior‘s

Question J

1

Hypothesis #1:
Dead batteries

©2011 Pearson Education, Inc.

l

Hypothesis #2:
Burnt-out bulb

Figure 1.24b

Hypothesis #1:

Dead batteries

!

Prediction:
Replacing batteries
will fix problem

Test of prediction

Hypothesis #2:
Burnt-out bulb

!

Prediction:
Replacing bulb
will fix problem

Test of prediction

Test falsifies hypothesis Test does not falsify hypothesis

©2011 Pearson Education, Inc.




After reading a paragraph or section:

1. Use a pen or pencil, not a highlighter. With a pen
or pencil, you can paraphrase and add margin
notes.

2. Marking your textbook
a. Lines:
Highlighted for major ideas.
single lines for minor ideas or explanation of
main ideas.
b. Margin notes:
In the left/right margin write . . .
1. Memory phrases
2. Summaries and paraphrases of main
ideas and details (These are answers of predicted
test questions, see below)
3. Predicted test questions (based on main
ideas)

3. Definitions and Examples

a. Write “def” or “ex” in the margin.

b. Underline definitions in thick and (put
parenthesis around examples)

4. Important concepts: Put a circle or box
around these to make them stand out.

5. Captions (a title or explanation for a picture):
underline and mark these just as you would
the text.




def

1 e

How to make a
The Role of Hypotheses in J‘nquirf: hypothesis?

In science, alhypothesis |is a tentative answer to a well-
framed questiun;an explanation on trial. It is usually a ra-
tional accounting for a set of observations, based on the
available data and guided by inductive reasoning. A scientific
hypothesis leads to predictions that can be tested by making
additional observations or by performing experiments,

ex We all use hypotheses in solving everyday problems. Let’s
say, for example, thatlyour flashlight fails during a camp-out|
.:nrs ;;?er;n That’s an{ DbSEW&tiDl’tH' The question is obvious: Why doesn’t
| ‘:-ﬁyputhesis the flashlight work? Two |reasonable hypothesﬂ based on
>prediction |your experience are that (1) the batteries in the flashlight are
|>test(experi |dead or (2) the bulb is burnt out. Each of these alternative hy-
ments) otheses leads to predictions you can test with experiments,
ex For example, lthe dead-battery h}rpothesis‘éredicts that re-
placing the batteries will fix the problem.[Figure 1.24 dia-
rams this campground inquiry. Of course, we rarely dissect
our thought processes this way when we are solving a prob-
Step lem using hypotheses, predictions, and experiments. But the
de £ [hypothesis-based nature of science clearly has_its origins in

the human tendency to figure things out by trial and error.

« How about your dream?
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3ecause [ like it

' like biology in my high school period lcomplete idea. how?

3ecause the virious biology attract me deeply and I wanna explore it with my whole effort. I

~am so regret that life science wasn't my first major,I 'm here just because a mistake I lost my opport

Jnity to access to another major.The system turned me here finally. Then?
~want to be a famous person who like Darwin. I How ? Too broad
like it

At first [ did not understand the subject of life science, but I saw the introduction of this subject, I fee
more interested in the subject, and I served as a representative of biology class in high school, so 1
“hose this subject.

=irst,I think life science is very magic;
Second,my major can study two languages,I think it can make me do a successful women.
That's all!

secause I like it very much.I am interested in life science.I want to know more about biology.

3ecause I like biology when my high school,and to be curious biology,andl want to become a biologi

zal and technical personnel,so I choose life science as my major. |
B4 olgg = A k
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My examination scores didn't allowed me to choose the major that I want . I think your teaching is v

ery good. And my English is very poor.

I chose life science as a professional,because I love it.then,want to be a biology teacher,so would hav

e been further education. in the process ,constantly, improve myself, to realize myself.

Because I am interested in it since I began to study Biology.I want to learn the life habit of plants and
animals.The subject involves much kownledge about different fields.I hope it can be very helpful in t

he future.

better be n

Because my biology teacher in high school is an interest man.He always lead us think plo©d&is K |

simple to difficult. And the explainations he gives are very great. His lessen let heG RS DO C
ually,but | want to be a teacher in primary school at first. Than | were not admitteb@éﬁﬂ@érﬁiﬁv r

hich | dreamed.Finally | choose life science. | | |

Here are some reasons about why I choose life science as my major: .

First of all,I made a big mistake in the national college entrance examination,whictpnewaltle%ltqup%srsim
ble to get into a better major. eXp|a|n creatl
And then,for me,I am interested in biology. interesting We
Here comes the chance,why not have a try? with details.
What's more?The world is so big that I want to have a look.For what?Maybe for m’i%linﬁﬁrgaaéchljﬁe

g and studying. ,
For all the reasons above,I chose it. y géﬁgo JOim Ahl
0

—
Thhnnle vims, aoavnNninro
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Because the college entrance examination is not high - and i prefer biology to other subjects.

I like life science in high school,and I like animal very much,so I choose it.

I chose this subject because I want to study biomedical in the future. And I'm trying to apply for a be

tter foreign university in the next semester.

I am a Mongolian girl and I like everything about prairie.In my opinion ,the nature is mysterious and

amazing.So I chose life science.Thanks

At the beginning,I think it is a chosing choice,because of my low score.But when i tell my english tea
cher,she said,don not confuse,just do it.after that,i decide to look forward to be a biologic teacher.

To be honest.I don't like the life science as my major.Because the result is not ideal.leading to the ch
oice of the professional. But later i find it is not difficult to try to like the life science. No matter what
Now that I have chosen it. I will try my best to learn it and do it best.

Because I want to be a biology teacher, I will have a stable job in the future.

Because I more like creatures

I've chosen a lot of major,but life science.But in the end - Because the score is too low - After consult
ing a lot of information - I chose the biological sciences in the rest of my profession.I have confidenc
e in this major.

Because in high school,I chose to learn sciences,but in itI only learnt Biology well.I was interested in i

t very much.It is said that the 21th century is the era of Biology.I w( g 524 1] Al = A
Aiinn =+ [ENEUEN PO Aot Diclacoa: Awd Thana Tl caast maa A
dex/26803/chapter_list/50081/console/2665279/single/ c Q #= ﬁ E " ‘ﬁ (=]

Because in high schoolI chose to learn sciences,but in itI only learnt Biology well.I was interested in i
t very much.lt is said that the 21th century is the era of Biology.I want to try my best to learn some a
dvanced technologies about Biology.And I hope I will get some achievements in this field.So I chose

life science as my maijor.

Because I really like biont.So I hope I can put my heart and soul into research, and explore the magic
world. And at university,the most meaningful thing is to discover and challenge myself.

When I was in middle school I found I was intersted in biology.At the same time,I think the nature of
all life is amazing.I want to know more about the knowledge of life.So I choose life science as my m

ajor.

Just entered university.| want to become a biological teacher.slowly understanding of the subject.| f

ound | like to do biological experiment and research on biology.so | believe my beﬁ@rrp‘r@géﬂt

tudy this major hard. valr idea an
VUl 1ivuovaAa vull

To be honest,because my college entrance examination result is not very high,Iﬁ%W‘t d0§¢ na
eal university or major.l had to choose the subject which I like best in high school ,so T éhoosecPlife s
cience. I'm thankful for the decision I made. Because now I like the subject very er:I'aChleve SO

In the beginning, I wantto major in chemitry, but because of my scare is lower than the st
andard line in chenmitry,So I deside choose the life science finally, though itis not my prime ch
oose,l will like the subject and will learn it hardly !

Ilove animals and plants when I'was in childhood ,and I'm always | @ L5 [T 4 = A ‘
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I love animals and plants when I was in childhood ,and I'm always interested in science fiction films.
With the growth of age,l increasingly want to know more details about life ,even I want to do some

research about science in the future . So,I hope one day my dream will come true. Step

I wanna make a robot because I fell in love with a cartoon character called Doraemon. Firstly,  want t
o be a mechanician but I founded the most significant part is how to make the robot alive.It is not co
ncerned about the technology but the biology and mental philosophy. Secondly, I am good at medi
cine gradually, I want to care for the animals and human been. My favorite thing is about panda. The
refore I choose the biology AMBZNE - BEMBEEEE TR - MARHKEZTHEVEE - WEHEER
BNFHEZE - BERAUZAERMNEN - 2R AR HREPEEE - RILRASASHEER
Hit s mEEEARNSE - AnBRiEHa ATl - BEME - AR - BEXECHEE - =Kk
BAE - ARTERE - EFNEH#E - BERBSSHZ0LINEACH - REHZECEBN /TS
NEER—EGARES - REZAFEUAY - BE4 E8EEEtedMININ —LRARBEARE - BREA
P AmBR R RN - EREENS - BEESRBL  BAREEENTHE  BAEEOAR -

i like life science,and i want to be biologist. TI’! make !OUF

I like Medical Science and i think medical and biology have contact - goaIS Clearly
I also like learning biology.

Because my favourite subjects are English and biology from junior school. I think biology is very inter

esting and fascinating.I want to learn more about it.And I want to be knowledgeable.

ol BEEE = A

Because I didn't study well in high school - my college entrance ex=einatioanie final ccaracuacntt o
y good. And I was good at biology and English so I chose life scieq

dex/26803/chapter_list/50081/consale/2665279/single/ c Q #= 1:? E ‘.' ﬁ o {
Because [ didn't study well in high school - my college entrance examination’s tinal scores wasn't ver
y good. And I was good at biology and English so I chose life science with English which i ensured to
enter.

Because I like biology.AndI want to learn more life science.So I choose it.

As long as I can remember,I have seen many people who died of diseases on TV.At that time I wante
d to know why we do not have the solution to the illness.I truly want to find the solution.LaterI realiz
e what job [ will do.I dream of being a pharmacist .

Because I think life science is a colorful profession .We search life from animals,plants microbes and
cells.I have learn more knowledge in this process .so I choose life science as my major.

I am interested in gene and brain science.Ln fact,L hope to do some research to develop human pot
ential.

I think every life is nature's most perfect work in micro.I enjoy it - the life not like machine - the mac
hine is died but the life is not like machine .All the biology is life - Ilove it - I want to research it

First,I have a strong interest in English and be good at it.Second,! think life science to me is much eas
ier than physics,chemistry and so on.And most important of all I think life science is a subject full of c
onnotation and it can widen my my horizon.That's all.thank you.

When I was a kid,I used to want to be a chef.However,I chosed to continue learning and get the adm

ission notice of a good university for parent.Beacuse they have gr N
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thinking for a long time that I worked hard is for parent.But,I foun
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When I was a kid,I used to want to be a chef.However,I chosed to continue learning and get the adm
ission notice of a good university for parent.Beacuse they have great ambitions for me.At least,l was
thinking for a long time that I worked hard is for parent.But,I found that I was wrong later.I started se
If reflection,and I thought about how my life is going.I want to be a scientist for my country.Beacuse
I like quiet and I have great ambitions.Of course,I like biological,too.I hope to be able to combine the
physical and biological together.

Because biology is closely related to life. I want to know myself - understanding of living organis

ms. It makes me think it's interesting.

As for melife science is more like a confiment of my life.Maybe i won't work on it in future - but i will
tell you the turth that i feel happiness when i choose it.Not about other else just because i love it,so

I want to study it at a deeper level.

Because I think this subiect is SO interesting that it can improve my knowledge

Life science contains multiple subjects such as physics, chemistry, geography, life science is als

o widely used, such as the deepening of application of bionics and biological chemistry, life science
as the foundation of many disciplines, therefore, and because I personally prefer biology in high sch

ool, Ithink interest is the best teacher!So,i choose it.

Firstly, I am interested in biology all the time. Secondly, I intend to improve my English level through
the major because it is a bilingual major. The most important of all, I think the life science will have

a bright future and I want to contribute my own for life science in B
8 B4 [0l = A
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Firstly, I am interested in biology all the time. Secondly, I intend to improve my English level through
the major because it is a bilingual major. The most important of all , I think the life science will have
a bright future and I want to contribute my own for life science in our country.

Because I like biology.In my opinion life is amazing,it makes me crazy.So that why choose it.

I like plants and animals,and i think life science is closely connect with our life ,so i choose this subje
ct

—liSdtven, much Curiositv letme choce it,

In high school, learning biological is the most interesting. and studying biological allows myself to ac

cess unknown creatures.

I am fond of life science, and I think biology can broaden my knowledge and improve myself.

First, my college entrance examination scores are poor,which cannot reach demand of ideal major.
Second,I am interested in biology.When I was a senior high school student,I studied biology well an
d I felt very easy.

Third,nowadays,the state pays attention to the agricultural development.Maybe I will find a job easil

y in the future.

Because biology was my favourite subject over the past 6 years.I am so interested in it,especially in L
amarch's use and disuse theory and Darwin's theory of evolution.

Because biology prospect is good, the employment side wide. B
Q B2/ [l = A {

And feel life is amazing, very interesting.




When selecting a professional I don't like this major, then gradually I became interested in cells,I hop

e to be able to learn the professional...

Because there is a great influence on my high school biology teacher.She told me that no subjects ca

n give you joy and wisdom except life science.And I like tiny things which the existence people can't
see in the world.I also want to know that how the body works so that let everyone away from diseas

ac That'c all

Watch the film [BIC 22558 Z 1 815 A2 K. Tell me what do you think §Eil
3-5 most important values a university should have. (use sentences rather

than words
) O BEEFHEIER

No tutor? How about me?

RS-

1. give students enough time and space

2. encourage students to debate challenge outmoded conventions FaCt_ Only or
3. tutors are responsible for one to one guidance 0p|n|on?

BRR(RRER TEE 155X 200 xBHem 3B1E )
1 ~ Giving priority to students .2 ~ Freedom more important than anything.3 -

All resistance are effective.

HERMbanana( 0] KB F+E =i ) No free speech?

1.Students should be allowed to have free speech and should encourage that.

2.The university should be pay attention to the student personal education and ability.

3Administrative management is composed of staff rather than administrative personnel.

645( B 1N SKEI Bt ) No staff?

it should wide the view of students.

RORM( I AREE XFE 48 oF B 255 /i BA)
[ think a successful university should have a belief about freedom.It should have debate rather than

blind obey.And it must have the creative ability




unbelievable( Ziels Mz T I K8 EE X=ZE)
1.Do not take the interests for the purpose, to educate the students as the fundamental.
2.To have a broad mind to accept different voices.

3.Training students to exglore their interests and Qotential.
BREZF(AE 2i28)
We should have dependent thinking ability.

Different voice?

Train our eloquence.Create our subjectivity,

fancy( flimiC EEZ =/ aif)
1.A university should have debating.

2.A university should have patience. No rng ht to
3.A university should have passion. express view?
KBRS & 57 1B A INERE B ) Idleological
Not bound students ideological thinking. th king’) For

Let the students have the right to express their views.
Pay attention to every student and encourage them to chanllenge.

Let the students have the right to express their views

228( iz R g 24 At R BE5)
1 » Because it give students free to debate, to speak out their own opinion.

2 -~ Because not a university,it is a unit college ,every college have i

o) £t gk
3 * one to one
228(FIRESE R 20 WRY Nl ER FES) Then tell me your

1 - Because it give students free to debate, to speak out their own opinion. obinion!
2 -~ Because not a university,it is a unit college ,every college have it own rule.
3 > one to one

IR B BT T , how
They can create their own future and decide their destination by the higkheyiu@rera e their
Pay attention to the potential of teachers and students , found their wisdonbwr.| fut re?
The can give enough space and time to students.

KSARH AR A8 BRE)
1 can widen students' horizon
2 every person have their own space

EZE20ILE(T &M BE)
1.At the univeristy of cambzidge in adipting the mentor of tutorial system, develop an in
dependent personanlity of the ideal student. 2.

pia pia( ‘& GkE X X4 Z25)
students should have free thought !
time management

friendship




BeaUty&Beast,( 1 &3 [H15 X kB 1% ZhFE )
At first,a university is more important to students' personal abilities and encourage themselves to do
what they are good at. Secondly,they're not contraint their thoughts. Finally,university hopes them,t

hey have ambition to change the world. YeS, but how?

AZAZE~~ (1R S RZ Z08)
I think a university should respect the feeling of ever student ,and give chances to each of them, an

d encourage them to think .

Retail league( £:5F)
Giving students enough free. de_administration. academic pursuit

1.School must be patient with students

2.School should free students thought
3.School fail to define failure

RBOBINE(REE RER W/)hE)

(DEncouraging students to debate,develop critical thinking,change the world rather than bondage th
o Cultivate student?

@Sparing no effor to cultivate student.

@University provide for freedom space and time to creat students brilliant mind.

retail league TRIE T
The quality of respect other is very important.For our future.For our parents expectation.let us rr)nake
up our mind to destroy obstacles and embrace our challenge to win sucess. respeCt .

Marking tips for textbook readings

 Dissect out paragraph structures so that
you learn the author’s logic (topic,
supporting and concluding sentences)

« Mark key term/concept, def, ex, steps,
fact, main idea and explanation of main
ideas

« However, too many markings are
unrealistic (Try not to mark over 30%)

 In English, each paragraph usually just
contains one major idea. Remember this
when you write.




« Campbell biology: Inheritance

» Chapter 15, 16 (P.286-324)

1. Write the topic and concluding sentence
2. Turn the whole paragraph into a sentence of question and a
an answer.

Building a Structural Model of DNA:

Scientific Inquiry

Once most biologists were convinced that DNA was the genetic
material, the challenge was to determine how the structure of
DNA could account for its role in inheritance. By the early
1950s, the arrangement of covalent bonds in a nucleic acid
polymer was well established (see Figure 16.5), and researchers
focused on discovering the three-dimensional structure of
DNA. Among the scientists working on the problem were Linus
Pauling, at the California Institute of Technology, and Maurice
Wilkins and Rosalind Franklin, at King’s College in London.
First to come up with the correct answer, however, were two
scientists who were relatively unknown at the time—the Amer-
ican James Watson and the Englishman Francis Crick.




How to determine the structure of DNA, given DNA
was convinced the genetic material?

Building a Structural Model of DNA:
Scientific Inquiry

inced that DNA was the gpﬂpﬁr‘
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Figure 15.1

Overview: Locating Genes Along
Chromosomes

« Mendel's “hereditary factors” were genes
« Today we can show that genes are located on
chromosomes

* The location of a particular gene can be seen by
tagging isolated chromosomes with a
fluorescent dye that highlights the gene (FISH)

Fluorescence in situ hybridization

© 2011 Pearson Education, Inc.
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Concept 15.1: Mendelian inheritance has its
physical basis in the behavior of chromosomes

« Mitosis and meiosis were first described in the
late 1800s (1875, 1890)
 The chromosome theory of inheritance states:
— Mendelian genes have specific loci (positions) on
chromosomes
— Chromosomes undergo segregation and
iIndependent assortment
« The behavior of chromosomes during meiosis
can account for Mendel’s laws of segregation and
iIndependent assortment

© 2011 Pearson Education, Inc.
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All F, plants produce
yeIIow -round seeds (YyRr).
F, Generation e / / .
If \y . | \
al / \
Meiosi LAW OF INDEPENDENT
LAW OF SEGREGATION elosis ASSORTMENT Alleles of
The two alleles for each \ \ genes on nonhomologous
gene separate during | chromosomes assort
gamete formation. ' Metaphase I independently during gamete
\\W'/ Qr o / formation.

segregationg _ a \> _ @Independent
< ?ﬁ assortment
Anaphase I

3\
ey Gt ¥/
47 Ny 1 e /,f N

\\ﬂ/ \ Y_W \\_k/j
~ { >/’ e / \ = / \ ~ 7/ ( \/(
el R 2N N 2

R TR P

) - )

YT '

o) @ @) W)

@® 2011 Pearson Education, Inc.




I
Morgan’s Experimental Evidence:
Scientific Inquiry

« The first solid evidence associating a specific
gene with a specific chromosome came from
Thomas Hunt Morgan, an embryologist

* Morgan’s experiments with fruit flies provided
convincing evidence that chromosomes are the
location of Mendel’s heritable factors

© 2011 Pearson Education, Inc.

Morgan’s Choice of Experimental Organism

» Several characteristics make fruit flies a
convenient organism for genetic studies

— They produce many offspring
— A generation can be bred every two weeks
— They have only four pairs of chromosomes
* Morgan noted wild type, or normal, phenotypes
that were common in the fly populations

 Traits alternative to the wild type are called mutant
phenotypes

© 2011 Pearson Education, Inc.




Figure 15.3
after more than two years breeding — Morgan persisted

The F, generation all had red eyes
The F, generation showed the 3:1 red:white
eye ratio, but only mals had white eyes

® 2011 Pearson Education, Inc.

Morgan determined that the white-eyed mutant
allele must be located on the X chromosome

Figure 15.4 EXPERIMENT

P
Generation ? % I %Oﬂ

F, pV4 Al offspring
Generation had red eyes.
RESULTS
F
Generzation 9& QM &o" % (of
CONCLUSION
P e - X c=b
Generation x; % x '% Y &3
=T s
Eggs
F1 . wt wt
Generation o _— = ﬁ=

Sperm
Eggs

o]
Generation ? “w | d

=» | =
¢ =Pl =
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Figure 15.5

sex-linked genes

X-linked
genes
1100 genes

/8 genes, 25
proteins,

few disordered
Y-linked
genes

-
Concept 15.2:

The Chromosomal Basis of Sex

* In humans and other mammals, there are two
varieties of sex chromosomes: a larger X
chromosome and a smaller Y chromosome

* Only the ends of the Y chromosome have
regions that are homologous with corresponding
regions of the X chromosome (why?)

 The SRY gene on the Y chromosome codes for
a protein that directs the development of male
anatomical features (2 months old embryo for testis)

© 2011 Pearson Education, Inc.




Figure 15.6a

Parents Q
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m l Egg
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Zygotes (offspring)
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(a) The X-Y system

(¥

(b) The X-0 system
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Figure 15.6b

(%)

iy

(c) The Z-W system egg determine the sex of offspring

a male has no father
and cannot have
sons

(d) The haplo-diploid system Hymenoptera

©2011 Pearson Education,

unfertilized egg-> haploid male, no father




Inheritance of X-Linked Genes

« X chromosome have genes for many characters
unrelated to sex, whereas the Y chromosome
mainly encodes genes related to sex determination

* For a recessive X-linked trait to be expressed

— A female needs two copies of the allele
(homozygous)

— A male needs only one copy of the allele
(hemizygous)

» X-linked recessive disorders are much more
common in males than in females

© 2011 Pearson Education, Inc.

« Some disorders caused by recessive alleles on the
X chromosome in humans

— Color blindness (mostly X-linked)

— Duchenne muscular dystrophy
— Hemophilia

© 2011 Pearson Education, Inc.




Figure 15.7
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Color blindness If a carrier mate A carrier mate a

will transmit the with a normal male,  c¢olor-blind, 50%

mutant allelesto ~ 90% males have child will have the

all daughters the disorder; 50%  disorder. Normal
females are daughter is carrier
carriers

X Inactivation in Female Mammals

* In mammalian females, one of the two X
chromosomes in each cell is randomly
inactivated during embryonic development

* The inactive X condenses into a Barr body

 |If a female is heterozygous for a particular gene
located on the X chromosome, she will be a
mosaic for that character

© 2011 Pearson Education, Inc.




Figure 15.8
X chromosomes

Allele for
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Early embryo:
Allele for
black fur
Cell division and
X chromosome
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Active X nactive
Black fur Orange fur
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How Linkage Affects Inheritance?

Morgan crossed flies that differed in traits of body
color and wing size

N/
F i X ‘*’

EXPERIMENT P Generation (homozygous)

Double mutant
(black body,

Wild type
vestigial wings)

(gray body, normal wings)

b*b*vgtvgt bbvgvg




Fiaure 15.9-2

EXPERIMENT P Generation (homozygous)
Double mutant

Wild type (black body,
(gray body, normal wings) vestigial wings)
bt btvgtvgt bbvgvg
F, dihybrid Double mutant
(wild type)
b*bvgtvg = bbvgvg

Fiaure 15.9-3

EXPERIMENT P Generation (homozygous)
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Wild type

(gray body, normal wings)

bt b*tvg*tvgt

F, dihybrid
(wild type)

bt*bvg*tvg

Testcross
offspring

A f\

Q I/ v d
Wild type Black- Gray- Black-
(gray-normal) | vestigial | vestigial | normal

pY4 3

& NeS,

3
b*bvgtvg bbvgvg | btbvgvg

Double mutant
(black body,
vestigial wings)

bbvgvg

Double mutant

bbvgvg




Fiaure 15.9-4
EXPERIMENT P Generation (homozygous)
Double mutant

Wild type (black body,

(gray body, normal wings) vestigial wings)

b*b*rvgtvgt bbvgvg

F, dihybrid &b/ Double mutant
h _ 77 _TESTCROSS

(wild type) ~hd x < *{

| |l
b*bvgtvg Q A a{\ v = bbvgvg
Testcross

Wild type Black- Gray- Black-
(gray-normal) | vestigial | vestigial | normal

N

.@ &

b/ NS
g ~~f 5 A

b*bvgtvg bbvgvg | b*bvgvg

PREDICTED RATIOS
If genes are located on different chromosomes: 1 : 1 2 1 : 1
If genes are located on the same chromosome and 1 . 1 ) 0 . 0
parental alleles are always inherited together: . : :
RESULTS 965 : 944 : 206 : 185
@ 2011 Pearson Education, Inc.

Concept 15.3: Linked genes tend to be
inherited together because they are located
near each other on the same chromosome

« Each chromosome has hundreds or thousands
of genes (except the Y chromosome)

* Genes located on the same chromosome that
tend to be inherited together are called linked
genes

« This against law of independent assortment

« Linked genes may not necessary close to each other on
chromosomes

© 2011 Pearson Education, Inc.




« Morgan found that body color and wing size are
usually inherited together in specific
combinations (parental phenotypes)

* He noted that these genes do not assort
independently, and reasoned that they were on
the same chromosome

© 2011 Pearson Education, Inc.

Figure 15.UNO1
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Genetic Recombination and Linkage

* However, nonparental phenotypes were also
produced

» Understanding this result involves exploring
genetic recombination, the production of
offspring with combinations of traits differing from
either parent

* The genetic findings of Mendel and Morgan relate
to the chromosomal basis of recombination

« That mechanism was the crossing over of
homologous chromosomes

© 2011 Pearson Education, Inc.

Figure 13.11-5 . .
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Recombination of Unlinked Genes:
Independent Assortment of Chromosomes

* Mendel observed that combinations of traits in
some offspring differ from either parent

« Offspring with a phenotype matching one of the
parental phenotypes are called parental types

 Offspring with nonparental phenotypes (new
combinations of traits) are called recombinant
types, or recombinants

* A 50% frequency of recombination is observed
for any two genes on different chromosomes

© 2011 Pearson Education, Inc.

Figure 15.UN02
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Figure 15.10a

Testcross Gray body, normal wings Black body, vestigial wings
parents (F1 dihybrid) (double mutant)
bV of
b+ vg* \\f,y bvg
~Almk —I—p
I D P —xl_D
b vg i bvg
Replication 2\ Replication
of chromosomes N/ o} of chromosomes
b*vg* ? bvg
bvg
bvg
Meiosis 1 bre
Meiosis I and 11
Meiosis 11
Recombinant
chromosomes v
bvg

btvg*
Eggs (D
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Figure 15.10b

Recombinant
chromosomes

Testcross 965 944 206 185
offspring Wild type Black- Gray- Black-
(gray-normal) | vestigial vestigial normal b vg
b*vg* b vg b*vg b ve+ S— -
(S - P C DD | GaalED | C T2
XD —EID | XD | &——FJI_P
b Vg b vg b vg b vg Sperm
"~ ~ —- —~— ~

Parental-type offspring Recombinant offspring

Recombination _ 391 recombinants 100 = 17%
frequency ~ 2,300 total offspring
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Mapping the Distance Between Genes Using
Recombination Data: Scientific Inquiry

 Alfred Sturtevant, one of Morgan’s students,
constructed a genetic map, an ordered list of
the genetic loci along a particular chromosome

 Sturtevant predicted that the farther apart two
genes are, the higher the probability that a
crossover will occur between them and
therefore the higher the recombination

frequency
© 2011 Pearson Education, Inc.
Figure 15.11
RESULTS
Recombination
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* A linkage map is a genetic map of a
chromosome based on recombination
frequencies

« Distances between genes can be expressed as
map units; one map unit, or centimorgan,
represents a 1% recombination frequency

« Map units indicate relative distance and order,
not precise locations of genes

© 2011 Pearson Education, Inc.

Figure 15.12

Mutant phenotypes

Short Black Cinnabar Vestigial Brown
aristae body eyes wings eyes
e

0 48.5 57.5 67.0 104.5
8 8
Long aristae = Gray Red Normal Red
(appendages body eyes wings eyes
on head)

Wild-type phenotypes
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Homework 15-1. Mapping the Distance Between Genes

1. Imagine a species with three loci thought to be on the same
chromosome. The recombination rate between locus A and locus
B is 35% and the recombination rate between locus B and locus
C is 33%. Predict the recombination rate between A and C.

2.Red-green color blindness is caused by a sex-linked recessive
allele. A color blind man marries a woman with normal vision
whose father was color-blind. What is the probability that they will
have a color-blind daughter? What is the probability that their first
son will be color blind?

© 2011 Pearson Education, Inc.

LECTURE PRESENTATIONS

For CAMPBELL BIOLOGY, NINTH EDITION
Jane B. Reece, Lisa A. Urry, Michael L. Cain, Steven A. Wasserman, Peter V. Minorsky, Robert B. Jackson

Chapter 16

The Molecular Basis of

Lectures by
Erin Barley

Kathleen Fitzpatrick

© 2011 Pearson Education, Inc.




I
Overview: Life’s Operating Instructions

* In 1953, James Watson and Francis Crick
introduced an elegant double-helical model for the
structure of deoxyribonucleic acid, or DNA

« DNA, the substance of inheritance, is the most
celebrated molecule of our time

« Hereditary information is encoded in DNA and
reproduced in all cells of the body

« This DNA program directs the development of
biochemical, anatomical, physiological, and (to
some extent) behavioral traits

© 2011 Pearson Education, Inc.

Figure 16.1
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Evidence That DNA Can Transform Bacteria

« Early in the 20th century, the identification of the
molecules of inheritance loomed as a major
challenge to biologists

* The discovery of the genetic role of DNA began
with research by Frederick Griffith in 1928

« Griffith worked with two strains of a bacterium, one
pathogenic and one harmless

* When he mixed heat-killed remains of the
pathogenic strain with living cells of the harmless

strain, some living cells became pathogenic
(something from Killed remains transfer to harmless living cell)

© 2011 Pearson Education, Inc.

Figure 16.2
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* He called this phenomenon transformation, now

defined as a change in genotype and phenotype
due to assimilation of foreign DNA

* In 1944, Oswald Avery, Maclyn McCarty, and Colin
MacLeod announced that the transforming
substance was DNA

* Avery broke these pathogenic cells and isolate
three candidate: DNA, RNA and protein, only DNA
can be transformed.

© 2011 Pearson Education, Inc.
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Evidence That Viral DNA Can Program Cells

« More evidence for DNA as the genetic material
came from studies of viruses (bacteriophages or
phages), that infect bacteria

* In 1952, Alfred Hershey and Martha Chase

performed experiments showing that DNA is the
genetic material of a phage known as T2

* To determine this, they designed an experiment
showing that only one of the two components of T2
(DNA or protein) enters an E. coli cell during
infection

« They concluded that the injected DNA of the phage
provides the genetic information

© 2011 Pearson Education, Inc.

Animation: Hershey-Chase Experiment
Right-click slide / select “Play”
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Figure 16.4-3
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Additional Evidence That DNA Is the
Genetic Material

It was known that DNA is a polymer of nucleotides,
each consisting of a nitrogenous base, a sugar,
and a phosphate group

« In 1950, Erwin Chargaff reported Two findings
became known as Chargaff’s rules

— The base composition of DNA varies between
species (human: A, T=30.3%; G, C=19.7%)

— In any species the number of A and T bases are
equal and the number of G and C bases are equal

© 2011 Pearson Education, Inc.




Figure 16.5 Sugar—phosphate Nitrogenous bases
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Building a Structural Model of DNA:
Scientific Inquiry

» After DNA was accepted as the genetic material,
the challenge was to determine how its structure
accounts for its role in heredity

« Maurice Wilkins and Rosalind Franklin were using
a technique called X-ray crystallography to study
molecular structure

* Franklin’s X-ray crystallographic images of DNA
enabled Watson to deduce that DNA was helical
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Figure 16.6

(a) Rosalind Franklin (b) Franklin’s X-ray diffraction
photograph of DNA

©2011 Pearson Education, Inc,

Died in 1958, at the DNA was helical
age of 38

]
* Franklin’s unpublished work indicated:

1. Sugar-phosphate (negatively charged) backbones
were outside (hydrophobic nitrogenous base interior
away from the surrounding aqueous solution)

2. Watson suggested two backbones are antiparallel
(allowing nitrogen inside)

3. One full turn of helix (with 10 base pairs) is 3.4 nm
long and 2 nm in diameter

4. Double helix had a uniform diameter so purine and
pyrimidine must pairing (Chargaff’s rules)

* The pattern in the photo suggested that the DNA
molecule was made up of two strands, forming a
double helix
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Figure 16.UNO1
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Figure 16.7

: I @.34 nm

(a) Key features of (b) Partial chemical structure (c) Space-filling
DNA structure model
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Animation: DNA and RNA Structure
Right-click slide / select “Play”
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Concept 16.2: Many proteins work
together in DNA replication and repair

* The relationship between structure and function is
manifest in the double helix

« Watson and Crick noted that the specific base
pairing suggested a possible copying mechanism
for genetic material

 Since the two strands of DNA are complementary,
each strand acts as a template for building a new
strand in replication

© 2011 Pearson Education, Inc.
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Animation: DNA Replication Overview
Right-click slide / select “Play”
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Figure 16.9-1

(a) Parent molecule
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Figure 16.9-2

(a) Parent molecule (b) Separation of
strands
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Figure 16.9-3

(a) Parent molecule (b) Separation of (c)“Daughter” DNA molecules,
strands each consisting of one
parental strand and one
new strand

« Watson and Crick’s semiconservative model
(their second paper) of replication predicts that
when a double helix replicates, each daughter
molecule will have one old strand (derived or
“conserved” from the parent molecule) and one
newly made strand

« Competing models were the conservative model
(the two parent strands rejoin) and the dispersive
model (each strand is a mix of old and new)

« This model of DNA replication remained untested
for several years.
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Figure 16.10

(a) Conservative
model

(b) Semiconservative
model

(c) Dispersive model
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« Experiments by Matthew Meselson and Franklin
Stahl supported the semiconservative model

They labeled the nucleotides of the old strands

with a heavy isotope of nitrogen, while any new
nucleotides were labeled with a lighter isotope

The first replication
DNA, eliminating th

produced a band of hybrid
e conservative model

A second replication produced both light and

hybrid DNA, eliminating the dispersive model and

supporting the sem
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Figure 16.11 EXPERIMENT
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DNA Replication: A Closer Look

* The copying of DNA is remarkable in its speed and
accuracy ( 4.6 million nucleotide replication < 1 hr)

* Replication begins at particular sites called origins
of replication, where the two DNA strands are
separated, opening up a replication “bubble” (TEM
images)

* A eukaryotic chromosome may have hundreds or
even thousands of origins of replication

» Replication proceeds in both directions from each
origin, until the entire molecule is copied
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Figure 16.12
(a) Origin of replication in an E. coli cell (b) Origins of replication in a eukaryotic cell

Origin of Double-stranded
replication Parental (template) strand Origin of rleplication /DNA molecule

Dtaug(r;ter (new) o
stran Parental (template) l Daughter (new)
Replication strand strand
Double- fork
stranded

DNA molecule Repllcatlon )
bubble Bubble l Replication fork
Two daughterO j

DNA molecules ‘l

« At the end of each replication bubble is a
replication fork, a Y-shaped region where new
DNA strands are elongating

* Helicases are enzymes that untwist the double
helix at the replication forks

+ Single-strand binding proteins bind to and
stabilize single-stranded DNA

» Topoisomerase corrects “overwinding” ahead of
replication forks by breaking, swiveling, and
rejoining DNA strands
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Figure 16.13

Primase: synthesize
RNA primers
for initiation

Topoisomerase:
relieve the tight twisting

RNA
primer

Helicase
Untwist the ,
double helix 5
Single-strand binding
proteins

Keep two strands seperated

* DNA polymerases cannot initiate synthesis of a
polynucleotide; they can only add nucleotides to
the 3" end

« The initial nucleotide strand is a short RNA primer

* An enzyme called primase can start an RNA
chain from scratch and adds RNA nucleotides one
at a time using the parental DNA as a template

 The primer is short (5—10 nucleotides long), and
the 3" end serves as the starting point for the new
DNA strand
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Synthesizing a New DNA Strand

* Enzymes called DNA polymerases catalyze the
elongation of new DNA at a replication fork

* The rate of elongation is about 500 nucleotides per
second in bacteria and 50 per second in human
cells

» Each nucleotide that is added to a growing DNA
strand is a nucleoside triphosphate

« dATP (deoxyribose - at 2’ C) supplies adenine to
DNA and is similar to the ATP (ribose) of energy
metabolism

© 2011 Pearson Education, Inc.
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Antiparallel Elongation

« The antiparallel structure of the double helix affects
replication (only in the 5 to 3’ direction)
* Along one template strand of DNA, the DNA

polymerase synthesizes a leading strand
continuously, moving toward the replication fork

« To elongate the other new strand, called the
lagging strand, DNA polymerase must work in the
direction away from the replication fork

* The lagging strand is synthesized as a series of
segments called Okazaki fragments, which are
joined together by DNA ligase
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Figure 16.15
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Figure 16.15a
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Figure 16.16 3
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Figure 16.16b-1
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Figure 16.16b-2
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Figure 16.:13§b-3
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Figure 16.16b-4
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Figure 16.‘1?.6,3b-5
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Figure 16.16b-6
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Figure 16.17
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Figure 16.18

The DNA replication complex is stationary
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Amplifying DNA in Vitro: The Polymerase
Chain Reaction (PCR)

* The polymerase chain reaction, PCR, can

produce many copies of a specific target segment
of DNA

« Athree-step cycle—heating, cooling, and
replication—brings about a chain reaction that
produces an exponentially growing population of
identical DNA molecules

« The key to PCR is an unusual, heat-stable DNA
polymerase called Taqg polymerase.
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Proofreading and Repairing DNA

* DNA polymerases proofread newly made DNA,
replacing any incorrect nucleotides (error rate from
1/105to 1/1010)

* In mismatch repair of DNA, repair enzymes
correct errors in base pairing

 DNA can be damaged by exposure to harmful
chemical or physical agents such as cigarette
smoke and X-rays; it can also undergo
spontaneous changes

* In nucleotide excision repair, a nuclease cuts
out and replaces damaged stretches of DNA
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Three types of excision repair
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Figure 16.19 5’ 3’
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THE CELL, Fourth Edition, Figure 6.22 © 2006 ASM Press and Sinauer Associates, Inc.




6.24 Mismatch repair in E. coli
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THE CELL, Fourth Edition, Figure 6.24 © 2006 ASM Press and Sinauer Associates, Inc.
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Evolutionary Significance of Altered DNA
Nucleotides

 Error rate after proofreading repair is low but not
Zer0 (colon cancer from defect of repairing enzyme)

* Sequence changes may become permanent and
can be passed on to the next generation

* These changes (mutations) are the source of the
genetic variation upon which natural selection
operates (but far less than effects from random mating and

crossing over)
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Replicating the Ends of DNA Molecules

« Limitations of DNA polymerase create problems
for the linear DNA of eukaryotic chromosomes

« The usual replication machinery provides no way
to complete the 5" ends, so repeated rounds of
replication produce shorter DNA molecules with
uneven ends

« This is not a problem for prokaryotes, most of
which have circular chromosomes
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Figure 16.20
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« Eukaryotic chromosomal DNA molecules have
special nucleotide sequences at their ends called
telomeres

» Telomeres do not prevent the shortening of DNA
molecules, but they do postpone the erosion of
genes near the ends of DNA molecules

* It has been proposed that the shortening of
telomeres is connected to aging

* An enzyme called telomerase catalyzes the
lengthening of telomeres in germ cells

© 2011 Pearson Education, Inc.




Figure 16.21
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The shortening of telomeres might protect cells from
cancerous growth by limiting the number of cell divisions
There is evidence of telomerase activity in cancer cells,
which may allow cancer cells to persist

5.22 Structure of a telomere

Protein complex to protec /§/

telomere degradation

THE CELL, Fourth Edition, Figure 5.22 © 2006 ASM Press and Sinauer Associates, Inc.




6.16 Action of telomerase — a ribozyme

Telomeric DNA with |
overhanging 3" end |,

Concept 16.3 A chromosome consists of a
DNA molecule packed together with proteins

 The bacterial chromosome is a double-stranded,
circular DNA molecule associated with a small

amount of protein

« Eukaryotic chromosomes have linear DNA
molecules associated with a large amount of
protein (called nucleosome complex)

 In a bacterium, the DNA is “supercoiled” and found

in a region of the cell called the nucleoid (not
nucleus)

« Chromatin, a complex of DNA and protein, is found in the
nucleus of eukaryotic cells
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« Chromatin, a complex of DNA and protein,
IS found in the nucleus of eukaryotic cells

« Chromosomes fit into the nucleus through
an elaborate, multilevel system of packing
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Figure 16.22a

Chromatin, a complex of DNA and protein,
Is found in the nucleus of eukaryotic cells
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the first scientist to identify deoxyribonucleic acid (DNA)

polymerase in the intestinal bacterium E coli.

 Arthur Kornberg 1959, Nobel Prize, Standford University

* In 1966, Kornberg discovered an enzyme called ligase

Roger Kornberg,

professor of structural biology
at the School of Medicing,
is winner of the

200E Nobel Prize
in Chemistry

for his work in understanding
how ONA is converted into RNA

» Read the story

"for his studies of the molecular basis of
eukaryotic transcription”
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« Kornberg was the first to create an actual picture
of how transcription works at a molecular level in
the important group of organisms called
eukaryotes




Figure 16.22b
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« Chromatin undergoes changes in packing during
the cell cycle

At interphase, some chromatin is organized into a
10-nm fiber, but much is compacted into a 30-nm
fiber, through folding and looping

« Though interphase chromosomes are not highly
condensed, they still occupy specific restricted
regions in the nucleus
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Figure 16.23

Though interphase
chromosomes are not
highly condensed, they
still occupy specific
restricted regions in the
nucleus
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* Most chromatin is loosely packed in the nucleus

during interphase and condenses prior to mitosis
* Loosely packed chromatin is called euchromatin

* During interphase a few regions of chromatin
(centromeres and telomeres) are highly condensed
iInto heterochromatin

* Dense packing of the heterochromatin makes it
difficult for the cell to express genetic information
coded in these regions
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 Histones can undergo chemical modifications that
result in changes in chromatin organization

(imprinting via methylation, etc.)
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