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Lecture 7 biotechnology

• Campbell biology: Biotechnology

• Chapter 20 (but also RNAi in Ch 18)



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

an answer.

topic

concluding

How to determine the structure of DNA, given DNA 

was convinced the genetic material?

The arrangement of covalent bonds and three-dimensional 
structure of DNA were the focus.



Hamburger Paragraphs

How to write a really

great paragraph!



Click on me 
to learn 
about good 
paragraphs!

The Topic Sentence (Top Bun)

• Very first sentence 
of your paragraph.

• Always needs to be 
indented.

• Tells what your 
paragraph is going 
to be about.

There are many reasons 
that I love to teach.  First of all, 

I love to teach because I love 
being at school.  Another 

reason I love teaching is that 
the days go by quickly.  A third 

reason I love to teach is 
because I love seeing a student 

understand something new. 
Finally, I love to teach because 

I love to be around kids.  These 
are just a few reasons I love to 

teach.

Click here to return to the hamburger



The First Detail (Lettuce)

• Should not be the most 
important detail.

• Needs to follow directly 
after the topic sentence.

• Needs to be full of good 
“lettucy” details!

There are many reasons 
that I love to teach.  First of all, I 

love to teach because I love 

being at school. Another reason 

I love teaching is that the days 
go by quickly.  A third reason I 

love to teach is because I love 
seeing a student understand 

something new. Finally, I love to 
teach because I love to be 
around kids.  These are just a 

few reasons I love to teach.

Click here to return to the hamburger

The Second Detail (Tomato)

• Still should not be 
the most important 
detail.

• Needs to follow 
directly after the 
lettuce sentence.

• Needs to be full of 
good “juicy” details!

There are many reasons 
that I love to teach.  First of all, I 

love to teach because I love being 

at school. Another reason I 

love teaching is that the days 
go by quickly.  A third reason I 

love to teach is because I love 
seeing a student understand 

something new. Finally, I love to 
teach because I love to be 
around kids.  These are just a 

few reasons I love to teach.

Click here to return to the hamburger



The Third Detail (Cheese)

• Still not be the most 
important detail.

• Needs to start 
differently than 
other sentences.

• Needs to be full of 
good “cheesy” 
details!

There are many reasons 
that I love to teach.  First of all, I 

love to teach because I love being 

at school. Another reason I love 

teaching is that the days go by 
quickly.  A third reason I love to 
teach is because I love seeing 
a student understand 
something new. Finally, I love 
to teach because I love to be 
around kids.  These are just a 

few reasons I love to teach.

Click here to return to the hamburger

The Last Detail (Meat)

• Finally!!  The most 
important detail.

• Should start 
differently than most 
of the other sentences.

• Needs to be full of 
good “meaty” details!

There are many reasons 
that I love to teach.  First of all, I 

love to teach because I love being 

at school. Another reason I love 

teaching is that the days go by 
quickly.  A third reason I love to 

teach is because I love seeing a 
student understand something 

new. Finally, I love to teach 
because I love to be around 
kids.  These are just a few 

reasons I love to teach.

Click here to return to the hamburger



The Closing Sentence 
(Bottom Bun)

• Should look a lot like 
the topic sentence.

• Needs to summarize 
the topic.

• Needs to be an 
obvious end to the 
sentence.

There are many reasons 
that I love to teach.  First of all, I 

love to teach because I love being 

at school. Another reason I love 

teaching is that the days go by 
quickly.  A third reason I love to 

teach is because I love seeing a 
student understand something 

new. Finally, I love to teach 
because I love to be around kids.  
These are just a few reasons I 
love to teach.

Click here to see a good paragraph on the web!



http://www.k12reader.co

m/subject/reading-skills/

Don’t know a word?

• Check English-English dictionary

MUST









Unity: supporting sentences
https://www.youtube.com/watch?v=NLzKqujmdGk&index=11&list=PLN3kZ8bfmMJN2-

EdLyE7_rOZo8o3IpFlv

1. Student can become overwhelmed with the workload, and 
their GPA can suffer as a result.

2. Some student can get so stressed that they burn out and 
unable to finish their degree

3. Other students can be tempted by the use of illegal 
prescription drugs to help them focus and keep them awake 
onto the night.

4. Taking more than the average number of courses at the 
same time can be beneficial for students who want to 
graduate early.

5. The pressure of a overly busy schedule can tempt student 
into committing academic fraud, which can lead to expulsion.

6. Taking on too many  responsibilities at work can have similar 
negative effects.

Taking too many college courses at once can 

have potentially serious consequences.



• Example from textbook

• Fig. 18.15, page 365

Effects on mRNAs by MicroRNAs 

and Small Interfering RNAs

• MicroRNAs (miRNAs) are small single-stranded 

RNA molecules that can bind to mRNA

• These can degrade mRNA or block its translation

© 2011 Pearson Education, Inc.



(a) Primary miRNA transcript

Hairpin

miRNA

miRNA

Hydrogen
bond

Dicer

miRNA-
protein

complex

mRNA degraded Translation blocked

(b) Generation and function of miRNAs

5′′′′ 3′′′′

Figure 18.15

MicroRNAs (miRNAs) are small 

single-stranded RNA molecules 

that can bind to mRNA

These can degrade mRNA or 

block its translation

• The phenomenon of inhibition of gene expression 

by RNA molecules is called RNA interference
(RNAi)

• RNAi is caused by small interfering RNAs 
(siRNAs)

• siRNAs and miRNAs are similar but form from 
different RNA precursors

© 2011 Pearson Education, Inc.



Mechanism of Virus-Induced Gene 
Silencing (VIGS)Viral RNA

dsRNA

Dicer (RNase)

dsRNA cleavage

siRNA

21-24 bp
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mRNA
AAAAAA

Degraded mRNA

replication

AAAAAA

RNA dependent RNA polymerase

transitive RNA silencing

mRNA

人工合成的

RNAi可以

互補於癌症

基因產生的

mRNA而分

解掉癌症訊

息



Andrew Z. Fire

Craig C. Mello

他們利用病毒載體靜默應用在人類疾病控制，起初以線蟲做模式



Figure 20.23Cloned gene
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Topic and 
concluding

Supporting 
sentences 
(highlighted)



Topic

Supporting 
sentences 
(highlighted)

concluding



How ? Too broad

Icomplete idea, how?

Then?

better be m

concise: e

I chose biology

because my h

school teacher

the field for me

explain creatu

interesting way

with details.  A

this made me 

like to join him

explore the bio



Fact but no idea

better present 

your idea on 

how you gonna

to achieve so 



Try make your 

goals clearly

steps ?



Incomplete idea



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

© 2011 Pearson Education, Inc.

Lectures by

Erin Barley

Kathleen Fitzpatrick

Biotechnology

Chapter 20



Overview: The DNA Toolbox

• DNA sequencing has depended on advances in 

technology, starting with making recombinant DNA

• In recombinant DNA, nucleotide sequences from 

two different sources, often two species, are 
combined in vitro into the same DNA molecule

• Methods for making recombinant DNA are central 
to genetic engineering, the direct manipulation of 

genes for practical purposes

• DNA technology has revolutionized biotechnology, 

the manipulation of organisms or their genetic 
components to make useful products

© 2011 Pearson Education, Inc.

Figure 20.1

An example of DNA 
technology is the 
microarray, a 

measurement of gene 
expression of thousands of 

different genes

array of spots be used to 
compare normal and 
cancerous tissues



Concept 20.1: DNA cloning yields multiple 

copies of a gene or other DNA segment

• To work directly with specific genes, scientists 

prepare well-defined segments of DNA in identical 
copies, a process called DNA cloning

• How to achieve so?

© 2011 Pearson Education, Inc.

DNA Cloning and Its Applications:  A 

Preview
• Plasmids are small circular DNA molecules that 

replicate separately from the bacterial 
chromosome

• Gene cloning involves using bacteria to make 
multiple copies of a gene

• Foreign DNA is inserted into a plasmid, and the 
recombinant plasmid is inserted into a bacterial cell

• Reproduction in the bacterial cell results in cloning 
of the plasmid including the foreign DNA

© 2011 Pearson Education, Inc.



Figure 20.2
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Using Restriction Enzymes to Make 

Recombinant DNA
• Bacterial restriction enzymes cut DNA 

molecules at specific DNA sequences called 
restriction sites (but its own DNA can be protected from methyl –CH3

group addition to adenines or cytosines)

• A restriction enzyme usually makes many cuts, 

yielding restriction fragments

• The most useful restriction enzymes cut DNA in a 

staggered way, producing fragments with “sticky 
ends”

• DNA ligase (join Okazaki fragment) is an enzyme that 

seals the bonds between restriction fragments

© 2011 Pearson Education, Inc.



Figure 20.3-3
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� The sit-specific recombination 
reactions mediated by the λ 
integrase family of 
recombinases are 
conservative and highly 
specific (Landy A, 1989)

� unequal crossing over

� Hartley designed a method called recombinational 
cloning that uses in vitro site-specific 
recombination to accomplish the directional 
cloning of PCR products and the subsequent 
automatic subcloning of the DNA segment into 
new vector backbones at high efficiency. (Hartley 
et al., 2000)

What is Gateway



Invitrogen 
71

2. TOPO® Cloning -TOPO®TA

Producing Clones of Cells Carrying 

Recombinant Plasmids

• In gene cloning, the original plasmid is called a 

cloning vector

• Several steps are required to clone the 

hummingbird β-globin gene in a bacterial plasmid

– The hummingbird genomic DNA and a bacterial 
plasmid are isolated

– Both are cut with the same restriction enzyme

– The fragments are mixed, and DNA ligase is 

added to bond the fragment sticky ends

© 2011 Pearson Education, Inc.



Figure 20.4

Bacterial plasmid
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Sticky 
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interest
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Recombinant plasmids Nonrecombinant 
plasmid

Bacteria carrying
plasmids 
(surviving on ampicillin medium)

Colony carrying non-
recombinant plasmid
with intact lacZ gene
(blue colonies)

Colony carrying 
recombinant
plasmid
with disrupted
lacZ gene
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bacterial
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Cloning Genes in 

Bacterial Plasmids

Storing Cloned Genes in DNA Libraries

• A genomic library that is made using bacteria is 

the collection of recombinant vector clones 
produced by cloning DNA fragments from an entire 

genome

• A bacterial artificial chromosome (BAC) is a 

large plasmid that has been trimmed down and 
can carry a collection of large foreign DNA insert 

(BAC library)

© 2011 Pearson Education, Inc.



Figure 20.5
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Figure 20.6-3
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produced by a particular cell



Figure 20.6-5
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• A probe can be synthesized that is 

complementary to the gene of interest

• For example, if the desired gene is

– Then we would synthesize this probe  

© 2011 Pearson Education, Inc.

5′′′′ 3′′′′⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅ CTCATCACCGGC⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅

5′′′′3′′′′ GAGTAGTGGCCG

Screening a Library for Clones Carrying a 

Gene of Interest

The DNA probe can be used to screen a large number 

of clones simultaneously for the gene of interest



Figure 20.7
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Detecting a Specific DNA Sequence by Hybridization 

with a Nucleic Acid Probe

Expressing Cloned Eukaryotic Genes

• After a gene has been cloned, its protein product 

can be produced in larger amounts for research

• Several technical difficulties hinder expression of 

cloned eukaryotic genes in bacterial host cells

• To overcome differences in promoters and other 

DNA control sequences, scientists usually employ 
an expression vector, a cloning vector that 

contains a highly active bacterial promoter (just 

upstream of the restriction sites)

© 2011 Pearson Education, Inc.



Eukaryotic Cloning and Expression Systems

• Molecular biologists can avoid eukaryote-bacterial 

incompatibility issues by using eukaryotic cells, 
such as yeasts, as hosts for cloning and 

expressing genes

• Even yeasts may not possess the proteins 

required, cultured mammalian or insect cells may 
be used to express and study proteins

• One method of introducing recombinant DNA into 
eukaryotic cells is electroporation, applying a 

brief electrical pulse to create temporary holes in 

plasma membranes (by Virus vector)

© 2011 Pearson Education, Inc.
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Crown gall disease and the tumor-
inducing principle

Edward L. Barnard, Florida Department of Agriculture and Consumer Services, Bugwood.org;  Mike Ellis, Ohio State University; University 

of Georgia Plant Pathology Archive, University of Georgia, Bugwood.org; Wikimedia commons

The first written record of 
crown gall disease, on 

grape, dates from 1853 

Fridiano Cavara 
(1897) found that a 

bacterium causes 
crown gall in grape

Crown gall induces growths at 

wound sites and severely limits 

crop yields and growth vigor

Figure 20.26
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利用跳躍轉座子插入植物造

成基因喪失功能的觀察而找

到控制開花等的基因

TDNA (tumer DNA) usage in plant transformation
利用農桿菌將植物腫瘤內分離出之具有轉座能力DNA攜

帶基因到植物體內

http://library.thinkquest.org/C004033F/TDNA_transfer.jpg

www.ppws.vt.edu/~sforza/prokaryote.html



Cross-Species Gene Expression and 

Evolutionary Ancestry – from E.coli to elephant

• The remarkable ability of bacteria to express some 

eukaryotic proteins underscores the shared 
evolutionary ancestry of living species

• For example, Pax-6 is a gene that directs 
formation of a vertebrate eye; the same gene in 

flies directs the formation of an insect eye (which is 
quite different from the vertebrate eye)

• The Pax-6 genes in flies and vertebrates can 
substitute for each other (to verify homologous gene function)

© 2011 Pearson Education, Inc.

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

• A three-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 Taq polymerase.

© 2011 Pearson Education, Inc.



106

Kary Mullis - Polymerase chain reaction 
(1983)

Nobel Prize (1993)

http://www.quarks.de/dyn/pics/8842-9037-2-kary-mullis.jpg

Figure 20.8
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Concept 20.2: DNA technology allows us to 

study the sequence, expression, and function 

of a gene

• DNA cloning allows researchers to 

– Compare genes and alleles between individuals

– Locate gene expression in a body

– Determine the role of a gene in an organism

• Several techniques are used to analyze the DNA of 

genes 

© 2011 Pearson Education, Inc.

Gel Electrophoresis and Southern Blotting

• One indirect method of rapidly analyzing and 

comparing genomes is gel electrophoresis

• This technique uses a gel as a molecular sieve to 

separate nucleic acids or proteins by size, 
electrical charge, and other properties

• A current is applied that causes charged molecules
to move through the gel

• Molecules are sorted into “bands” by their size

© 2011 Pearson Education, Inc.



Figure 20.9
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Gel Electrophoresis

• Sequence changes that alter restriction sites are 

called RFLPs (restriction fragment length 
polymorphisms)

• In restriction fragment analysis, DNA fragments 
produced by restriction enzyme digestion of a DNA 

molecule are sorted by gel electrophoresis

• Restriction fragment analysis can be used to 

compare two different DNA molecules, such as two 
alleles for a gene if the nucleotide difference alters 

a restriction site

© 2011 Pearson Education, Inc.



Figure 20.10
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Using restriction fragment analysis to distinguish the normal 

and sickle-cell alleles of the human β-globin gene

• A technique called Southern blotting combines 

gel electrophoresis of DNA fragments with nucleic 
acid hybridization

• Specific DNA fragments can be identified by 
Southern blotting, using labeled probes that 

hybridize to the DNA immobilized on a “blot” of gel

© 2011 Pearson Education, Inc.



Figure 20.11
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1. Electrophoresis is performed,
using radioactively labeled
markers as a size guide in the
first lane.   

3. Pattern on gel is
copied faithfully, or
“blotted,” onto the
nitrocellulose.  

4. Blotted nitrocellulose
is incubated with 
radioactively labeled
nucleic acids, and then
rinsed. 

5. Photographic film is laid over the paper
and is exposed only in areas that contain
radioactivity (autoradiography).
Nitrocellulose is examined for radioactive
bands, indicating hybridization of the
original nucleic acids with the
radioactively labeled ones.      

2. The gel is covered with a sheet of nitrocellulose
and placed in a tray of buffer on top of a sponge. 
Alkaline chemicals in the buffer denature the DNA
into single strands. The buffer wicks its way up
through the gel and nitrocellulose into a stack of 
paper towels placed on top of the nitrocellulose.   
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Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

Fig. 16.12(TE Art)
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1. Electrophoresis is performed,
using radioactively labeled
markers as a size guide in the
first lane.   
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Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.Fig. 16.12a(TE Art)

131

2. The gel is covered with a sheet of 
nitrocellulose and placed in a tray of buffer 
on top of a sponge. Alkaline chemicals in the 
buffer denature the DNA into single strands. 
The buffer wicks its way up through the gel 
and nitrocellulose into a stack of paper 
towels placed on top of the nitrocellulose.   

Buffer

Sponge

Stack of paper towels

Nitrocellulose paper

Gel

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

Fig. 16.12b(TE Art)
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3. Pattern on gel is copied faithfully, or
“blotted,” onto the nitrocellulose.  

Nitrocellulose paper now
contains nucleic acid "print"

Gel

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.Fig. 16.12c(TE Art)
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4. Blotted nitrocellulose is incubated 
with radioactively labeled nucleic 
acids, and then rinsed. 

Sealed container

Radioactively
labeled nucleic
acids

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
Fig. 16.12d(TE Art)
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5. Photographic film is laid over the paper and is 
exposed only in areas that contain radioactivity 
(autoradiography). Nitrocellulose is examined 
for radioactive bands, indicating hybridization 
of the original nucleic acids with the 
radioactively labeled ones.      

Size
markers

Hybridized
nucleic acids

Film

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
Fig. 16.12e(TE Art)
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Sheet of nitrocellulose
with bands representing

DNA fragments

Radioactive probe (single-stranded DNA)

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
Fig. 16.13(TE Art)



DNA Sequencing

• Relatively short DNA fragments can be sequenced 
by the dideoxy chain termination method, the first 
automated method to be employed

• Modified nucleotides called dideoxyribonucleotides 
(ddNTP) attach to synthesized DNA strands of 
different lengths

• Each type of ddNTP is tagged with a distinct 
fluorescent label that identifies the nucleotide at 
the end of each DNA fragment

• The DNA sequence can be read from the resulting 
spectrogram

© 2011 Pearson Education, Inc.
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Figure 20.12a
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Figure 20.12c
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http://www.the-scientist.com/?articles.view/articleNo/15939/title/DNA-Sequencing-Industry-Sets-

its-Sights-on-the-Future/



Next generation sequencing

Studying the Expression of Single Genes

• Changes in the expression of a gene during 

embryonic development can be tested using

– Northern blotting (probes hybridize with mRNAs) 

– Reverse transcriptase-polymerase chain reaction

• Identification of mRNA at a particular 
developmental stage suggests protein function at 

that stage

• Reverse transcriptase-polymerase chain 
reaction (RT-PCR) is quicker and more sensitive 

because it requires less mRNA than Northern 
blotting

© 2011 Pearson Education, Inc.



Figure 20.13

cDNA synthesis

PCR amplification

Gel electrophoresis

mRNAs
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Primers
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RESULTS

TECHNIQUE

Reverse transcriptase is added to 
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a template for PCR amplification of the 

gene of interest
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express more?
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saturate the PCR 

product

Saturation of PCR

http://pandasthumb.org/archives/2004/07/icons-of-id-avi-1.htmlhttp://journals.prous.com/journals/servlet/xmlxsl/pk_journals.xml_summary_pr?p_JournalId=6&p_

RefId=802301&p_IsPs=N



Figure 20.14

50 µµµµm

In situ hybridization uses fluorescent (chemical) 

dyes attached to probes to identify the location of 

specific mRNAs in place in the intact organism
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A Gene LEAFY to specify flower development



Shoot development in embryo

Late globular embryo Late heart embryo Linear stage embryo
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SrGA2ox

SrGA20ox

Embryo

stages

何孟容台灣大學碩士論文 – 王俊能指導

B D

J

GAox regulation genes expression during embryonic stages 



Studying the Expression of Interacting 

Groups of Genes

• Automation has allowed scientists to measure 

expression of thousands of genes at one time 
using DNA microarray assays

• DNA microarray assays compare patterns of 
gene expression in different tissues, at different 

times, or under different conditions

© 2011 Pearson Education, Inc.



Isolate mRNA.
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TECHNIQUE

Make cDNA by reverse
transcription, using
fluorescently labeled
nucleotides.

Apply the cDNA mixture to a 
microarray, a different gene
in each spot. The cDNA hybridizes
with any complementary DNA on
the microarray.

Rinse off excess cDNA; scan microarray
for fluorescence. Each fluorescent spot
(yellow) represents a gene expressed
in the tissue sample.

Tissue sample

mRNA molecules

Labeled cDNA molecules
(single strands)

DNA fragments
representing a
specific gene

DNA microarray

DNA microarray
with 2,400
human genes

Figure 20.15

http://proj1.sinica.edu.tw/~hispj/program/doc/97/20090516Wu_Shu_Hsing.pdf





http://proj1.sinica.edu.tw/~hispj/program/doc/97/20090516Wu_Shu_Hsing.pdf

http://proj1.sinica.edu.tw/~hispj/program/doc/97/20090516Wu_Shu_Hsing.pdf



Determining Gene Function

• Using in vitro mutagenesis, mutations are 

introduced into a cloned gene, altering or 
destroying its function

• When the mutated gene is returned to the cell, the 
normal gene’s function might be determined by 

examining the mutant’s phenotype

• Gene expression can also be silenced using RNA 
interference (RNAi) (Synthetic double-stranded RNA 

molecules matching the sequence of a particular gene) 

© 2011 Pearson Education, Inc.



Homologous

Recombination 

to introduce 

mutation 

Homework 

• Go to Nobel Prize website (below) and 
find an impressing winner’s story to you. 

Summarize the story with your own 

words (no more than two A4 page) 

• http://www.nobelprize.org



• In humans, researchers analyze the genomes of 

many people with a certain genetic condition to try 
to find nucleotide changes specific to the condition

• Genetic markers called SNPs (single nucleotide 
polymorphisms) occur on average every 100–

300 base pairs

• SNPs can be detected by PCR, and any SNP 

shared by people affected with a disorder but not 
among unaffected people may pinpoint the location 

of the disease-causing gene

© 2011 Pearson Education, Inc.

Genome-wide association studies 

Figure 20.16
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Disease-causing
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C



forward genetics: Mapping quantitative trait loci (QTL)

Approach: QTL on recombination lines

(Nature Review Genetics 2001 2:370-381)

Association mapping of the disease location
(due to low recombination)

http://www.nature.com/ng/journal/v42/n5/fig_tab/ng.565_F1.html



• Organismal cloning produces one or more 

organisms genetically identical to the “parent” that 
donated the single cell

• A totipotent cell is one that can generate a 
complete new organism

• Plant cloning is used extensively in agriculture

Concept 20.3: Cloning organisms may lead 

to production of stem cells for research 

and other applications

© 2011 Pearson Education, Inc.

Figure 20.17
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Cloning Animals: Nuclear Transplantation 

• In nuclear transplantation, the nucleus of an 

unfertilized egg cell or zygote is replaced with the 
nucleus of a differentiated cell

• Experiments with frog embryos have shown that a 
transplanted nucleus can often support normal 

development of the egg

• However, the older the donor nucleus, the lower 

the percentage of normally developing tadpoles

© 2011 Pearson Education, Inc.
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Figure 20.18
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Figure 20.19

Mammary
cell donor

21

3

4

5

6

TECHNIQUE

RESULTS

Cultured
mammary
cells

Egg
cell from
ovary

Egg cell 
donor

Nucleus
removedCells fused

Grown in culture

Implanted in uterus
of a third sheep

Embryonic
development

Nucleus from
mammary cell

Early embryo

Surrogate
mother

Lamb (“Dolly”) genetically
identical to mammary cell donor

In 1997, Scottish 
researchers (Edinburgh) 
announced the birth of 
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original transplanted 

nucleus

Scotland independence?



Figure 20.20 CC (for Carbon Copy) was the first cat cloned; however, 
CC differed somewhat from her female “parent” (left)

Why different skin color pattern? Random X 

chromosome inactivation 

Problems Associated with Animal Cloning

• In most nuclear transplantation studies, only a 

small percentage of cloned embryos have 
developed normally to birth, and many cloned 

animals exhibit defects

• Many epigenetic changes, such as acetylation of 

histones or methylation of DNA, must be reversed 
in the nucleus from a donor animal in order for 

genes to be expressed or repressed appropriately 

for early stages of development

© 2011 Pearson Education, Inc.



Stem Cells of Animals

• A stem cell is a relatively unspecialized cell that 

can reproduce itself indefinitely and differentiate 
into specialized cells of one or more types

• Stem cells isolated from early embryos at the 
blastocyst stage are called embryonic stem (ES) 

cells; these are able to differentiate into all cell 
types

• The adult body also has stem cells, which replace 
nonreproducing specialized cells

© 2011 Pearson Education, Inc.

Figure 20.21
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• Researchers can transform skin cells into ES cells 

by using viruses to introduce stem cell master 
regulatory genes

• These transformed cells are called iPS cells 
(induced pluripotent cells)

• These cells can be used to treat some diseases 
and to replace nonfunctional tissues

© 2011 Pearson Education, Inc.

Induce Stem Cells

Figure 20.22
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Concept 20.4: The practical applications of 

DNA technology affect our lives in many 

ways

• Many fields benefit from DNA technology and 

genetic engineering

© 2011 Pearson Education, Inc.

Diagnosis and Treatment of Diseases 

Human Gene Therapy

• Scientists can diagnose many human genetic 
disorders using PCR and sequence-specific 
primers, then sequencing the amplified product to 
look for the disease-causing mutation

• SNPs may also be correlated with increased risks 
for conditions such as  heart disease or certain 
types of cancer

• Gene therapy is the alteration of an afflicted 
individual’s genes

• Gene therapy holds great potential for treating 
disorders traceable to a single defective gene

© 2011 Pearson Education, Inc.



Figure 20.23 Cloned gene
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4

Retrovirus
capsid

Bone
marrow

cell from
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Viral RNA

Bone
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Insert RNA version of normal allele
into retrovirus.

Let retrovirus infect bone marrow cells
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patient and cultured.
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• The drug imatinib (a tyrosine-kinase inhibitor) is a 

small molecule that inhibits overexpression of a 
specific leukemia-causing receptor

• Pharmaceutical products that are proteins can be 
synthesized on a large scale

• This is useful for the production of insulin, human 
growth hormones, and vaccines

Pharmaceutical Products:
Synthesis of Small Molecules for Use as 
Drugs

© 2011 Pearson Education, Inc.



Figure 20.24
Transgenic Goats as “pharm” factory 

animals: carries antithrombin gene for a 

human blood protein: avoid formation of 

blood clot
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• DNA fingerprinting can help solve crimes

Figure 12.15A, B  Adopt from Campbell biology concept 6e (2005)

Defendant’s

blood

Blood from

defendant’s
clothes

Victim’s

blood

Criminal detecting 



Forensic Evidence and Genetic Profiles

• An individual’s unique DNA sequence, or genetic 
profile, can be obtained by analysis of tissue or 
body fluids 

• The use of genetic markers called short tandem 
repeats (STRs), which are variations in the 

number of repeats of specific DNA sequences

• PCR and gel electrophoresis are used to amplify 
and then identify STRs of different lengths

• The probability that two people who are not 
identical twins have the same STR markers is 
exceptionally small

© 2011 Pearson Education, Inc.

short tandem repeats (STRs) 



Origin of tandem repeats by 

unequal pairing and crossing over

http://www.informatics.jax.org/silver/images/figure8-4.gif

Length variation can be generated at tandem repeat loci by unequal pairing 

and crossing over. This Figure illustrates the general principle behind the 

generation of DNA variation at tandem repeat loci such as minisatellites and 

microsatellites. Individual repeat units are represented by boxes. The flanking 

sites "X" and "Y" allow detection of length variation at the locus, and 

correspond to nearest flanking restriction sites in the case of minisatellites or 

targets for PCR primers in the case of microsatellites. 
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Working With Gene Clones

• Restriction fragment length polymorphisms 
(RFLP’s) can be used to identify a particular 

individual.
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Figure 20.25
This photo shows
Washington just before
his release in 2001,
after 17 years in prison.

(a)

(b) These and other STR data exonerated Washington
and led Tinsley to plead guilty to the murder.
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• The Ti plasmid is the most commonly used vector 

for introducing new genes into plant cells

• Genetic engineering in plants has been used to 

transfer many useful genes including those for 
herbicide resistance, increased resistance to pests, 

increased resistance to salinity, and improved 
nutritional value of crops

• Most public concern about possible hazards 
centers on genetically modified (GM) organisms 
used as food

• Some are concerned about the creation of “super 

weeds” from the transfer of genes from GM crops 

to their wild relatives (male sterility genes needed)

© 2011 Pearson Education, Inc.

Agricultural Applications



Figure 20.26
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Concept 38.3: Humans modify crops by 

breeding and genetic engineering

• Humans have intervened in the reproduction and 

genetic makeup of plants for thousands of years

• Hybridization雜交育種 is common in nature and 

has been used by breeders to introduce new 

genes

• Maize, a product of artificial selection 五千年在墨

西哥的人擇育種, is a staple in many developing 

countries

© 2011 Pearson Education, Inc.

Figure 38.16

Plant Breeding



Maize domestication

http://hila.webcentre.ca/research/teosinte/

During maize domestication cob
size  increased

Photo © Robert S. Peabody Museum of Archaeology, Phillips Academy, Andover, Massachusetts. All Rights Reserved.

Cobs from 

archeological 

sites in the Valley 

of Tehuacan, 

Mexico

7000 

years ago

500 

years ago



The hard casings around many 
grains were eliminated

Photo by Hugh Iltis; Reprinted from Doebley, J.F., Gaut, B.S., and Smith, B.D. (2006). The Molecular 

Genetics of Crop Domestication. Cell 127: 1309-1321, with permission from Elsevier.

Teosinte, the wild 

relative of maize, 

has hard 

coverings over 

each grain. 

Humans selected 

against these 

during maize 

domestication.

The tb1 gene (TCP genes) express in lateral 
meristem in creating inflorescence (spatial 

differences)



Hubbard et al. 2002

tb1 mutant

Maize
TB1 expression in maize shoot apex 

(axillary meristem)

• TB1 express in axillary 
meristem of maize 
shoot  apex – suggests 

inhibitions of lateral 
branches

Wang, RL et al. Nature,1999

從玉米的五千年人擇

結果我們學到；基因

調控區域的變異可能

比基因轉錄區的變化

來得更重要

cis-regulatory region in charge 
of gene regulation 



Plant Breeding

• Mutations can arise spontaneously or can be 

induced by breeders

• Plants with beneficial mutations are used in 
breeding experiments

• Desirable traits can be introduced from different 
species or genera

• The grain triticale黑小麥 is derived from a successful 

cross between wheat and rye黑麥

© 2011 Pearson Education, Inc.
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AA BB DD´́́́

Sterile hybrid
(21 chromosomes)

ABD

Hybridization3

4 Cell division error
and self-fertilization

T. tauschii
(wild)
(14 chromosomes)

T. turgidum
Emmer wheat
(28 chromosomes)

AA  BB  DD

T. aestivum
Bread wheat
(42 chromosomes)

Seeds that don’t break off were 
selected

Wild
Shattering grain

“Brittle rachis”

Advantage –

maximizes seed 

dispersal

Domesticated
Non-shattering grain

“Tough rachis”

Advantage –

facilitates harvesting

From Konishi, S., Izawa, T., Lin, S.Y., Ebana, K., Fukuta, Y., Sasaki, T., and Yano, M. (2006). An SNP caused loss of seed 

shattering during rice domestication. Science 312: 1392-1396. Reprinted with permission from AAAS.



《拾穗拾穗拾穗拾穗》（Des glaneuses） Jean-François Millet, 1857

Phenotypes of Some Crops and Their Progenitors



Figure 13.2

Brussels sprouts

Lateral
buds Terminal bud

Flowers
and stems

Cabbage

Broccoli

Stem

Kohlrabi
Wild mustard

Leaves

Kale

Artificial selection (domestication)

Plant Biotechnology and Genetic 

Engineering

• Plant biotechnology has two meanings

– In a general sense, it refers to innovations in the 

use of plants to make useful products 

– In a specific sense, it refers to use of GM 

organisms in agriculture and industry

• Modern plant biotechnology is not limited to 
transfer of genes between closely related species 

or varieties of the same species

© 2011 Pearson Education, Inc.
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Advances in genetic technologies 
contribute to improved plants

• Marker assisted selection 

• Genome-wide association studies
• Recombinant DNA technology and 

transgenic plants

• Cisgenics and intragenics
• Transgrafting

• Precision genome editing

Photo credit: IRRI

©  2013 American Society of Plant Biologists

Marker assisted selection (MAS)

Phenotype: physical 
expression of traits

Genotype:  sequence of all the 
genes in a genome

Selecting for 

DNA markers is 

faster than 

selecting for 

phenotype

Photo credit LemnaTec; Anderson, L.K., Lai, A., Stack, S.M., Rizzon, C. and Gaut, B.S. (2006). Uneven 

distribution of expressed sequence tag loci on maize pachytene chromosomes. Genome Research. 16: 115-122.



Genome sequence data are available for many 

important plants

Maize

http://www.onekp.com/project.html



中藥植物中開啟的代謝基因-王俊能



Phenotype analysis

Genotype analysis

Genome-wide methods 

make it possible to identify 
genes associated with 

complex traits, like yield or  
water use efficiency

Association analysis

Gene 

discovery

forward genetics: Mapping quantitative trait loci (QTL)

Approach: Association analysis on recombinant inbred lines

(Nature Review Genetics 2001 2:370-381)



Reducing World Hunger and Malnutrition

• Transgenic crops have been developed that

– Produce proteins to defend them against insect 

pests

– Tolerate herbicides

– Resist specific diseases

• Nutritional quality of plants is being improved

– For example, “Golden Rice” is a transgenic 
variety being developed to address vitamin A

deficiencies among the world’s poor

© 2011 Pearson Education, Inc.

• Nutritional quality of plants is being improved

– For example, “Golden Rice” is a transgenic 

variety being developed to address vitamin A
deficiencies among the world’s poor

© 2011 Pearson Education, Inc.
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Breeding plants for β-carotene (pro-
vitamin A) enrichment

Image sources: Petaholmes based on WHO data;

Vitamin A deficiency is a leading cause of blindness

©  2013 American Society of Plant Biologists

Enhanced β-carotene content in food 
can prevent vitamin A deficiency

Vitamin Aβ-carotene

β-carotene is converted to 

vitamin A in the human body

•Many staple foods 

are poor sources of β-

carotene so many 

people do not get 

adequate vitamin A in 

their diet
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Synthesis, storage and breakdown 
all affect β-carotene content

Vitamin A

To increase beta-

carotene levels in 

plants, you need 

more synthesis, 
more storage or 

less catabolism

GGPP 

phytoene

lycopene

β-carotene

Synthesis

Storage

Catabolism 
or 

conversion 
to other 
forms

Chromoplasts –

organelles that store 

carotenoids – colors of 

petals and else

Photo credit: University of Wisconsin
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β-carotene 

makes the rice 

look golden

Vitamin A

Photo credit: Golden rice humanitarian board

β-carotene

The β-carotene 

enriched foods 

shown here have 

been produced 

using GM and 

non-GM 

approaches

There is no 
inherently right 
or wrong way to 
enhance plant 

nutritional 
quality



Figure 38.17

Cassava 大戟科\木薯，又稱樹薯 roots harvested in Thailand

β-carotene, protein, iron enriched. Cyanide氰化物removed, 

carbohydrate unbalanced high. 

©  2013 American Society of Plant Biologists

In the next 50 years, we will 
have to produce as much 
food as we have yet 
produced in human history

Photo credit: © UNICEF/NYHQ1998-0891/Giacomo Pirozzi
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Food production for one person for 
one day requires 3000 liters of water

Comprehensive Assessment of Water Management in Agriculture. 2007. Water for Food, Water for Life: A Comprehensive Assessment of Water Management in 

Agriculture. London: Earthscan, and Colombo: International Water Management Institute.

Global water 
withdrawal (km3/yr)

70% of water usage is for agriculture

©  2013 American Society of Plant Biologists

Maize is a staple crop in Africa but very 
sensitive to drought damage

Less than 10% of crop land in sub-Saharan 

Africa is irrigated, making agriculture 

production highly susceptible to drought

Photo credit: Anne Wangalachi/CIMMYT Map Source – FAO Aquastat 2005

Irrigation as percentage of cultivated area



Water-efficient maize 

optimized for growth in sub-

Saharan Africa (WEMA) has 

been developed through a 

combination of breeding and 

GM methods

WEMA is being 

developed as a public-

private partnership that 

includes international 

and regional plant 

breeding institutes, 

philanthropic groups and 

Monsanto
Photo credits: Anne Wangalachi/CIMMYT

Water Efficient Maize for Africa (WEMA) was 
developed through a public-private partnership

• Biofuels are made by the fermentation and 

distillation of plant materials such as cellulose

• Biofuels can be produced by rapidly growing crops 
such as switchgrass and poplar

• Biofuels would reduce the net emission of CO2, a 
greenhouse gas

• The environmental implications of biofuels are 

controversial
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Issues of Human Health

• One concern is that genetic engineering may 
transfer allergens from a gene source to a plant 
used for food

• Some GMOs have health benefits

– For example, maize that produces the Bt toxin 
has 90% less of a cancer-causing toxin than non-
Bt corn

– Bt maize has less insect damage and lower 
infection by Fusarium 鐮胞菌 fungus (香蕉黃葉病）
that produces the cancer-causing toxin
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