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Throughout the ages, humans have used selective 
breeding techniques to create plants and animals 
with desirable genetic traits. By selecting organisms 

with naturally occurring or mutagen-induced variations 
and breeding them to establish the phenotype, we have 
evolved varieties that now feed our growing populations 
and support our complex civilizations.

Although we have had tremendous success shuffling 
genes through selective breeding, the 
process is a slow one. When recombinant 
DNA technologies emerged in the 1970s 
and 1980s, scientists realized that they 
could modify agriculturally significant 
organisms in a more precise and rapid 
way—by identifying and cloning genes 
that confer desirable traits, then introduc-
ing these genes into organisms. Genetic 
engineering of animals and plants prom-
ised an exciting new phase in scientific 
agriculture, with increased productivity,  
reduced pesticide use, and enhanced 
flavor and nutrition.

Beginning in the 1990s, scientists cre-
ated a large number of genetically modi-
fied (GM) food varieties. The first one, 
approved for sale in 1994, was the Flavr Savr tomato—a 
tomato that stayed firm and ripe longer than non-GM toma-
toes. Soon afterward, other GM foods were developed: papaya 
and zucchini with resistance to virus infection, canola con-
taining the tropical oil laurate, corn and cotton plants with 
resistance to insects, and soybeans and sugar beets with tol-
erance to agricultural herbicides. By 2012, more than 200 dif-
ferent GM crop varieties had been created. Worldwide, GM 
crops are planted on 170 million hectares of arable land, with 
a global value of $15 billion for GM seeds.

Although many people see great potential for GM 
foods—to help address malnutrition in a world with a grow-
ing human population and climate change—others question 
the technology, oppose GM food development, and some-
times resort to violence to stop the introduction of GM vari-
eties. Even Golden Rice—a variety of rice that contains the 
vitamin A precursor and was developed on a humanitarian 
nonprofit basis to help alleviate vitamin A deficiencies in the 
developing world—has been the target of opposition and 

Special TopicS in Modern GeneTicS 5

violence. On August 8, 2013, 400 protesters broke through 
security fences surrounding a field trial of Golden Rice in 
the Bicol region of the Philippines (ST Figure 5–1). Within 
15 minutes, they had uprooted and trampled most of the 
GM rice plants. The attackers argued that Golden Rice was 
a threat to human health and biodiversity and would lead to 
Western corporate control of local food crops.

Opposition to GM foods is not unique to Golden Rice. 
In 2013, approximately two million people 
marched against GM foods in rallies held 
in 52 countries. Some countries have out-
right bans on all GM foods, whereas others 
embrace the technologies. Opponents cite 
safety and environmental concerns, while 
some scientists and commercial interests 
extol the almost limitless virtues of GM 
foods. The topic of GM food attracts hyper-
bole and exaggerated rhetoric, informa-
tion, and misinformation—on both sides of 
the debate.

So, what are the truths about GM 
foods? In this Special Topic chapter, we 
will introduce the science behind GM foods 
and examine the promises and problems 

Genetically Modified Foods

 ST Figure 5–1  Anti-GM protesters attacking Golden Rice 
field. On August 8, 2013, protesters in the Philippines broke 
through a security fence and destroyed an experimental field of 
Golden Rice plants. 

(Photo courtesy Philippine Department of Agriculture Regional Field Unit 5)
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      dISCUSSIOn QUESTIOnS 771

review Questions

 1. How do genetically modified organisms compare with organ-
isms created through selective breeding?

 2. Can current GM crops be considered as transgenic or cisgenic? 
Why?

 3. Of the approximately 200 GM crop varieties that have been 
developed, only a few are widely used. What are these varieties, 
and how prevalent are they?

 4. How does glyphosate work, and how has it been used with GM 
crops to increase agricultural yields?

 5. Describe the mechanisms by which the Cry proteins from 
Bacillus thuringiensis act as insecticides.

 6. What measures have been taken to alleviate vitamin A defi-
ciencies in developing countries? To date, how successful have 
these strategies been?

 7. What is Golden Rice 2, and how was it created?
 8. Describe how plants can be transformed using biolistic 

methods. How does this method compare with Agrobacterium 
tumefaciens-mediated transformation?

 9. How do positive and negative selection techniques contribute 
to the development of GM crops?

 10. Describe how the Roundup-Ready soybean variety was devel-
oped, and what genes were used to transform the soybean plants.

discussion Questions

 1. What are the laws regulating the development, approval, and 
use of GM foods in your region and nationally?

 2. Do you think that foods containing GM ingredients should be 
labeled as such? What would be the advantages and disadvan-
tages to such a strategy?

 3. One of the major objections to GM foods is that they may be 
harmful to human health. Do you agree or disagree, and why?

M30_KLUG7260_11_GE_ST05.indd   771 14/08/15   1:52 PM

■■ New! Photos and 
illustrations have  
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throughout the text.
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phosphodiester bonds (see Figure 10–12). The energy cre-
ated by cleaving the triphosphate precursor into the mono-
phosphate form drives the reaction, and inorganic phos-
phates (PPi) are produced.

A second equation summarizes the sequential addition of 
each ribonucleotide as the process of transcription progresses:

(NMP)n + NTP ¡DNA

enzyme
(NMP)n + 1 + PPi

As this equation shows, each step of transcription involves 
the addition of one ribonucleotide (NMP) to the growing 
polyribonucleotide chain (NMP)n+1, using a nucleoside 
triphosphate (NTP) as the precursor.

RNA polymerase from E. coli has been extensively 
characterized and shown to consist of subunits designated 
a, b, b′, v, and s. The active form of the enzyme, the holo-
enzyme, contains the subunits a2bb′s and has a molecular 
weight of almost 500,000 Da. While there is some variation 
in the subunit composition of other bacteria, it is the b and 
b′ polypeptides that provide the catalytic mechanism and 
active site for transcription. As we will see, the s (sigma) 
factor [Figure 13–9(a)] plays a regulatory function in the 
initiation of RNA transcription.

While there is but a single form of the enzyme in E. 
coli, there are several different s factors, creating variations 
of the polymerase holoenzyme. On the other hand, eukary-
otes display three distinct forms of RNA polymerase, each 
consisting of a greater number of polypeptide subunits 
than in bacteria. In this section, we will discuss the process 
of transcription in prokaryotes. We will return to a discus-
sion of eukaryotic transcription later in this chapter.

In an elegant experiment using the E. coli–phage system, 
the results of which were reported in 1961, Sydney Brenner, 
François Jacob, and Matthew Meselson clarified this question. 
They labeled uninfected E. coli ribosomes with heavy isotopes 
and then allowed phage infection to occur in the presence 
of radioactive RNA precursors. By following these compo-
nents during translation, the researchers demonstrated that 
the synthesis of phage proteins (under the direction of newly 
synthesized RNA) occurred on bacterial ribosomes that were 
present prior to infection. The ribosomes appeared to be 
nonspecific, strengthening the case that another type of RNA 
serves as an intermediary in the process of protein synthesis.

That same year, Sol Spiegelman and his colleagues 
reached the same conclusion when they isolated 32P-labeled 
RNA following the infection of bacteria and used it in 
molecular hybridization studies. They tried hybridizing 
this RNA to the DNA of both phages and bacteria in sepa-
rate experiments. The RNA hybridized only with the phage 
DNA, showing that it was complementary in base sequence 
to the viral genetic information.

The results of these experiments agree with the concept 
of a messenger RNA (mRNA) being made on a DNA tem-
plate and then directing the synthesis of specific proteins 
in association with ribosomes. This concept was formally 
proposed by François Jacob and Jacques Monod in 1961 as 
part of a model for gene regulation in bacteria. Since then, 
mRNA has been isolated and thoroughly studied. There is 
no longer any question about its role in genetic processes.

 13.10  rna polymerase directs rna 
Synthesis

To prove that RNA can be synthesized on a DNA template, 
it was necessary to demonstrate that there is an enzyme 
capable of directing this synthesis. By 1959, several investiga-
tors, including Samuel Weiss, had independently discovered 
such a molecule in rat liver. Called RNA polymerase, it has 
the same general substrate requirements as does DNA poly-
merase, the major exception being that the substrate nucleo-
tides contain the ribose rather than the deoxyribose form of 
the sugar. Unlike DNA polymerase, no primer is required to 
initiate synthesis. The overall reaction summarizing the syn-
thesis of RNA on a DNA template can be expressed as

n(NTP) ¡DNA

enzyme
(NMP)n + n(PPi)

As the equation reveals, nucleoside triphosphates 
(NTPs) serve as substrates for the enzyme, which cata-
lyzes the polymerization of nucleoside monophosphates 
(NMPs), or nucleotides, into a polynucleotide chain 
(NMP)n. Nucleotides are linked during synthesis by 5′ to 3′ 

13–3 The following represent deoxyribonucleotide sequences 
in the template strand of DNA:

(a)  For each strand, determine the mRNA sequence that 
would be derived from transcription.

(b)  Using Figure 13–7, determine the amino acid sequence 
that is encoded by these mRNAs.

(c)  For Sequence 1, what is the sequence of the partner 
DNA strand?

HiNT: This problem asks you to consider the outcome of the 
transfer of complementary information from DNA to RNA and to 
determine the amino acids encoded by this information. The key 
to its solution is to remember that in RNA, uracil is complemen-
tary to adenine, and that while DNA stores genetic information 
in the cell, the code that is translated is contained in the RNA 
complementary to the template strand of DNA making up a gene.

Sequence 1: 5′-CTTTTTTGCCAT-3′
Sequence 2: 5′-ACATCAATAAC T-3′
Sequence 3: 5′-TACAAGGGT TCT-3′

M13_KLUG8915_11_C13_pp308-336.indd   321 24/03/14   3:49 PM
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64 3 Mendelian Genetics

i n s i G h t s  a n d  s o l u t i o n s

As a student, you will be asked to demonstrate your knowledge 
of transmission genetics by solving various problems. Success at 
this task requires not only comprehension of theory but also its 
application to more practical genetic situations. Most students 
find problem solving in genetics to be both challenging and 
rewarding. This section is designed to provide basic insights into 
the reasoning essential to this process.

Genetics problems are in many ways similar to word prob-
lems in algebra. The approach to solving them is identical: 
(1) analyze the problem carefully; (2) translate words into 
symbols and define each symbol precisely; and (3) choose 
and apply a specific technique to solve the problem. The 
first two steps are the most critical. The third step is largely 
mechanical.

The simplest problems state all necessary information 
about a P1 generation and ask you to find the expected ratios 
of the F1 and F2 genotypes and/or phenotypes. Always fol-
low these steps when you encounter this type of problem:

(a) Determine insofar as possible the genotypes of the indi-
viduals in the P1 generation.

(b) Determine what gametes may be formed by the P1 parents.

(c) Recombine the gametes by the Punnett square or the 
forked-line method, or if the situation is very simple, by 
inspection. From the genotypes of the F1 generation, deter-
mine the phenotypes. Read the F1 phenotypes.

(d) Repeat the process to obtain information about the F2 
generation.

Determining the genotypes from the given information 
requires that you understand the basic theory of transmis-
sion genetics. Consider this problem: A recessive mutant 
allele, black, causes a very dark body in Drosophila when 
homozygous. The normal wild-type color is described as gray. 
What F1 phenotypic ratio is predicted when a black female is 
crossed to a gray male whose father was black?

To work out this problem, you must understand domi-
nance and recessiveness, as well as the principle of segrega-
tion. Furthermore, you must use the information about the 
male parent’s father. Here is one logical approach to solving 
this problem:

The female parent is black, so she must be homozygous 
for the mutant allele (bb). The male parent is gray and must 
therefore have at least one dominant allele (B). His father was 
black (bb), and he received one of the chromosomes bearing 
these alleles, so the male parent must be heterozygous (Bb).

From this point, solving the problem is simple:

Apply the approach we just studied to the following problems.

 1. Mendel found that full pea pods are dominant over con-
stricted pods, while round seeds are dominant over wrinkled 
seeds. One of his crosses was between full, round plants and 
constricted, wrinkled plants. From this cross, he obtained an 
F1 generation that was all full and round. In the F2 genera-
tion, Mendel obtained his classic 9:3:3:1 ratio. Using this 
information, determine the expected F1 and F2 results of 
a cross between homozygous constricted, round and full, 
wrinkled plants.

Solution: First, assign gene symbols to each pair of 
contrasting traits. Use the lowercase first letter of each 
recessive trait to designate that trait, and use the same let-
ter in uppercase to designate the dominant trait. Thus, C 
and c indicate full and constricted pods, respectively, and 
W and w indicate the round and wrinkled phenotypes, 
respectively.

Determine the genotypes of the P1 generation, form the 
gametes, combine them in the F1 generation, and read off 
the phenotype(s):

P1:  
 

 

 
Gametes:

ccWW  
constricted, round  

T  
cW

3

CCww  
full, wrinkled  

T   
Cw

F1:   CcWw  

 
  full, round  

You can immediately see that the F1 generation expresses 
both dominant phenotypes and is heterozygous for both 
gene pairs. Thus, you expect that the F2 generation will 
yield the classic Mendelian ratio of 9:3:3:1. Let’s work it 
out anyway, just to confirm this expectation, using the 
forked-line method. Both gene pairs are heterozygous 
and can be expected to assort independently, so we can 
predict the F2 outcomes from each gene pair separately 
and then proceed with the forked-line method.

The F2 offspring should exhibit the individual traits in the 
following proportions:

Cc 3 Cc 
T

CC
Cc 
cC
cc

Ww 3 Ww 
T  

WW
Ww  
wW
ww

 1. Using these proportions to complete a forked-line diagram 
confirms the 9:3:3:1 phenotypic ratio. (Remember that this 
ratio represents proportions of 9/16:3/16:3/16:1/16.) Note 
that we are applying the product law as we compute the final 
probabilities:

full
¸
˝
˛

constricted

round
¸
˝
˛

wrinkled
bb

Homozygous
black female

bbBb

Bb

Heterozygous
gray male

1/2 Heterozygous gray
 males and females, Bb

1/2 Homozygous black
males and females, bb

bB

b F1

*
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162 6 Genetic analySiS and MappinG in Bacteria and BacteriophaGeS

 19. In an analysis of rII mutants, complementation testing yielded 
the following results:

Mutants Results (1/2 lysis)

1, 2 1

1, 3 1

1, 4 2

1, 5 2

  Predict the results of testing 2 and 3, 2 and 4, and 3 and 4 together.
 20. If further testing of the mutations in Problem 19 yielded the 

following results, what would you conclude about mutant 5?

Mutants Results

2, 5 2

3, 5 2

4, 5 2

 21. Using mutants 2 and 3 from the previous problem, following 
mixed infection on E. coli B, progeny viruses were plated in a series 
of dilutions on both E. coli B and K12 with the following results.
(a) What is the recombination frequency between the two 
mutants?

Strain Plated Dilution Plaques

E. coli B 10-5 2

E. coli K12 10-1 5

(b) Another mutation, 6, was tested in relation to mutations  
1 through 5 from the previous problems. In initial testing, 
mutant 6 complemented mutants 2 and 3. In recombination 
testing with 1, 4, and 5, mutant 6 yielded recombinants 
with 1 and 5, but not with 4. What can you conclude about 
mutation 6?

 22. During the analysis of seven rII mutations in phage T4, 
mutants 1, 2, and 6 were in cistron A, while mutants 3, 4, and 
5 were in cistron B. Of these, mutant 4 was a deletion overlap-
ping mutant 5. The remainder were point mutations. Nothing 
was known about mutant 7. Predict the results of complemen-
tation (1 or –) between 1 and 2; 1 and 3; 2 and 4; and 4 and 5.

 23. In studies of recombination between mutants 1 and  from 
the previous problem, the results shown in the following table 
were obtained.

Strain Dilution Plaques Phenotypes

E. coli B 10-7 4 r

E. coli K12 10-2 8 1

(a) Calculate the recombination frequency.
(b) When mutant 6 was tested for recombination with mutant 
1, the data were the same as those shown above for strain B, 
but not for K12. The researcher lost the K12 data, but remem-
bered that recombination was ten times more frequent than 
when mutants 1 and 2 were tested. What were the lost values 
(dilution and colony numbers)?
(c) Mutant 7 (Problem 22) failed to complement any of the 
other mutants (1–6). Define the nature of mutant 7.

 24. In Bacillus subtilis, linkage analysis of two mutant genes affect-
ing the synthesis of two amino acids, tryptophan (trp2

-) and 
tyrosine (tyr1

-), was performed using transformation. Examine 
the following data and draw all possible conclusions regarding 
linkage. What is the purpose of Part B of the experiment? [Ref-
erence: E. Nester, M. Schafer, and J. Lederberg (1963).]

Donor DNA Recipient Cell Transformants No.

    trp+  tyr- 196

A. trp2
+  tyr1

+ trp2
-  tyr1

- trp-  tyr+ 328
    trp+  tyr+ 367

 trp2
+  tyr1

-   trp+  tyr- 190
B. and trp2

-  tyr1
- trp-  tyr+ 256

 trp2
-  tyr1

+   trp+  tyr+  2

 25. An Hfr strain is used to map three genes in an interrupted mat-
ing experiment. The cross is Hfr >  a+b+c+rif * F -

 >  a-b-c-

rif r. (No map order is implied in the listing of the alleles; 
rif r is resistance to the antibiotic rifampicin.) The a+  gene is 
required for the biosynthesis of nutrient A, the b+  gene for 
nutrient B, and c+  for nutrient C. The minus alleles are auxo-
trophs for these nutrients. The cross is initiated at time = 0, 
and at various times, the mating mixture is plated on three 
types of medium. Each plate contains minimal medium 
(MM) plus rifampicin plus specific supplements that are 
indicated in the following table. (The results for each time 
interval are shown as the number of colonies growing on 
each plate.)

  Time of Interruption
  5 min 10 min 15 min 20 min

Nutrients A and B 0  0  4 21

Nutrients B and C 0  5 23 40

Nutrients A and C 4 25 60 82

(a) What is the purpose of rifampicin in the experiment?
(b) Based on these data, determine the approximate location 
on the chromosome of the a, b, and c genes relative to one 
another and to the F factor.
(c) Can the location of the rif gene be determined in this 
experiment? If not, design an experiment to determine the 
location of rif relative to the F factor and to gene b.

 26. A plaque assay is performed beginning with 1 mL of a solu-
tion containing bacteriophages. This solution is serially 
diluted three times by combining 0.1 mL of each sequen-
tial dilution with 9.9 mL of liquid medium. Then 0.1 mL of 
the final dilution is plated in the plaque assay and yields 17 
plaques. What is the initial density of bacteriophages in the 
original 1 mL?

 27. In a cotransformation experiment, using various combina-
tions of genes two at a time, the following data were produced. 
Determine which genes are “linked” to which others.

extra-Spicy problems  Visit for 
instructor-assigned tutorials and problems.
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■	 Write clearly and directly to students in order to provide 
understandable explanations of complex, analytical topics.

■	 Maintain our strong emphasis on and provide multiple 
approaches to problem solving.

■	 Propagate the rich history of genetics, which so beauti-
fully illustrates how information is acquired during sci-
entific investigation.

■	 Create inviting, engaging, and pedagogically useful full-
color figures enhanced by equally helpful photographs to 
support concept development.

These goals collectively serve as the cornerstone of 
Concepts of Genetics. This pedagogic foundation allows the 
book to be used in courses with many different approaches 
and lecture formats.

Writing a textbook that achieves these goals and hav-
ing the opportunity to continually improve on each new 
edition has been a labor of love for us. The creation of each 
of the eleven editions is a reflection not only of our passion 
for teaching genetics, but also of the constructive feedback 
and encouragement provided by adopters, reviewers, and 
our students over the past three decades.

New to This Edition
■	 Special Topics in Modern Genetics—We have been 

pleased with the popular reception that the Special Top-
ics in Modern Genetics chapters has received. First intro-
duced in the tenth edition, our goal has been to provide 
abbreviated, cohesive coverage of important topics in 
genetics that are not always easily located in textbooks. 
Professors have used these focused, flexible chapters 
as the backbone of lectures, as inspiration for student 
assignments outside of class, and as the basis of group 
assignments and presentations.

New to this edition are chapters on topics of great 
significance in genetics: Emerging Roles of RNA, 
Genetically Modified Foods, and Gene Therapy. For 
all Special Topic chapters, we have added a series of 
questions that send the student back into the chapter to 
review key ideas or provide the basis of personal contem-
plations and group discussions.

■	 Modern Approaches to Understanding Gene Function 
This new feature highlights how advances in genetic tech-
nology have led to our modern understanding of gene 

It is essential that textbook authors step back and look 
with fresh eyes as each edition of their work is planned. 
In doing so, two main questions must be posed: (1) How 
has the body of information in their field—in this case 
Genetics—grown and shifted since the last edition; and 
(2) What pedagogic innovations might be devised and 
incorporated into the text that will unquestionably enhance 
students’ learning? The preparation of the 11th edition of 
Concepts of Genetics, a text now entering its fourth decade 
of providing support for students studying in this field, 
has occasioned still another fresh look. And what we 
focused on in this new edition, in addition to the normal 
updating that is inevitably required, were two things:  
(1) the need to increase the opportunities for instructors 
and students to engage in active and cooperative learning 
approaches, either within or outside of the classroom; and 
(2) the need to provide more comprehensive coverage of 
important, emerging topics that do not yet warrant their 
own traditional chapters.

Regarding the first point, and as discussed in further 
detail below, we have added a new feature called Modern 
Understanding of Gene Function, which appears within 
many chapters. In addition, we have retained the very 
popular Genetics, Technology, and Society essays that 
appear at the end of many chapters. This feature includes 
an active learning format called Your Turn, which directly 
engages the student with provocative assignments. These 
features are in addition to Exploring Genomics entries, 
and together, these all may serve as the basis for interac-
tions between small groups of students, either in or out of 
the classroom. Regarding emerging topics, we continue 
to include a unique approach in genetics textbooks that 
offers readers a set of abbreviated, highly focused chapters 
that we label Special Topics in Modern Genetics. In this 
edition, these provide uniquely cohesive coverage of six 
important topics: Epigenetics, Emerging Roles of RNA, 
Genomics and Personalized Medicine, DNA Forensics, 
Genetically Modified Foods, and Gene Therapy. Three of 
these (RNA, GM Foods, and Gene Therapy) are new to this 
edition.

Goals
In the 11th edition of Concepts of Genetics, as in all past edi-
tions, we have five major goals. Specifically, we have sought to:

■	 Emphasize the basic concepts of genetics.

Preface
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Ch. 3: Mendelian Genetics
•  �New Understanding Gene Function section: 

Identifying Mendel’s Gene for Regulating White 
Flower Color in Peas

•  �New end-of-chapter problems based on Migaloo, the 
albino hump-backed whale

Ch. 7: Sex Determination and Sex Chromosomes
•  �New coverage on paternal age effects (PAEs) in 

humans
•  �New Understanding Gene Function section: 

Drosophila Sxl Gene Induces Female Development

Ch. 8: Chromosome Mutations: Variation in 
Number and Arrangement

•  Updated coverage of fragile-X syndrome
•  �New Understanding Gene Function section: Mouse 

Models of Down Syndrome

Ch. 9: Extranuclear Inheritance
•  �New coverage on mitochondrial swapping and the 

prevention of mtDNA-based disorders

Ch. 11: DNA Replication and Recombination
•  Updated coverage of DNA Pol III holoenzyme
•  Revised figures involving DNA synthesis
•  �New coverage of the initiation of bacterial DNA 

synthesis
•  �New coverage of homologous recombination and 

gene conversion
•  New coverage of replication of telomeric DNA
•  �New Understanding Gene Function section: Lethal 

Knockouts of DNA Ligase Genes

Ch. 12: DNA Organization in Chromosomes
•  New coverage of kinetochore structure and function

Ch. 14: Translation and Proteins
•  Revision of all ribosome figures

Ch. 15: Gene Mutation, DNA Repair, and 
Transposition

•  New data on spontaneous mutation rates in humans.
•  �Reorganization and updates for mutation 

classification
•  �Updated coverage of xeroderma pigmentosum and 

DNA repair mechanisms
•  �New Understanding Gene Function section: 

Transposon-Mediated Mutations Reveal Genes 
Involved in Colorectal Cancer

Ch. 16: Regulation of Gene Expression in 
Prokaryotes

•  �Updated coverage of gene regulation by 
riboswitches

function. Appearing in many chapters, this feature also 
prompts students to apply their analytical thinking skills, 
linking the experimental technology to the findings that 
enhance our understanding of gene function.

■	 Evolving Concept of the Gene Also new to this edition 
is a short feature, integrated in appropriate chapters, that 
highlights how scientists’ understanding of what a gene 
is has changed over time. Since we cannot see genes, we 
must infer just what this unit of heredity is, based on 
experimental findings. By highlighting how scientists’ 
conceptualization of the gene has advanced over time, we 
aim to help students appreciate the process of discovery 
that has led to an ever more sophisticated understanding 
of hereditary information.

■	 Concept Question A new feature, found as the second 
question in the Problems and Discussion Questions at 
the end of each chapter, asks the student to review and 
comment on common aspects of the Chapter Concepts, 
listed at the beginning of each chapter. This feature 
places added emphasis on our pedagogic approach of 
conceptual learning.

■	 Neurogenetics A major change that is evident in the 
Table of Contents involves Chapter 24. Previously entitled 
Behavior Genetics, this chapter has been reworked and 
redefined to reflect the wealth of information regard-
ing the impact of genetics on the field of neurobiology, 
linking genetic analysis to brain function and brain 
disorders. Thus, the fully revised Chapter 24 is now en-
titled Neurogenetics.

■	 MasteringGenetics This robust online homework and 
assessment program guides students through complex top-
ics in genetics, using in-depth tutorials that coach students 
to correct answers with hints and feedback specific to their 
misconceptions. New content for Concepts of Genetics 11e 
includes a library of Practice Problems that are like end of 
chapter questions and only appear in MasteringGenetics. 
These problems offer a valuable extension of questions 
available for assignments. These questions include 
wrong answer feedback to help students learn from 
their mistakes.

New and Updated Topics
While we have revised each chapter in the text to present 
the most current findings in genetics, below is a list of some 
of the most significant new and updated topics present in 
this edition.

Ch. 1: Introduction to Genetics
•  �New chapter introduction vignette emphasizing 

translational medicine
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•  �New coverage and figure on deducing fetal genome 
sequences from maternal blood

•  Updated coverage of prenatal genetic testing
•  Updated coverage of the minimal genome
•  �New coverage involving genetic analysis by 

sequencing individual genomes for clinical purposes 
and single-cell sequencing

•  �Revised ethics section to include additional 
discussion on the analysis of whole genome 
sequences, preconception testing, DNA patents, and 
destiny predictions

•  �Major revision of PDQ content and additional new 
questions

•  �New Genetics, Technology, and Society essay: 
Privacy and Anonymity of Genomic Data

•  �New Case Study on cancer-killing bacteria

Ch. 23: Quantitative Genetics and Multifactorial 
Traits

•  �Updated coverage of quantitative trait loci (QTL) in 
studying multifactorial phenotypes

Ch. 24: Neurogenetics
•  �Conversion of the Behavior Genetics chapter to 

one entitled Neurogenetics, with emphasis on 
molecular events in the brain and nervous system 
related to behavior. Includes 10 new figures and 3 
new tables.

•  �New Understanding Gene Function section: RbAp48 
and a Potential Molecular Mechanism for Age-
Related Memory Loss

Ch. 25: Population and Evolutionary Genetics
•  �New coverage on macroevolution and the rate of 

speciation
•  Revision of the discussion of the molecular clock
•  �Two new sections: The Complex Origins of Our 

Genome and Our Genome Is a Mosaic

Special Topic Chapter 1: Epigenetics
•  �New section: MicroRNAs and Long Non-Coding 

RNAs 

Special Topic Chapter 2: Emerging Roles of RNA
•  �New chapter on the newly discovered emerging roles 

of RNA—focuses on the diverse functions of RNAs 
with an emphasis on noncoding RNA

Special Topic Chapter 3: DNA Forensics
•  �New coverage describing how DNA can be 

inadvertently transferred to a crime scene,  
leading to false arrests

•  New coverage of DNA phenotyping

Ch. 17: Regulation of Gene Expression in Eukaryotes
•  Expanded coverage of chromatin modifications
•  �Introduction of Weintraub and Groudine’s 

experiments involving chromatin structure and 
transcription regulation

•  �Updated coverage of promoter and enhancer 
structures and functions

•  �Updated coverage of the mechanisms of 
transcription activation and repression

•  Updated section on RNA silencing
•  �New section: ENCODE Data Are Transforming Our 

Concepts of Eukaryotic Gene Regulation
•  �New Understanding Gene Function section: 

MicroRNAs Regulate Ovulation in Female Mice

Ch. 18: Developmental Genetics
•  �New section: Binary Switch Genes and Signaling 

Pathways, including four new figures
•  �New Understanding Gene Function section: Single-

Gene Signaling Mechanism Reveals Secrets to Head 
Regeneration in Planaria

Ch. 19: Cancer and Regulation of the Cell Cycle
•  �New coverage of the progressive nature of colorectal 

cancers
•  �Revised and updated coverage of driver and 

passenger mutations
•  �Expanded coverage of the role of viruses in human 

cancers

Ch. 20: Recombinant DNA Technology
•  �Expanded coverage and new figure on third-

generation DNA sequencing
•  �New section on gene targeting that includes content 

and figures on gene knockout animals, conditional 
knockouts, and transgenic animals

Ch. 21: Genomics, Bioinformatics, and Proteomics
•  �Updated coverage of the Human Microbiome 

Project
•  New content introducing exome sequencing
•  Updated coverage of personal genome projects
•  �Revised and expanded coverage of the Encyclopedia 

of DNA Elements (ENCODE) Project
•  �New content and figure covering chromatin-

immunoprecipitation (ChIP) and ChIP-sequencing 
(ChIPSeq)

•  �New Case Study discussing the microbiome as a risk 
factor for disease

Ch. 22: Applications and Ethics of Genetic 
Engineering and Biotechnology

•  �New section and figure on Synthetic Biology for 
Bioengineering Applications
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