
Genetics and

Genomics
in Nursing and Health Care

Second Edition



3

Genetics and
Genomics
in Nursing and Health Care
Second Edition

Theresa A. Beery
PhD, RN, ACNP-BC, CNE 

Professor
Director of the Center for 

Educational Research
Scholarship and Innovation
Institute for Nursing Research 

and Scholarship
University of Cincinnati 

College of Nursing
Cincinnati, Ohio

M. Linda Workman
PhD, RN, ACNP-BC, CNE 

Associate Professor
Director of the Center for 

Educational Research
Scholarship and Innovation
Institute for Nursing Research 

and Scholarship
University of Cincinnati 

College of Nursing
Cincinnati, Ohio

Julia A. Eggert
PhD, RN, ACNP-BC, CNE 

Professor
Director of the Center for 

Educational Research
Scholarship and Innovation
Institute for Nursing Research 

and Scholarship
University of Cincinnati 

College of Nursing
Cincinnati, Ohio



77

Janet Adams, MSN, RT (ARRT), RN
Instructor
Southeast Missouri State University
Cape Girardeau, Missouri

Julie Baldwin, RN, MSN 
Assistant Professor of Nursing Missouri 
Western State University St. Joseph, Missouri

Janet Adams, MSN, RT (ARRT), RN
Instructor
Southeast Missouri State University
Cape Girardeau, Missouri

Julie Baldwin, RN, MSN 
Assistant Professor of Nursing Missouri 
Western State University St. Joseph, Missouri

Janet Adams, MSN, RT (ARRT), RN
Instructor
Southeast Missouri State University
Cape Girardeau, Missouri

Julie Baldwin, RN, MSN 
Assistant Professor of Nursing Missouri 
Western State University St. Joseph, Missouri

Janet Adams, MSN, RT (ARRT), RN
Instructor
Southeast Missouri State University
Cape Girardeau, Missouri

Julie Baldwin, RN, MSN 
Assistant Professor of Nursing Missouri 
Western State University St. Joseph, Missouri

Janet Adams, MSN, RT (ARRT), RN
Instructor
Southeast Missouri State University
Cape Girardeau, Missouri

Julie Baldwin, RN, MSN 
Assistant Professor of Nursing Missouri 
Western State University St. Joseph, Missouri

Janet Adams, MSN, RT (ARRT), RN
Instructor
Southeast Missouri State University
Cape Girardeau, Missouri

Julie Baldwin, RN, MSN 
Assistant Professor of Nursing Missouri 
Western State University St. Joseph, Missouri

Reviewers



88

UNIT I  Basic Components  
Genetic Stuff 00

Chapter 1  DNA Structure and Function 
Genetic Biology 00

Chapter 2 Protein Synthetsis 00
Transcription 00
Translation 00
Mutations 00

Chapter 3  Genetic Influences on Cell 
Growth, Cell Differentiation,  
and Gametogeneisis 00
Normal Cell Biology 00
Early Embryonic Cell Biology 00
Commitment and  

Differentiation 00
Gametogenesis 00

UNIT II  Gene Expression 00

Chapter 1  DNA Structure and Function 
Genetic Biology 00

Chapter 2 Protein Synthetsis 00
Transcription 00
Translation 00
Mutations 00

Chapter 3  Genetic Influences on Cell 
Growth, Cell Differentiation,  
and Gametogeneisis 00
Normal Cell Biology 00
Early Embryonic Cell Biology 00
Commitment and  

Differentiation 00
Gametogenesis 00

 

UNIT III  Basic Components  
Genetic Stuff 00

Chapter 1   DNA Structure and Function  
Genetic Biology 00

Chapter 2  Protein Synthetsis 00
Transcription xx
Translation xx
Mutations xx

Chapter 3  Genetic Influences on 
Cell Growth, Cell Different 
Gametogeneisis 00
Normal Cell Biology 00
Early Embryonic Cell Biology 00
Commitment and  

Differentiation 00
Gametogenesis 00

UNIT IV Gene Expression 00

Chapter 1  DNA Structure and Function 
Genetic Biology 00

Chapter 2 Protein Synthetsis 00
Transcription 00
Translation 00
Mutations 00

Chapter 3  Genetic Influences on Cell 
Growth, Cell Differentiation,  
and Gametogeneisis 00
Normal Cell Biology 00
Early Embryonic Cell Biology 00
Commitment and  

Differentiation 00
Gametogenesis 00

Table of Contents



9

 Table of Contents 9

UNIT V  Basic Components  
Genetic Stuff 00

Chapter 1  DNA Structure and Function  
Genetic Biology 00

Chapter 2  Protein Synthetsis 00
Transcription xx
Translation xx
Mutations xx

Chapter 3  Genetic Influences on Cell Growth, Cell Different Gametogeneisis 00
Normal Cell Biology 00
Early Embryonic Cell Biology 00
Commitment and  

Differentiation 00
Gametogenesis 00

UNIT VI Gene Expression 00

Chapter 1  DNA Structure and Function Genetic Biology 00

Chapter 2 Protein Synthetsis 00
Transcription 00

Chapter 3  Genetic Influences on Cell Growth, Cell Differentiation,  
and Gametogeneisis 00
Normal Cell Biology 00
Early Embryonic Cell Biology 00
Commitment and 

Appendices

A  Genetic Competencies  
Identified by the American Association of Colleges of Nursing 000

B  Core Competencies from the National Coalition for Health Professional Education 
in Genetics (NCHPEG) 00

C  Essentials for Genetic and Genomic Nursing: Competencies, Curricula Guideline, 
and Outcome Indicators, 2nd Edition 00

D  Genetic Organizations and Support Groups 00

E  Selected Educational  
Websites 00

Glossary 



UNIT II
Basic Concepts from 

Molecular Genetics



12

Genetic Influence on Cell Division, 
Differentiation, and Gametogenesis

Learning Outcomes
1. Use the genetic terminology associated with cell division, cell differentiation, and gametogenesis. 

2. Compare the characteristics and growth regulation of normal cells and early  embryonic cells. 

3. Analyze the influences of membrane receptors, signal transduction pathways, and transcription factors in 
the regulation of cell division. 

4. Explain the role of apoptosis in normal cell function. 

5. Describe the influence of gene expression in cell differentiation. 

6. Compare the processes, timing, and outcomes of mitosis and meiosis. 

7. Compare the processes and consequences of meiosis I and meiosis II in spermatogenesis and oogenesis.

INTRODUCTION

Human health is dependent on the efficient and correct function of normal cells in every tissue and organ. In 
addition to ensuring proper cell function, an important aspect of health is the tight regulation of when cells 
divide, when they die, and how or if they are replaced. The process of cell division is complex and common, 
occurring millions of times every minute throughout the lifespan. Genetic regulation ensures the process occurs 
at the right time and at the right rate. Interference with genetic regulation of cell division can result in develop-
mental abnormalities of anatomy and function, and is a major factor in cancer development. The process of cell 
division is complex and common, occurring millions of times every minute throughout the lifespan. Genetic 
regulation ensures the process occurs at the right time and at the right rate.

Key Terms

Apoptosis

Bipotential Gonad

Cell Adhesion Molecules

Phosphorylation

Pluripotent Cell

Signal Transduction

Spermatogenesis

Suppressor Gene

Transcription Factors

Tyrosine Kinases (TKs)

Zygote

Chapter 31
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Among all normal cells capable of mitosis, the step of leaving G0 and entering the firste cell has retained its 
mitotic ability. A need exists for cell division in the specific tissue where the cell resides. Are more cells needed 
in this tissue as a result of previous cell damage or loss? Are more cells needed in this tissue because the tissue 
needs to increase in size (as in normal development)? Adequate nutritional stores are present (especially protein, 
glucose, and oxygen) to support existing and new cells. The cell has a sufficient energy supply or is capable of 
producing enough energy to participate in cell division and synthesize additional membranes, proteins, and 
organelles.

• The cell has retained its mitotic ability. bulleted list
• Adequate nutritional stores are present (especially protein, glucose, and oxygen) to support existing and 

new cells. 
• A need exists for cell division in the specific tissue where the cell resides. Are more cells needed in this 

tissue as a result of previous cell damage or loss? Are more cells needed in this tissue because the tissue 
needs to increase in size (as in normal development)? 

• The cell has a sufficient energy supply or is capable of producing enough energy to participate in cell 
division and synthesize additional membranes, proteins, and organelles.

GAMETOGENESIS H1J

Overview H2
Gametogenesis is the conversion of diploid germ cells into haploid gametes that are capable of uniting at con-
ception to start a new person. It represents a specific type of cell differentiation and maturation. Converting 
precursor diploid germ cells into haploid gametes requires the process of meiosis. Meiotic cell division is a spe-
cial type of cell division in which the chromosome number per cell is reduced to half. This type of cell division 

TABLE 14-12

Genetic Diseases that can Cause Cardiomyopathy

Hypertrophic Cardiomyopathy

Beckwith-Weidemann syndrome 

Down syndrome 

Friedreich’s ataxia syndrome 

Hurler syndrome 

Noonan syndrome  tul

Hypertrophic Cardiomyopathy

Becker and Duchenne muscular Dystrophy 

Emery-Dreifuss muscular dystrophy 

Fabry Disease 

Mitochondrial myopathy  tul

Sickle cell disease

(Hershberger, Lindenfeld et al. 2009) tc
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occurs only in germ cells. The process of meiosis for gamete formation involves only one episode of DNA syn-
thesis and two separate rounds of meiotic cell divisions. This process takes time and occurs at different rates for 
the ova compared with the sperm. The final outcome in terms of gamete numbers also differs between the ova 
and sperm. For sperm, one precursor diploid germ cell undergoing the process of meiosis results in the eventual 
formation of four haploid mature sperm, each capable of fertilization. For ova, one precursor diploid germ cell 

TABLE 14-12

Examples of Cancers Caused by Mutations in Suppressor Genes, Oncogenes,  
DNA Repair Genes

Mutated Genes  Cancer Genes TCH TCHTCH

Suppressor Genes

BRCA2 Breast, stomach, bladder, pancreas, lung, and ovarian carcin 1234781567890 
ovarian carcinomas

BRCA2 Breast, stomach, bladder, pancreas, lung, and ovarian carcin 1234781567890 
ovarian carcinomas

BRCA2 Breast, stomach, bladder, pancreas, lung, and ovarian carcin 1234781567890 
ovarian carcinomas  tul

Suppressor TCSH

BRCA2 1. Breast, stomach, bladder, pancreas, lung, and ovarian car 1234781567890 
ovarian carcinomas

BRCA2 2. Breast, stomach, bladder, pancreas, lung, and ovarian carc 1234781567890 
ovarian carcinomas

BRCA2 3. Breast, stomach, bladder, pancreas, lung, and ovarian car 1234781567890 
ovarian carcinomas  tnl

Suppressor Genes

BRCA2 t • Breast, stomach, bladder, pancreas, lung, and ovarian car 1234781567890 
ovarian carcinomas tbl

BRCA2 • Breast, stomach, bladder, pancreas, lung, and ovarian carc 1234781567890 
ovarian carcinomas

 • Breast, stomach, bladder, pancreas, lung, and ovarian  
ovarian carcinomas  tbsl

 • Breast, stomach, bladder, pancreas, lung, and ovarian 
ovarian carcinomas

BRCA2 • Breast, stomach, bladder, pancreas, lung, and ovarian car 1234781567890 
ovarian carcinomas

*At the discretion of the examiner, a positive response or finding in any 1 or more of the 12 items may be judged sufficient to trigger a 
referral for cardiovascular evaluation. Parental verification of the responses is regarded as essential for high school (and middle school) 
students.
**Cardiovascular screening should include ECG, echocardiogram, possible stress test, possible cardiac MRI and follow up plan as needed. 
In the opinion of the HCMA, these tests should be conducted by a cardiac professional, not a general practitioner or pediatrician. tfn

Used with permission of the Hypertrophic Cardiomyopathy Association, http://www.4hcm.org/hcm/diagnosis/40255.html. Used with 
permission of the Hypertrophic Cardiomyopathy Association, http://www.4hcm.org/hcm/diagnosis/40255.html. tc
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that undergoes the completion of meiosis results in the 
formation of only one haploid mature ovum capable 
of being fertilized along with up to three haploid small 
cells, known as polar bodies, that contain almost no cy-
toplasm. Table 3-1 summarizes the key differences in 
meiosis between spermatogenesis and oogenesis
The primary spermatocyte enters the cell cycle and pro-
gresses through the phases of G1 and S in the same way 

as for mitosis, including DNA replication during S phase. However, G2 phase does not really exist for meiosis. 
Shortly after S phase, M phase for meiosis begins and has additional steps.

1. Use the genetic terminology associated with cell division, cell differentiation, and gametogenesis. 

2. Compare the characteristics and growth regulation of normal cells and early  embryonic cells. 

3. Analyze the influences of membrane receptors, signal transduction pathways, and transcription factors 
in the regulation of cell division. 

4. Explain the role of apoptosis in normal cell function. 

5. Describe the influence of gene expression in cell differentiation. 

Meiosis I H3
The primary spermatocyte, which has 46 chromosomes (23 pairs) enters meiosis I, which is the chromosome 
number reduction division and has multiple stages or steps. Some of these stages are similar to those in mitosis, 
whereas others are unique to meiosis. (See Chapter 1 to review the stages of mitotic cell division.) Figure 3-12 
shows the stages of the process of meiosis. (Those stages that are also part of meiosis II are labeled with a Roman 
numeral I when the stage occurs during meiosis I [Fig. 3-12A] and with a Roman numeral II when the stage 
occurs during meiosis II (Fig. 3-12B].) The primary spermatocyte enters the cell cycle and progresses through 
the phases of G1 and S in the same way as for mitosis, including DNA replication during S phase. However, 
G2 phase does not really exist for meiosis. Shortly after S phase, M phase for meiosis begins and has additional 
steps compared with M phase of mitosis.* 

Use the genetic terminology associated with cell division, cell differentiation, and gametogenesis. 

Compare the characteristics and growth regulation of normal cells and early  embryonic cells. 

Analyze the influences of membrane receptors, signal transduction pathways, and transcription factors in 
the regulation of cell division. 

Explain the role of apoptosis in normal cell function. 

Describe the influence of gene expression in cell differentiation. 

Prophase I H4

On entering M phase, the spermatocyte has double the DNA and chromosome content from DNA replication 
during S phase, just like in mitosis. Because each chromosome has sister chromatids, tetraploidy now exists, 
just like in mitosis. During prophase I, the DNA of the replicated chromosomes continuously condenses. Re-
member that the metaphase of mitosis is a relatively rapid process. However, in meiosis it is much longer. For 
spermatocytes, the prophase of mitosis is days long. (For oocytes, prophase is long.)

How Can The Same Chromosomal Deletion 
Result In Two Very Different Phenotypes?

If you are not asking yourself this question, go 
back and reread the Angelman syndrome and 
Prader-Willi syndrome sections. Then read the next 
section, which discusses genomic imprinting.

*A positive response or finding in any 1 or more of the 12 items may be judged sufficient to trigger a referral for cardiovascular evaluation. 
Parental verification of the responses is regarded as essential for high school (and middle school) students.
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1. How are gametes different from zygotes?
a. Zygotes are usually haploid whereas gametes are usually diploid.
b. Zygotes are the cells that result from fertilization and gametes are the mature sex cells of both 

genders.*
c. Zygotes are fertilized ova with a 46, XX karyotype and gametes are fertilized ova with a 46, XY 

karyotype.
d. Zygotes are fertilized ova with 46, XY karyotypes and gametes are fertilized ova with 46, XX 

karyotypes.

2. Which cell feature is common to normal human differentiated cells and to early embryonic human 
cells?
a. Growth by hypertrophy
b. Contact inhibition
c. Tight adhesion
d. Euploidy*

3. How do transcription factors influence cell division?
a. They directly transmit external signals to the cell’s nucleus.
b. When transcription factors are present, gene expression for cell division is enhanced.
c. Loss or inactivation of transcription factors disrupts or disables the suppressor gene regulation 

of cell division.
d. Transcription factors are enzymes that activate promitotic substances by adding a phosphate 

group to the chemical structure.

Self-Assessment Questions

• Whenever normal cells are replaced with scar tissue, some tissue/organ function is reduced. key 
concepts bulleted list

• The maintenance of healthy tissues and organs is dependent upon the proper balance of cell division 
with apoptosis. 

• Suppressor gene products limit cell division by controlling the expression of oncogenes so that mitosis 
occurs only when it is needed and to the extent that it is needed

• Oncogenes are normal genes and their products are promitotic. The controlled expression of oncogenes 
is needed for normal cell division.

• Oncogenes are heavily expressed during early embryonic development.
• Apoptosis of differentiated cells ensures that a greater number of optimally functional cells populate a 

tissue or organ that retains its mitotic ability.
• Commitment is an event critical to the development of an embryo that has the potential to differentiate 

into a fetus.
• Tight genetic regulation of cell growth is essential for health throughout the lifespan, not just for 

prenatal development.

GENE GEMS
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A child is born as the first child of a mother who is 25 years old and a father who is 28 years old is diagnosed 
with Down syndrome at age 6 months. The karyotype is 47, XY,+21. Both parents have college degrees in 
business administration. One works at a facility that manufactures cosmetics and the other works in a large 
computer call center. No other family members have ever had Down syndrome. The child is meeting all of 
his developmental milestones at this time and is taking part in an early childhood stimulation program daily. 
How would you respond to the following questions from the parents?

1. Could this have occurred as a result of environmental exposure to chemicals or radiation at work? 
Why or why not?

2. What are the possibilities that any other children they conceive may have Down syndrome? 
(Consider whether this child is likely to have trisomy 21 as a result of nondisjunction or as a result 
of an unbalanced translocation.)

3. What can they expect this child to achieve?

4. What are the chances that this child could have a child with Down syndrome?

CASE STUDY

A. Don and his maternal grandfather, Barry, both have classic hemophilia. Don’s partner is his maternal 
aunt’s daughter, Diane. Don and Diane have one son, Edward, and two daughters, Elise and Emily, all of 
whom have hemophilia. Don and Diane also have another daughter, Enid, who does not have hemophilia.

Draw the pedigree CS2

1. What is the probability that Enid could have an affected son?

2. What is the probability that Enid could have an affected daughter?

B. A couple, Jack and Jill, are both deaf and each has one parent who also is deaf. Jack and Jill have 8 
children, 6 boys and 2 girls, 4 of whom (1 daughter and 3 sons) are also deaf.

Draw the pedigree for the family

1. Identify the specific pattern of inheritance (if any) indicated for this family

2. Indicate what criteria the pedigree presents that support the correct pattern of inheritance for this 
health problem.

CASE STUDY

1. What might happen if an active drug metabolized by CYP2D6 was developed in China and found to 
have very few adverse reactions and then marketed in South Africa?

2. What impact do you think PGx will have on your day to day patient care?

3. If you patient shows you a PGx test result (ordered over the internet) and requests that his or her 
drug dose be altered what will you do?

Discussion Questions
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Prophase I H4

LEPTOTENE STAGE H5. The leptotene stage of prophase I is similar to the early prophase of mitosis. At this time, 
the four chromatids of each chromosome pair are long, thin threads. These threads become looser.

ZYGOTENE STAGE H5. Chromosome movement occurs during the zygotene stage. The chromosome pairs, with 
a total of 4 chromatids each, line up next to and even on top of each other. For example, the pair of chromo-
some number 3 gets very close to each other, lining up the entire length of the four chromatids along their axis, 
a process called synapsis.) At this time, the four chromatids of each chromosome pair are long, thin threads. 
These threads become looser.

SUMMARY

Strict genetic control over cell division is required throughout a person’s lifetime, from conception to death, to 
ensure optimal physiologic function. Loss of genetic control not only forms the basis for many anatomic and 
physiologic problems, it is the source of all types of abnormal cell growth, such as cancer.
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Self-Assessment Answers

1. The spermatocyte has double the DNA and chromosome content from DNA replication during S phase, just like in mitosis. 
Because each chromosome has sister chromatids, tetraploidy.

2. Phase, the spermatocyte has double the DNA and chromosome content from DNA replication during S phase, just like in 
mitosis. Because each chromosome has sister chromatids, tetraploidy now exists, just like in mitosis. During prophase I, the 
DNA of the replicated chromosomes continuously condenses. Remember that the metaphase of mitosis is a relatively rapid 
process.

3. Spermatocyte has double the DNA and chromosome content from DNA replication during S phase, just like in mitosis. 
Because each chromosome has sister chromatids, tetraploidy now exists, just like in mitosis. During prophase I, the DNA of 
the replicated chromosomes continuously condenses. Remember.
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Genetic Competencies Identified by the America 
Association of Colleges of Nursing

TABLE 14-12

Examples of Cancers Caused by Mutations in Suppressor Genes, Oncogenes,  
DNA Repair Genes

Mutated Genes  Cancer Genes TCH TCHTCH

Suppressor Genes

BRCA2 Breast, stomach, bladder, pancreas, lung, and ovarian carcin 1234781567890 
ovarian carcinomas

BRCA2 Breast, stomach, bladder, pancreas, lung, and ovarian carcin 1234781567890 
ovarian carcinomas

BRCA2 Breast, stomach, bladder, pancreas, lung, and ovarian carcin 1234781567890 
ovarian carcinomas  tul

Suppressor TCSH

BRCA2 1. Breast, stomach, bladder, pancreas, lung, and ovarian car 1234781567890 
ovarian carcinomas

BRCA2 2. Breast, stomach, bladder, pancreas, lung, and ovarian carc 1234781567890 
ovarian carcinomas

BRCA2 3. Breast, stomach, bladder, pancreas, lung, and ovarian car 1234781567890 
ovarian carcinomas  tnl

Suppressor Genes

BRCA2 t • Breast, stomach, bladder, pancreas, lung, and ovarian car 1234781567890 
ovarian carcinomas tbl

BRCA2 • Breast, stomach, bladder, pancreas, lung, and ovarian carc 1234781567890 
ovarian carcinomas

 • Breast, stomach, bladder, pancreas, lung, and ovarian  
ovarian carcinomas  tbsl

 • Breast, stomach, bladder, pancreas, lung, and ovarian 
ovarian carcinomas

BRCA2 • Breast, stomach, bladder, pancreas, lung, and ovarian car 1234781567890 
ovarian carcinomas

*At the discretion of the examiner, a positive response or finding in any 1 or more of the 12 items may be judged sufficient to trigger a 
referral for cardiovascular evaluation. Parental verification of the responses is regarded as essential for high school (and middle school) 
students.
**Cardiovascular screening should include ECG, echocardiogram, possible stress test, possible cardiac MRI and follow up plan as needed. 
In the opinion of the HCMA, these tests should be conducted by a cardiac professional, not a general practitioner or pediatrician. tfn

Used with permission of the Hypertrophic Cardiomyopathy Association, http://www.4hcm.org/hcm/diagnosis/40255.html. Used with 
permission of the Hypertrophic Cardiomyopathy Association, http://www.4hcm.org/hcm/diagnosis/40255.html. tc
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Cell Adhesion Molecules A chemical reaction in which a phosphate group is added to another chemical 
through the action of a tyrosine kinase enzyme. The result of phosphorylation is 
activation of the chemical.

Tyrosine Kinases (TKs) A set of communication system chains that allows information about events, 
conditions, and substances external to the cell to reach the nucleus and 
influence whether the cell then divides, undergoes apoptosis, or performs its 
differentiated functions.

Cell Adhesion Molecules A chemical reaction in which a phosphate group is added to another chemical 
through the action of a tyrosine kinase enzyme. The result of phosphorylation is 
activation of the chemical.

Tyrosine Kinases (TKs) A set of communication system chains that allows information about events, 
conditions, and substances external to the cell to reach the nucleus and 
influence whether the cell then divides, undergoes apoptosis, or performs its 
differentiated functions.

Cell Adhesion Molecules A chemical reaction in which a phosphate group is added to another chemical 
through the action of a tyrosine kinase enzyme. The result of phosphorylation is 
activation of the chemical.

Tyrosine Kinases (TKs) A set of communication system chains that allows information about events, 
conditions, and substances external to the cell to reach the nucleus and 
influence whether the cell then divides, undergoes apoptosis, or performs its 
differentiated functions.

Cell Adhesion Molecules A chemical reaction in which a phosphate group is added to another chemical 
through the action of a tyrosine kinase enzyme. The result of phosphorylation is 
activation of the chemical.

Tyrosine Kinases (TKs) A set of communication system chains that allows information about events, 
conditions, and substances external to the cell to reach the nucleus and 
influence whether the cell then divides, undergoes apoptosis, or performs its 
differentiated functions.

Cell Adhesion Molecules A chemical reaction in which a phosphate group is added to another chemical 
through the action of a tyrosine kinase enzyme. The result of phosphorylation is 
activation of the chemical.

Tyrosine Kinases (TKs) A set of communication system chains that allows information about events, 
conditions, and substances external to the cell to reach the nucleus and 
influence whether the cell then divides, undergoes apoptosis, or performs its 
differentiated functions.

Cell Adhesion Molecules A chemical reaction in which a phosphate group is added to another chemical 
through the action of a tyrosine kinase enzyme. The result of phosphorylation is 
activation of the chemical.

Tyrosine Kinases (TKs) A set of communication system chains that allows information about events, 
conditions, and substances external to the cell to reach the nucleus.

Glossary




