CHAPTER 24: GENETICS



OBJECTIVES:



1.	Define the term genetics.



2.	Distinguish between a gene and a chromosome, and state how many of each humans possess. 



3.	State what the abbreviation DNA stands for and give the function(s) of this macromolecule.



4.	Explain the following process:    DNA (gene) ---> messenger RNA—>Protein 



5.	List several functions that proteins serve and state which proteins are the most important.



6.	Define the term mutation and discuss at least three results that may occur due to a mutation.



7.	Explain what is meant by the term sexual reproduction.



8.	Distinguish between gametes and somatic cells in terms of their genetic makeup.



9.	Name the cell that results from fertilization of gametes and give its genetic makeup.



10.	Define the term meiosis and explain its significance.



11.	Explain what is represented in a human karyotype.



12.	Define the term homologous chromosomes, and explain what happens between homologous chromosomes during Prophase I of meiosis.



13.	Distinguish between autosomes and sex chromosomes, and state how many pairs of each humans possess.



14.	Define the term allele, and give an example that illustrates the distinction between a gene and an allele.



15.	Distinguish between a dominant and recessive allele of a gene pair and give an example of each.



16.	State the genetic makeup of an individual who is homozygous for a trait versus one who is  heterozygous for a trait, both in words and using typical letters.



17.	Explain the difference between the genotype and phenotype of a trait.
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OBJECTIVES: (continued)



18.	Illustrate a Punnett square and explain why it is used.



19.	Given a similar  problem to those below, be able to express the results both genotypically and phenotypically:



1.	Brown eyes are dominant over blue eyes.  If an individual who is homozygous dominant for eye color is crossed with a blue eyed individual, what are the expected results of their offspring?



b.	Widow’s peak is dominant over straight hairline.  If an individual who is heterozygous for hairline is crossed with an individual with a straight hairline, what are the expected results of their offspring?



20.	List the three major modes of inheritance and name a disease that results from each.



21.	Given a similar  problem to those below, be able to express the results both genotypically and phenotypically:



1.	Cystic fibrosis follows autosomal recessive inheritance.  If parents have a child afflicted with CF, what are the chances that their next child will be afflicted with the disease?



b.	Huntington’s Disease follows autosomal dominant inheritance.  If a normal individual and a person carrying the HD allele become pregnant, what are the chances that this child will be afflicted with the disease?



22.	Explain how sex is determined in humans.



23.	Discuss the characteristics of sex-linked traits and name a disease that is transmitted in this fashion.



24.	Define the term aneuploidy, explain how it may occur, and name the most common condition that results from aneuploidy in humans.



25.	Name two tests that can be performed prenatally to determine many genetic disorders.



26.	Explain why genetic counseling would be useful for some couples.



27.	Define the term gene therapy and discuss its significance in treating human disease.
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CHAPTER 24: GENETICS



I.  INTRODUCTION



Genetics, the study of inheritance, will play a critical role in future health care.  The human genome project (see page 939) has triggered numerous genetic discoveries since its advent.  New genetic information has allowed for the explanation of several physiological processes, both at the cellular & molecular level.  In this chapter we will study the science of genetics and discuss inheritance patterns using specific diseases as examples.  Finally we will discuss several types of prenatal genetic testing procedures and the importance of genetic counseling.

  

II.	GENETICS BACKGROUND



A.	WHAT IS GENETICS?



Genetics is the study of INHERITANCE AND VARIABILITY.

The term "genetics" is derived from the word "GENE".



B.	WHAT IS A GENE?  (Review from Chapter 4)



1.	A gene codes for a particular heritable trait (or protein); 	

i.e. blood type, hair color, eye color etc.



2.	Genes are carried on CHROMOSOMES that are composed of DNA (Deoxyribonucleic acid).  See Fig 24.3, page 924.



3.	A GENE (composed of DNA) is the portion of a chromosome that codes for a particular heritable trait (or protein).



4.	More specifically, GENES TELL oUR CELLS WHICH  PRoTEINS To  MAKE.



a.	PROTEINS HAVE MANY IMPORTANT FUNCTIONS!!!!

o	structure (Example = _____________________);

o	transport (Example = _____________________);

o	movement (Example = _____________________);

o	chemical messengers (Example = _____________________);

o	defense (Example = _____________________);

o	ENZYMES



*	DNA HOLDS THE CODE FOR EVERY PROTEIN THAT MAKES US US AND ALLOWS US TO FUNCTION!
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II.	GENETICS BACKGROUND



B.	WHAT IS A GENE? (continued)



5.	If there is an error in the DNA code (i.e. in a gene), this is called a MUTATION. 



a.	If a mutation occurs in a gene, the end-product, the protein will be altered or absent:



o	may not be made at all;

       E1		E2	E3	 E4

A ------->B ------->C------->D------->E



When an enzyme is lacking from a metabolic pathway, childhood storage diseases result.



In Tay-Sachs, PKU, Niemin-Pick's.

  

o	may have altered function.  See Fig 24.2, page 931.

In cystic fibrosis & sickle-cell anemia



o	may be produced in excess.

In epilepsy



C.	HOW DO WE TRANSFER OUR GENES TO OUR OFFSPRING?

(Review from chapter 22)



1.	The genetic information of living organisms is DNA (deoxyribonucleic acid) that is carried on the genes of chromosomes.  

2.	In humans, each somatic (body) cell is diploid, which means the cell contains 46 chromosomes or 23 pairs.

3.	Human sex cells or gametes, however, are haploid, which means the cell contains only 23 chromosomes.

4.	Meiosis is the type of cell division that results in gametes that possess half the chromosome number of the parent cell (i.e. meiosis reduces the chromosome number by one-half). 

2.	Male sperm (haploid)		=	23 chromosomes (1 set)

3.	Female egg (haploid)		=	23 chromosomes (1 set)

c.         Fertilization 

(zygote; diploid)		=	46 chromosome (2 sets).
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II.	GENETICS BACKGROUND



E.	Meiosis overview:



1.	One Parent Cell

(Two sets of duplicated chromosomes) 

[23 pairs duplicated chromosomes]

















2.	Two Daughter Cells

(one set of duplicated chromosomes)

[23 duplicated chromosomes]



















3.	Four Gametes

(one set of chromosomes)

[23 chromosomes]



















*	Meiosis is called spermatogenesis in the male (testes).

**	Meiosis is called oogenesis in the female (ovaries).
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II.	GENETICS BACKGROUND



F. 	The (Specific) Stages of Meiosis:  See Fig 24.4, page 935.



1.	Introduction:



Meiosis is similar to mitosis in that the chromosomes (DNA) are duplicated prior to the process, however this single replication is followed by two consecutive cell divisions called Meiosis I and Meiosis II.



2. 	Interphase I: 



a.	Chromosomes replicate in parent cell;

b.	23 pairs of duplicated chromosomes.



3. 	Meiosis I:



a.	reduction division:

b.	4 stages:



Prophase I:

1.	Chromosomes shorten & thicken;

2.	Nuclear envelope/nucleoli disappear;

3.	Mitotic spindle appears;

1.	Chromosomes form tetrads (synapsis); 

1.	Homologous pairs are arranged together and

2.	crossing over occurs. 

3.	See Fig 24.5, page 935.  

Metaphase I:

1.	Homologous chromosome pairs line up along metaphase plate.

Anaphase I: 

1.	Homologous pairs separate;

2.	one member of each pair moves to  opposite pole;

3.	Cleavage furrow starts to form.

Telophase I and cytokinesis: 

1.	Cleavage furrow complete;

2.	2 daughter cells containing half the chromosome number of parent cell (23 duplicated chromosomes). 
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II.	GENETICS BACKGROUND



F. 	The (Specific) Stages of Meiosis: See Fig 24.6, page 936.



4.	Meiosis II:



a.	equatorial division; 

b.	4 stages similar to those of mitosis, with 

centromere splitting (between duplicated chromosomes) and 

sister chromatids migrating to opposite poles during Anaphase II.

Stages include:

1.	Prophase II,

2.	Metaphase II,

3.	Anaphase II,

4.	Telophase II and cytokinesis. 



c.	Result is 4 gametes with 23 chromosomes.



During spermatogenesis, 4 sperm result.

During oogenesis, only 1 ovum results due to unequal cytokinesis (i.e. polar bodies result; recall from Chapter 22).



G.	Comparison of Mitosis and Meiosis: (Keyed on page 510 of this outline)





Event�

Mitosis�

Meiosis��

DNA Replication�

�





��

Number of Divisions�

�





��

Number of daughter cells & genetic composition�

�

��

Importance�

�





��
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II.	GENETICS BACKGROUND



8.	Development following Fertilization



1.	The zygote formed by fertilization will divide into 2, 4, 8, 16, 32, 64 ... billions of  cells to make up a human organism, however the DNA/genes/chromosomes will  be identical in every one of those billion cells.

8.	If a mutation exists in the zygote, it will also be in every one of those billion cells in the human organism.

9.	If a problem occurs during meiosis, a sperm or egg may have too many or too few chromosomes, and result in a zygote with more or less than 46 chromosomes:



a.	24 egg + 23 sperm = 47 chromosome zygote 		

o	Down's (trisomy 21), 

o	Patau's (trisomy 13), 

o	Edward's (trisomy 18 )



b.	23 egg + 22 sperm = 45 chromosome zygote

o	Turner Syndrome.



8.	THE HUMAN KARYoTYPE: See Fig 24.8, page 937.



1.	As humans, most of our body cells contain 46 chromosomes:

a.	23 (1 set) from mom;

b.	23 (1 set) from dad.



2.	A map of these chromosomes is called a karyotype.

a.	our chromosomes are paired.

o	homologous chromosomes.

b.	We possess 22 homologous pairs of autosomes:

o	These chromosomes carry the genes for most of our traits (proteins).

c.	We possess 1 pair of sex chromosomes:

o	Females have a homologous XX pair.

Males have a non-homologous XY pair.  See Fig 24.14, page 947



3.	The karyotype of a fetus can be obtained by a pre-natal test called an amniocentesis where any chromosomal abnormalities can be detected.
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II.	GENETICS BACKGROUND



I. SO HOW ARE TRAITS INHERITED?



1.	A gene codes for a heritable trait (or protein)

1.	hair color

2.	eye color

3.	blood type



2.	Alleles are alternate forms of genes.

a.	The gene for eye color has several alleles.  Two major alleles are:

o	brown

o	blue

b.	Some alleles are dominant over others:

o	Brown is dominant over blue.			

1.	The dominant allele brown is  written as a capital letter (B);

2.	The recessive allele blue is written as a small letter (b).

c.	We inherit one (1) allele of a gene from each parent and therefore have two (2) alleles for each gene.



o	If we inherit identical alleles, we are said to  be homozygous for the trait.

1.	BB = homozygous dominant;

2.	bb = homozygous recessive.



o	If we inherit two different alleles, we are said to be heterozygous for the trait.

1.	Bb = heterozygous.



3.	PHENOTYPE VS. GENOTYPE



a.	The phenotype is the expressed trait.

o	brown eyes

o	blue eyes



b.	The genotype is the genetic makeup of the trait:

o	BB or homozygous dominant

o	Bb or heterozygous

�CHAPTER 24: GENETICS



II.	GENETICS BACKGROUND



10.	GENETICS PROBLEMS



1.	If brown eyes are dominant over blue eyes, predict the offspring of a cross between two individuals who are heterozygous for eye color.



1.	Interpret given information: What are the genotypes and resulting cross of these two individuals? 



Brown = B; Blue = b.



Individual 1 =_______(Bb); Individual 2 = _____(Bb).



Therefore cross would be _______ x _______.

  					(Bb x Bb)



b.	What allele(s) would be present in each of the individuals' sex cells?  		 

Individual 1 = 1/2 ____(B) & 1/2 _____(b);



Individual 2 = 1/2 ____(B) & 1/2 _____(b).



c.	Set up a Punnett Square illustrating the possible crosses







�

B�

b��

B�

BB�

Bb��

b�

Bb�

bb��

d.	Interpret the results of the cross:



1.	The genotypic ratio would be: 

one (1) homozygous dominant (BB) individual : 

two (2) heterozygous (Bb) individuals : 

one (1) homozygous recessive (bb) individual.



2.	The phenotypic ratio would be:

three (3) individual with brown eyes:

one (1) individual with blue eyes.  
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II.	GENETICS BACKGROUND



J. GENETICS PROBLEMS



2.	In humans, widow's peak is dominant over straight hairline.  Predict the offspring of the cross between an individual who is homozygous dominant for hairline, with an individual who is homozygous recessive for hairline.



a.	Interpret given information:



Widow’s peak = W; Straight hairline = w.



Therefore the cross is: _________ x ___________.

   (WW) 	   (ww)



b.	Determine alleles in sex cells:



all of WW’s alleles would be _______(W);

all of ww’s alleles would be _______ (w).



c.	Set up a Punnett Square:	









�

�
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�

�

��

�

�
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�
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W��
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Ww��
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Ww�
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d.	Interpret results:

Genotypic Ratio: 	all individuals are heterozygous for hairline



Phenotypic Ratio:	all individuals have widow’s peaks.
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III.  GENETIC DISEASE



A.	MODES OF INHERITANCE:



1.	Whether a trait is dominant or recessive, autosomal or sex-linked is called its mode of inheritance.

2.	The mode of inheritance has important consequences in predicting the chance that offspring will inherit an illness or trait.

3.	Three important rules:

a.	Autosomal Conditions are equally likely to affect both sexes; 

sex-linked characteristics affect males much more often than females.

3.	Recessive conditions are usually inherited from two healthy heterozygous parents (carriers);  

recessive conditions "skip" generations.

4.	Dominant conditions are inherited by at least one affected parent; 

dominant conditions do not skip generations.



4.	Example Using Cystic Fibrosis: See Fig 24.9, page 937.



a.	Autosomal Recessive Inheritance;

o	Both parents are heterozygous (carriers); i.e. they have one normal & one mutant allele; genotype = + , cf 

o	What alleles would be present in the female’s eggs?

1/2 = ________(+) , 1/2 = _________(cf)

o	What alleles would be present in the male’s sperm?

1/2 = ________(+) , 1/2 = _________(cf)

o	What are the chances that parents who are heterozygous for cf will have an afflicted child?





�

�

��

�

�

��

�

�

��

Results: These parents have _____ (1/4) chance of having a normal child (+,+) ; ______ (1/2) chance of having a child who is carrier of CF (+, cf) ; _______ (1/4) chance of having a child with CF (cf, cf).
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III.  GENETIC DISEASE



A.	MODES OF INHERITANCE:



5.	Example Using Huntington's Disease: See Fig 24.10, page 941.



a.	Autosomal Dominant Inheritance;



o	Parents' genotypes?



1.	Affected parent = 	+ , HD

1	Unaffected parent = 	+ , +



o	Alleles or Sex cells?



3.	Affected parent:	1/2_____ (+), 1/2  _____ (HD);

4.	Unaffected parent:	1/2 _____ (+), 1/2 _____ (+).



o	What are the chances that a male who carries the Huntington's gene & a normal female will have an afflicted child?









�

�
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�

�
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�

�
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o	Results: These parents have the chance of having 



1.	___________ (1/2) their offspring that carry the allele for Huntington’s diseases and therefore those children will develop the disease during mid-life and

2.	____________(1/2) their offspring who do not carry the HD allele and therefore will be normal.
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III.  GENETIC DISEASE



A.	MoDES OF INHERITANCE:



6.	Example Using Sickle Cell Anemia (or disease): See Fig 24.11, page 942.



a.	Incomplete Dominant Inheritance.



o	The heterozygous (carrier) parents express a moderate form of the disease; called sickle cell trait.



o	What are the chances that a male with sickle cell trait & a normal female will have an afflicted child, either with sickle cell anemia or sickle cell trait.



o	Male:		S s

Female:	s s



o	Sperm:		1/2 = ______(S), 1/2 = ______(s)



Eggs:		1/2 = ______(s), 1/2 = ______(s)





o	Punnett Square:







�

S�

s��

s�

Ss�

ss��

s�

Ss�
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o	Results:	These parents have the chance of having 



2.	_______ (1/2) their offspring that carry sickle cell trait, and 

3.	________(1/2) their offspring of being normal.
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III.  GENETIC DISEASE



A.	MODES OF INHERITANCE:



7.	Sex Determination:	See Fig 24.13, page 946.



4.	In sexually reproducing animals, two types of chromosomes exist:



Most pairs are called autosomes which determine most traits;

one pair represent the sex chromosomes which determine sex of the individual. 



1	Female = XX;

2	Male = XY.  See Fig 24.14, page 947.



5.	Following gametogenesis (sex cell formation; meiosis):



In females, the ova (gametes) contain 22 autosomes and only the X sex chromosome:			



XX

   (

  X  (ova)



In males, the sperm contain 22 autosomes, but 

1	half the sperm carry the X sex chromosome and 

2	the other half of the sperm contain the Y sex chromosome:		



XY

(  (

  	X or Y (sperm)



During fertilization, the chance of:



3	an X sperm and the X ova fusing to produce a female (XX) is 50%;

6.	a Y sperm and the X ova fusing to produce a male (XY) is 50%.
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III.  GENETIC DISEASE



A.	MODES OF INHERITANCE:



7.	Example Using Hemophilia



a.	Sex-linked Inheritance



o	Traits transmitted on the X chromosome are said to be sex-linked (or X-linked).

o	Males need only one copy of a mutant allele to possess the disorder; XaY.

o	Females need two copies of the mutant allele to be affected (XaXa); however if they have one mutant allele, they are carriers of the disease (XaX0).

o	What are the chances that a female hemophilia carrier and normal male will have a child afflicted with the disease? 



1.	Genotypes of parents:

1.	Female = XHXh;

2.	Male = XhY.

2.	Alleles of parents:

1.	Female’s are 1/2 XH and _ Xh;

2.	Male’s are 1/2 Xh; and 1/2 Y.

3.	Punnett square shows:





�

XH�

 Xh��

 Xh�

XH Xh�

 Xh Xh��

Y�

XHY�

Xh Y��

2.	Results:  These parents have the chance of having



1.	______ (1/2) their female offspring as hemophilia  carriers and 

2.	_______ (1/2) their female offspring as normal, and the chance of having

3.	 _______ (1/2) of their male offspring afflicted with hemophilia and 

4.	_______ (1/2) their male offspring as normal.

1.	�
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III.  GENETIC DISEASE



B. 	CHROMOSOMAL DISORDERS



1.	Polyploidy = more than two sets of chromosomes.

2	Triploid = three sets of chromosomes or 69 (rather than 46); results in death as embryo or fetus.



1	Aneuploidy = having one extra chromosome.  See Table 24.2, page 949 and Fig 24.16, page 954.



1.	Trisomy 21 = Down Syndrome: See Clinical Application 24.5 on pages 952-953.



most common autosomal aneuploid event;

Characteristics:

a.	short stature

b.	straight sparse hair

c.	protruding tongue; thick lips

d.	reflexes/muscle tone poor

e.	development slow 

f.	warm, loving personalities

g.	enjoy art & music

Intelligence varies greatly

a.	profound mental retardation to

b.	following simple directions to

c.	reading & using a computer

Many physical problems:

a.	50% die before 1st birthday

o	kidney defects

o	heart defects

o	digestive blockage

b.	Child with Down's is 15 times more likely to develop leukemia.

c.	Those who live past 40, develop amyloid protein in their brains (similar to Alzheimer's).

Likelihood of giving birth to a child with Down's increases drastically with maternal age.



SEE TABLE 24.6 ON PAGE 959 WHICH OUTLINES (IF KNOWN) THE CAUSE AND MODE OF INHERITANCE OF SEVERAL INHERITED DISEASES.
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IV. PRENATAL GENETIC TESTING (Review from Chapter 23)



A.	AMNIOCENTESIS



1.	indicated in women:

a.	over the age of 35,

who have already given birth to a child with a chromosomal abnormality, 

c.	whose family history (paternal included) shows any sign of genetic disease.



2.	performed after 14th week gestation;

a.	Needle is inserted into amnionic sac;

b.	5ml of fluid containing fetal cells is extracted.



3.	Cells are analyzed by karyotyping.



4.	Useful in detecting many genetic disorders.



0.5% chance of miscarriage



B.	CHORIONIC VILLUS SAMPLING



1.	performed as early as 8 weeks gestation

2.	1-2% spontaneous abortion rate



V.	GENETIC COUNSELING



Because of the unique ethical questions and dilemmas that can result from genetic testing, genetic counseling is highly recommended for couples during this time. A genetic counselor:



A.	obtains a complete family history.

B.	determines recurrence risks for certain conditions in specific relatives.

C.	provides information on the illness so families can make informed medical decisions.

D.	discusses available tests and costs.

E.	discusses options.



See Table 24.3 on page 955 for some examples of cases a genetic counselor might handle. 
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VI.  GENE THERAPY



Gene therapy



corrects the genetic defect causing disease symptoms;

Two types:



Heritable Gene Therapy:



alters all genes of individual

must be performed on a fertilized egg or zygote

not being performed in humans, but has shown some success in animal models.



Nonheritable Gene Therapy:



targets affected cells (not all cells) of an afflicted individual



Bone marrow transplants may be used to add an absent enzyme to particular blood cells (ADA deficiency);

Aerosols may be used to add to treat cystic fibrosis patients by introducing a functional CFTR gene.

Injection of certain proteins directly into tumors: See Fig 24.18 on page 958.



See Figure 24.17 on page 956 which shows the many body locations where gene therapy is being used and for which diseases gene therapy has shown promise.



Requirements for Approval of Clinical Trial for Gene Therapy



Knowledge of defect and how it causes symptoms;

Animal model;

Success in human cells growing in vitro;

Either the lack of alternate therapies or where existing therapies have not been successful;

Experiments must be safe.



Gene Therapy Concerns:	See Table 24.5 on page 958.



�



CHAPTER 24: GENETICS



VII. OTHERS:



Introduction on page 929.

Figure 24.1 on page 930 which shows a time-line for when several genetic disease/disorders present.

Clinical Application 24.1: “It’s All in the Genes” on pages 932 and 933 discusses several common human traits that are determined by a single gene.

Clinical Application 24.2 : “Maps, Markers, and Medicine” on pages 938 and 939 discusses the human genome map and illustrates the chromosomes on which several inherited mutant genes are located.

Table 24.1 on page 943: “Polygenic Model of Skin Color Inheritance.”

Clinical Application 24.3 on page 945 discusses “Adoption and Twin Studies.”

Figure 24.15 on page 948 illustrates pattern baldness as a “sex-influenced” trait.

Clinical Application 24.4 on pages 950 and 951: “Fragile X Syndrome and Expanding Genes.”





VIII. KEY TO TABLE



Comparison of Mitosis and Meiosis: (outline page 497)





Event�

Mitosis�

Meiosis��

DNA Replication�

occurs during inter-phase before nuclear division occurs.�

occurs during inter-phase before nuclear division occurs.��

Number of Divisions�

one (PMAT)�

Two (2xPMAT); no replication between divisions; synapsis occurs during PI.��

Number of daughter cells & genetic composition�

Two, each diploid (2n) and genetically identical to parent cell.�

Four, haploid cells (1n), genetically non-identical to parent cell.��

Importance�

Growth, repair, development of multicellular adult from zygote.�

Production of gametes; reduces chromosome # by 1/2;

variation.��
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