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CHAPTER 14:  Mendel and the Gene Idea
Many human disorders are recessive.  Most people who have the recessive disorder are born to “normal” parents who are heterozygous (carriers).  
RECESSIVE DISORDERS
Remember that genes code for a protein that has a specific function.  If a recessive gene codes for no protein (or a malfunctioning one), then often times the dominant will code for a normal protein which is sufficient to make up the difference.  That’s why a homo dominant or a hetero will usually not have the disease.  The heterozygote is called a carrier for a disease.  

Example:  albinism

Cystic Fibrosis:  It is the most common lethal, genetic disorder in the United States affecting:

1/17,000 African-Americans


1/90,000 Asian-Americans


1/2,500 European-Americans

The allele that causes it is recessive and is carried by about 1/25 European-Americans.  It is characterized by excess mucus production in the lungs and other organs, and cause problems with breathing and digestion and makes the affected individual susceptible to recurring bacterial infections.  
If untreated, most children will die by age 5.  There is no cure, but diet, antibiotics, and frequent clearing of the chest can prolong life into adulthood.  

Most genetic disorders are not distributed evenly throughout ethnic groups.  It is because of geographic isolation leading to limited mate choices.  However, in modern society with its increased mobility, the chances of two people with recessive alleles mating is rarer. That is why inbreeding is a problem.  People who are closely related are likely to have some of the same recessive traits.
This is why dogs have so many problems.  And inbreeding is affecting many endangered species.  
Lethal dominant disorders are rare in the human population.  It’s obvious why.  No one could carry it without having the disease.  Only those that allow the individual to survive until adulthood are passed on.  
Example:  Huntington’s disease.  This is cause by a single dominant gene.  They symptoms (uncontrollable movements and loss of brain cells leading to memory loss, loss of judgement, and depression) don’t show up until after middle age, long after the individual is likely to have reproduced.  As a result, there is a 50% chance he will have passed on the dominant gene to his offspring.

Non-lethal dominant disorders are more common.  These include extra fingers or toes, or webbed feet or hands. 

Example:  Achondroplasia.  Form of dwarfism characterized by normal head and torso, but shortened arms and legs and affects 1 out of 25,000 people.  People who get both dominant genes (homozygous dominat) don’t survive development, so only heterozygotes have this disorder and have a 50% chance of passing it on to their offspring.  
GENETIC TESTING
Some parents are aware nowadays that they are at risk of having children with genetic disorders.  

1. Identifying carriers

2. Fetal Testing

a. Amniocentesis – use cells from amniotic fluid.  Can be done at 14th-16th week of pregnancy, takes several weeks for results, has 1% complication rate

b. CVS – Chorionic villus sampling – uses cells from the CV from the placenta.  Can be done at 8th to 10th week of pregnancy, results available in 24 horus, 2% complication rate

3. Fetal imaging – ultrasound

4. Newborn screening – tests for some genetic tests are routinely performed in us hospitals
a. E.g. PKU – phenylketonuria – condition where a person can’t break down phenylalanine.  Results in mental retardation.  Can be avoided by not consuming phenylalanine.  

5. Ethical considerations

a. Insurance and life insurance companies, employers treating carriers differently?

b. What to do with the information about fetus?  Terminate preganancy?  Prepare emotionally, financially, medically.  Treat what can be treated.

CHAPTER 15:  The Chromosomal Basis of Inheritance

INTRODUCTION
Remember that Mendel had no idea about chromosomes.  He called them hereditary factors.  Today we can show that genes are on chromosomes.  These genes were tagged with a fluorescent dye.  

Through several studies from late 1800s to the early 1900s, scientists were able to show a relationship between genes and chromosomes.  Finally, in the early 1900s the chromosomal theory of inheritance was proposed.  It states that Mendellian genes have specific loci (positions) on chromosomes, and it is the chromosomes that undergo segregation and independent assortment.  

MORGAN AND THE FRUIT FLIES
Thomas Hung Morgan was the first to provide solid evidence of associating a specific gene with a specific chromosome.  The gene was a gene controlling eye color in fruit flies (red vs. white). 

He chose fruit flies because they are common, easy to breed, easy to feed, produce lots of offspring and have a generation time of two weeks.  Additionally, fruit flies only have 4 pairs of chromosomes (6 autosomes and two sex chromosomes).  Sex determination in fruit flies is like in humans.  Females are XX, males are XY.  

He spent months (actually about 2 years) searching for naturally occurring variations in fruitflies from vast numbers of matings.  Finally, he found a single male fly with white eyes (rather than red).  The red eyes were considered wild type because they were most prevalaent in the population.  White eyes were the mutants.  In fruit flies, the genes are named for the mutation (w in this case) and the wild type is designated with a + (w+ for red eyes).

He mated his white eyed male with a red eyed female and got all reds in the F1 generation.  When he bred the red eyed males with the red eyed females, he found the expected 3:1 ratio in the F2.  What was surprising was that all of the white eyed were males.  He conclude it must be linked to sex.  He decided that the gene for white eyes must be on the X chromosome because that’s how all the males were getting it.

This was great for the chromosomal theory of inheritance because it is easy to know the genotype the flies because we know that males are XY and females are XX.  So that made it easy to follow the alleles through matings.   

SEX DETERMINATION
Mammals:  X-Y system.  Males are XY.  Females XX.  The y chromosome is much smaller (only about 78 genes) than the x, but there are short pieces that are homologous to allow them to pair up during meiosis, etc.  The sperm carries either the x or the y and determines the sex.  There is a gene on the Y called SRY that makes you a male.  Without it, you develop as a female.  

Insects:  X-0 system.  Females are XX, males only get one chromosome, X.  Sex is determined by whether the males produce a sperm with or without an X.

Birds, some fishes, and some insects:  Z-W system.  The chromosome in the egg determines what sex will be.  Females are ZW and males are ZZ.

Bees and ants:  no sex chromosomes.  Females develop from fertilized eggs and are diploid.  Males develop from unfertilized eggs (haploid) and have no fathers.
SEX LINKED GENES
X chromosomes contain a lot more genetic info than just what is needed for sex determination.  Genes that are located on sex chromosomes are called sex-linked, and in humans this almost always refers to genes on the X.  Fathers can pass all their sex-linked alleles to all their daughters, but none of their sons.  Mothers can pass to both.  If the allele is recessive, the sons will express it (they only have 1 X).  We call this hemizygous.  For a female to express, must be homozygous.  Much more common to see sex-linked traits in males than females.  Two common sex-linked disorders are colorblindness and hemophilia.  

X INACTIVATION
Do females produce twice as much proteins that are encoded by genes on the X chromosomes than males?  No.  This is because one X chromosome in each cell becomes inactivated during development.  The inactive X condenses into what is called a Barr body which lies along side the nuclear envelope.  The inactivation occurs early in development.  Which X gets inactivated is random and independent.  All of the resulting cells that arise from mitotic division will have the same X inactivated.  Forms a mosaic.  Best shown in calico cats.  

LINKED GENES
Genes on the same chromosome tend to be inherited together, and the closer they are, even more so.  Called linked genes.  These will deviate from the law of independent assortment.  

Morgan was able to show this with his fruit flies.  Wild type had grey bodies, long wings (b+ and vg+).  Mutants had black bodies and vestigial wings (b vg).  He noticed a much higher proportion of parental phenotypes than he would normally have expected.  This is because the genes for color and wing size are on the same chromosome.  Occasionally he would find a non-parental (e.g. grey with vestigial wings) which resulted from recombination during meiosis.  Genetic recombination is the production of offspring with combinations of traits that differ from either parent.

When the offspring have the same traits as the parents, we call parental types.  If not, we call recombinants.  When 50% of the offspring are recombinants, we say the frequency of recombination is 50%.  

Genes that are located on different chromosomes will have a frequency of recombination of 50%.  

Genes that are located on the same chromosome have frequencies of paretnal types of greater than 50%.   But if they are on the same chromosome, why is it not 100%  (morgan found 17% recombinants).  Why?  Crossing over (physically breaking and reconnecting chromosomes.  The closer together two genes are, the lower the frequency of recombination.  

GENETIC MAPS
By calculating recombination frequencies, you can construct a genetic map, which is an ordered list of the genetic loci along a particular chromosome.  The greater the distance between two genes, the more likely a cross over will occur between them.  

A linkage map is produced based on  recombination frequencies.  Look at thes three genes.  


Body color:  b


Wing size:  vg


Cinnabar:  cn (variation of eye color).

Recombination frequencies:


Cn and b = 9%


Cn and vg = 9.5%


B and vg = 17%

B and vg are farthest apart (greater frequency of recombination).  Cn must fall in the middle since it recombines with both in almost equal frequencies.  We express gene maps in map units, with each unit = 1%  (also called centimorgans in honor of morgan).

This doesn’t always work. Some genes are so far apart that they have a recombination frequency of 50%.  This makes them indistinguishable from those on separate chromosomes.  They behave like they are on different chromosomes (in fact, some of Mendels traits are on the same chromosme!).  

ALTERATIONS OF CHROMOSOME NUMBER

Many times, mutations occur just by small changes in the DNA sequence.  But it’s important to realize that changes can also occur in chromosome number or structure, resulting in huge changes in the phenotype of the organism.  Usually in animals the fetus is spontaneously aborted, but not necessarily in plants.

Alterations in chromosome number can occur in autosomes or sex chromosomes.  Sex chromosome alterations usually aren’t fatal, but in autosomes, it usually is.  

How does this happen?  Sometimes during meiosis, nondisjunciton occurs where members of a chromosome pair fails to separate during meiosis.  It can happen in meiosis I (homologues don’t separate) or II (sister chromatids don’t separate).  What happens is that one of the gametes receives two of the same type of chromosomes, the other receives none.  Then with fertilization, an embryo can develop with an abnormal chromosome number.  This is called aneuploidy.

Monosomic:  when a gamete that is missing a chromosome fertilizes another normal gamete, it results in a zygote with a missing chromosome (2n-1)

Trisomic:  whan a gamete with an extra chromosome combines with a normal gamete, it results in a zygote with an extra chromosome (2n+1)

The extra or missing chromosome ends up affecting all cells in the organism because of mitosis.  

Chromosome number alterations can occur during mitosis too, and the earlier it happens during development, the more dangerous it is. 

If an organism end up with more than two complete sets of chromosomes its called polyploidy.  Triploidy, tetraploidy, etc.  This is very common in plants, not common in animals.  However, tend to be nearly normal in appearance than aneuploidy.  

ALTERATIONS IN CHROMOSOMAL STRUCTURE

Deletion – fragment of chromosome is lost

Duplication – fragment joins homologous or sister chromatid

Inversion – fragment rejoins in reverse direction

Translocation – crossing over occurs between non-homologous chromosomes
HUMAN DISORDERS DUE TO CHROMOSOME ALTERATIONS

Most of the time chromosome alterations are so bad that the fetus never survives.  When it does, can have huge problems.


Down Syndrome (Trisomy 21)

One example of a common alteration in autosome number is Down syndrome.  This results when there are 3 number 21 chromosomes (trisomy 21) resulting in 47 total chromosomes.  Down syndrome occurs in about 1 out of 700 children born, and is the most common serious birth defect in the United States.  Aside from the physical difference, people with Down syndrome usually have a shorter life span than normal.  Most are sexually underdeveloped and sterile.  The incidence of Down syndrome increases dramatically with age of the mother.  In most cases it results from the non-disjunction during meiosis I.  

There are several examples of nondisjunction involving sex chromosomes.  These usually aren’t fatal.  Scientists think it’s because the Y chromosome carries so little information.  And in mammals, there is usually only one functioning copy of the X chromosome because any extra usually get inactivated at some point.  

Klinefelter syndrome:  XXY (extra X chromosome in a male).  He will have male sex organs, but is often underdeveloped and sterile.  He can also have some female body characteristics.  Can also be XXXY, XXXXY, etc.  

XYY:  Extra Y chromosomes usually don’t show any effect.  The males are usually taller.


XXX:  Females with an extra X usually don’t show any abnormal effects.

Turner syndrome:  Females who are missing an X (X0) are usually shorter and do not fully mature.  Some symptoms can be alleviated with administration of hormones.  This is the only known case where a human
