Genetics

· The study of heredity

· Gene-

· A unit of information that represents an individual trait

· Each gene has a specific location on a chromosome

· Humans are diploid organisms

· We have pairs of chromosomes, so we have pairs of genes.



· Allele- one form of a gene

· You receive two alleles for each trait, one from each parent.

· Homozygous- two alleles for a single trait are the same.

· Heterozygous- two alleles for a single trait are different
Dominant-

· Allele that is dominant shows its trait over another allele



· Recessive-

· Allele that is hidden or overridden by the dominant trait.

· You must have two recessive alleles for the trait to be seen.

Symbols 

· A- dominant trait; capital letter

· a- recessive trait; lower case letter

· AA- homozygous dominant

· Aa- heterozygous

· aa- homozygous recessive

Single trait example #1

· Fur color in rats

· Black fur is dominant over brown fur

· A- black           a- brown

· What are the two alleles for a parent rat that is homozygous for black fur?

· What are the two alleles for a parent rat that is homozygous for brown fur?

What is the genotype for a heterozygous individual?

· What are the two alleles for a rat that is heterozygous for black fur?

· Each combination of two alleles is called a genotype.

· A Genotype can be presented by words or letters.

· Ex. Homozygous dominant or AA

· Phenotype 

· The physical characteristic that is visible.

· Ex.  Brown or black fur





 The black rat is expressing its:

· Genotype or phenotype?

Breeding generations

· Parent generation- P

· Each parent must be homozygous.  One is always homozygous dominant and the other is homozygous recessive.

· The two parents mate to produce offspring called the 

F1 or first filial generation

· All F1 individuals are heterozygous.

· The F1 generation is mated or crossed and produces the third generation,

F2 or second filial generation.

· As we follow a single trait through generations, the ratio of the trait’s appearance is mathematically consistent.

Punnett Square

· Each time two individuals mate, we observe a single trait.  We use Punnett squares on paper to predict the outcomes as long as the genotypes of the parents are known.

Single trait cross

· You are given the parent alleles or genotype.

· One letter or allele is placed over/next to one box in the square.

· This represents meiosis, the separating of alleles into different gametes.

· Female alleles will go on top of square and male alleles will go on the left side of square.

· Our female is homozygous dominant 

   Our male is homozygous recessive
What is mom’s genotype?

· Mom will be AA                              Dad will be aa

Single trait example #1

Filling in the boxes

· Place the letter above each box into the box below- same column

· Place letter on side of box in the boxes to the right- same row.

results

· All the offspring in the boxes are the F1 generation.

· All are heterozygous

· All are black

· Now cross two F1 individuals. What are the genotypes for the “parents”?
Place alleles in correct spots on the punnett square.

· Fill in the boxes with the appropriate letters

Punnett square results

· The offspring represented in the boxes are F2 generation

· If both parents are heterozygous, the offspring will always be:

· 1 homozygous dominant

· 2 heterozygous

· 1 homozygous recessive

ratios

· This is the genotypic ratio   1:2:1

· Phenotypic ratio for the F2 generation is 3:1 

· 3 black to 1 brown fur offspring

1AA : 2Aa :1aa represents the: 

· Phenotypic ratio or Genotypic ratio?
Example #2

· Red flowers are dominant over white flowers.

· R will be dominant and r will be recessive.

· Lets begin with the parent generation

· Mom is white and Dad is red.


Parent generation refers to one parent being_______ while the other is __________.


What is mom’s genotype?

· Place parent genotypes in the punnett square and fill in the boxes

*The offspring represented inside the boxes are the _____ generation. 
What color are they?  What is their genotype?

· Cross 2 F1 individuals with a new punnett square

· Place their alleles and fill in the boxes

results

· F2 generation

· 1 homozygous dominant   RR

· 2 heterozygous                  Rr

· 1 homozygous recessive   rr

Practice cross

· Red nosed reindeer are recessive.

· Black noses are dominant.

· Mom is heterozygous and Dad has a red nose.

· Fill in the punnett square.

· What is the probability of one offspring having a red nose?

Complete Dominance

· All examples so far have represented complete dominance

· Now for the exceptions-

Incomplete Dominance

· An intermediate phenotype is shown in the heterozygous genotype.

· Example:

· Cross a homozygous dominant red flower with a homozygous recessive white flower and produce all pink flowered offspring.

· Now cross two pink flowered plants and see what offspring they produce.

· F2 generation

· 1 homozygous dominant- red

· 2 heterozygous- pink

· 1 homozygous recessive- white

**Genotypic ratio and phenotypic ratios are the same in incomplete dominance.

Multiple Alleles

· The choice of more than two alleles for a single trait

· Codominance

· Two alleles are equally dominant and expressed, creating a different genotype and phenotype.

Blood Typing

· Multiple alleles and codominance are present in blood typing.

ABO typing for blood – 3 alleles

dominant allele for blood- IA

dominant allele for blood- IB

 recessive allele for blood- io

· The two types of blood typing we are discussing are determined by the presence or absence of a surface protein called an agglutinogen.

· There are two agglutinogens for the ABO typing procedure

· a agglutinogen and b agglutinogen

Genotypes for all possible blood types

IA IA- homozygous dominant for type A

IAio – heterozygous for type A

IBIB- homozygous dominant for type B

IB io- heterozygous for type B

IAIB- type AB

ioio- homozygous recessive for type O

Examples of blood type punnett squares

· Mom is homozygous for type A.

· What is her genotype?

· Dad is type AB.

· What is his genotype?

· Draw a punnett square to see the probability of what their offspring’s blood type will be.

Results

· What are the possible genotypes of the offspring?

· What is the percentage of children with type A blood?

· Type AB blood? 

Punnett square #2
Mom is heterozygous for B and Dad is type O.

· What are their genotypes?

· What are the possible genotypes of their children?

Who’s your daddy?

· Mom is heterozygous for B

· Dad is homozygous for A.

· The child is type O.  Is Dad the biological father?

Blood type compatibility

· The agglutinogens on each blood type allow the body to recognize their own as well as foreign blood types.

· Cells of one blood type can be physically different than another.

· Compare the agglutinogen of type A to type B.

Blood type compatibility

· Type B is physically different from type A.

· White blood cells of type A would attack and destroy type B cells if placed in type A’s body.

· Type O does not have agglutinogens.

· Other types can accept it- Universal donor.

· Type AB can accept all types- Universal recipient.

Rh Factor

· Second type of agglutinogen found on the surface of red blood cells.

· It is either present- Rh positive

· Or absent- Rh negative

Crosses looking at two independent traits

· Two traits located on different chromosomes.

· Example #1- plants

· Trait #1- flower color

· Purple is dominant over white  A and a

· Trait #2- height

· Tall is dominant over dwarf     B and b

Phenotypic ratio

· Two trait phenotypic ratio

· 9 dominant both traits     A_B_

· 3 dominant first trait only    A_ bb

· 3 dominant second trait only  aaB_

· 1 homozygous recessive both traits  aabb

Aneuploidy
A cell with one extra or one less chromosome.

· Nondisjunction

· The incorrect separation of chromosomes during meiosis; usually during anaphase.  

· Down’s syndrome

· 3 chromosomes at #21- trisomy 21

· Reduced mental capacity

· Flattened face; almond shaped eyes

· Reduced life expectancy

Human Genetic Disorders

· Autosomal recessive traits

· Autosomal- in all cells but sex cells

· Traits that may be deleterious in the homozygous recessive form

· Many of these traits are present in higher than normal percentages according to race or religion.

· Individuals who have 2 recessive alleles have the genetic disorder

· Individuals who have one recessive allele or are heterozygous for the trait are carriers.

Disorders

· Tay Sachs disease

· Higher than normal % in Jews of central or  eastern European dissent- Ashkenazi Jews

1 in 100 births will have disorder


· Children born with the illness start to show

Symptoms after 6 months of age.

Lack of an enzyme allows fatty substances to build on the brain

Children live to approximately 6 years of age.

Sickle cell anemia

· Higher % in African Americans and those with Mediterranean heritage

· 1 in 500 children of African Americans will have sickle cell anemia

· 1 in 12 carry the trait. 

· Those who are carriers may show some symptoms of the illness.

Galactosemia

· Inability for body to break down galatose, due to an enzyme made incorrectly.

Cystic Fibrosis

· Higher % in white European descendants.

· 1 in  29 white Americans are carriers

· 1 in 800 white American couples both will be carriers

· Disorder produces an abnormal protein resulting in thick mucus of respiratory system and pancreas.

· Average age of survival- early 30’s

Autosomal dominant trait

· Huntington’s disease-

· Deleterious traits associated with the dominant allele

· Survival of affected individual past reproductive age allow continuation of allele in population

Sex determination

· Each parent gives one allele toward sex determination

· Moms can only give an X

· Dads can give an X or a Y.

· Dads determine childs sex.

· Females are XX and Males are XY

Sex Linked Traits

· Genes that are located on the sex chromosomes are sex linked traits

· Females receive 2 X chromosomes

· Females have two alleles for traits located on the X chromosomes. 

· Males receive 1 X and 1 Y chromosome.

· Males have only one allele for most traits on the X chromosome.

· Hemizygous-

· The presence of only one allele for a trait. Found in men for the X chromosome alleles.

· Sex linked recessive traits

· Hemophilia A

· Color blindness

· Remember, all parents that are heterozygous for a recessive trait are carriers. 

· Only moms can be carriers of sex linked traits

· Dads either have it or don’t have it.

·  (XA or Xa)

Practice cross for colored blindness

· Mom is a carrier for color blindness.

· Dad sees color.

· What are their genotypes?

· Use the X and Y for chromosomes with a superscript A or a for the disorder.

· Mom XA Xa                        Dad  XA Y                   

· What percentage of females are color blind?

· What percentage of males are color blind?

· What percentage of males can see color?

Aneuploidy of sex chromosomes

· Addition or deletion of a sex chromosome

· Disorders

1) Klinefelter syndrome

· XXY condition- 

· Nondisjunction in males

· Sterility

2) Turner syndrome


XO- receive only one X chromosome




nondisjunction in females

Short and infertile as adults

Estrogen therapy can help in organ formation

3) XYY condition- males

Taller than average

Genetic testing

· Genetic Counseling is offered by most baby doctors.

· Check family history for genetic disorders

· Amniocentesis is common for women over the age of 35 to test for Down’s syndrome. 

