IB Biology I – Genetics Topics 3 & 10 (old book 4 & 10)
I. Genes

a. Heredity

i. The passing on of characteristics from parents to offspring

b. Traits

i. Characteristics that are inherited

c. Gene

i. A heritable factor that controls a specific characteristic

ii. Estimated 30,000 genes which you have and are organized into chromosomes

1. One gene and one polypeptide – each protein synthesized in the body originates from one particular section of DNA on a chromosome, this is a gene (can be several hundred to several thousand base pairs long)

d. Genome

i. The whole genetic information of an organism (sum total of all possible alleles available in a particular species)
1. Degenerate – more than one codon can code for a particular amino acid

2. Universal – the genetic code is consistent throughout all life on Earth (bacteria to plants and animals)

e. Genetics

i. The branch of biology that studies heredity

II. Mutations

a. Random change in the genetic material
i. Base substitution mutation

1. one base change could mean a different amino acid is placed in the growing polypeptide chain

2. Example: Sickle Cell Anemia  

a. normal is GAG and the mutation is GTG

b. instead of Glu being added Val is added

c. results in a different shape of RBC’s

d. symptoms are weakness, fatigue, shortness of breath, blood flow is slowed down or stopped, and oxygen cannot be carried around the body efficiently

III.  Karyotypes

a. Photograph of the chromosomes found in the cell arranged according to a standard format

b. Placed in order according to size and shape

c. The shape depends mainly on the position of the centromere

d. A karyotype is performed by using cells collected for pre-natal diagnosis of chromosome abnormalities

i. Obtaining cells from an unborn child by means of amniocentesis or by removing them from the chorionic villus

1. amniocentesis – extracting amniotic fluid around baby

2. chorionic villus – obtaining tissue samples from the placenta’s finger like projections into the uterus wall

ii. Examples: Down syndrome (extra 21st chromosome), Turner syndrome, 
Klinefelter syndrome (XXY syndrome), Jacobs syndrome (XYY syndrome), Triple X syndrome
iii. Non-disjunction is the failure of chromosome pairs to separate properly during cell division --could arise from a failure of homologous chromosomes to separate in meiosis I, or the failure of sister chromatids to separate during meiosis II or mitosis. The result of this error is a cell with an imbalance of chromosomes
· Karyotype – Image of chromosomes taken during mitosis when chromosomes are visible
· Used to detect chromosomal abnormalities (not gene abnormalities)
Normal male and Normal Female
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IV. Theoretical Genetics 
a. Mendel
i. Worked with pea plants

1. female & male parts are on same plant so they self pollinate

ii. transferred pollen to produce new offspring

V. Monohybrid Crosses

a. Autosomes – first 22 pairs of chromosomes

b. Locus – particular position on homologous chromosomes of a gene

c. Hybrid

i. Is the offspring of parents that have different forms of a trait 


ii. Example: tall and short

iii. Monohybrid = 1 trait that differs
P1 


Short pea plant X Tall pea plant

(parents)

F1 



Tall
Tall
Tall
Tall

(generation 1)

F2 



Tall
Tall
Tall
Short

(generation 2) ( 3 tall:1 short

d. Alleles

i. Different gene forms

ii. Two alleles for each trait

iii. Example: TT   tt    Tt

e. Dominant

i. Observed trait that masks the recessive form of a trait

ii. Examples: TT & Tt
f. Recessive

i. Trait that can be masked by the dominant trait

ii. Must be present with another recessive allele to show trait

g. Law of Segregation

i. Every individual has 2 alleles of each gene & when gametes are produced each gamete receives one of these alleles

ii. Law of Segregation Example: Tt x Tt cross

F1


Tt x Tt




F2


TT
Tt

Tt

tt

iii. Phenotype

1. way the organism looks

iv. Genotype

1. allele combination an organism contains

v. Homozygous Dominant

1. 2 dominant alleles : TT

vi. Heterozygous
1. 1 dominant allele & 1 recessive allele : Tt

vii. Carrier – individual who has a recessive allele of a gene that does not have an effect on their phenotype

viii. Homozygous Recessive

1. 2 recessive alleles : tt
VI. Mendelian Inheritance of Traits
a. Pedigree

i. A graphic representation of genetic inheritance
ii. Set of symbols 
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Traits exhibiting dominant gene action: 




Example: Huntington’s Disease

· affected individuals have at least one affected parent 

· the phenotype generally appears every generation 

· two unaffected parents only have unaffected offspring
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Traits exhibiting recessive gene action: 

· unaffected parents can have affected offspring 

· affected progeny are both male and female
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b. Simple Recessive Heredity

i. Most genetic disorders are caused by recessive alleles

ii. Examples: Cystic Fibrosis and Tay-Sachs

iii. Recessive allele must be inherited from both parents

c. Simple Dominant Heredity

i. One single dominant allele can be inherited from one parent to show dominant trait

ii. Example: widows peak, hanging earlobes, Huntington’s disease

d. Complex Patterns of Inheritance

i. Co-dominance

1. Both alleles (a pair) effect the phenotype when present in heterozygous 

2. Both alleles are expressed equally 

3. Example: AB Blood type
4. Blood Types 
	Phenotype
	Genotype

	O
	Ii

	A
	IAIA or IAi

	B
	IBIB or IBi

	AB
	IAIB


5. Flower color – 

a. CR = Red color 

b. CW = White color

i. CR CR
ii. CW CW
iii. CR CW
ii. Polygenic inheritance 

1. trait that is controlled by two or more genes – multiple alleles

a. when multiple alleles are introduced for a single trait the number of possibilities increases –mosaic of phenotypes
2. Gene can be on same chromosome or different

3. Each gene may have two or more alleles

4. Examples: skin color (at least 3 genes are involved) & hair color
a. Continuous variation

i. Skin color, eye color,  body shape, height & intelligence

b. Discontinuous variation

i. Attached Ear lobes & blood type (A, B, AB, O)

iii. Sex-linked Inheritance

1. Sex chromosomes – 23rd chromosomes determine sex of offspring (XX or XY)  

2. Traits controlled by genes located on sex chromosomes

3. The X chromosome is longer than the Y and contains many more genes
a. The Y chromosome has fewer loci & fewer genes than the X

4. Written as superscripts of the X and Y

5. If trait is a X-linked trait the mother and father can both pass the trait on

6. If the trait is a Y-linked trait only the father can pass it on

7. Examples: Hemophilia and Color blindness are recessive sex-linked allele disorder on the X chromosome 
a. XB = allele for the ability to distinguish colors

b. Xb = recessive allele for colorblindness

i. XB XB
ii. XB Xb
iii. Xb Xb
iv. XB Y

v. Xb Y
VII. Dihybrid Crosses
a. Cross involving 2 different traits
b. Linkage group – a group of alleles located on the same strand of DNA or chromosome
i. Example of a 
Dihybrid cross btw two linked genes – alleles are shown side by side because they are on homologous chromosomes

TB

TB
t b
    TB
c. Example: Round yellow x wrinkled green are unlinked 
P1


RRYY



rryy

F1


RrYy

RrYy

RrYy

RrYy




*all round yellow

F2

Punnett Square:

*Which of the offspring in the dihybrid crosses are recombinants?
· When the combination of two phenotypes differs in the offspring from that of the parents.

· Due to crossing over, random segregation, and recombination of alleles. 

· Example: if tall/white (Ttrr) is crossed with short/red (ttRr), any offspring which are tall/red or short/white are recombinants. 
VIII. Genetic Engineering & Biotechnology

a. PCR- polymerase chain reaction

i. Copies and amplifies small quantities of DNA and copies all the nucleic acids in it to make millions of copies
ii. Used when you want to increase amount of DNA being tested

b. Gel electrophoresis

i. Used to separate fragments of DNA to identify its origin

ii. fragments of DNA move in an electric field and are separated according to their size
1. The smallest fragments move the greatest distance from the well and are found closer to the bottom of the picture

iii. used for DNA profiling or DNA fingerprinting – 

1. forensic investigations

2. paternity – identifying biological parents (child will show two bands – one matches the mother and the other matches the father)
3. ecosystems – showing how organisms are related, social patterns, or migrating patterns
iv. After separated the pattern of bands formed by two samples of DNA fragments are -(  

1. identical = it means that both most certainly came from the same individual

2. similar = means that the two individuals are related
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c. Genetic Screening

i. Testing an individual for the presence or absence of a gene

ii. Advantages

iii. Disadvantages

d. Human genome 
i. Map which can be used to show the locus of any gene on any one of the 23 pairs of chromosomes

ii. Advantages 

1. Future understanding of many genetic disorders

2. Advanced Pharmaceutical production

e. Gene transfer
i. when genes are transferred between species –the amino acid sequence of polypeptides translated from one species to another is unchanged because the genetic code is universal
ii. example – proteins used by fish  to resist icy temperatures of water are now produced by the modified tomatoes to make them more resistant to cold

iii. example – glowing mice = the gene responsible for phosphorescence in jellyfish is inserted into mouse embryo’s causing them to glow under an ultraviolet light

1. plasmids - small circles of DNA in bacterium
2. host cell – bacterium or yeast
3. restriction enzymes- (endonucleases) finds and recognize a specific sequence of base pairs along the DNA molecule at target sequences
4. DNA ligase
iv. Process
1. Select a gene of interest

2. Select a plasmid found in bacterium

3. Use the same restriction enzyme to cut both the gene and plasmid

4. Insert gene into plasmid using ligase

5. Induce bacterium to take up recombinant plasmid – results in bacteria will make many copies of the gene

6. Example: 

a. Messenger RNA coded for insulin is extracted from human pancreas cells. 
b. DNA copies of the messenger RNA coding for insulin are made using the enzyme reverse transcriptase. (def: catalyzes the production of DNA from RNA)
c. Plasmids: are small loops of DNA found in bacteria.
d. Plasmids are cut open using restriction enzyme endonucleouse. 
e. The insulin gene and the plasmid are mixed. 
f. DNA ligase seals up the plasmid. 
g. The plasmid with the human insulin gene is inserted into a recombinant plasmid. 
h. The recombinant plasmid are mixed with a strain of E.Coli bacteria.
i. The E.coli bacteria start to make insulin which is then extracted, purified and used by patients suffering from diabities. 
j. Other Examples: genetically modified crops (delaying ripening of tomatoes or herbicide resistance in crops) or animals (GMO)
k. Potential Benefits 
i. Ability to improve diet in third world countries

ii. Genetically modified rice helps fight vitamin A deficiency and potential blindness

l.  Possible Harm

i. Genetically engineered organisms could enter environment with unknown consequences – untested by evolution

v. Clones – a group of genetically identical organisms or a group of cells derived from a single parent cell

1. Process – take DNA from one cell and inject into nucleus of another cell (with its own DNA removed) Zap with electricity to start development 

2. Reproductive cloning – makes an entire individual
3. Therapeutic cloning – making copies of cells which have not yet gone through the process of differentiation—stem cell research (using embryos and cells that are called embryonic stem cells)
4. Ethical issues of cloning  humans

a. Positive 

b. Negative 
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