
Homologous Chromosomes?  
Sister Chromatids? Centromere? 



Autosomes and Sex Chromosomes 

0 22 pairs of homologous autosomes and 1 pair sex 
chromosomes 



Cancer 

0 Uncontrolled Cell growth forms tumours 

0 Little time in interphase 

0 Unspecialized cells - non-functional 

0 Metastasize as no adhesion to other cells 

 

 



Cloning 
0 Mitosis 

0 Budding (yeast) 

0 Vegetative propagation (plants runners) 

0 Identical twins (monozygotic) 

0 Adult Stem cells e.g.: bone marrow produces blood cells 

0 Embryonic Stem Cells from blastula inner mass are 
Totipotent (produce entire organism) 

0 Blastula nucleus transplanted 

0 Parthenogenesis 

 



Why form gametes? (nonsomatic cells) 

0Diploid somatic (2n)  
Haploid Gamete (n) 

0Union produces zygote 

0Genetic recombination of 
genes from both parents 
for natural selection 

 



Nondisjunction 

0Trisomy – 1 extra chromosome examples? 

0Monosomy – 1 less chromosome example?  



Comparison 

0Mitosis 
0 Somatic cells 

0 2 identical cells produced 

0 2n2n or nn 

0 No pairing or crossing over of 
homologs 

0Meiosis 
0 Gonads 

0 4 different cells produced 

0 2nn 

0 Pairing of homologous 
chromosomes 

0 Crossing over 



Alternation of Generations 

0 Some organisms alternate between sexual and asexual reproduction 

0 Sporophyte (diploid) produces spores by Meiosis 

0 Gametophyte (haploid) produces gametes by Mitosis 

0 Compare processes in animals 



Multiple Choice #14 



Part II… 





DNA Structure 



A Little History… 



DNA Composition 

0 Nucleotide = sugar, phosphate & nitrogen base 

0 Adenine, Thymine, Guanine, Cytosine 

0 Antiparallel strands 

0 Sequence of bases on one strand determines sequence on 
other 



Base Pairing Rule 

Size 
Matters… 



Central Dogma of  
Molecular Genetics…Basics 

0Replication 
0 DNA is copied (DNA  DNA) 

0Transcription 
0 A message is made from the DNA template (the gene is 

transcribed)  (DNA  mRNA) 

0Translation 
0 mRNA is “read” and an amino acid sequence (protein) is 

made (mRNA  protein) 





DNA Replication 

0 Each chromosome = long DNA strand, must be replicated 
precisely 

0 During what phase of cell cycle? 

0 Location?  

0 Enzymes involved: Helicase, DNA polymerase 

0Semi-conservative 
 

 



DNA Replication is Semi-conservative 



Biotechnologies: PCR 

0 Polymerase Chain Reaction 

0 Making millions of copies of DNA sample using laboratory 
equipment, heat resistant polymerase enzyme and 
nucleotide supply 

0 Used for DNA analysis 



Transcription 

0Nucleus 

0One side of DNA 

0DNA  mRNA 

0RNA – uracil, ribose, 
single stranded 

0RNA polymerase 



Details… 





Amino Acid Chain =  
Polypeptide Chain = Protein 



•  Proteins functions: hormones, enzymes, antibodies, structures 

•  Function of a protein as a structural component or as an 

enzymatic tool is COMPLETELY dependent on its shape.  

•  Shape determined by the SEQUENCE of amino acids  

•  Sequence of amino acids is determined by the SEQUENCE of 

mRNA CODONS 

•  Sequence of CODONS determined by the base sequence in 

the DNA (also CODONS) in the Gene 

•Defective (mutant) or missing gene  altered protein function 



Translation (Cytoplasm) - One gene  one protein 



RNA 

0 Messenger - mRNA 

0 Ribosomal - rRNA 

0 Transfer - tRNA 





Process of Translation 

0As ribosome moves along mRNA, tRNAs 

sequentially bring in the appropriate amino acids 
which are then bonded together in a polypeptide 
chain = protein  

0The tRNAs are then free to pick up another amino 
acid in cytoplasm 

0When ribosome reads a stop codon on the mRNA, the 
amino acid chain is released as a protein and the 
ribosome releases the mRNA 



For the 
details… 



Mitochondrial DNA 

0mtDNA 
0 Small number of bases (70 000 vs. 6 billion in genome) 

0 Mitochondria from mother exclusively, except ICSI where 
sperm is injected 

0 Trace lineage maternally 

 



Mutations… 

0 Gene mutation  - DNA sequence altered 

0 Chromosome – missing portions or entire chromosome lead 
to huge alterations 

0 Mutagens – spontaneous error, radiation, chemicals 

0 Substitution, Deletion, Insertion… 



Types of Mutations 



Genetic Engineering 

0 DNA can be artificially recombined in the lab to have specific 
gene combinations and characteristics 

0 Requires  

0Restriction Enzymes – cut DNA (scissors) 

0DNA Ligase – glues DNA backbone back together 

0 Can produce transgenic organisms that contain foreign DNA.  
Why?... 

0 Bacteria can make human proteins (insulin) 

0 Modify plants to withstand disease, harsh conditions 

0 Animals with increased growth or serve as organ donors 
 

 



Biotechnology-Recombinant DNA 

0 Cut donor gene with 

restriction 
enzyme 

0 Cut bacterial plasmid 
with same enzyme 

0 Use ligase to join 
new DNA into place 

0 Insert into bacterium 

0 All new bacteria 
contain foreign DNA 
and are transgenic 



Gel Electrophoresis 

0 Separation of DNA fragments based on size 

0Restriction enzymes cut DNA 

0Apply to gel, electric current 

0 Smaller fragments move farther/faster 

0Paternity testing, gene presence, fingerprint court 
evidence 

 



Let’s see what you can do… 

DNA practice questions  



Multiple Choice #22 



Multiple Choice #23 



Multiple Choice #24 



Multiple Choice #25 



Multiple Choice #26 



Multiple Choice #27 



Multiple Choice #28 



Multiple Choice #35 



Multiple Choice #36 



Multiple Choice #37 



Multiple Choice #42 



Multiple Choice #43 



Which enzymes would a geneticist use to cut DNA into 

fragments? 

A. Ligase enzymes 

B. RNA polymerase 

C.DNA polymerase 

D.Restriction enzymes 

Multiple Choice #44 



Part III. 





Genes – Units of Heredity 



Heredity 

0Genes – determine a protein and hence a trait 

0Polygenic – 2 or more genes determine some 
traits e.g.: height, intelligence 

0Genome – all the genes of an organism in DNA 

0Alleles – Forms of a gene  
0Law of Dominance 

0 Dominant 
0 Recessive 
0 Homozygous (Pure) 
0 Heterozygous (Hybrid, Carrier) 



Law of Segregation 
0 pairs of alleles separate during meiosis 

 



Phenotype and Genotype 



Testcross 
 0 To determine the genotype of a dominant phenotype 

0 Unknown phenotype mated with HOMOZYGOUS RECESSIVE 

0 If all offspring are dominant the parent is pure = homozygous 
dominant 

0 If any offspring are recessive the parent is heterozygous 



Multiple Choice #45 



Multiple Choice #46 



Multiple Choice #47 



Multiple Choice #48 



Multiple Choice #49 



Multiple Choice #50 



Law of Independent Assortment 
 

0Genes on separate chromosomes assort 
independently (randomly) during gamete formation 



Dihybrid Cross 

Predict 

Gametes 

First!!! 



Steps to solving a dihybrid Question: 

1) Determine the mode of inheritance (autosomal or sex-linked) for 
each gene 

2) Write out the gamete combinations for BOTH parents 

0 Examples:   BbCc  BC, Bc, bC, or bc 

             Bbcc   Bc or bc 

3) Create a Punnet Square that allows you to predict outcomes 

0 Example: If we cross the two individuals above, then: 

 

 

 

 

 

 

0 Determine the probability that the offspring would be homozygous 
recessive for both traits. 

Bc 

bc 

BC Bc bC bc 



Alternatively… 

0 You may also separate the genes and treat them as two monohybrid 
crosses, then use the probability rules (ex. Product rule) to 
determine probabilities in the offspring. 

0 Example using previous parents (BbCc  X Bbcc).  The probability of 
having an offspring that is homozygous recessive for both traits is? 

 

bb 

B 

b 

B b 

Cc Cc 

cc cc 

C 

c 

c c 

1/4 1/2 

So the probability would be ¼ X ½ = 1/8  



0 Incomplete 
Dominance  

0 alleles are equally 
dominant and create a 
blend 

0 What symbols should you 
use?  

0Codominance  

0 both alleles are expressed 
in the heterozygote 

0 Use R+R- instead of capital 
and small letters 



Multiple Alleles - Blood Groups  



Epistasis 

0One gene affects the expression of another gene 

0E.g.: Coat color  



Multiple Choice #51 



Multiple Choice #52 



Multiple Choice #53 



Multiple Choice #54 



Numerical Response #4 



Multiple Choice #55 



Multiple Choice #56 



Numerical Response #5 



Sex-linked Punnett 

0 If carried on the y 
chromosome (rarely): 

0 only affect males 
0 Passed from father to son 

 

0 If traits are carried on the X 
chromosome (most): 

0 Only female carriers 
0 Never passed from father to 

son 
 

Note: males and females are 

already considered so don’t 

multiply by half when 

answering question! 



Genetic Relationships 

 

 

 

 

 

 

Dominant/Recessive 2 phenotypes, 3 genotypes 

Multiple alleles 3+ phenotypes, many genotypes  

Incomplete dominance 3 phenotypes (blend), 3 genotypes 

Codominance Both phenotypes show in the heterozygote 
genotype 

Epistasis Not as many phenotypes as expected for the 
genotypes because one gene affects expression of 
another 

Pleiotropy One genotype may have numerous phenotypes 

Sex linkage Allele is carried on a sex chromosome, and 
phenotype depends on gender 

Autosomal inheritance Males and females show same ratios 



Linked Genes 

Will not produce 4 different 

gametes…only 2. 

Except crossing-over 

produces 2 new recombinants. 



Gene Mapping 

% Crossover= # recombinants x 100= map units 

                 total offspring 

0Genes that are close together are more likely to be 
inherited together. 

0 In Drosophila, genes for eye color(pr), wing shape(vg), and body color (eb) 
are on the same chromosome.  Use the following frequencies to map the 
chromosome. 

0 pr and vg 12.5% 

0 pr and eb 6.0% 

0 vg and eb 18.5% 

 

 

pr vg eb 

pr eb vg 

or 



Pedigree Symbols 



Pedigree Analysis 

0Autosomal – equal male female 

0 Dominant – affected child has affected parent 

0 Recessive – 2 unaffected parents have affected child 

0X-linked – more males 

0 Dominant – no transmission from father to son, affected males 
produce only affected daughters 

0 Recessive - affected female has affected father 

0Y-linked – only males, from father to son 

 

Possible modes of inheritance you need to identify, interpret, calculate 
probabilities: 



A. For each pedigree, determine modes of inheritance that are POSSIBLE 

and then use the probabilities to select the one that is most probable: 

Could this be Autosomal Dominant? 

Could this be X-linked Dominant? 

Could this be Autosomal Recessive? 

Could this be X-linked Recessive? 



B. 

Could this be Autosomal Dominant? 

Could this be X-linked Dominant? 

Could this be Autosomal Recessive? 

Could this be X-linked Recessive? 



C. 

Could this be Autosomal Dominant? 

Could this be X-linked Dominant? 

Could this be Autosomal Recessive? 

Could this be X-linked Recessive? 



D. 

Could this be Autosomal Dominant? 

Could this be X-linked Dominant? 

Could this be Autosomal Recessive? 

Could this be X-linked Recessive? 



E.  

Could this be Autosomal Dominant? 

Could this be X-linked Dominant? 

Could this be Autosomal Recessive? 

Could this be X-linked Recessive? 





Multiple Choice #57 



Multiple Choice #58 



Numerical Response #6 



Multiple 
Choice 
#59 



Multiple Choice #60 



Multiple Choice #61 



Numerical Response #7 



Multiple Choice #62 



Answer KEY to Multiple Choice 

0 Try the questions BEFORE you check the answer!!!!! 

0 Ok, here are the answers: 

 
1. B 
2. C 
3. D 
4. D 
5. C 
6. B 
7. C 
8. A 
9. D 
10.A 

11.D 
12.B 
13.C 
14.C 
15.D 
16.B 
17.C 
18.C 
19.D 
20.C 

21.A 
22.C 
23.D 
24.A 
25.D 
26.A 
27.A 
28.D  
29.A 
30.A 
 

31.C 
32.C 
33.D 
34.D 
35.A 
36.A 
37.D 
38.D 
39.D 
40.B 

41.A 
42.B 
43.C 
44.D 
45.D 
46.C 
47.B 
48.D 
49.A 
50.D 
 

51.B 
52.C 
53.A 
54.B 
55.D 
56.B 
57.D 
58.D 
59.A 
60.B 
 

61. B 
62. B 



Answers to Numerical Response: 

1. 1342 

2. 1243 

3. 3142 

4. 0.25 

5. 934 

6. 0.50 

7. 25 
 


