Genetics Study Notes

Lecture 1, CH 1
What are 5 recurring themes in genetics?

1) Biological info is encoded and transmitted within DNA

2) The proteins responsible for an organism’s many functions and characteristics are built from this code

3) These protein elements are dynamic and interact to form intricate systems that govern life processes

4) Genomes have a modular construction that has allowed for the rapid evolution of complexity

5) Complexity is made more manageable by the fact that all living forms are closely related at the molecular level

What is a key characteristic of living organisms?

Metabolism: The ability to use sources of energy and mater to grow; the ability to convert foreign material into their own body parts

What is the central dogma?

The flow of info from DNA to RNA to protein.
What is the “Genetic Approach”?

1) Variant phenotype


-natural variation or induced mutation(screen for phenotypes

2) Make cross between variant strains to determine if dom or rec (backcross) and the # of genes involved

3)) Careful analysis of alteration in cellular processes 


-alterations in biochemical, phys, cell bio and or devo processes


-gene interactions (epistatis)

4) Gene mapping and cloning (direct analysis of DNA


-molecular analysis of gene and biochem analysis of gene product (the protein)

What is forward genetics?

Forward genetics (or a forward genetic screen) is an approach used to identify genes (or set of genes) responsible for a particular phenotype of an organism. 

What is reverse genetics?

Reverse genetics (or a reverse genetic screen), on the other hand, analyzes the phenotype of an organism following the disruption of a known gene.

Lecture 2, CH 2
What are the desired attributes of a model genetic organism?

-Lots of progeny

-Easy and cheap to work with

-Grow fast (short generation time)

-Representative “model” to determine how things may work in larger group of organisms

What is a phenotype?

An observable trait (appearance) which is dictated by 1) Genotype(Genes(forms (alleles)








   2) Environment (extrinsic)(temp/sunlight (mutagens)








   3) Developmental Noise (intrinsic)

1) and 2) can interact with each other and influence phenotype

What is a reciprocal cross?

Interchange the trait that each parent has for example:

Mom =  yellow  x  Dad =green     vs.      Mom = green   x   Dad = yellow

Describe the results of a monohybrid, heterozygous cross.

P:  Yellow (dom)  x  Green (rec)

F1: All yellow

F2: 3:1 yellow to green phenotypic ratio and 1: 2 : 1 genotypic ratio

 What is the Law of Segregation?

That two alleles for each trait separate during gamete formation allowing for variation in the offspring (especially if parent is heterozygous)

What is a backcross and how does it differ from a test cross?

In a backcross, an F1 offspring is crossed back with a homozygous dominant parent.  In a testcross an F1 offspring is crossed with a homozygous recessive individual.  A testcross will reveal the genotype of the individual.
What is the difference between heterozygous dominant and homozygous dominant individuals?

They are phenotypically identical by genotypically different

Is the wild type allele in a population always dominant?

No, the wild type simply refers to the most common phenotype/genotype in a population

Dom/Rec is not an inherent quality of any allele, it is just expression of a trait in relation to another allele
Explain when to use the product rule and when to use the sum rule

Sum Rule: Probability increases so sum the values e.g. the probability of tossing a heads or a tails on a coin (probability of both) therefore ½ + ½ = 1

Product Rule: Probability decreases so multiply the values e.g. the probability of tossing heads AND tails 

½ x ½ = ¼ 

Lecture 3
What is Mendel’s Law of Segregation?
That each organism will have gametes that contain only one of the alleles for each trait e.g. Aa has gametes of A and a( Occurs in Anaphase of Meiosis 1
What is Mendel’s Law of Independent Assortment?
Alleles will not form gametes together e.g. AaBb has gametes of AB, Ab, aB, ab(produces 50% parental and 50% recombinant gametes(Occurs in Anaphase of Meiosis 1 
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What is a consanguineous mating?

INCEST! Can be between siblings, cousins, offspring + parents e.t.c.

Describe what an autosomal dominant trait pedigree chart looks like

The key aspects of an autosomal dominant trait are:

1) Affected children always have affected parents 

2) Dominant traits show a vertical pattern of inheritance

3) Two affected can produce unaffected children if both are hetero

e.g. Marfan syndrome

Describe what an autosomal recessive trait pedigree chart looks like

1) Affected individuals can be children of two unaffected carriers, particularly as a result of consanguineous      matings

2) All children of two affected parents should be affected

3) Rare recessive traits show a horizontal pattern of inheritance (i.e. a line of offspring from parents will have it)

4) Recessive traits may show a vertical pattern of inheritance if the trait is extremely common in the population (esp. if the level of consanguineous mating is high)

Lecture 4
What is a monomorphic allele?

A gene with only one common wild-type allele e.g. Agouti in mice

What is a polymorphic allele?

High-frequency of polymorphic alleles for a gene are common(more than one allele occupies a genes locus e.g. ABO blood type

What is pleiotropy?

A gene that affects more than one trait e.g. white cats always have blue eyes

Pleiotropic Recessive Lethal Alleles: One copy of the pleotropic allele (hetero) gives a viable phenotype but two copies are embryonic lethal(recessive to non-pleiotropic allele for lethality

What is the influence of the environment?
Genotype+ Environment+ Developmental Noise = Phenotype

e.g. Colouring in Siamese cats, shibire fruit flies, PKU(ext enviro, sickle cell anemia
Lecture 5
How can two genes interact to determine one trait?
1) Novel pheno can result from gene interactions e.g. seed coat in lentils

2) Complementary gene action e.g. flower colour

3) Epistasis

What can be used to determine if alleles belong to the same gene?
A complementation test, which is a functional test for allelism where two mutants are crossed together.  The F1 of these mutants determines allelism.

Mutant x Mutant = WT-(2 different genes

Mutant x Mutant = Mutant(same gene

Will the same genotype always produce the same phenotype?

No, because phenotypic variation can occur because of:

1) Differences in penetrance or expressivity

2) Effects of modifier genes

3) Effects of environment

4) Pure chance

What is penetrance vs experessivity?

1) Penetrance: is the percentage of a population with a particular genotype that shows the expected pheno(percentage of individuals with the given allele that exhibit pheno)

2) Expressivity: is the degree or intensity with which a particular geno is expressed in a pheno(strenght of phenotype for same genotype

What are modifier genes?
They alter the phenotypes produced by alleles of other genes(major or minor effects on pheno depending on the allele

	Dominance
	Frequency

	Complete Dominance


	9:3:3:1

9 A-B- 

3 A-bb

3 aaB-

1 aabb

	Complementary Dominance

Recessive for either A or B
	9:7

9 A-B- 

3 A-bb

3 aaB-

1 aabb

	Recessive Epistasis

When have two copies of the recessive allele then see a recombinant phenotype

Gene in group of 4 is epistatic because it is masking the expression of B
	9:3:4

9 A-B- 

3 A-bb

3 aaB-

1 aabb

	Dominant Epistasis 1

Only need one copy of the dominant A allele to mask B
	12:3:1

9 A-B- 

3 A-bb
3 aaB-

1 aabb

	Dominant Epistasis 2

The dominant allele phenotype is the same as the recessive allele phenotype
	13:3

9 A-B- 

3 A-bb
3 aaB-

1 aabb

	Recessive Lethal

Is out of 3 because the homo lethal pheno is not seen
	2:1

	Incomplete Dominance

Haploinsufficiency: one copy is not enough to make up for lack of second allele(allele specific

Phenotype ratios reflect genotype ratios
	1:2:1


Lecture 6
What is the major difference between the X and Y chromosomes?

The X chromosome is bigger than the Y chromosome and as a consequence contains more information on phenotype, development e.t.c. than the Y chromosome(is essential for life, is why can have XX and XO but no YO (in humans)

The Y chromosome contains the SRY that encodes for the Testis Determining Factor (TDF)(essentially destermines sex of the fetus.

What allows for crossing over between X and Y chromosomes?
The pseudoautosomal region at the end of each chromosome allows the X ad Y to form a tetrad and undergo crossing over

Can the above human X and Y chromosome structure be changed?
1) De la Chapelle Syndrome: XX but one X has an SRY because of crossing over during X and Y = pheno male with fem. charac. but no sperm production because lacks the gene for sperm production on the rest of the Y chromo and are sterile

2)Swyer Syndrome: XY but have a mutated/deleted SRY = pheno female with streaked gonads, no puberty (correct with hormone therapy) and sterile

Where does mitosis occur compared the meiosis?
Mitosis( somatic cells, the daughter cells will have the same number and same type of chromo as parent

Meiosis( gametic cells, the daughter cells will have half the number and a different type of chromo as parent
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How does sex determination occur in humans?
In humans there is the homogametic sex (XX) = female and the heterogametic sex (XY) = male

How does this differ compared to drosophila?
In fruit flies, the sex is determined by the ratio of X chromo to autosomes i.e. X:A = 1 then female but if 

X:A <1 then male (the more X = female)
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Where does most of cell growth occur?
Most of the cell growth occurs during G1 and G2 phases but some terminally differentiated cells stop dividing and arrest in G0 stage.

When do sister chromatids replicate?
In the S phase.
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What is the acronym for remembering the order of mitosis phases?
P2MAT
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Lecture 7
In meiosis, when do homologous chromosomes pair up?
Meiosis contains a multistage prophase wherein homologous chromosomes pair up to form a dyad.

What is a synaptonemal complex and how does it affect crossing over?
A protein structure that forms between homologous chromatids to form a tetrad (two dyads together)(zipper together

Where does crossing over occur?
Crossing over occurs at chiasmas which are where homologous remain attached even after dyads separate

What are the characterisitics of an X-linked Recessive trait pedigree?

1) Trait appears in many more males than females

2) Trait will never pass from father to son

3) Affected males pass trait to all daughters (become carriers)(NEVER SONS

4) Trait often skips generations (carried through daughters)

5) Rarely have affected females (all males affected, all females are carriers)

What are the characterisitics of an X-linked Recessive trait pedigree?

1) Trait is seen in every generation

2) All daughters but none of the sons of an affected male will be affected

3) Half the sons and half the daughters of an affected female will be affected

What are the characteristics of a Y-linked trait pedigree?

1) Trait only seen in males

2) All male descendents of an affected man exhibit trait

3) Females cannot transmit trait


Besides maleness = no clear cut Y-linked traits have turned up

Lecture 8
Can linked genes ever be separated? How?

Yes, through crossing over events.  Crossing over is the breakage and exchange of information between homologous chromosomes during meiosis.  The further apart the genes are on the chromosome the more likely they are to cross over.

Is there any limit to how far apart genes can be and still cross over?
Yes, genes that are more than 50 map units apart will segregate independently and are much less likely to undergo crossing over.  
When does crossing over occur?

Prophase 1 of meiosis and at crossing over points called chiasma

How can analysis of the progeny determine how far apart genes are on a chromosome?
Map distance can be determined using the recombinant frequency:


RF = (# recombinants / # parentals + recombinants ) x 100% = % recombination (1% = 1 mu)

The smaller the % the closer the genes are on the chromosome, the more likely they are linked (<50%)
What are syntenic genes?

Genes that are located on the same chromosome(e.g. eye and body colour in drosophila are both X linked traits.

How can analysis of the progeny determine if genes are linked?

If the progeny display a higher frequency of parental compared to recombinant phenotypes then the gene(s) in question are linked e.g. tan and grey spore colour in Sordaria fimicola.

What is the difference between a cis and a trans heterozygote?

Cis conformation:  RL/rl
Trans conformation: Rl/rL

How can analysis of the progeny determine if the genes are cis or trans?

The phenotypes with the highest frequencies will be the parental genotypes.

What can skew the proportion of recombinant phenotypes observed?
Double crossovers result in parental phenotypes(even though cross over occurred = not seen

How can autosomal linkage be determined?

1) generate double heterozygote

2) testcross with a homozygous recessive individual

What is the best way to make a genetic map?
The most accurate maps are obtained by summing many small intervening distances

Lecture 9
See handwritten notes for lecture 9 b/c there are a lot of sample questions

What happens to genes around the centromere?
There seems to be cold spot around the centromere on a chromosome(there is less crossing over the closer the gene is to the centromere

Lecture 11
What are tetrads? 

Tetrads are the result of the fusion of two haploid cells of two different types of the same species of bacteria. Once the cells have fused they undergo two rounds of meiosis to form the tetrads.  Be  Tetrads can then undergo one round of mitosis to form an octad (diploid, with each pair of spores with in the asci representing one gamete).


-Haploid gametes will undergo an asexual, vegetative life cycle (low genetic diversity)
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What are the benefits of tetrad analysis for gene mapping?

The phenotype of the haploid fungi (or diploid of octad) are a direct representation of their genotype(no hidden genes due to recessivity/dominance.  This makes it easy to determine crossing over events, thus create a more accurate gene map.

How many type of tetrad are there?

There are 3: 

1) Parental ditype (PD) ascus that contains spores that are the same as the parental pheno & geno

2) Non-parental ditype (NPD) ascus that contains spores that are different from the parental pheno & geno

3) Tetratype (T) ascus that contains a combination of the parental and non-parental spores


-crossovers between linked genes will produce different tetrads from unlinked genes
What is quick way to determine if genes are close together or nor using tetrad analysis?

If the PD and NPD equal each other then the gene are unlinked which means they must be at least 50 mu apart and therefore segregate independently
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What does crossing over look like when genes are unlinked?
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What does crossingover between linked genes look like
