Midterm 2 Need to Know

Gene Expression and interaction

Differences in cells result from what protein is present (so what DNA is expressed, what mRNA is being translated)

Gene Regulation

There are 3 types of gene regulation:

Spatial Regulation
Different tissues will express different genes to reflect their function.  Example: regulation of phenylalanine metabolism, the pathway used depends on the tissue (controlled by enzymes)

Temporal regulation
Over time, as conditions change, different genes are expressed.  This includes someone getting older.  Example: hemoglobin, gamma has higher affinity for oxygen, is higher in infants.  After birth, beta (lower affinity) becomes more prominent.

Conditional regulation
Gene activation due to outside elements/conditions.  Example: hormonal change with pregnancy.

Role of Genes: Code for proteins that play many roles:
Enzymes, small amount required
Signaling, hormones/messengers
Receptors, (for hormones)
Constituent, (actin, myosin)

Gene expression and interaction

Remember the diagram: a biochemical pathway.  An enzyme is needed for the reaction to take place, this enzyme is coded for by a gene.
What if there is another protein that is a modulator for the enzyme (ex: an inhibitor).  Many options.
Epistasis is the interaction between two genes (see later)

Pleiotropy: One gene has multiple effects
Gene supressors
Complementary genes: need both genes at the same time to get final product
Duplicate genes: two copies of same gene.



Mutations

· We refer to Mutations as an Inheritable change in the DNA of a cell (occurs in the gametes so it is present in all of the offsring).
· Induce mutations to study effect of genes
· Mutations are source of variation (source of evolutionary change)
· There are genetic diseases caused by mutations
· Phenotype: physical or observable trait
· Wild type: allele commonly found in the “wild” (not necessarily dominant or recessive)

Classification of Mutations (based on cell type or chromosome location):
Cell type
· Somatic mutation (any cell by testes and ovaries)
· Germ-line mutations (germ cells, including testes and egg)
Chromosome location
· Autosomal mutation
· X-linked mutation: on x-linked chromosome
· Y-linked mutation: on y chromosome

· Spontaneous mutations occur suddenly, usually during replication (DNA polymerase adds wrong base).  Also oxidative damge, replication slippage, or depurination and deamination

Tautomeric Shifts
occur when there is a shift in the nitrogenous base causing it to have more or less hydrogen bonds than usually (ex: thymine gets 3, cytosine gets 2)
This will cause a mutation during SECOND REPLICATION.  First, base pairing is done improperly.  Then that DNA is replicated, the improperly paired base serves as template.

· Induced mutations are done on purpose, expose organism to mutagens

Chemical mutagents acts as base analog, gets in between the bases, during replication a gap is created.
Radiation (UV  disrupts replication, ionizing radiation point mutations, chromosome aberrations)

Since DNA sequence dictates protein structure (primary structure), a change in the sequence changes protein structure.  Folding changes.  Sometimes increase in functionality

Point mutations (changing a base pair)
· Silent: no effect, the A.A. coded for remains the same
· Missense: the A.A. coded for changes
· Nonsense: change causes a STOP codon 
If there is an insertion or deletion of a base pair, then it is a frameshift mutation.

Many disorders are caused by mutations.
When related to constituent protein usually dominant disease
When related to enzyme  usually resessive

Loss of function (LOF) results in a protein that has little or no enzymatic activity

LOF are recessive: Half the amount of wild type gene product is enough to make it functional.  This is called haplosufficient
When looking at LOF, we looked at the THRESHOLD.  This is the minimum enzymatic activity needed to lead to EXPRESSION of the gene (if below it, no expression)
Some exceptions:
· When the heterozygous condition (half the amount of protein) isn’t enough to reach the threshold, it is called haploinsufficient
· There could also be NO THRESHOLD, this is incomplete dominance.
· Poisonous subunits – also called “dominant negative”, having one different allele causes the threshold not to be reached.  Happens when heterozygous make right subunits

Mendel defined dominant vs. recessive.  Recessive allele must be linked to the dominant phenotype

Temperature sensitive proteins: (temp. can effect protein folding)

In regulatory regions, mutations have effect: Promoter, splice sites, untranslated region

Mutations effects:
· Gain of Function (GOF): result in functional protein that is made at the wrong place, in the wrong time, has new activity.  Need not be beneficial.  Very few are.  Most are dominant.  Ex: legs on head of fruit fly.

Meiosis, Nondisjunction and Gene Linkage

· Sex determiniation: Santhi’s story, she won a silver medal in Asian Games, her sex was questioned.  Ends up she is XY but SRY negative
· Distinguishing the sexes:
· Anatomy: primary and secondary sexual characteristics
· Physiology: function and interaction of the sex organs
· Sex is also characterized by the chromosomes: XX is female, XY is male

· The SRY Gene (Sex-determining Region of the Y chromosome) is on the Y chromosome.  It will be activated during development, activating other genes (including the one for testosterone) ,degeneration of female parts, gonads develop as testes.
· In females, the gonads develop as ovaries by default.

· Picturing chromosomes: use a karyotype.  Stain chromosomes.

Meiosis

· Meiosis is the method in which the DNA is passed on/inherited.  It is the formation of gametes with HALF the genetic material
· In meiosis, only one chromosome of the homologous pair gets into the gamete.  The gametes are HAPLOID.  When two gametes come together/fuse (conception), get the DIPLOID zygote.
· CHROMOSOMES IN HUMANS: 23  haploid, 46  diploid.

At the beginning of meiosis, the DNA replicates.  A tetrad will form, with the chromosomes synapsing together.  So you have 23 PAIRS of homogolous chromosomes and each chromosome has an identical sister chromatid.  Chromosomes pulled apart by microtubules
Two divisions occur in meiosis:
· Meiosis 1: the pair of homologous chromosomes separate.  Each new cell is HAPLOID, has two identical chromosomes (sister chromatids).  CROSSING OVER occurs in meiosis 1.
· Meiosis 2: the sister chromatids split, the two new cells are haploid.  There is now a total of 4 new cells, none of which are identical to each other

The mechanism of meiosis accounts for independent assortment (homologues line up at metaphase 1 plate) and segregation.

Crossing over is actually essential for homologue chromosomes to come over and synapse.  Without it, homologs can’t find themselves, disjunction occurs.  A chiasma forms between non-sister chromatids at point of crossing over.  Recombinant chromatids are present after crossing over.
Usually there is no mistake during crossing over (the same region of the homologus chromosomes are exchanged).  But can get abbarations: knicks, mutations (frameshift)…
A parent can give MANY MANY different combinations of chromsomes to its gametes.  For example, in human females, have are diploid (2 homologs) and have 23 different chromosomes. so do 2 to the power of 23
2^23, about 8 million combinations possible.
(Note: genes that are very far apart on the same chromosome behave like genes on different chrosomes: recombinant frequency is high)
Sex is determined by sperm (which can have an X or Y).  On the Y have the SRY.  If you have crossing over of the SRY to the X when meiosis occurs to produce sperm, can have sex reversal (a female with XY).  This happened to Santhi.

Chromosomal abnormalities:
· Euploidy: addition or loss of complete sets of chromosomes.  Become 1n or 3n instead of 2n, for example.
· Aneuploidy: does not involve whole sets (nondisjunction), but number of chromosomes is wrong.  monosomy (one homologue) and trisomy (three homolugues).  example: trisonmy 21, Down Syndrome (small chromosome)
· Structural: chromosomal rearrangement, deletion.

Aneuploidy 
The Hierarchy
Sex chromosome aneuploidy more tolerated than autosome aneuploidy  
Autosome trisomy more tolerated than monosomy (not enough gene expression)

Major cause: meiosis disjunction, in which the chromosomes fail to separate correctly.  Can occur in meiosis 1 or meiosis 2.

· Meiosis 1: Both chromosomes move into one cell, leaving the other empty.  No segregation.  During meiosis two the sister chromatids will separate, but 2 cells will have 2 copies of the chomosomes and 2 cells will have none.
·  Meiosis 2:  After meiosis 1 occurs normally, the sister chromatids do not split during meiosis.  You end up with 2 normal gametes, 1 gamete with no chromosomes and 1 gamete with 2 sister chromatids.

Note: Risk of trisomy 21 (down syndrome) increases with maternal age (could be loss of checkpoints with older oocytes)

· In DNA fingerprinting, a darker band might mean there are two of these chromsomes (as done in lecture tools).  From here might be asked what stage of meiosis the disjunction occurred in.

Linked Genes

· Linked genes are genes found on the same chromosome.  They will not assort independently.
· These are sometimes represented by two letters on a line.  The line is the chromosome, and the two letters are the alleles of the gene that is found on that chromosome
· CROSSING OVER will occur with linked genes.  The farther the two genes are from each other, the more crossing over that will occur.  Crossing over will create a RECOMBINANT chromatid.  This allows us to do GENE MAPPING.  The percent recombinant frequency will be equal to the distance between the two genes, in map units (mu)
· For example, if you have genes on a chromosome at 8 and 32, the distance between the two is 24 mu, and the recombinant frequency is 24%
· There can’t be anything over 50% (at 50%, they look like they are assorting independently)
· The recombinant gametes contain the alleles that result when crossing over occurs (they weren’t originally on the same chromosome)
· If two linked genes are very close so no recombination occurs, have two different gamete possibilities.  If recombination occurs, you will have 4 different gametes produced.

Genetic Investigations

· Pedigree charts: represent family history of a certain trait (phenotype).  The males are squares, and the females are circles.  Filled in shapes usually represent having the trait.

Genetic Analysis (forward) using Mutations:
· Start with unknown system (large population)
· Induce mutation (Must be in the gamete so it is PASSED ON, becomes in whole body).  Want to control where/when it occurs.
· Mutant phenotype reveals functions
· Map the gene
· Identify the gene product

Screen vs. Selection:
· Screen – examine each member of the population, does it fit phenotypic criteria?
· Selection – Individuals not meeting the criteria don’t survive (or are removed from population)

A genetic marker is an inherited variation (due to mutation or alteration in genomic loci) that can be observed and used to test hypothesis.  Three types:
· Visible markers: outwardly expressed (can see them)
· Biochemical: example, protein markers
· Molecular: example, DNA sequence variation
Limitations: how many genes control it (for use, unless told otherwise, ASSUME CONTROLED BY ONE GENE)
Looking at nutrition: Prototrophes (can make the element) vs. Auxotrophic (cannot make the element)
Visible polymorphisms are rare, not easily observed, and genetic basis not easily determined.


Patterns of Inheritance

· Genotype: genetic makeup of an organism
· Phenotype: expressed form of the genotype (physical/observable)
· We use crosses to see how genotype determines phenotype
In crosses, we use Mendel’s two laws:
· The law of segregation
· The law of Independent Assortment

When performing a Mendelian cross:
· Start with two TRUE BREEDING LINES (this way, you know each parents genotype)
· Cross the two paretns, obtain an F1 generation that is hybrid (heterozygous)
· Cross the F1 (allowing all possible allele combinations), obtaining a F2 generation, and examine the results.

There are not many Mendelian traits (can perform cross to test it, controlled by one gene) in humans.  Some are thought to be but really aren’t.
We use pedigrees to get clues on mode of inheritance for humans.  Roman numeral for each generation.
By looking at pedigrees, should be able to assign a genotype or possible genotypes to each individual.
If the trait is a DISORDER/DISEASE, can ASSUME IT IS RECESSIVE unless told otherwise.  Also, a person with unknown genotype with no history of the disorder is DOMINANT HOMOZYGOUS since these are RARE in humans.  (unless told it isn’t rare).

Probability:

Product rule: Use it to calculate the probability of two or more events all occurring (event 1 AND event 2 AND event 3).  multiply the chances of events occurring if they BOTH need to occur.  

Sum rule:  Use it to calculate the probability of any one of 2 or more mutually exclusive outcomes occurring (event 1 OR event 2 OR event 3).  Example: probability of dominant phenotype from heterozygous cross: ¼ + 2/4 = ¾.

To determine the amount of gametes possible from a cell with a certain amount of traits (t), use an exponent:
= 2t
Since there are 2 possibilities for each trait.  Example: if a cell has the genotype Aa Bb Cc Dd, how many different gametes are possible?
24 = 16
(We are assuming independent assortment)
Did many practice questions of this type.

On a pedigree, may have an individual with an unknown genotype, will have to use the probability of this individual having a certain genotype.
Then use conditional probability (example: if the individual has a certain genotype, then there is a ½ chance that the offspring has this genotype).  Use the product rule since both things need to happen (event 1 AND event 2)

Evaluation of Goodness of Fit – Chi-square (X2) analysis

The chi-square test measures how well the observed data conforms to the theoretically predicted distribution.
We test the “null hypothesis” that the observed ratio is no different from the predicted ratio.  SO we want to ACCEPT THE NULL HYPOTHESIS (no significant difference)
Use the equation to get the chi-square value:

X2 = Σ((observed- expected)2 )/ (expected)

Degrees of freedom (number of independently varying parameters in the experiment) calculated by n – 1.  (n is number of offspring (phenotypic) classes)

Look at the chi-square table, find the p-value corresponding to the obtained chi-square value.  

If p-value > 0.05, fail to reject null hypothesis.
If p-value < 0.05, reject null hypothesis


We use crosses to test hypothesis
A hypothesis is theoretical
A prediction is more practical, will be a ratio.

With crosses, it is all about what is expressed phenotypically (gene expression).  Experimental Breeding:
1st cross, use two pure lines
2nd cross is the F1, is heterozygous
3rd cross (F2), determine the phonotypic ratio, examine it for information

Monohybrid Cross: a cross involving only one trait/gene
Phenotypic Ratios in monohybrid crosses (Dominant: recessive):
· Normal (3:1)
· Codominant  EACH phenotype gets expressed (1:2(hetero):1)
· Incomplete dominance  An INTERMEDIATE phenotype gets expressed hetero (1:2 (hetero):1)
· Lethal  Being homozygous for the mutant causes death (2(hetero): 1)
In a Dihybrid cross, two genes/traits are involved

· In a normal case, the ratio is 9:3:3:1
A deviation from this is usually a sign of gene interaction

· Epistasis occurs when the expression of one gene masks the expression of another gene.  In dominant epistasis, the dominant phenotype for one of the traits masks the other trait (ratios 12:3:1).  In recessive epistasis, the recessive phenotype of one gene masks the expression of the other trait (9:3:4)
· Suppression (13:3)
· Duplicate genes (15:1)
· Linked genes

Reciprocal crosses are used to test if a trait/gene is sex-linked
A female with the trait is crossed with a male that doesn’t have a trait.
In the reciprocal cross, a male with the trait is crossed with a female that doesn’t have the trait.
If the gene is not sex-linked, both crosses will give the same result.


Test Crosses are used to determine the genotype of an organism that has the dominant phenotype.  This individual is crossed with a homozygous recessive individual, and the phenotypic ratio of the offspring is used to determine the genotype of the parent organism (100% heterozygous means it was homozygous dominant, 50% recessive and 50% heterozygous means it was heterozygous)
Testcrosses can also be performed to determine if two genes are linked.  If the genes are linked you will not see a 1:1:1:1 ratio.

A backcross consists of crossing the offspring with the parent.  IT is done to DRAW OUT A MUTATION or a specific PHENOTYPE.  It also introduces a new phenotype into the population without changing the other alleles (same genetic background)

Complementation 

Occurs when there are two genes that control the SAME trait.  If trait is caused by recessive genotype, if two parents with the trait are crossed, they can PRODUCE A OFFSPRING WITHOUT THE TRAIT if there is two genes.

Complementation testing is done to determine whether or not the mutation is located on two genes.  It can also tell us if two genes are working together or not.

Example: Hearing is controlled by two genes, A and B.  Need the dominant phenotype (A and B) in both to hear.

If two deaf people cross:
AAbb x aaBB  AaBb, the offspring can hear (COMPLEMENTATION, mutation in different loci)
aaBB x aaBB  aaBB, the offspring can’t hear (NON COMPLEMENTATION, mutation in same gene)

Blind cavefish example.

Can have COMLEMENTATION TABLES, when multiple “strains” are involved to determine what mutations are caused by the same gene, what ones are from different genes (March 5 lecture Tools)

Crosses:

Dominance vs. recessive, looking at the threshold for enzyme activity:

The heterozygous genotype will past the threshold for activity, so the phenotype is expressed.
In Imcomplete there is not threshold, get an intermediate phenotype

Co-dominance is not a range of phenotype, but both are expressed.  Example: in blood, glycoprotein, LM LN and MN.


There can be multiple alleles for a certain gene (ex: there are 40 alleles for an enzyme involved in liver metabolism), but a human can only have 2 alleles (since there are 2 chromosomes)
Another example: blood type, 
IA
IB
IO, 
These effect the biochemical pathway

Bombai phenotype: getting the O phenotype in an impossible situation from the parents (ex: AO and AB parents)
Occurs because the first biochemical does not occur (need it to happen).  This is an example of epistasis.

Many possibilities can exist when dealing with multiple alleles.

[bookmark: _GoBack]Lethal genes: will often be dominant (heterozygous is expressed (no threshold), homozygous die)

Sex-linked genes are found on the sex chromosomes (X or Y), most are on the X chromosome (it is bigger).  The male determines sex (mom can donate either of her X, but it will always be an X).
Summary of possible variations on inheretence:
Normal
co-dominant
imcomplete dominance
Lethal
Epistasis (dominant or recessive)
Suppression
Duplicated genes
Linked genes
Complementation
Sex-linked

Table for gene interation:
	Type of interaction b/w genes
	Ratio

	None (4 distinct phenotypes)
	9:3:3:1

	Recessive epistasis
	9:3:4

	Dominant epistasis
	12 : 3 : 1

	Complementary
	9:7

	Suppression (dominant)
	13 : 3

	Duplicate genes
	15 : 1
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