99.9 genetic similarity to everyone else
highly repetive dna localized to centromeric and telomeric groups
middle repetitive 
· Tandem repeats
· Intererspersed retrotransposons (lines sines)
In VNTRs and STRs number of tandem copies varies bw individuas at specific locations throughout gene 
-occur intragenic and interegenically
-make good genetic markers bc variable nature (number of repeats)

PCR – amplify segment
Requires: dna polymerase, dNTPs Buffer Primers
-primers match segment of dna you want to copy; required bc dna poly cant just attach anywhere

Gel electrophoresis – smaller size go through faster
-longer strands get caught in gel particles
-longer = more repeats not longer repeats

Dna associated with proteins that help pack it into a smaller space

Condensation of chromosomes – during prophase
Compacted chromatin – throughout cell cycle including cell division
(looks like this for most of cell cycle)
-doubled during s phase bc (dna replication)
-condensation only during m phase

different chromosomes have different chromosome banding patterns
-can be used to show location of genes on chromosome

phosphate is 5 prime end

replication doesn’t increase chromosome number
count centromeres for total number of chromosomes

can use analogs to exploit behaviours, bind to bases

conservative – old ones come back together


human genes in all caps
proteins not italicized
gene expression – process by which information in genes is decoded to produce RNA which in many cases is translated into proteins

transcriptional unit – piece of dna that encodes for that RNA + any other sequences required to produce it

protein binds to sequence in promoter (TATA box), the proteins recruit general transcription factors which bind to RNA to form complex 

start site is 1 nucleotide

consensus sequence – short fairly similar sequence; can impact binding of transcription and other proteins

highly conserved areas that likely some important function to that sequence in areas with a lot of consensus sequence

the more closely promoter elements resemble consensus sequences, the stronger the promoter

removal of control elements reduces expression

transcription key control point in regulating gene expression
combinatorial control – control of gene expression requiring presence or absence of a particular combination of regular proteins 
ie. Enhancers and silences as well as gtf’s

strong natural selection against mutation in this area – if you don’t see individuals that are different they don’t survive

relative position of consensus sequence is whats important

within the promoters there is considerable variability in the type, number and location of concencus sequence elements

closer it is to consensus sequence better it binds rna poly n binds trans acting factors

activator binds enhancers sequences causes dna sequence between enhancer and core promoter to loop out, bringing two regulatory sequences together

most enhancers are capable of stimulating any promoter within their vicinity – can act on any gene around it
-insulators(dna sequences)  prevent action of enhancers on a promoter, in a position dependent manner – if insulator between enhancer and promoter it will block

multiple transcripts are made during transcription

transcription and translation coupled in bacteria meaning more efficient

termination signal and stop codon are different

in heterozygote, two alleles would be different in terms of DNA sequence, but both would be transcribed – both homologs

UTR’s important for stability and translation of mRNA

Heteroduplex  - Take DNA denature it and bind mRNA for that gene to the template strand bc complementary to it

Consensus sequence in exons and introns indicate where splicing should occur
-altering concencus sequence makes shorter or longer

in both rna replication and transcription need RNA single strand, polymerases,

transcription doesn’t require a primer

transcription occurs during all of interphase

when mutation occurs and something isn’t spliced, may still function but not normally

alternative splicing still considered post transcriptional regulation

rna polymerase doesn’t stop for stop codon, which is irrelevant in transcription

amount of dna is not necessarily representative of the number of genes or complexity

housekeeping genes are constitutive 

heterochromatin – tend to be low in gene content
euchromatin – more spaced has moe gene content
-most housekeeping and other activelt expressed genes

facultative heterochromatin – tissue specific genes

remodelling complexes can destabilize chromatin structure and allow access to promoters – some can move nucleosomes

histone modifications can alter chromatin structure
acetyl added to lysine – decreasing positive charge disrupting dna binding, opening it up/loosening DNA
recruited by transcription factors
-modification is reversible
HATS and HDAC
HDACs recruited by repressors


Chromosomes not randomly placed in nucleus
Correlated to gene density
Chromosomes rich in genes in interior access to transcription machinery where like rna polymerase n stuff are
Gene poor chromosomes on exterior 

Epigenetics- study of the ways in which chemical modifications to DNA and chromatin structure mediate the interaction of the genome with a variety of environmental factors and generate changes in the patterns of gene expression in response to these factors

Epigenetic trait – stable, mitotically and meiotically heritable phenotype that results from changes in the pattern of gene expression without alterations of the DNA sequence 

Three major epigenetic mechanisms 
1. Reversible modification by methyl groups
2. Chromatin remodeling by addition or removal of chemical groups to histone
3. Regulation of gene expression by non-coding RNA molecules
Epigenetics and environment
-nutrition, exposure to chemicals, physical factors like temperature can alter gene expression

methylation + deacetylation work together to repress transcription

dna methylation replicated by DNA methyltransferase after DNA replication

picked up by another RISC complex so complementary to opposite sequence

both cut by dicer
both 1 strand kept
risc finds mrna sequence that is complementary 

rits acts as a  signal to call other shit

use RNAi in reverse genetics to figure out genes function
reverse genetics- gene and wanna know what it does, knocking it out (cut it out)
can knock it down , supress this protein from being made/transcried in germ cells, can study that

miRNA has specific targets – only mRNA that are complimentary to it
other ones aren’t target specific

mutations usually neutral or harmful consequences
· Living systems are pretty well adapted and mutations can mess it up
· Most dna are not coding part so most mutations are neutral. Don’t affect gene funciton



May impact same part of gene – different alleles may have different outcomes
Mutant gene named after defect

A gene with only one wild type allele and phenotype – monomorphic

All alleles present in a population greater than 1 percent- polymorphic (blood typing)

On gel is phenotype 

Gene expression isn’t limited to 1 gene – phenotypes can be product of multiple genes interacting

Qualitative –variation – discrete categories
Quantitative – generally polygenic – continuous variation

Pleiotropy – 1 gene multiple traits affected

LOF mutations may result in little (hypomorphic) or no (null/amorphic) gene function

Most loss of function mutations are recessive (phenotype not alleles)
-the amount produced from one allele is enough to pass threshold

LOF mutations can abolish or reduce protein function- below threshold produce mutant phenotype

Hypomorphic mutation doesn’t tell us if dominant or recessive

Recessive doesn’t mean the allele is never transcribed/translated. it has to do with the phenotype that is produced in the heterozygote vs 2 homozygous conditions

Exception 1 : haploinsufficieny
Dominant phenotype - is the one in the heterozygote that is expressed
Recessive phenotype – the one that recedes in a heterozygote, needs two copies to express phenotype

Exception 2 : poisonous subunits
Defective gene product interferes with wildtype products (poisons/counteracts wild type product
Heterozygote is mutant – mutant products interfere with normal function of WT allele

Exception 3: no threshold
Quantitative information
Spectrum from alleles
Produces intermediate pigment – incomplete dominance

GOF mutation result in a protein that:
Is made at the wrong place
At the wrong time
Has new activity
**neomorphic

incomplete penetrance some individuals will not express the trait even though they carry the allele

complete penetrance everyone shows what they’re supposed to show

penetrance measure the proportion of individuals that have e a specific genotype that express the associated phenotype for that

phenocopy- individual with characteristics of a genotype they don’t actually have from dietary or environmental influences

how can we study mutations?
How can we see mutations at the level of DNA RNA and protein?
Sequencing
Cut dna with restriction enzyme and run on gel
Blotting – cut dna w restriction enzyme / combo of gel electrophoresis and probing gene of interest 

Southern blotting – dna
Northern blotting – rna
Western blotting – protein

Denatured cloned probe > add probe to southern blot containing denatured Dna fragments > random collisions between Dna fragments on blots and probes lead to hybdization> hybridization occurs if probe fragment carry complimentary sequence> no hybdrization takes place without sequence complementary

For blotting must have ssdna for hybdrization
Dna probe with radioactively labelled (to see it)

Wild type – probe picks up 2 fragments bc probe complementary to sequences on each

Mutation probe picks up 1 fragment
How can we survive so many insertions?
A lot have a mutation but aren’t recognized 
Kept inactive by chromatin remodeling, methylation
miRNA often in introns are cut out to regulate transcript and translation of other genes
siRNA are made from the gene they target – prevents own mRNA they translate – mediate own silencing

flanking direct repeats not part of TE
terminal inverted + complementary repeat recognized by transposase

dna transposons – transpose as dna, move dna through transposase

retrotransposons-transpose through RNA intermediate
make copy, converted back to dna and popped back somewhere else in genome

retrotransposons much more common

2 modes of dna transposon transposition
replicative – number of TE increases
Conservative – number of TE stays the same

All retrotransposons use replicative 

Transplant normal therapeutic gene into cells, use a retrovirus to introduce gene into immune system

Replication slippage 
On daughter strand: insertion on new strand
On template strand: deletion on new strand
Both felt on new strand nothing happens to template strand

Slippage can increase or decrease number of tandem repeats
Hairpin forming increases number of tandem repeats

Increase number of repeats. increased slippage Increase expansion or contraction
With more expansion and contraction - Now more unstable – suggests dna repair mechanisms not efficient at correcting these errors


Luria delbruck fluctuation - Mutations occur spontaneously and randomly with respect to phenotypic outcome

ASO testing: allele specific olgionucleotide
Oligonucleotides designed to pick up 1 allele or other – will only bind to allele that has perfect complementarity

Black dot indicates ASO bound to the DNA
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