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Genome Dynamics
· Genome: 
· Replicons: chromosome in all the plasmids (ex 23 chromosomes)
· Bacteria: pan genome: bacteria all from same strain or genera: all the genomes off the bacteria genera
· Core genome: present in all strains of a genera (basic blocks of a genome of genera)
· Hard to make pan genome related to humans
· Dynamics: 
· change in time space and quantity 
· Importance:
· Diversity (can have different phenotypes, can become pathogenic even from same strain)
· Can have access to new things in enviro or if in media
· Evolvability: how fast it is able to change its genome
· Adaptability: changes in enviro
· Plasticity (ability to adapt and change), plastic or dynamic genome


 Lecture 1: What is a Genome
September 14th 2015 

· Defining Genome: Genetic material of a given organism   (ORFs and on coding sequences)
· Ex mitochondrial genome or chloroplast: replicomes for a given organism
· Replicons: is a chromosome with replication machinery and can be replicated.
· Don’t have “trash” DNA, has function , non coding regions are useful not all are known but are being studied, non coding region can give issues
· Composition: can be repetitive and non rep
· Have difference in bacteria and euk (bac don’t have many rep sequences, euk do)
· Higher eukaryotes have many rep sequences: but not related to size
· Our genome has the most diverse genome and coding sequence but its not big
· Size doesn’t give clue about number of genes
· Species can have more copies (tetraploid for ex) but doesn mean have more, just have lots of copies 
· Features: GC contecnt (eukaryotes have diff content than archea, for high temp, need more GC because are more stable, higher melting point), number of ORFs (predicted) , codon usage
· Ex if have one gene in all genome with 80% GC content and rest only 50%, the 80% gene is probably from a diff bacteria  can be related to xenalogs 
· Informative gene: provides information: example: can use a gene marker and know which are in a given area
· Give you clues about content of a chromosome, 
· Size of chromosome is feature
· Chromosome size can change a lot in a strain one strain can be pathogenic, 
· Genome erosion: evolutionary process happens because are not using all the genes
· Can give clues about habit of organism (parasitic: have smaller genome)
· Bacteria with larger genomes are usually free living 
· Number of ORFS: don’t give clues about if bacteria is more complicated: but can get how many bacteria translation factors it has 
· Viruses have many ORFs but have small genome

· Codon usage: some organisms don’t use all codons for amino acids
- have tendency to use some more than others
· Proportions: repetitive and non repetitive 
· If genome has more repetitive genomes can give more clues about an organism
· Tandem: have repetitive sequence in nucleotide. Some can be informative 
· Interspersed : are not in tandem (together) repetitive sequence can be dispersed around the nucleotide 
· Transposon: moving element in DNA (‘jumping’)
· Retrotransposons: have to be first RNA then DNA , it inserts
· DNA transposon: are just DNA elements that are copy and pasted in 
· Is a mechanism for gene duplication 
· Transposable elements have repeated units for transposases: they copy and paste 
· If have transposable element in genome: can jump to different region with the same repeated complimentary sequence
· Look for a given group of animals whose only is Horizontal gene transfer: only way for getting diversity or speciation (metazola) write a bit about it and what you think about the mechanism. Write whats important 
Answer: Rotifers Metazoa - microscopic organism 
Due Monday September 28th 








Lecture 2 Defining Genomes					September 16th 2015

Eukaryotes versus Prokaryotes
Eukaryote: linear , multiple ori
· Have several copies of a gene (compared to prokaryotes, only have 1 or 2)
· Needs multiple ori to get a nother copy of a specific chromosome
· The genes need to be better organized 
· Our lifestyle required genomes to be packed
· Monocistronic (for a given gene have sequence and have a promotor so that can control, only one RNA) Transcription unit
· discontinuous coding region : have exons and introns, one sequence that needs to be cut away the introns 
· wont lose as much if have a mutation in one promoter
· arrangement of introns and exons gives you more diversity 
· eukaryotes gain diversity through exons and introns 

Prokaryote: circular, one ori
· is not all packed like in eukaryote, is more available
· has more genes normally than eukaryotes
· are not much different than prokaryotes, we just have some special features
· one chromosome: can easily package, don’t have protein to package it (don’t have histones, is self packaged)
· nucleoid is easily opened and closed
· have less information but is not as packed
· genes are easily lost and gained
· they are organized in operons: a cluster of genes that are transcribed at the same time with only one promoter: is transcribed as a big RNA in a package, controlled with a single switch continous
· ex. lac operon, all genes are regulated from the single promoter and operator 
· can be easily transcribed but can also fail: mutation in promoter will get loss of all genes
· prokaryotes don’t get as much diversity as don’t have exons and introns 

Virus: can have all possibilities

· number of genes: human 20,000 vs E.coli 4,288
· average gene size: human 27,000 vs E.coli 700bp
· more genesmore diversity,  more room to fix errors (not all genes are important) , will have more mechanisms (transcription) and relationships between them , have more sites for gene control and regulation (like having more rules to follow) 
· bacteria is easier to transcribe 
· not all gene will give protein, some control RNA synthesis

What proportion of Bacterial/Archaeal genomes is composed of genes?
· 80-85% coding for gene , human 2% gives gene
· no size of genome will reflect the number of genes
· why is our genome so big but have little info? 
· Probability of mutation is lower, can control more easily small number of genes, in non coding regions have lots of areas that regulate
· 2% is related to sequence that gives you protein
· rest are transcribed but are regulatory mechanisms that control a given gene or sequence that give you a protein 
· mutations in bacteria are higher compared to human 
· regulatory mechanisms, resistance, 
· evolutionary rates are more probable in bacteria, humans have lower evolutionary rate (slower) 
· have higher diversity in bacteria 
· humans have less genes so are more similar
· prokaryotes cant waste space in nucleoid for extra DNA
· we can pack the chromosomes and DNA , have more space 

What proportion of our genome is composed of genes?
· 20,000-30,000 genes
· most of DNA does not encode for a protein or RNA 
· 3% are transposons
· 8% retrotransposons: are mobile that are first transcribed – related to viruses
· Introns: 26%
· Have smaller amount of genes but can control more
· Human microbiome: are more accessible to us 
· Bacteria on the skin, gut, mouth etc
· Don’t need the genes from microbiome (1000000) to be integrated into ours but as long as they are living with us and provide defense we are ok
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What else is there?
· Organelles’ chromosome. Ex mitochondria, chloroplast
· Have replication origin
· Symbiotic theory: easy to track the history
· Mitochondria genome can give info about ancestry, and history of genome
· Like eukorayote have introns and exons, is more compact and has monocistronic genes
· Have lots of genes from ribosomal RNA genes
· Need to take into account the genome of organelle when looking at genome of organism
· If bacteria lose plasmid: is not fundamental, they can gain a plasmid


What else is there?
· Gene/regions/chromosome…duplication
· Some genes are not duplicated easily, a gene can gain a function  can gain more diversity 
· Say have 2 genes, one is more transcribed: will gain more again the first, even if have more function: is a preference of the gene
· Or if in region where transcription rate is higher will get more function
· Ex plants: can be diploid but duplicate a lot of chromosomes (3,6 copies) think this is waste of energy but they need a lot of copy because they cant move, don’t have protection: have a lot of mutation rates: genome is larger but not more complex than human
·  need a mechanism to resist environmental changes
· Mutations: way of gaining diversity, losing or gaining gene, with one mutation in repeated codon can get a new open reading frame 
· Smaller genes can gain function
· Regions of where mutations occur can cause more damage: like in promoter region
· Pseudogenes: are genes during a mutation event: not good/working ones, not accessible during transcription. First lose function and then will lose all of gene
· Think that they may be able to get a new function: if lose function then will have low transcription rate
· Exon shuffling: how eukaryotes can gain another function:
· If change exons can get a new gene, if get mutation in intron can delete this intron and get 2 consecutive exons
· Gene loss and genome erosion
· Genome erosion: losing a lot of genome content for an organism
· Ex parasitic bacteria have a lot of genome: but are losing genes due to symbiotic eventsharder to gain a new gene, easy to lose one
· Bacteria are living in a controlled environment, don’t need to resist and changes because are in “good/comfortable” place
· Bacteria genome are getting smaller rely on the host for machinery like transcription factors and replication factors
· Are very dependent on host (endosymbioms) 
· can also lose control transposable elements in gene will accelerate the evolution of genes: will always be jumping around genome if form loops can essentially delete a part of the genome (will jump so fast with high rate it can form loops)
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· Can we define species in prokaryotes?
· Can we expect to trace all life to a single last universal common ancestor?
· very difficult to trace . HGT makes it difficult to cluster together a common ancestor for prokarytes
· Tree of life versus web of life
· “network” of life is better because we get better understanding
· Coalescence
· Way all the genes came from

HGT
· lateral gene transfer, non parental gene flow
· some cases not phylogenetic related***
· organisms that are receiving the genetic material are not related, sometimes not in the same family
· main mechanism in pathogenic cluster transfer
· issue for drug resistance
· not easy to distinguish where the resistance came from 
· all bacteria have a way of transferring pathogenicity
· examples in many organisms phyla
· in prokaryotes very important mechanism for diversity generation

Mechanisms:
· 
- transformation: 
· bacteria acquire new genetic material from the environment: can be for example from biofilm of other organism
· some bacteria can even die when trying to adapt and release their genetic material and other bacteria can acquire
· transduction: bacteriophage: 
· bacteriophage: viruses that infect bacteria pick up genetic material in the process and pass it on to other bacteria
· DNA can transfer from released bacteriophage- only “phage” is transfer but can insert into host bacteria
· conjugation: plasmid, pilus: 
· : it is the process of direct transfer of DNA from one bacterium to another through a protein tube
· for strains in a population can have very easy transfer or resistance cluster 
· DNA in environmental sample is more likely to be damaged  can suffer UV radiation get mutations and can create more diversity or pathogenicity 
· When cut DNA to transfer, they get some “extra” in the beginning and end flanking DNA, so when get to new host they also insert the flanking region 
· The flanking DNA can add on and on and can get a new gene sequence
Can we define species in Prokaryotes?
· specific genes: core genes for that species, 
· pink are HGT: usually have about 8-12% HGT 
· difficult to say what species is a bacteria
· hard to tell where a gene came from with horizontal gene transfer: can never really tell, can only tell statistically
· hard to make origins of all the genes in a species because can’t tell where the genes in a prokaryote came from thus making the tree of life difficult to construct



Lecture 5: Horizontal Gene Transfer				September 23rd 2015
Coalescence: tracking of a certain gene
Venn diagram: are clusters of proteins grouped together
Example in venn diagram from slides: Only 40% of genes are shared 
· have different pathogenicity 
· 
Concepts:
· core genome (close/open) : genes present in all the strains of a given species or a genus
· main part of a species/ central part 
· only these genes make up what a “species” is not strain 
· close core genome: doesn’t change within a species
· open: the core genome is changing 
· pan genome: all the genes that are present in every strain the whole genome of a given strain 
· accessory genome (and shell) : give characteristics of a given strain 
· use these for the relations to see what is a species
· shell genome: sometimes have that genes don’t code for proteins or not described, make up less than 20% of a strain 

Relax core genome: in at least 90% of strain
Straight core genome: is present in all strain 

Implications: 
· genome islands: usually in the accessory genome
· are divided in functions 
· are alone in genome and make things different in a strain 
· pathogenicity islands: can be part of the genome islands
· can come from other species during a horizontal gene transfer event 
· are not part of species but give s strain phenotype 
· exclusively genes for a strain (origins) 
· need to define origin of a strain 

How to get the core genome? By Reciprocal B H get orthologous, then find genes that have orthologous in all the strains. 
· presence and absence matrix: can get the core genes and see which are in all strains chart like in tutorial that compares the organisms and genes present 
· RBH: make “blast” for all strains and get all identity of sequence, then get b-heat and see which are same length. Then make reciprocal blast against another strain and then will see if they are orthologous genes 
· Venn diagrams can make things easier for research 
· Can get more info about core genome but also get particular info about events in accessory genes 
· Example: growth factors, pathogenicity, what genes make what phenotype
· Example: have core genome for virus,  genes are orthologous- are core genomes (same ancestor, same function but different length)and those outside are the accessory  will want to attack core since can get more viruses. If core genome are essential for function, targeting the core will make the drug more powerful 
· Would want to target genes that are shared between strains that are accessory to wipe out more but need to see if they are beneficial enough to get rid of bacteria completely 


How can HGT affect the concept of species?
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Why is it hard to define species in prokaryotes?
· get core genome that can be more related byt can be some lapsed parts
· Core genome is not a genome exclusively for a species or strain have evolutionary changes its just what survived for an organism 

Can we expect to trace all life to a single last universal common ancestor?
· LUCA, LUA, LCA
· Several hypothesis
· Don’t fit in the actual genomic data (HGT)
· Research to find common genes has been done 50 or so years ago but doesn’t fit well with HGT
· The taxonomy trees are always changing 
· For some phylogenetic trees only see one time of diversification not the case 
· Ree of life (2.3 mill species) what markers did they use??
· Only used a given marker cant do the whole genome, didn’t do 2.3 mill sequences (use 16s or 18s marker)
· 16s is used most for bacteria ribosomal marker used because they are conserved genes that are more informative 
· have found some mobile elements in the 16s marker then wouldn’t trust the tree
· Phylogenetic Network: has nodes and an “edge” the noe will have an organism and along them will have organisms related that are “edges”
· Also have orgnaisms that are connected can also define what is the origin 
· With network can map HGT between organisms 
· Network provides more info about relationships between organisms
· Can show events of transposable elements
· Are much more informative to see what happened in genome of speciescompared to tree don’t see a lot of info
· Length of the edge show how much organisms are related 
· Are able to keep adding in related organisms and info into a network 
· Hypothesis is that we came from a SPECIES of bacteria not a single bacterial cell
· HGT allows for the divergence of humans to come about

Assignment
Write down what you think about HGT for the emergence of a species
Are only females_ asexually reproduce (clone)
- also used mobile elements and HGT for diversitiy 
Took just under 60 years to understand the emergence of diversity 
Only recently did they understand that HGT occurred
They didn’t question how a species emerged from asexual behavior
If had only asexual would have only one species
They didn’t question what made it diverse
No hits: only give genome for certain organisms not metazoan meaning they could be transferred
Look at why and what they are looking for


Horizontal Gene Transfer						September 28th 2015
Coalescence

· informational genes (features) and operational genes (how)
· don’t give you so much information  only transitory concepts, don’t define well
· info: things that are in a species like cascade is more conserved. Is like the “things you need to build a house ie material” for ribosomes ER etc more so the core things 
· operational: what these will be made of: are more so sequence not gene promoters are like the instructions. Sometimes called junk DNA more so how they assemble things 
· complexity hypothesis (info. – prob): how likely this sequence is transferred/ Probability of transferring a given gene
· ex: operational genes are more likely to be transferred in a species
· through this will get more diversity can use these operational genes to make something else (can use same pieces to make something else)
· instructions are harder to describe
· informational genes are slower and harder to get “new pieces”
· operational genes have higher mutation rate so can get more diversity 
· hypothesis: less likely to have mutation and evolution and passing on of informational genes
· house keeping genes: basic and core genes for cellular functions
· ex trna and ribosomal gene
· gene expression is ALWAYS constant and some are always in cell in same amount 
· remains the same during the cell cycle
· have high transcription rate
· are more conserved
· they need to be in the cell: essential for life
· how can you track them?
· Cause stress in a cell and see which are elevated or decrease and those that remain the same are the house keeping genes
· Are sometimes used as markers because all organisms have them
· gene markers: 16Sr “HGT” issue
· found in almost all organisms, used mostly for bacteria
· eukaryotes can use 16s or 35
· can use 16s to define species, for microbiome
· issues: if have long gene and some part of gene are much more conserved than other or can have HGT in a gene
· not all genes will be transferred but some are made from HGT events
· say have network, can use 16s marker to compare , but only 16s! only way can say that they are related because have things like HGT and transposable elements
· phylogenies
· codon usage: can analyze where a gene comes from using codon usage
· can have organisms that use a codon more than another species
· DNA signature
· say have lots of combinations of 2 nucleotides: will have 16 (24) nucleotides (AG, AT AA etc)
· will quantify how often you find this nucleotide in a gene (ex how often you see AA) but given the length of a gene can have 1/16 on a species, so if have AA 4 times will be 4/16.
· How often you see for ex AA in a sequence
· Can be for 2 nucleotide or 3 or tetra (AAAA)
· Can use it for tracking
· Non orthologous gene displacement
· For example have genes and align with another genome, will see some genes are orthologous (ex bw e coli and another bacteria), some will be orthologous and others wont. See that is weird as they can be for same pathway or network 
· HGT can explain this  given the mutation it can replace another gene 
· Prophage: 
· Are inserted in a genome (are from bacteria or virus (a phage))
· Can find a given prophage genome in a gene by just searching the whole gene, or can use codon usage or DNA signature
· Can even use AA to find it
· Need to remember this sequence cam from another organisms and not similar to the rest of the sequence
· Mosaicism 
· have part of genome that is conserved because necessary for survival but have parts of genome that can be interchanged and be new, are able to change and creates a mosaic in a species
· can have genes that are interchangeable
· wont change a sequence 
· cluster changes more in a chromosome than in a sequence
· synteny very hard to find in species
· doesn’t occur always in a specific part of gene


C- Paradox
What is the paradox about? How does this relate to genome plasticity and organization?
Paradox: something that contradicts a fact, fits in all explanations but is contradictory 

C Value: amount of DNA, measure directly the amount of DNA in an organism a quanitity
Paradox: No relation of size of genome and “genes”, complexity 
· but this is just a theory so have essentially no paradox, would have to be true for all cases and then have something contradictory, but don’t have something that’s true,
· enigma not a paradox  something that is not true 
· some times try to reflex size of genome= complex of organism but this is not related, complex is another view of system 
· doesn’t reflect gene and coding regions

 C values (approximate)
E coli: 4.5 x 10^3 kb/genome
Human 3 x 10^6
Drosophila 1.7x 10^5 Maize 2 x 10^6
Lily 1.0 x 10^8
· found that smaller bacteria have less genes , as get bigger genome then gene gets bigger don’t have introns and exons, only have one copy of gene, have one cluster are more sufficient with  DNA
· Not the issue for Eukayotes!
· The chart didn’t work well, size of genome didn’t explain how many genes were in the organism 
· Examples of why they don’t work well: plants can be tetraploid, have 3 sexes in one genome, some can have regulatory factors that aren’t actually genes, just regulate, some organisms can have more LINES and SINES (repetitive sequences or clusters, not genes) can have genes that overlap like in bacteria, also viruses: don’t have repetitive sequence and regulatory factor is inside the gene, endosymbioms will loose genes since don’t need them 
· Ex: looking at genes of amoeba [ 1  ] [2  ] [3  ][4   ]
· Bacteria [1][2][3][4]
· Plants: [1   ][1    ][1   ][2   ][2   ][2   ][3][4   ][4    ] repeats and bigger
· Issues: Introns in genes, regulatory elements, pseudogenes, multiple copies of genes, intergenic sequences, repetitive DNA 
· All the things that make this a c value don’t have a linear reflection on the size of the genes
· Have things that can be transferred to another region of organisms phylogenetically but not same function

· Why do you think humans have 23 chromosomes and bacteria only have 1?
· It takes too long to replicate, also allows us to be more diverse and have recombination 
· Have some relation between the size of cell and size of genome (bigger cell = bigger genome)
· 
· QUIZ: what is a genome, regions of genome, HGT topics,  and c value 


C-Paradox								October 2nd 1015
Genome Dynamics
How does this relate to genome plasticity and organization?
· Genome Plasticity: genomes ability to adapt to different situations  genes more likely to adapt to stress (flexibility for adaptation)
· Ex bacteria have genome with more plasticity: have higher mutation rate, gain more generations easily, bacteria are able to live in more environments but so can humans but our adaptation is NOT genetic!
· Bacteria are able to change DNA and gain new functions to adapt to new environments, unlike humans
· Genome flexibility reflected more in bacteria, but doesn’t reflect that our genome doesn’t have plasticity , we still have some plasticity just not as much  takes more time
· Ex. human resistant to a given pathogen (babies, takes months to get immunity to a given pathogen)
· Ex have isogenic gene, you stress it and the strain can adapt to the change, have some cells that can have resistance and the other cells with a different phenotype which is more adapted to a given drug
· Organization affects C value, size doesn’t reflect number of genes
· Bacteria have more continuous and compact genomes
· Humans have more introns, more pseudogenes and discontinuous genomes
· Have a value as to how compact a genome is , yeast has most dense, then fruit fly then human (avg number per Mb)
· Humans have most introns , then fruit fly then yeast
· Amount of genome that is taken up by genome wide repeats is highest in human
· Genes in humans, estimated vs annotated
· Approx.: 2 mill, then found we had about 40,000, 
· then annotated uniprot(specific cell type function): 20,000  coding regions if have 200 different cell types and about 10 human systems

· Quiz: understand the concept and explain what you think (if it works, if not, how it relates, do you trust)


Insertion Elements: transposons, LINEs, SINEs, Alu sequences, Prophages, Plasmids, Provirus, Retrovirus				     October 5th 2015

· can gain transcription rates of genes in prokaryotes by putting insertion elements by the oriC or by the terminus
· in the beginning of replication of prokaryote chromosome have “2” copies of the gene
· idea is that can “move” some entities randomly (cant guess where will go) but will insert in certain regions 

Introduction
· have repetitive regions like IS1 or IS186, are repetitive in tandem
· have interchangeable sequences where will only have to cut and paste a sequence in a region 
· have certain regions that have more repetitive and will be more likely to have transition of these elements
· have genes that try to have more insertion elements 
· can have a clue that will have a cluster of genes that are transposable is have repetitive region from 3-5’ and 5-3’ (have aataag at beginning and then gaataa at the end)

Genome dynamics
· humans also have transposable elements: explains why the human genome is so big
· have SINEs (short insertion nuclear elements) LINEs (long insertion nuclear elements) LTR retroelements (first form RNA then DNA and copy and paste, DNA transposons (LTR and DNA transposons don’t have own replicative machinery)
· all the rest need to borrow the transposons for another place
· virus origin was from transposons with own processing machinery (LINE SINE)
· with prokaryotes can have genome with erosion due to transposable elements, lose a part of the genome

QUIZ REVIEW (15%)
- about 12 questions (short answer, 1-2 sentences)
· think about scenarios and how you can explain them with what you learn
· can track certain genes and pathogenic island by looking at GC content and size
· differents between eukaryotes and prokaryotes
· genomes in eukaryotes are discontinuous, have introns and exons, are monocistronic
· operons in bacteria
· what can we explain about the coding proportion , majority of it is not a coding region
· virus genome: less genes more compact and overlapping
· what else is in the genome: exon shiffling: can change the sequence  
· HGT: main part is to know what HGT is and how hard it is to define prokaryote and how its hard to define a common ancestor
· Tree of life is hard to use compared to phylogenetic network 
· What is coalescence 
· HGT can be inter or intra species/strain  unrelated organism
· Examples in bacteria
· For eukaryotes main mechanisms is transformation 
· Venn diagram: different pathogenicity will have different shell island so wont share, hard to define species in prokaryotes
· Which part of genome will be better for targeting in drugs? If want all use core and if just pathogenic use the shell
· Can get core by using RBH then find the ones that are orthologous in all the strains
· Hard to find universal ancestor: hard to fit data in trees, hard to track an ancestor
· Can trust trees only for a certain marker but not all relations in an organism: network is better can see the two
· C paradox: size of genome does not reflect the amount of genes 

October 19th 2015							Insertion Elements

Alu sequence: not very informative, but get proportions
SINE (short)
LINE( long but have less copies, represent about 21% of our genomes) long interspread nuclear transposable elements
· line 1: are active ones, are most present
· Line 2 and 3: are not as active: have less in the genome
· retro transposable elements: come from virus. (HIV best example of retrovirus) inserts elements from retrotranscription: gives DNA sequence, DNA moves to another place (mobile element)
· DNA is first transcribed and then moves to another section
· Ex: have retro-transposon and then DNA
· RT has the LTR (flanking regions) and this dna moves to another place in the genome are more likely to be more copied because of the flanking regions, mechanism is more likely , the original copy would be there
· 
· DNA is harder to move to another section of the genome
· DNA would have to be excised and moved to another place  would have to open the DNA and insertion elements would have to get there, mechanism is less likely to occur
· If DNA is moved to another place, could loose it because of restriction enzymes, DNAases ex
· Humans have many insertion elements, blue are DNA transposons, and are most in humans related to human viruses and pathogens (like prophage(where it insets) and phage is the pathogen). We have more SINEs then LINEs, but lines are longer
· Could track where they came from
· Plants have more LTR sequences, are mostly just repetitive 

Transposons
· have conservative or replicative
· conservative: when have a given sequence more likely to be in DNA transposons
· will get movement of only this element
· replicative: when get a new copy
· more likely in retro transposons
· retrotranposons: (RNA intermediaries) 
· have retro transposon transcription get single stranded RNA reverse transcription ds DNA reintegration retro transposon copy
· to track where transposons came freom: do a cluster and see where the ancestors came from
· Retroelements: with Long Terminal Repeats (LTR)
· Will tag this sequence (is not a random sequence) use it to insert in another section
· Since they are complimentary, in a recombination event , can get a loop and one side will be excised (the Ty element), and get a transposon-> get a sequence and the original tag (solo delta element)
· are related to viruses: can have a sequence that can code for the virus envelope, the DNA polymerase etc
· gypsy: has two copies: can have one for the polymerase and one for something similar to envelope
· Non LTRs: LINEs and SINEs
· LINEs: Long interspred nuclear elements: 1 mill copies in human (201%) Line 1 active, are 6.1 kb (very big)
· Line 2 and 3 are just sequences, not really active
· don’t really understand what the function is of the gag code, pol is understood: is for polymerase
· have the same tag, can be recognized by the polymerase and can be transcribed
· Hemophilia (factor 8 gene) if have a transposable element in this gene, will get a more likely chance of getting hemophilia
· SINEs: Short intersped nuclear elements: 100-400 bp: lack of genes, 1.7 mill copies in humans (14%)
· Don’t really have a gene (no transposons in them), just a sequence related to polyA
· Only have one tag, the polyA: lacks any genes, is more so like a transcription factor
· All short elements are active: all are likely to take place in a retrotransposable events
· Not all are well understood but almost all are active
Alu Sequence
· -1.2 mill copies
· two parts (each 120 bo) called right and lieft
· formed from 73SL RNA
· Non coding movement of proteins
· Some are in the non coding sequences
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Retroelements: with Lont Terminal Repeats (LTRs)
· Non LTRS: Lines and sines
· Short: are most present in genomes, are retrotransposons
· Long: have own transcription machinery
· Short are dependent

Example of Short: Alu sequence
· Is specific for humans is only for primates
· 1.2 mill copies in humans, two parts (left and righ, and has a poly a tail, lengthis not conserved)
· doesn’t code for protein, only for 7SL RNA (non coding, for mvment of proteins) not very well understood
· origin of it is not very well known
· some argue this sequence was related to some disease
· this sequence is important for forensic determination, genetic relationships (ancestry)
· This is also a MARKER for primates (esp in humans) gives detail of diversity 
· Called Alu sequence because is related to restriction enzymes is also a bacterial restriction site for aquatic bacteria
· See that this is not a random sequence, have a lot of copies of this element
· Estimated that at every 200 new generations we get a new alu copy
· If it takes about 200 gen to get a new sequence, then we can estimate it took 63 mil years to get from when it started just an estimate
· Only predictions
· Useful for human diversity, have about 62% of exons from alu events (exonization)
· We have introns and exons,  have exon that is full coding region, if alu is inserted into this exon gain new exon in this coding region
· Some cases will loses function or will be inactive, but if this is inserted into a not very relevant sequence, you wont lose but of a protein
· This can give you a neutral event, wont be deleterious
· So can gain new function or lose a certain region of coding region but doesn’t have to be deleterious
· Can also be inserted into a mature RNA sequence after mRNA splicing, so alu can give diversity into new RNA called exonization
· coding regions have to be conserved, 
· more for genetic evolutionary change tracking
· can track some intra species, organisms in same population
· Some cases will insert in DNA and will replace a sequence
· Can also give faster diversity only in coding regions
· Don’t really know the mechanism 
· Have transposons in our genome: they are an advantage:
· It can affect you, slightly affect you but wont kill, and some are beneficial
· Can give you sense of the human genome
· Can’t give a new gene, only bigger ones
· Relations to disease: some breast cancers are related to this Alu insertion: lose function of certain genes
· Mostly related to carcinomas
· Alu: have RNA intermediaries, mostly eukaryotes, in prokaryotes are not as relevant because have other mechanisms of insertion

DNA Transposons
- don’t have the RNA intermediaries
· Transposases: insert a DNA element into another place, don’t copy the RNA sequence, they cut and past a transposable element
· Have a tagging region: ITR
· They are related to some antibiotic and heat shot related elevents (stress related)
· Is also good for describing the Alu sequence
· Some research: found that alu are more transcribed during times of stress (7SL rna is more transcribed) still doesn’t give you much idea of the function
· Trying to explain how stress can induce transposition events for the development of cancer only insertion and transposition events
· Transcription rate of Alu is higher
· DNA transposons
· Have transposases in the coding region
· Have 2 types the Tn3 type: has resolvase (integration when inserted) is where it could be. So transposases is for cutting and resolvase is for pasting. Resolves sometimes related to recombination events
· Resolvase can open a loop
· Can also deduce that some have a viral relation: more so prokaryotes that have an infection of some phage
· The structure relation to virus they have the integration and replication gene: are independent, have 2 genes in one coding protein. Virus have more compact genes and multi functional proteins
· DNA transposons: 
· AC/Ds transposons fam
· Ex from maize: get different colours from things like transposition events the SAME DNA is inserted into another place
· Some DNA is copied, but some is just cut out and put into another place
· Species will gain a new function in a time of 200 generations!
· Transposase: cuts out a gene: can use this in lab for clinically moving a gene
· Say that have a plasmid (non essential to a bacteria) and it gained a cluster from horizontal gene transfer and the plasmids are trying to be eliminated from the cell, this gene was not expressed in the population or the species, but if this cluster is transferred to to a cluster it could move by a jumping event can be a plasmid to a chromosome. Can move from a chromosome to a plasmid alsmo
· If a gene is in the chromosome will be more expressed and vertically transferred in the progeny way of getting stable gene, can fix this into the population of a species
· Main this is can get a chromosome from a gene or a gene to a chromosome
· If get a gene in a chromosome it will be expressed and transc and tran but also have it in the plasmid
· The gene can survive as it has this gene in the plasmid and an extra in the chromosome this is a lucky event but it not the majority
· Shows how bacteria are so resistant (transfer from plasmid to chromosome)
· Example of phenotype changes: in drosophila
· Can get gene disruption due to P element transposition

Transposons:
· Divided into two : those with Ac (activator elements)_-> have transposases genes
· Or D’s elements: have deleted/cut transposases gene therefore dependent on the activator
· Say you cut a transposable element and paste in another region, but Ds element is dependent so it does it from another activator element are cut and paste in another region
· When cut and paste, they have “sticky” ends, so they need ligase or tpolymerase to make the sequence and close, so gain some of the repeptitives sequence in the terminal region when transposition takes place
· Since they are sticky, cant be inserted anywhere, need to be complementary so that they can bind/tag to another sequence
· Depends on polyermase or ligase to fuse everything together
· In S phase have duplication of chromosomes in one region of chromosomes only one “leg” is duplicated, at this time of duplication you cut a given gene and transposit to a different place on the chromosome, but the other one doesn’t have the copy since you cut it out,  still are gaining another copy of the gene
· Transposases cant COPY, only CUT and PASTE
· When chromosome replicated, get another copy of gene
· Retrotransposons: can be dependent or independent (don’t have polymerase
· LTR: when they fuse they generate a scar, and can gain more of a repetitive sequence

Prophage
· Viral infection into a eukaryote
· Virus: have lytic and Lysogenic cycle
· Phage is a virus for a bacteria
· So t4 virus inserts its dna, injects dna and its transcribed, when have RNA of the virus it gets into the bacterial genome virus genome is inserted into bacterial genome
· Have some mechanisms to delete this sequence crisp caps?
· Way of deleting for external infections
· Some viruses can get past these immune barriers and insert into the bacterial chromosome
· When the virus inserts its genome, its called prophage (in eukaryotes its provirus) , but when transcribed they form new virus moleccules, and form more genomes to be inserted into the capsid the virus when they cut and paste, they don’t cut exactly where the region was, so they have flanking region to not lose some essential nucleotides! Are very important so the cut to have flanking terminal sequence insert into another genome copy and paste keep adding flanking how you gain new sequence  (new gene from this new sequence)
· Hard to track because don’t know where it all came rom
· But can use for tagging /flanking region found that it can predict what bacteria it can infect
· Had affinity and could bind 
· Prophage has overlapping genese, but also has tagging regions that are overlapped can gain these from another event of integration into the host and excision or synthesis of new phages
· Bacteria has about 4-5 prophages, in other cases will find much more, have about 5-10 that are not functioning, have about 10-20 parts of prophage that are not functioning , can be pseudogenes

October 26th 2015
· Alu sequence is not very well described in humans
· Rate for new alu sequence is 1 in every 200 generations 
· Find many things with mobile elements in families especially in human
· Hav about 1.2 mill copies of alu sequence, we know that Line 3 are not complete, line 2 not really active, and line 1 are active
· Alu are the majority of our sequence,  have mechanisms to control the translocation events, know that mobile elements are not always bad, could develop some novelies
· We have a lot of alu sequence, would have to gain a lot of mutations or gene interruptions, so if get gene interruption would be hard to fix because we don’t have many orfs. 
· Don’t really regulate transposable elements, but some mechanisms are:
· Remember need polymerase to transcribe, so have an antipolymerase that forms a dimer to block the action of the polymerase  blocks transcription
· Block RNA to not be retrotranscribed  have non coding RNA that is complimentary for a given RNA sequence forms a dimer and this blocks RNA from being retrotranscribed
· Only a regulation mechanisms main ones are microRNA or pico RNA
· Have one DNA that lacks a gene for being independents making them the “older ones” 
· For DNA transposon, its only DNA to block the cell can increase how the tight the sequence is wrapped
· Can also methylate the DNA 

I/M E Silencing
· Methylation can be related to a given disease, the methylation patter
· Chromatin remodeling changes how you can access the sequence 
· piRNAs (RNAi mechanism): RISC complex of piwi interaction protein 
· binds to RNA to block the transcription to DNA
· interact by piwi interaction  form a complex with RISC protein makes complex with RNA and in some cases deleted 
· Is very specific for a given transposon

Extras in the Transposable Elements
· Integrons region of a given genome that are more likely to get transposon (integrate DNA more likely)
· Are in pathogenic islands  is how bacteria develop resistance 
· Not all integrons are pathogenic islands
· Can also be tandem genes
· Have some flexible sequences
· Can pint point the sequence that is more likely this will be the integron
· Insertional mutagenesis
· Develop mutants for a given phenotype
· Transposons as a tool
· Develop mutants for a given phenotypes used a lot in plants interrupts a gene, can be a single point mutation uses a transposon to insert
· for genome deleting some people are using the transposon 

· think this is one of the first mechanisms that allowed for diversity to occur within organisms

Assignments: due Nov 2
Why are IE important for this organism
Can track the rate linearly, are gaining new functions but not so rapidly 
Main part is they are losing most regulatory elements can’t control and transposons make a mess in their genome

Find what do transposable element do to a bacteria
Genome erosion: the genome keeps getting smaller, are restricted endosymbioms and can be related to insects
Why is there genome erosion related to mobile elements
For example if gets a deletion in transferase, will get higher transposition rate and effect more genes rather than controlling them. 
Describe the relationship between IE and the loss of genome 

Insertion Elements	(review)					October 28th 2015

· Relevance for diversity 
· How to track the changes in the genome hard to do, little change can be dramatic in genome
· Need to pay attention to mobile elemnts to understand the size
· Also complexity need to understand mobile elements to see the complexity  of organism not linear relation for all but is most
· Transposons; more to viral elements
· Insertion elements: are dispersed around genome
· Alu sequence in the main one in our sequence (is a SINE)
· LINE have less copies, LINE 1 as active, 2 and 3 are not really active or transposed
· LTR: have not many copies
· DNA transposons: more in prokaryotes than in humans
· Plants have more LTR and transposons

Types of transposition: conservative: same copy inserted in another place
Replicative: gives a new copy, not as likely because is slower
Retrotransposons: 1st have to transcribe RNA via specific polymerase (some have inserted in same transposable elements, other are dependent
	Form a single s RNA
	Then reverse transcriptions for ds DNA, then reintegration and insert into genome
· LTR: can be exised into the genome
· LINES: have 2 genes. 
· SINES: only have a site for replication or retrotranscription
· Alu have the insetion in then for cutting sequence, is related to the region, has a left and right part this will transcribe 7sL RNA, is non coding, has poly A tail
· DNA transposons: have transposases
· Have flanking repetitive regions
· Resolvase: stabilize mobile element and for increasing the success of the enzyme
· Are the most independent elements that can insert in almost any place
· Are related to a transposable phage, has lysis genes, coding for the capsid
· Have AC and D
· AC is active, has transposases gene
· D has only insertion is the dependent one
· P element is transposition effect that can effect the phenotype
· Prophages and provirus
· Prophage: virus for bacteria
· Virus; when inserted into host
· Have overlapping sequences, some related to insertion events
· When inserted into host, can generate extra copies and insert into the same genome
· Lytic and lysogenic cycle
· Main part is gaining new sequence
· Flanking virus has 2 parts that are not viral, they don’t cut exactly where the virus is inserted, ever time it inserts it gets extra sequence from the host
· Virus doesn’t have chance to lose any nucleotides and cant gain much because of the capsid
· So when insert gain virus and flanking/tagging sequence
· I/M E Silencing
· Methylation can silence the transposon and inactive it doesn’t let polymerase to get a copy of the DNA polymerase senses this sequence but is not active 
· Aren’t changing the sequence
· Also chromatic remodeling tighten the DNA so doesn’t get transcribed
· piRNA, attaches to transcribed RNA and stops it
· main mechanism for retro transposons
· can be ds or ss
· some times degrade the RNA or block retro-transcriptase to form the copy 
· if don’t control will be mess in genome, because some are always trying to move so need to control them to not be transcribed to DNA
· Extras in the TE
· Integrons: some can insert from HGT or retrotransposition event
· Regions that are more likely to get DNA
· Insertional mutagenesis: can use to make a copy of gene, or can form a mutant for a phenotype, can control the insertion in the genome

· main part of IE, non coding but are for diversity, and stroe sequence for developing new functions
· this is the way organisms change genomes
· genomes are not static changes in types 

What is our Genome made of?				October 30th 2015

· diversity small and large organisms gain more diversity through environmental pressure
· General molecular markers: AFLP, SSLP, RAPD, RFLP
· If looking at inter or intra species, we will be looking at inter species general markers
· AFLP: amplify fragments length polymorphisms ex make a PCR, get amplified fragment and primer but for whole genome, get a polymorphism for WHOLE genome
· So get PCR, add primer, will aplify until another primer is inserted and will stop, then new primer added, will amplify new sequence unitl another primer is added….etc.
· So have many fragments of sequence
· RAPD similar to AFLP
· Random amplified polymorphism DNA
· Random are getting bigger fragment so will be a longer sequence of the genome
· AFLP will be more like have same fragment but then get 1a and 1b and 1c, get idea of the size and can get “inside” the fragment
· RFLP: restriction fragment length polymorphism
· Restriction enzymes like ecori
· Where have the same restriction site will use specific restriction enzymes  will be more for restriction 
· Are getting framgnets not genes, main thing is you don’t know what they are, just know size and get polymorphism
· Changes are made from a specific
· Microsatellites; VNTR- STR, SSR
· What we can get from whole genome of inter species
· Can lose some information using this
· Whole genome sequencing
· Things can get more complicated if use this but result will be better, get more info
· SNP
· Single nucleotide polymorphisms
· Is only for single nucleotide
· Ex if have gene or region for 3 organisms, have the sequence for each, and only change is that have a change in a single nucleotide in one region of each can be from insertions and mutations
· Why do we have diversity at single nucleotide polymorphisms can have some scenarios where they can be transcribed to same AA
· So codon is for same protein in each not much impact, don’t have much of a change
· Genome – Polymorphism landscape depends on the number of organism
· When the landscape changes, and changes conditions, then “vallys” can change, some can be higher some lower and the species can be adapted
· High is the best adapted organism, ecosystem etc best fitness (reproduction rate, death and number of organisms) 
· The more diverse a population, the more easily adapted it will be to environment
· Ex, like bacteria, are very adaptable because are so diverse
· In whatever methodology you use , will keep getting fragment of genome, but can get changes of the DNA depending where cut so get a polymorphisms
· Primer bind to specific sequence
· If have bigger insertion, site of binding will be different so get new fragment gain polymorphism
· Polymorphism difference in roganisms, change that can be related to organism
· Restriction and RAPD don’t get very good results get lots of “noise” and not much detail 
· Polymorphisms can be from mutations, transposition events, changes by HGT can generate different patters 

November 4th 2015
In search of rare human variants

· Can infer the given nucleotides when sequence (gaps)
· Are methodological errors that you get and don’t know where have gap
· Can infer that its related to a given scenario so can “fill the gap”
· Try to analyze a single nucleotide polymorphism so a specific nucleotide
· Need to see the relation between 2 genomes as to how they change 
· Compare them against a reference genome 
· Can get closed gaps and analyze genomes better by finding polymorphisms for a given phenotype 
· People argue this has a lot of issues,  are inferring a lot of data so once you keep inferring will keep making more and more mistakes and gaps “slipper slope”
· Genome repository will be bigger in future, so this can be a useful tool
· If we have more and more will be able to compare the genome and see which gaps are right
· Example, for bacteria have about 20% inferred 
· are using reference data so are consistently inferring data so use this as an “entire reference” for the whole genome, even if only have 20%
· are inferring that everyones genome is the same because are “inferring the gaps”  assumption that everyones genome is same
· ex with personalized medicine infer that genome for each person would be same
· if infer a gap for a singe nucleotide polymorphism, run into problem that each nucleotide is the same

November 6th 2015
1000 Genomes Project

· this year will be a very good data base update
· claim will get 1000 human genomes
· in some cases will only get introns or exons don’t get entire coverage
· thought the price would be only 1000$, but not true
· amount of genome we have is better
· given a genome and have different SNPS within the different genomes (some same some different)  don’t even know if these are silent mutations or if they are coded cant pin point if these will be actually causal of disease or phenotype
· only have the data of different SNPs but wont actually get all, will maybe get 10000 would still have to analyze the SNPs and solve
· cant even relate it to all whole population
· CRISPR control which nucleotide you will insert or delete
· This is only for a part of genome and some part of population can’t extend it to all of the organisms
· HapMap: repository for genome data
· Need to have more intelligent sequencing so that have more consistent genome sequencing to relate the studies


November 11th 2015
What is our genome made of?

1000 genome Project
· Idea is that can focus many aspects of variability to relate to a given disease and make decisions
· dbSNP 129 (aprox 2008) 11 million SNP, 3 million indels at this time had pretty good data bases
· dbsnp: specifically human related,3 mill indels: Insertions or deletions: not only if nucleotide changes, could be insertions and deletions
· lots of information to analyze
· but is not complete info: it only describes certain aspects
· most of the info was from USA and some other random organism, doesn’t describe genetic relevancy
· have all this data but don’t relate one to another  hard to make conclusions
· must relate in some order or standard, cant just include number
· in this project saw there is variablility in some SNP, and structural variance how a given locus is made
· can have changes, not just in single place, but also position of gene 
· structural variants (dbVAR)
· HapMap: allele frequencies and correlation patterns between nearby variants (LD Linkage disequilibrium) 3.5 million SNP
· Genome human mapping
· Includes allele frequencies: given gene in a given sequence
· How often have allele in a population not only sequence and position but also frequency can give information about a disease
· How often also you find a locus in the same position as in another organism
· Hapmap also include info about SNP, described well, correlate frequency and equilibrium
· Had separate information about genome, one was HapMap, gave different info about SNP, hapmap can derive better conclusions, other SNP databases are only good as a “guidance”
· Main point of 1000 genome project was to describe the genome better
· From these databases had about 5000 regions that could be associated with a disease
· Can generate 2-4 thousand genomic regions, now is 5thousand
· Polymorphisms in a certain regions can be related to a disease, some patterns related to difference
· Not exactly that is explains a disease, but region is related to a disease
Thousand genomic regions associated with disease susceptibility and other common traits
· Low coverage: low accuracy most from low accuracy projects

Article:
Take 3 main idea, 
· 1. Low coverage from 4 populations
· found variability
· 2 TRIO: high coverage for father mother and child included this experiment to show Vertical transfer and frequency of a given allele
· saw some variability that couldn’t be related to SNP
· 3. Exon targeted sequencing from individuals and 7 populations 
· sequencing only coding parts, get less info but can get a bit more info
· SNPs related to a given protein, can include more samples and higher accuracy 
· Found variability in exons
· Read results and some conclusions


What is most of our genome made of?
· Diversity
· General molecular markers: AFLP, SSLP, RAPD, RFLP
· Microsatellites

November 13th 2014
· Most of these projects are to develop a frame for a better comparison of genome
· Get a better idea of the haplotypes
· Haplotypes: applied to locus that are applied to parental genes or alleles 
· More so the allele/composition of a given organism
· Can also track the SNPs for each haplotypes
· Haploid individual: when track the alleles can look at the haploid cells and see more detail of where the SNPS came from
· can see more of heredity of genetic diseases
· HapMap II: the map of haplotypes
· Can correlate genomics with heredity using this project
· Can see why certain diseases are more common than others
· Low coverage is more cheap and cover whole genome
· Exon targeting: get less INDELS (Insertions and deletions)
· Don’t have much variability in coding regions less indels so get less detail
· Low coverage: explained this was one of the best low coverage projects: good way of doing genomics gives you good info, not lots of details but still enough
· Low coverage was misused before, didn’t think it could be used for clinical views, thought it was just for gaining genomes
· This project described it was actually a good methodology 
· Found that exons can from areas that didn’t have exons
· Need to understand what they are looking for
· Gain information for specific parts of genomes, want differences within genome
· Structural variance; didn’t get much info about allele frequencies and equilibrium
· Tried to compare variances but only got frequencies of alleles, but didn’t get much detail
· Can argue that maybe this doesn’t have much genomic information
· Justified the use of low coverage and targeting exon sequencing
· Got most detail from TRIO high coverage
· Would have to do more detailed information for high voberage 
· For low coverage need to get more sample still get lots of info
· High coverage can use less sample size but get more detail



November 18th 2015
6. SNPs, duplications, Recent results in human genomics
- have lots of redundancy and duplications in genomes

· SNP’s
· >1% in population, approximately one every 300 base pair, 10M
· need more than 1% in population
· don’t generate a given marker for a population
· variance will generate a proportion in a population
· Say have CAT, and G will only have less than 1%, then this can’t be a SNP
· variability, specific diseases, effectiveness and or reactions to specific drugs
· genomic and functional approaches
· compared with a control group for functional approaches, just don’t know if they are related to the same disease because some individuals may not have been diagnosed
· hard to diagnose
· linked and causative:
· Linked SNPs outside of the gene: no effect on protein production or function
· Not good to think that they are part of JUNK DNA: (Linked SNPs)
· Causative SNPs in gene: non coding SNP: changes amount of protein produced
· Coding SNP: changes amino acid sequence
· Can be in the exons or the introns
· If find causative SNP, can have different gene expression or no expression, also over expression
· Some can change the proportion of a given protein
· Can find changes in gene expression time scale
· Can have changes in coding regions with amino acid that are not essential to a given protein
· Can give you a sense of disease, can be related but don’t completely understand
· Can have 2 or more SNPs related to a disease, need to consider where the SNPs are
· P4 medicine: prescription and personalized medicine: can see if SNP is related to disease can have drug that may he helpful to organism
· Can find a SNP that may be related to disease if sequence the genome majority of study is made at genomic level and then have to look for SNPs that may be related to a disease
· SNPs determination: 
· Genome Scale (GWAS)
· Individual scale (given sequence) not just one region or gene, but will map a specific gene (ex breast cancer BACR marker)
· Can use primer extension to identify SNPs:
will get primer, add a synthetic complementary DNA molecule, called a “primer”, which ends at SNP position Add nucleotide to extend the primer, nucleotides will be added to the end of the primer ONLY if the sequence if an exact match compare the length of the products using gel electrophoresis
· Those that don’t bind don’t have the same SNP so wont get a lengthening of the primer 
· Before had lots of sequencing project would do individual mapping

· Data Bases:
· HapMap: tagging
· dbSNP: global have the most SNPs mapped
· not very accurate because is whole scale
· SNP 500: cancer and disease
· More related for disease, map a specific cancer marker 
· EGP: environmental
· SNPS related to environmental scale
· HGMD: mutation
· Find most mutations here
· SNPedia: wiki
· Not the best but can give you sense of some definitions and markers
· KaviarSNVs
· SNPs can’t be used because this is not a polymorphism is a variable, so they map single nucleotide variances

· HapMap is most used, used for tagging of a specific marker, include allele frequency 

Examples of SNPs disease related:

· Rs7190458; In the last exon of BCAR1 (cell cycle, this exon is related to cell cycle regulation, breast cancer marker)
· Doesn’t mean you will get cancer but  is related
· Rs6311 and rs6313: in the gene HTR2A (serotonin receptor)
· could develop differences in receptor with differences in these 2 SNPs
· Rs3091244- triallelic in gene CRP (inflammation)
· Could be related to response to a given disease


November 20th 2015- SNPs duplications, recent results in human genomics continued
· Duplication
· Sequence, region, gene, chromosome
· From duplication can gain new function, gene or regulatory region gaining diversity
· From transposon can gain a new gene
· Some can be from HGT
· Duplication even are not only for gene, but also sequence, some instances on gain exons, can gain region from a gene that is not a coding region
· Have many repetitions in genome from duplication events
· In some cases lose a function or can gain
· Some cases gain chromosome duplication
· In plants have a lot of entire genome duplications polyploidy ex main point are gaining a lot of same info, don’t gain really a new function
· Say have a region, and get transposition get an extra copy, these will be complementary bc share a specific region get translocation of there so is recombined and lets a new copy to bind to the gene this will be part that allowed for gain of new region
· Case 2: is have 2 complementary and then bind in a DNA loop recombine and gain new region causes translocation of region to new place but also gain a new copy
· Case 3: if gain new gene could also develop a new rearrangement. So have 2 complementary in diff chromosomes, they recombine and get a new arrangement of genes (essentially like switching genes In chromosomes)
· Gene duplication events aid human evolution
· Some brain development genes are product of duplication
· Some “genetic related” disease product of gene/region duplication
· In a cluster have 4 genes, duplicate, some can remain in original copy and other two can be in new copy (losing function of 2 of them)
· Or in some cases can get completely new functions
· In some cases the new function is related to the old function most will be related that are new or extra copy (can be like transportation related to neuron, neuron can be extended, or neuron develops more synapses) 
· amniotic genes: have some genes that are regulatory K or master K genes, are genes that regulate another gene, is spatial and temporal regulation to create patterns 
· will have certain concentrations of genes in certain regions of the embryo will get patterns of higher concs, but this is dymanic so concs will change and can get a change of various high and low concs surrounding the emcryo
· have regulatory genes that control the aspcets of development the amniotic genes, will say how and proper time for development of features like antenna, wings etc
· if were to gain an extra function of the gene can have a huge impact on development of the embryo
· ex, if have spider and insect, can explaination of getting extra copy of amniotic gene in spider and why have 8 legs instead of 6 like in insect (extra copy of gene for legs?)
· Whole genome: R2 hypothesis
· Ancestral and origin of vertebrates whole genome duplication event
· Still being discussed
· Have duplication of chromosome and this is what explains the complexity of vertebrates
· Can have 2 genes that are related but on separate chromosomes in the same organism could explain that it came from a human duplication event
· Paradox: genes that came from duplication event, have 2 copies
· Can be psuedogene
· Can do searches in the same genome, and will find that have duplications of a gene
· We have rearrangements in our chromomes constantly so can’t line up the genes very well/ Easily to see if have variances 
· R2: beause have round 2 of chromsomes  look this up 
· All we know is that have some extra copies of genes,
· Also know that some could be duplication of chromosomes and some duplicat individually
· Some amniotic genes are only found in one cluster of ancestres

November 23rd 2015
SNPs, duplications, Recent results in human genomics

Copy Number Variation
· 13% of human genomic DNA of approx. 1 kbp- 1Mbp
· has variation in copy number (13%)
· size of the copy or target elements are from 1 kb to 1Mb (range of size of elements)
· 
· Stable and new from non allelic recombination (during meiosis)
0.4% variability
· Human variability is only from 0.4% in human can explain population susceptibility
· Can relate CNV in genes to certain diseases
· Disease related (gene copy in cancer, autism, schizophrenia)
· 
· Variation is not only disease related but also organism related
· If a genetic element is stable: is vertically transferred  can have new copy number variation
· Microarray: want to measure copy number in a given gene know it varies in organisms
· Get a gene, and mark it with a given flourcent , then have a tag: that gives you “reference genome as to how many numbers have” mark that with green
· Then compare the two and relations are counting how many are from hybrids and how many from 2 other single copies
· Can look at conc of sample
· If have more green in one sample than have more copies in reference
· More copy of yellow that more copy of the quarry 
· If have the same like a “healthy” individual 
· Whatever has the most colour is more related to reference
· Can quantify the amount, get exact copyNV,
· Go from quarry to the tagging genes and can count the exact amount of copy
· Variation is in the copy number for specific genes 
· Variation will be in the non coding regions, most studied are ones that are in human genome coding genes but some can just relate for variation 

· Homologous-Non homologous recombination
· Homologous: mechanism for repairing DNA, when DNA is broken have to develop mechanism for repair use homologous recomb
· When the strands are separated, mechanism needs to be repaired and this process can lead to exchange of new material
· Homologous: is complementary repair mechanism (in same chromosome)
· The region of chromosomes is interchanged from one chromosome to another
· DNA exchange from one chromosome to another
· Homologous- Complementary repair mechanism
· Non homologous- end joining and microhomology
· The binding of strands is only in a particular region
· The end joining: only the “last par” of our chromome will be bound
· Microhomology: have certain identities in our sequence, why we can bind pieces in certain area
· Only last part is perfect so can bind and the other part have microhomology so nucleotides can bind
· Main idea: from another region of chromosome, identity is only in last part, or certain microhomology of a certain sequence that will recombine
· How gain variation in our DNA content 
· Crossing over- unequal crossing over
· Particular or extr event of non homologous recombination
· Product of some double strand fracture or duplication events (some cases of indels)
· Can have extra copy of DNA content, when recombine can also gain an extra copy that bind directly next to a sequence
· CNV: disease, during meiosis
· Not exactly the same amount is transferred, some gain more DNA content than others
· Also can be reason for variation
· Most cases related to a given disesase
· Allelic and non allelic recombination
· High identity (similarity), non alleles (less high, not as likely to take place)
· Recombination even is from the same allele
· Non allelic: from non allele not same region of given gene
· Some diseases are related: many syndromes
· Has high similarity in allele
· The identity of non allelic region can be high
· Can have some regions in the genome that are “hot spots” regions that are more likely to be mutated and have more copies and have more interchanging from non allelic or non homologous sequence  still under discussion
· All of them will generate variability in the copy number
· Hot spots: also could be related to high mutation rate, but still trying to understand
· Ex: like lactose intolerance, lower copy for amylase enzyme 
· Study also LINES and SINES but still don’t completely understand variation
· In some cases only have variation in regions but in others have more copies 

November 25th 2015

· Talking about method in 1000 genome project can fill in gaps in genomes
· Way of making better “fitting” data
· If know some previous markers have to include them
· If have a given SNP, will infer that they can be in another way in a way of haplotypes
· Haplotypes: a cluster of co-occuring SNPs in a given organism
· Co-occurrence of a SNPS
· Ex if have gene and many SNPS, these SNP combination is always constant in a given organism  haplotype (an array of certain SNPs)
· Why we can relate certain SNPs to a given SNP or phenotype because of haplotype
· HapMap; haplotype mapping, so map a cluster of SNPs for a particular disease or phenotype
· This cluster you can infer to another reference genome and can see if they are in a certain area but versions can be different
· Can have gaps from sequencing errors or not high coverage, but can infer and interpret gaps if are comparing to different samples with the same haplotypes
· Can say you don’t have to sequence the entire organism because can essentially fill in the gaps from high accuracy sequencing of other organism samples 
Imputation
· Inferring “missing” genotypes
· If making a SNP map for example, will use specific primers to get all positions of a sequence (ex one for A, and if have another primer that doesn’t bind, will respond to another sequence) so keep putting primers to find the correct SNP (microarray) but can argue you wont be doing this for all the SNPs because have more that 12 mill SNPS costly and timely
· But if infer and only do portions, can infer the ones we haven’t done by comparing to other genome 
· Trying to find the most relevant SNPs, or haplotypes/clusters
· For probability, If have less than 1% is more likely a mutation or sequencing error rather than an SNP

Genomics- Shot gun sequencing, high and low coverage
· Random “fragments” sequencing
· Is randomly generating a target sequence
· Will get “reads” length of frames you are getting (small pieces)(are only getting small pieces, is not continuous sequencing of genome) depends on accuracy, get more accuracy on smaller reads
· Need atleast 200 reads because will get some ends of reads that will have errors center of read has the most accuracy
· Fill in the reads to correspond and cloe the genome
· Shot gun is all random so the probability of getting the whole genome sequenced is very low
· Some parts of the genome wont’ be sequenced so sometimes wont be able to cover the entire genome

· Coverage: read depth: average number of reads over a nucleotide
· Coverage = (N(number of reads)*L(length))/G(size of genome)
· Is in terms of 15x (low coverage, or 30x(high coverage)
· Number of reads for each position
· Is (number)x
· Need to get high coverage and accuracy because we have SNPs, if didn’t wouldn’t see the SNPs
· Deep and Ultra Deep sequencing
· Some argue need 100x (ultra deep high coverage)
· Ultra deep very costly, but not don’t currently, would probably only be done for virus or phage
· If have low coverage how can you get imputation for a genome? Would you trust low coverage for imputation? It’s hard. High coverage is better for imputation 


November 27th 2015
Genome Rearrangements
· Syntheny?
· Ori in bacteria, some genes have higher replication rate based on where they are
· Makes replication different
· Will have particular changes
· Humans have more complex chromosomes, genome will change a lot since we have centromeres, telomeres etc
· Say we sequence human genome, and we get reads, close them with alignments	
· Do it with a reference genome, genes will be different! They will be arranged differently
· Core genes are more conserved in location, so will find in same, and use them as reference points
· Other regions will be harder to reference
· Low coverage also makes it hard
· If don’t sequence enough don’t get lots of coverage so cant reference
· Humans are more complicated because of how big our genome is
· In some cases we don’t have syntheny in our genomes
· Ex have chromosome 18, and is same (syntheny) since exactly copied, but some genes are in different locations
· So sequencing and analyzing becomes more difficult
· Have example of non synthentic genome
· Have mouse genome, see there is no gene in the same spot
· Hard to use info from mouse genome to human
· One methodologies to map the changes is to map the GC content %
· Will have some genes that have the same GC content as the other
· Red = high, blue = low content, map the blue and see exactly what is there, can be virus or HGT event etc
· Not just mapping where the genes are, mapping how the chromosomes are
· Complementary hybridization: Chromosome hybridization, take 2 genomes, take pieces, align and see hwo mich is same
· Are comparing exactly 2 genomes
· Find in percentage
· Was used for how organisms were related, phylogenetic, was more whole scale view 
· Is a view of genome arrangement, alignment will be different if don’t get exactly the same
· Even if percentage is low, doesn’t mean they are different, just means that maybe have same genes just the arraignment is different
· Most of these changes are from insertion elements, others from translocations
· Can do this with pathogenic bacteria
· Can do with markers, fluorescent markers

November 30th 2015 (extra lectures)

Gene Regulatory Network

· Networks: anything that is somehow linked together. Ex: prey and predator, enzyme and substrate, etc
· Transcription factor and the target gene, if see that expression profile changes, see that Tf has changed its expression
· Can be inhibitory or increase expression (promoter)
· Not all regulation of genes is alone, not each gene has own Tf, it is all related, many Tf regulate many genes
· Positive interaction: Tf increases the expression of a gene
· Negative interaction: block interaction so no expression of gene
· Can have dual: where one binding site is positive and the other is negative
· Genes can have more than one binding site
· Also, condition can change if it is positive or negative interaction
· Can also have Tf affecting another Tf
· But second Tf can regulate the expression of first Tf as well
· Tf can also regulate itself bind it own regulatory region
· Blue arrow: dual interaction
· Hard to sometimes infer the binding site of gene, can have many do experiments to see interactions and which works best
· Some binding sites also have higher affinity for binding sites 
· Bioinformatics: can guide you but don’t show complete regulatory network
· Ex: E coli, has approx. 4,500 genes, only know 37% of regulatory network
· Is costly to know how they all interact through experiments and which conditions promote interactions
· But from the 37%, have 4700 interactions
· Topology analysis: Structural analysis looking at prepoerties of the network
· Only look at structure of the network 
· Dynamical modelling: have to include some properties of the network, like temporal expression
· Harder to analyze

December 4th 2015
· Gene regulation works like a system
· 3 node network: only 3 transcription factors
· systems don’t change: stable state
· stable states thought to be the phenotype of a cell
· [bookmark: _GoBack]
