October 15, 2019
Structures of Genomics Unit
Monday (Quiz)
Wednesday (Assigned Problems)
Friday (Presentations)
20% quiz/ 20% presentation/ 20% participation/ 40% exam

Molecular Biology of the Cell (reference text)

10.15.19. Lecture 1
How was human genome sequenced?
· Hierarchical shot gun sequencing
· BAC library
· Shotgun sequencing
What are the major components of the human genomes? 
· Primary transcripts (mRNAs and non-coding RNAs) (introns) (intergenic)
· Retroelements (within and between genes)
· Retroelements appear in both introns and intergenic regions
What are the major types of retroelements? 
· LINEs, SINEs, transposons, ERVs
Retrovirus-like elements (gag, pol, env)
· LINEs (ORF1 ORF2 (pol)) (autonomous)
· SINEs (non-autonomous)
· DNA transposon fossils (autonomous & non autonomous)
How much of the human genome appears to genetically functional (genes or otherwise) and how do we even assess that?
· Some evidence that it contributes to fitness
· Protein-coding genes encompass about a third of the human genome
· 1% of the human genome is coding
We predict function by conservation, “biochemical” activity, and functional study
Differences in genome size among eukaryotes seem to be related more to the tolerance for (and propensity to retain) transposons and retroelements
Typical # of exons per gene
· e.g. Drosophila (exons are closer together and # of exons is smaller)
Why do we have introns (and why are the intron/exon boundaries different between metazoan lineages)?
· Eukaryotic introns are thought to be derived from Group II elements
· Cycles of RNA splicing, and reverse splicing enable the introns to proliferate to new DNA sites, while minimally impairing gene expression
· Intron RNA can reverse splice directly into a DNA strand, after which it is reverse transcribed back into DNA by the IEP
· Reverse transcribing and copying gene back in at the homologous location
· Originally you have same intron/exon boundaries and then in one of the lineages the gene gets reverse transcribed, reinserted
Where do we get information on genomes and their genes?
· (Human-specific) NCBI, Ensembl/EBI, UCSC
Genome-specific databases
How do we describe and categorize genes and proteins on a genomic scale?
· Literal descriptions
· Gene ontology: list of functional categories and the genes that are in each category e.g. Molecular Function Ontology (i.e. Kinase) Biological Process Ontology (i.e. Osmotic Stress Response) or Cellular Component Ontology (i.e. ER)
· Domain composition
· Directed acyclic graph***  like hierarchical tree, but may have cross branches
What is a protein domain?
· Folding, functional and evolutionary protein unit
· Ideally defined by structure and sequence
· Do not necessarily have high sequence similarity
· Always have a homologous structure
· Sequence domain detection e.g. PFAM, SMART, CATH, ProDom, Protomap
What is the rest of the protein good for (unstructured parts of the proteins)?
· Regulatory sites (phosphorylation), binding sites, induced folding (fuzzy complexes), spacers (biochemical experiments – domains are often more active if they are not directly adjacent to other domains), high-order assemblies (Q/N-rich regions important for forming cellular assemblies; FG-rich regions are critical in forming hydrogel-like structure of the nuclear pore; repeats of multiple linear motifs can mediate phase separation)
· Transactivation domains (unstructured acidic patches)
Where do protein domains come from?
· Ancient origins
· More than half of known domain families originated in the common ancestor of bacteria, archae, and eukaryotes (predate the original split**)
· 24% arose only in eukaryotes
· Humans tend to have more domains per protein than other lineages
What is “Domain Accretion”?
· Human proteins tend to be more complicated than their counterparts in less complicated organisms
· Phenomenon has been coined “domain accretion”
What does human ancestry look like?
· Phylogeny***
· Coelacanth 
· Ciona (sea squirt)
· Lancelet (amphioxus) 
· Starfish
Why do different genomes have different numbers of genes?
· Duplication and divergence are thought to be the primary source of new genes and new gene functions
· Neofunctionalization  a duplicate acquires a new function
· Sub functionalization  gene copies divide the old function
· Differing gene copy numbers of related proteins, and differences in their overall domain structures is the norm, not the exception, at sufficiently large evolutionary distance
· Classic mechanism of sub functionalization is that the expression of the gene in a multicellular organism gets split
Homolog, ortholog, paralog?
· Orthologs (reciprocal best BLAST matching)
· Paralog (gene duplication) ***
How are genes duplicated?
· Unequal crossing over
· Retro transposition
· Chromosomal duplication
· Whole genome duplication
What are thought to be some common means of neofunctionalization for duplicated genes?
· Different expression (gain and loss of enhancers)
· New interactions
· Alterations in domain structure
[bookmark: _GoBack]Within the same genome, conserved noncoding sequences (and enhancers) generally don’t resemble each other in their primary sequences





