Genetics Lecture 8
DNA the molecule and organization
DNA is the carrier of genetic information


1860’s Friedrich Miescher isolated the chemical DNA from pus cells but its function was unknown


used to believe proteins were the carriers of genetic info – why?

how was protein ruled out?



transformation & elimination experiments (Avery, MacLeod, McCarty) 1944




heat killed virulent + living avirulent = living virulent bacteria





continued extractions until a minute quantity of transforming chemical remained





tested N:P = nucleic acid


bacteriophage experiment (Hershey-Chase) 1952




viruses consist of DNA (or RNA) and a protein coat




nucleic acids have P not S, and proteins have S not P 
What’s DNA made of?


nucleic acid (in nucleus and acidic when dissolved)

polymers of nucleotides



5-C sugar (deoxyribose), phosphate group, nitrogenous base




*nitrogenous bases bonded to 1’ C 




purine (double-ring, AG) vs. pyrimidine (single-ring, TC)




nucleotide names dAMP, dTMP, dCMP, dGMP (AMP (RNA) relate to ATP)



*RNA differences



covalent bonds between 5’ C of ribose and the phosphate groups make the polymer



phosphodiester bonds


linear arrangement, 5’, 3’



First level of organization = linear arrangement of nucleotides or DNA sequences


1.  Unique sequences 


2.  Repetitive sequences



a.  moderately repetitive (10s to 1000s)



b.  highly repetitive (often more than 100,000)


repetitive DNA



telomeres, origins of replication, termination sequences, introns, centromeres



mostly unknown




microsatellites – variable number tandem repeats, often used in population surveys




not under selection

DNA has multiple structural levels – structure affects function


what was known: DNA responsible for transmitting genetic info




DNA consists of nucleotides, composition of nucleotides




*A&T, C&G present in equal amounts (Chargaff)

history:  Watson, Crick, Wilkins, Franklin, John Randall



*x-ray diffraction = double helix – two strands



0.34nm between pairs, 3.4nm for one complete turn – how many base pairs per turn?

*H bonds between T&A and C&G (purine + pyrimidine); helical shape, next structural level

bases are oriented along opposite poles making strands antiparallel


*major grooves, minor grooves, 10bp/turn



B-DNA is major form, A when dehydrated (compacted), Z turns in other direction (function?)



Z forms at high GC areas in high salt concentrations – possibly for gene regulation
First level of organization = linear arrangement of nucleotides or DNA sequences


Second level of organization = structure of DNA molecule = double helix


10 bp/turn, 1bp=.34nm


2nm in diameter

Third level of organization = winding of DNA molecule around proteins; chromatin

histone protein + DNA = nucleosome = 1/6 original length, 11nm diameter


beaded string look; core DNA, linker DNA


histones are positively charged, phosphates of DNA negatively charged

Fourth level of organization = coiling of chromatin


solenoid = 1/40 original length, 300nm diameter (folded 30nm)

Fifth level of organization = coiling of solenoid


chromosomes, 1400nm diameter (each chromatid 700nm)
DNA must be decondensed for replication & transcription


acetylation, phosphorylation of AAs in histones can make the proteins negatively charged, initiating 



unwinding and potentially activating genes


*heterochromatin vs. euchromatin



heterochromatin; genetically inactive (telomeres, centromeres, Y)

*Scaffold proteins for chromosome
*RNA is usually single stranded, but often folds on itself


Svedberg coefficient


other types: siRNA, miRNA, snRNA, snoRNA

Viral & Bacterial DNA


usually one molecule instead of many


*viruses – linear or circular, RNA or DNA, SS or DS



parvoviruses = SS DNA



retroviruses = RNA & reverse transcriptase


DNA is more stable than RNA – RNA viruses mutate more quickly


**how do viruses work?



get the host cell to replicate the DNA and then onto protein synthesis – cell lysis



dormant stages for some, phage DNA passed to daughter cells until conditions change

*Bacteria


*DS DNA in one circular chromosome (nucleoid)



10Kb to 6Mb



supercoiling by topoisomerases


plasmids – contain own origin of replication, can become episomes 



often confer fitness advantage – drug resistance, heat tolerance, toxin formation, etc.

*comparisons
more complexity = more genes = more levels of organization

smallest genome: prokaryote Mycoplasma 580,000 bp

E. coli 4.2million bp; unicellular eukaryote yeast 13 million bp


Drosophila 140 million bp; humans >3billion bp, Amoeba 290billion bp
C-value = haploid amount of DNA (bp)

genome = entire sequence and organization of DNA in a species

























