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Genetics and the Detection of the unexpected

Unstable alleles of maize

-new phenotypes in corn produced through the movement of the Ds transposable element
-via cyt[image: image1][image: image3.png]
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ogenetics, can see loss

-had weird segregation, breakage only occurred when another locus ‘activator’ was also present = 2nd locus unlinked
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Hybrid dysgenesis in Drosophila
Enlarged mutant alleles in E. coli
-unstable lac- and gal- mutants of E.coli found to co[image: image12.png]Transposase gene
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ntain extra DNA

-hybridization experiments for gal- insertion mutants found that same sequence over and over again

Mutation via insertion of mobile element that can stay or leave

-loss of protein function due to insertion of large piece of DNA into coding region

-insertions also can result in changes in gene expression if lands in regulatory region or if transcription of gene now driven by transposable element regulatory sequences

-interactions between Ds, Ac and the pigment gene C 

-Ds is shown as a piece of DNA that has inactiva[image: image22.png]Donor l DNA synthesis
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ted the C gene by inserting into its coding region

-a strain with Ds and no Ac has colourless kernels because Ds cannot move (stuck in the C gene)

-Ds is unstable only when Ac is in the genome

-Ac is always unstable

-insertions can also result in changes in gene expression if lands in regulatory region of if transcription of gene now driven by transposable element regulatory sequences

Transposable element insertions can lead to stable mutations

-stable TE insertions within a gene or its regulatory sequences can be due to:


-mutation or deletion of portions of the TE required for 
recognition by transposase such that the TE is 
immobilized


-error in transposition leading to imprecise excision 
(transposon “footprints”)
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Fate of progeny depends on whether somatic or germline event

-TE insertions or movements that occur in somatic cells are non-heritable

-TE insertions or movements that occur in germline cells will be passed on to progeny


There are two broad types of transposable elements in bacteria: 


1. IS elements


2. Transposons

Bacterial Insertion Sequences

-insertion sequences (IS) are segments of bacterial DNA that can move from one position on a chromosome to a different position on the same chromosome or on a different chromosome

-do not carry genes other than those needed for their movement

-IS element appears in the middle of genes: interrupt the coding sequence inactivate the expression of that gene

-IS elements can also block the expression of other genes in the same operon if those genes are downstream of the insertion site

-all IS elements encode transposase (moves IS elements from one site in chromo to another)

-have terminal inverted repeats (required for transposition)

-have target site duplication (created during insertion)

Bacterial Transposons

-composite transposon: contain a variety of genes that reside between two nearly identical IS elements that are oriented in opposite direction and form inverted repeat sequences

-the IS elements that make up composite transposons are not capable of transposing on their own without the rest of the transposon because of mutation in their inverted repeats
-simple transposon: also consist of bacterial genes flanked by inverted repeat sequences, but sequences are short and do not encode the transposase enzyme necessary for transposition

-their mobility is not due to an association with IS elements

-encode their own transposase in the region between the inverted repeat sequences in addition 

to carrying bacterial genes
-no insertion sequences



Medical consequences of bacterial transposons

-multiple-drug-resistant plasmids

-5 transposons encoding for 7 antibiotic resistant genes
-one reason why you have to take antibiotics for full duration

Eukaryotic transposable elements

-2 types: Retrotransposons, DNA transposons

-CLASS I: Retrotransposons (Reverse Transcriptase): transposable elements that employ reverse transcriptase to transpose through an RNA intermediate


-LTR (long terminal repeat)



-Non-LTR



-LINEs (long interspersed elements)




-SINEs (short interspersed elements)


-CLASS II: DNA transposons


-maize Ac, drosophila P-elements


-have terminal inverted repeats

Mechanisms of transposition

-conservative: ‘cut & paste’ into new location


-bacterial Tn10 (composite), eukaryotic DNA transposons


[image: image2]

-transposase-mediated


-cuts at target site, cuts out from old site, inserts in new site


-host repairs cut sites to generate target site duplication

-replicative: adds new copy to new location


-bacterial Tn3 (simple), eukaryotic retrotransposons



-Replicative Transposition - bacterial:


-Replicative Transposition - eukaryote: retrotransposons



-move through an RNA intermediate transcribed by retrotransposon-encoded 


reverse transcriptase



-LTR retrotransposons resemble retroviruses and move through a similar 



mechanism




-LTR retrotransposons resemble a retrovirus, though they tend to lack the 


env gene (this means the Ty1 elements cannot leave the cell and the 



DNA copies are inserted back into the genome of the same cell)


-Non-LTR retrotransposons are reverse transcribed in the nucleus using genomic DNA as a primer  

Autonomous vs non-autonomous elements

-transposable elements in maize can inactivate a gene in which they reside, cause chromosome breaks, and transpose to new locations within the genome. Autonomous elements can perform these functions unaided; nonautonomous elements can transpose only with the help of an autonomous element elsewhere in the genome

-Ac is autonomous 


-can move by itself


-encodes own transposase

-Ds is non-autonomous 


-requires Ac to move


-no functional transposase


-some TE’s require others to move


-Ac/Ds of maize



-Ds elements are Ac elements with internal deletions that lead to loss of transposase function

-most if not all families of transposable elements have autonomous and non- autonomous members 




-both DNA & retrotransposons
 Affects several loci distal from breakage point








Chromosome breakage at Dissociator (Ds) locus, chromo fragment is lost





Required presence of unlinked activator (Ac) locus








recessive alleles on the homologous chromosome are expressed








insertion of Ds in C gene creates colorless








excision of Ds from C gene expresses color again (through action of Ac)








-suggested that Ds is mobile, but only in the presence of Ac


-couldn’t map Ac, so seems mobile itself





Rare, unstable alleles


-affect only a single gene distal to usual breakage point








-some lines of corn had rare events where you cut just one of those phenotypes affected 


-found an unstable allele affecting only one of the genes


-as if Ds was jumping into colorless and then out again to give it spots (and still needed Ac)


-MOBILE ELEMENTS





wild males X lab females





F1 progeny: sterile


-chromosome breakage, unstable mutations in germ line





-unstable mutations of white from cross like what we have seen before (mutation in white gene, get white eyes instead of red)





found 2 bands

















-more stable DNA in unstable alleles = 1st evidence mutations caused by something jumping into a gene


-in E. Coli, there were several mobile genetic elements capable of jumping into genes and disrupting their function and coming out again making them unstable





gal- virus of higher density, an insertion inactivates the al gene and results in a longer DNA molecule





transposable element inserting into regulation region





losing colour because of loss of production of TF regulating colour production (affecting transcription)





-cells with the TE present in the pigmentation gene are colourless (insertion knocks out function of pigment gene + get a base white flower


-cells where the TE transposed out of the gene early in development multiply into large revertant (coloured) sectors (restoration of colour)


-cells where the TE transposed out of the gene late in development multiply into small (ie specks) revertant (coloured) sectors








-can have stable mutations caused by TE when they are unable to cleave themselves out cleanly


-can have effect on ends of TE that are detected by transposase for removal (so can’t get cut out)














-has transposase terminal inverted repeats facing each other





Tn10: composite transposon


-bacterial host genes flanked by 2 IS


-carries a gene that confers resistance to an antibiotic and is flanked by 2 IS10 elements in opposite orientation








-short, inverted repeats contain no transposase....they encode their own








-donor and recipient plasmids are temporarily fused together to form a double plasmid


-Tn3-encoded transposase makes single-strand cuts at the two ends of Tn3 and staggered cuts at the target sequence and joins the free ends together, forming a cointegrate


-the TE is duplicated in the fusion event


-one copy of the TE remains at the original location of the element ad the other is integrated at a new genomic position





-resolvase cuts and mediates formation of 2 original loops





old site





new site





-transposase cuts out target





-transposase brings together





DNA replication





-RNA of LTR retrotransposon is reverse transcribed to DNA in cytoplasm, then DNA copy returned to the nucleus for insertion into the genome


-viruses make many RNA copies that are packaged for dispersal





Proof of RNA intermediate:


-Ty1 element on plasmid of yeast 


-add galactose-inducible promoter and intron


-Ty1 inducible by galactose (because of addition of galactose-inducible promoter)


-addition of galactose greatly increases the frequency of transposition of the altered Ty element


	-this suggests the involvement of RNA because galactose stimulates the transcription of Ty DNA into RNA


-engineered Ty1 contains intron from another gene


-when induce transcription, got increased transposition


-new inserts of Ty1 lacked intron! This means the transposed Ty DNA must have been coped from an RNA intermediate, so RNA IS TRANSCRIBED FROM THE ORIGINAL Ty ELEMENT AND SPLICED


-the spliced mRNA undergoes reverse transcription back into double-stranded DNA which is integrated into the yeast chromosome





retrovirus: single-stranded RNA virus that employs a dbl stranded DNA intermediate for replication





a strain with Ds and Ac has spotted kernels because Ac activates Ds in some cells to leave the C gene, thereby restoring gene function









