Chapter 21

Transposons

21.1 Introduction

21.2 Insertion Sequences Are Simple Transposition Modules

· An insertion sequence is a transposon that codes for the enzyme(s) needed for transposition flanked by short inverted terminal repeats.

· The target site at which a transposon is inserted is duplicated during the insertion process to form two repeats in direct orientation at the ends of the transposon.

· The length of the direct repeat is 5 to 9 bp and is characteristic for any particular transposon.

21.3 Composite Transposons Have IS Modules

· Transposons can carry other genes in addition to those coding for transposition.

· Composite transposons have a central region flanked by an IS element at each end.

· Either one or both of the IS elements of a composite transposons may be able to undertake transposition.

· A composite transposon may transpose as a unit, but an active IS element at either end may also transpose independently.

21.4 Transposition Occurs by Both Replicative and Nonreplicative Mechanisms

· All transposons use a common mechanism in which staggered nicks are made in target DNA, the transposon is joined to the protruding ends, and the gaps are filled.

· The order of events and exact nature of the connections between transposon and target DNA determine whether transposition is replicative or nonreplicative.

21.5 Transposons Cause Rearrangement of DNA

· Homologous recombination between multiple copies of a transposon causes rearrangement of host DNA.

· Homologous recombination between the repeats of a transposons may lead to precise or imprecise excision.

21.6 Common Intermediates for Transposition

· Transposition starts by forming a strand transfer complex in which the transposon is connected to the target site through one strand at each end.

· The Mu transposase forms the complex by synapsing the ends of Mu DNA, followed by nicking, and then a strand transfer reaction.

· Replicative transposition follows if the complex is replicated and nonreplicative transposition follows if it is repaired.

21.7 Replicative Transposition Proceeds through a Cointegrate

· Replication of a strand transfer complex generates a cointegrate, which is a fusion of the donor and target replicons.

· The cointegrate has two copies of the transposon, which lie between the original replicons.

· Recombination between the transposon copies regenerates the original replicons, but the recipient has gained a copy of the transposon.

· The recombination reaction is catalyzed by a resolvase coded by the transposon.

21.8 Nonreplicative Transposition Proceeds by Breakage and Reunion

· Nonreplicative transposition results if a crossover structure is nicked on the unbroken pair of donor strands and the target strands on either side of the transposon are ligated.

· Two pathways for nonreplicative transposition differ according to whether the first pair of transposon strands are joined to the target before the second pair are cut (Tn5), or whether all four strands are cut before joining to the target (Tn10).

21.9 TnA Transposition Requires Transposase and Resolvase

· Replicative transposition of TnA requires a transposase to form the cointegrate structure and a resolvase to release the two replicons.

· The action of the resolvase resembles lambda Int protein and belongs to the general family of topoisomerase-like site-specific recombination reactions, which pass through an intermediate in which the protein is covalently bound to the DNA.

21.10 Transposition of Tn10 Has Multiple Controls

· Multicopy inhibition reduces the rate of transposition of any one copy of a transposon when other copies of the same transposon are introduced into the genome.

· Multiple mechanisms affect the rate of transposition.

21.11 Controlling Elements in Maize Cause Breakage and Rearrangements

· Transposition in maize was discovered because of the effects of the chromosome breaks generated by transposition of “controlling elements.”

· The break generates one chromosome that has a centromere and a broken end and one acentric fragment.
· The acentric fragment is lost during mitosis; this can be detected by the disappearance of dominant alleles in a heterozygote.

· Fusion between the broken ends of the chromosome generates dicentric chromosomes, which undergo further cycles of breakage and fusion.

· The fusion-breakage-bridge cycle is responsible for the occurrence of somatic variegation.

21.12 Controlling Elements Form Families of Transposons

· Each family of transposons in maize has both autonomous and nonautonomous controlling elements.

· Autonomous controlling elements code for proteins that enable them to transpose.

· Nonautonomous controlling elements have mutations that eliminate their capacity to catalyze transposition, but they can transpose when an autonomous element provides the necessary proteins.

· Autonomous controlling elements have changes of phase, when their properties alter as a result of changes in the state of methylation.

21.12

21.13 Spm Elements Influence Gene Expression

· Spm elements affect gene expression at their sites of insertion, when the TnpA protein binds to its target sites at the ends of the transposon.

· Spm elements are inactivated by methylation.

21.14 The Role of Transposable Elements in Hybrid Dysgenesis

· P elements are transposons that are carried in P strains of Drosophila melanogaster, but not in M strains.

· When a P male is crossed with an M female, transposition is activated.

· The insertion of P elements at new sites in these crosses inactivates many genes and makes the cross infertile.

21.15 P Elements Are Activated in the Germline

· P elements are activated in the germline of P male x M female crosses because a tissue-specific splicing event removes one intron, which generates the coding sequence for the transposase.

· The P element also produces a repressor of transposition, which is inherited maternally in the cytoplasm.

· The presence of the repressor explains why M male x P female crosses remain fertile.
