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Chapter 1

DAYSLEEPER: An essen al domes cated transposase in 
higher plants

Marijn Knip
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eneral introd c on

Outline

TDAYSLEEPER, a protein encoded by the DAYSLEEPER gene in the dicotyledonous 
plant Arabidopsis thaliana

DAYSLEEPER DAYSLEEPER was 
Arabidopsis thaliana and closely resemble hAT-transposon 

in vivo to the promoter of the 
Arabidopsis thaliana KU70 DNA-repair gene in yeast, DAYSLEEPER was suggested to 

DAYSLEEPER

DAYSLEEPER Arabidopsis thaliana
DAYSLEEPER display 

a severe phenotype and eventually die, failing to progress past the early seedling 
DAYSLEEPER (35S::DAYSLEEPER

becoming lethal at the seedling stage in the T2

A brief introduc on to transposons
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Types of transposable elements 

Class I elements; retrotransposons

LTR Retrotransposons

gag gene encodes 
a capsid-like protein, whereas pol 

may also encode an env

In Zea mays the copia-like element Opie-2 has around 100,000 copies in the genome 
and the gypsy-like element Huck-2 is present in about double that number of copies 
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Non-LTR Retrotransposons

These elements are divided in long and short interspersed nuclear repeats; LINEs

 

TIR Transposase 

TIR TIR 

TIR 

LTR 

TAIL ORF1  EN RT 

TAIL 

gag pol env 

LTR LTR 

LTR 

POLIII 

A 

B 

C 

Retrotransposons 
(Class I) 

DNA transposons 
(Class II) 

Autonomous 

Non-autonomous 

Non-autonomous 

Autonomous 

LINE 

SINE 

Figure 1. 
 et al. A

GAG, POL 
and ENV B

GAG
autonomous and generally possess an internal POLIII

C
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their 3’ terminus these elements have a poly-AAA tail, a tandem repeat or merely an 

Class II elements; DNA transposons

Class II elements are generally not very abundant in genomes, but are present in low to 

of reverse transcribing RNA, which is reinserted in the genome, these elements encode 

Subclass II contains the so-called rolling circle transposons, which transpose in a 

Subclass I consists of several super families of TE’s, such as the widespread hAT (hobo, 
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to 11 base-pairs, although the rare Crypton element, which is found only in fungi, has 

hAT (hobo

These elements have been found to contain conserved blocks named hAT blocks A to 

The in uence of TE s on the genomic landscape

large stretches of DNA or even complete arms of chromosomes 

of transposable elements in a promoter region can enhance or reduce gene expression 
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1the vicinity of genes, silencing, or reduced silencing can occur, through altering the 

Domes ca on

Transib DNA-transposon giving rise to the RAG1 
and RAG2

encoded by the FHY3 FAR1
gene family is derived from Mutator

is gary

FHY3 FAR1 and RAG1 and 
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found in Arabidopsis thaliana, 
elements . 

Retrogenes

caused by a promiscuous reverse-transcriptase encoded by the transposable element 
and may occur when mRNA of a gene is present simultaneously with a reverse-

the genome, giving rise to an intronless copy of the gene, transcribed from the source 

in the ASK1 (Arabidopsis SKP1-like) ASK1-like genes code for proteins 

Func onal conte t of DAYSLEEPER

that form the context in which DAYSLEEPER
you that DAYSLEEPER interacts with these fundamental protein complexes in the cell 



19

1

The ubi ui  n proteasome path ay  Cullins

CUL 

CAND1 

CUL 

Substrate 
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RUB 
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Ub 

Ub 
Ub 

RBX1 
Ub Ub 

E1 

Ub RUB 

Adapter 

Substrate 
receptor 

CUL 
RBX1 

Adapter 

Substrate 
receptor 

Ub 

26S Proteasome 

RUB 

CSN
5 

COP9 

Adapter 

Substrate 
receptor 

CAND1 

Adapter 

Substrate 
receptor B 

C A 

D 

RUB 

RBX1 

Figure 2 et al.
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C

et al. D

et 
al. et al.



20

1

CYCLIN B (reviewed in Pesin et al. et al.

The ubi ui n proteasome path ay  COP9-signalosome
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in Arabidopsis leads to the same seedling growth arrest phenotype, which correlates 

csn

The Endosomal Sor ng Comple  Re uired for Transport-III (ESCRT-III) comple

Opisthokonta 
, whereas the other three are conserved 

ESCRT-0, -I and -II are cytosolic complexes that are transiently recruited to endosome 

for all subunits of the canonical ESCRT-III complex, two homologous genes are present, 

10 years ago the ESCRT-III machinery was hardly studied in Arabidopsis, but in the last 
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AtSKD1 has been found to be 

VPS20 

VPS32 
(SNF7) 

SKD1 
(VPS4) 

VPS23* 
VPS25** 
VPS36** 

VPS28* 
VPS36** 
VPS37* 

CHMP1 
VPS60 
LIP5 

Dynamins 
PLD  

VPS24 
VPS2 

Figure 3. 
based on Wollert et al.

the grey boxes and were reported by Shahriari et al. et al.
VPS28 and VPS37 are ESCRT-I proteins (* **

CHMP1 genes, one LIP5 VPS60
The three VPS2 A. thaliana

et al.
et al.
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Synopsis

DAYSLEEPER

of DAYSLEEPER 

DAYSLEEPER 
DAYSLEEPER overexpression using a high-

E perimental Chapters

Chapter 2  The SLEEPER genes  A transposase-derived angiosperm-speci c gene family 

DAYSLEEPER 

of the SLEEPER SLEEPERs from rice and 

SLEEPER-genes are conserved in angiosperms, but not in 

Chapter 3  DAYSLEEPER is e pressed predominantly in meristems and is both nuclear 
and vesicular locali ed

DAYSLEEPER using DAYSLEEPER-
promoter::gusA

microscopy, in protoplasts, as well as in planta
the nucleus as well as in vesicular structures in planta
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Chapter 4  The in uence of DAYSLEEPER on the Arabidopsis thaliana transcriptome

DAYSLEEPER DAYSLEEPER overexpression on 
the A. thaliana DAYSLEEPER

metabolism and RNA-meditated silencing genes and plant defense, but also found 

Chapter 5  The DAYSLEEPER interactome

This chapter describes the in vivo

homodimerizes and interacts with the NPH3-family protein NRL8, the COP9-
signalosome subunit CSN5A, the exosome subunit RRP6A and the 3 homologs of 

daysleeper mutant plants have 

csn-mutants, 
daysleeper
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