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Abstract 
ac r

DAYSLEEPER is 
Arabidopsis thaliana 

of DAYSLEEPER
studied the presence of DAYSLEEPER orthologs in plants and propose a model for the 

DAYSLEEPER

Results

DAYSLEEPER-like 
SLEEPER

orthologous genes, but SLEEPER-family genes were not found in gymnosperms, mosses 
SLEEPER SLEEPERs contain 

a C2 2

hallmark features in the SLEEPER SLEEPER genes are structurally 
conserved between species, constructs with SLEEPER genes  from grapevine and rice 
did not complement the daysleeper phenotype in Arabidopsis, when expressed under 
control of the DAYSLEEPER

RICESLEEPER

model in which we hypothesize that an ancestral hAT transposase was retrocopied and 

SLEEPER genes, such as an event in 
the rice genome, which gave rise to the RICESLEEPER

Conclusions

We propose the ancestral SLEEPER

SLEEPER genes in rice, like the 
daysleeper mutant in A. thaliana
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ac roun

TDNA” and largely ignored, even though transposons and transposon-remnants 

not only new coding and regulatory sequences, but of large stretches of chromosomes 

proteins is a reverse-transcriptase that is able to reverse-transcribe the full-length 

DNA transposons encode proteins, called transposases, which are able to cut their own 

Transposons have contributed greatly, not only to shaping the genomic landscape, but 
also to the coding material of endogenous genes, for instance by giving rise to chimeric 

seems to be the conversion of transposases encoded by DNA transposons into important 
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these factors are CENP-B, a centromere protein in vertebrates and fungi, the FAR1-FHY3 

associated factor in Drosophila melanogaster

DAYSLEEPER 
gene in Arabidopsis thaliana

DAYSLEEPER shares extensive homology with members of a large subfamily 
of transposable elements, the hAT transposons, which are widely spread throughout the 

Trichomonas, diatoms, and 
DAYSLEEPER is not able to transpose, since it lacks 

Arabidopsis thaliana, as displayed by a severe developmental phenotype 
in daysleeper

Ku70 in a yeast 

DAYSLEEPER orthologs in 
 SLEEPER genes are 

SLEEPER
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Results

DAYSLEEPER orthologs in the genome of  and 

Two genes that are possibly orthologous to DAYSLEEPER

named VINESLEEPER
in rice, several sequences were designated as “DAYSLEEPER

SLEEPER

DAYSLEEPER
 RICESLEEPER

Arabidopsis, At1g15300, was found to be related to DAYSLEEPER

in DAYSLEEPER and all RICE- and VINESLEEPER

SLEEPER
SLEEPERs from rice, grapevine and Arabidopsis, but not for the 

product of the At1g15300 gene, which is present in the cytosol and which we therefore 
named CYTOSLEEPER

R structure and conser ed domains
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AT1G15300 

LO
C_O

s01g33410.1 LO
C_O

s05g50640.1 

LO
C_O

s05g14940.1 
LO

C_O
s03g52310.1 

AT3G42170 

At3G41800 

LO
C100266069 

LO
C100250405 

LO
C_O

s07g43120.1 

LO
C_O

s03g60730.1 

LO
C_O

s01g50340.1 

LO
C1002665223 

LO
C100265875 

LO
C100262797 

LO
C100265653 

LO
C_O

s04g03000.1 

100 

100 
100 

100 

100 

100 100 

72 

98 

98 
99 

RICESLEEPER4 

RICESLEEPER1 
RICESLEEPER2 

RICESLEEPER3 

VINESLEEPER2 

VINESLEEPER1 

DAYSLEEPER 

CYTO
SLEEPER 

LO
C100243928 

LO
C100267900 

Figure 1.
hom

ologous sequences from
 both the 

 and the Arabidopsis thaliana
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The SLEEPERs form a separate group when compared to other hAT-transposases 

 684-789 
aa. 

BED 
Zinc-finger 

hAT Blocks 
NLS 

A B C D E F 

Start Stop 
1. 2. 3. 

1. 

2. 

3. 

Sleeper 
domain 

Figure 3. 

 from  and 
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3, and the lack of an apparent phenotype in mutant plants indicate that this gene 
SLEEPER 

genes from Arabidopsis, grapevine 
and rice, do not have introns in 

other SLEEPER genes contain one 
intron between the 5’ UTR and 

vary in length between 684 and 753 

increased length of RICESLEEPER4 is 

SLEEPERs are only present in higher plants

SLEEPER-like 

In databases of species beyond the plant realm, namely Saccharamyces cerevisiae and 
Drosophila melanogaster

EST library for gymnosperm species Ginkgo biloba Pinus-

Compared to DAYSLEEPER Coding 
sequence 

length 
Consensus 

CYTOSLEEPER 799

NESLEEPER1 689

NESLEEPER2 675

R CESLEEPER1 722

R CESLEEPER2 722

R CESLEEPER3 684

R CESLEEPER4 752

Table 1.

(Invitrogen
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Selaginella 
Physcomitrella patens (Phytozome 

Persea americana 
Liriodendron tulipifera Nuphar advena
Amborella trichopoda SLEEPER 

SLEEPER

SLEEPERs are fre uently copied in se eral species

TBLASTN searches using the amino acid sequence of DAYSLEEPER in genomic databases 
SLEEPER genes 

DAYSLEEPER SLEEPER

Species Sleeperdomain 1. Sleeperdomain 3. Full length DAYSLEEPER

Persea americana

Nuphar advena

Liriodendron tulipifera
c108364

Amborella trichopoda EST hits too short

Table 2. Evidence of SLEEPER

DAYSLEEPER sequence 
SLEEPER
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It is clear to see a clustering of SLEEPER genes from Poaceae, separated from those 
of dicotyledonous plants, which form two groups, grouping with either CYTOSLEEPER 
or DAYSLEEPER LOTUSSLEEPER -
er far from the other SLEEPERs  VINESLEEPER1 and 2 
were described by Benjak et al.
we decided to use a similar naming scheme for all SLEEPER -
tween the genomic regions in which the VINESLEEPER2 and DAYSLEEPER genes reside, 

-
ists between RICESLEEPERs, we chose to designate the RICESLEEPERs with individual 

RICESLEEPER1 and 2 are almost iden-
RICESLEEPER3 and 4, OLIMSLEEPER2a and 2b and 

POPSLEEPER
had been shown previously for the genes in Olimarabidopsis pumila

DAYS-
LEEPER

the RICESLEEPER1 and 2 genes, since there is no apparent sequence homology or syn-
Arabidopsis thaliana, 

namely Olimarabidopsis pumila, Arabidopsis arenosa and Capsella rubella, have homo-
logs of the CYTOSLEEPER gene, but these genes are not depicted in the phylogeny, since 

Unlike CYTOSLEEPER, genes clustering with VINESLEEPER

a homolog in both the CYTOSLEEPER, as well as the DAYSLEEPER
POPSLEEPERS clustering with DAYSLEEPER, Lotus 

japonicus, which has LOTUSSLEEPER2 clustering with DAYSLEEPER and LOTUSSLEEPER1, 
which has diverged from other SLEEPERs and Carica papaya, which apparently has 
only one SLEEPER SLEEPERs clustering with DAYSLEEPER are 

CYTOSLEEPER-clustering SLEEPER
noted that two auxiliary SLEEPER- Carica papaya

DAYSLEEPER 

with LOTUSSLEEPER
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RICE- and VINESLEEPER cause a dominant phenotype hen e pressed in Arabidopsis

SLEEPER
complement the daysleeper phenotype with coding sequences from rice and grapevine 

DAYSLEEPER
found that the daysleeper phenotype cannot be complemented by these constructs, 
although we were able to restore the wild-type phenotype with GFP:DAYSLEEPER 

daysleeper phenotype despite the presence of 
either one of the RICESLEEPERS VINESLEEPERS

Arabidopsis plants with the DAYSLEEPER

D 

A B 

C 

F G E 
Figure 5. DAYSLEEPER  plant 
expressing pDAYSLEEPER::RICESLEEPER4 DAYSLEEPER  plant expressing pDAYSLEEPER::RICESLEEPER3

daysleeper mutant harboring pDAYSLEEPER::VINESLEEPER1:HA
Siliques from DAYSLEEPER  plant expressing pDAYSLEEPER::VINESLEEPER2 DAYSLEEPER  
plant expressing pDAYSLEEPER::RICESLEEPER3 DAYSLEEPER  plant expressing 
pDAYSLEEPER::RICESLEEPER4
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DAYSLEEPER overexpression under control of the strong 

similar phenotypic traits in some plants when trying to complement daysleeper 
mutant plants with a GFP:DAYSLEEPER
of daysleeper was not found with the coding sequence of At1g15300 (CYTOSLEEPER
under control of the DAYSLEEPER

the daysleeper phenotype, or resulted in DAYSLEEPER

RICESLEEPER1 and RICESLEEPER2 

RICESLEEPER2 3’UTR 

Chr. 3 

97% identical 

TGGTT 

RICESLEEPER1 3’UTR 5’UTR 

5’UTR 

GCATGTGAT 

RICESLEEPER2 3’UTR 

Chr. 5 

A 

B 

MK120 MK121 MK122 

MK
123 

MK 
124 

MK 
125 

TGGTT 

GCATGTGAT 

Figure 6. Comparison of the RICESLEEPER
RICESLEEPER1 and 2 each have obtained a new 5’UTR sequence, which is not homologous to that 

RICESLEEPER

available rice gene expression data, and were used to obtain RICESLEEPER1 and 2 transcripts from a cDNA 
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RICESLEEPER

RICESLEEPER RICESLEEPER2 is predicted to have 
an intron in its 5’ UTR, whereas RICESLEEPER

transcripts for RICESLEEPER

the transcript depicted in gene model B contains an unspliced UTR that stretches to 
RICESLEEPER1 gene, no UTR’s 

other than the predicted intronless 574 bases directly adjacent to the start codon could 

To study whether RICESLEEPER
defects as seen in the A. thaliana daysleeper 

RICESLEEPER1 is 

RICESLEEPER 2 locus 

RICESLEEPER1 or RICESLEEPER2
resistant progeny of the RICESLEEPER

RICESLEEPER

but not as small as RICESLEEPER RICESLEEPER2 mutants produced a normal 
amount of seeds, but RICESLEEPER1 mutant plants produced mostly empty panicles, 

observed in RICESLEEPER1
RICESLEEPER2
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A 
C 

B 
D 

Figure 7. 
RICESLEEPER1 and 
RICESLEEPER2 

W
ild-type plants of 

and Daesan, 

RICESLEEPER2 

m
utant plants 

C: RICESLEEPER1 

m
utant plants 

The inserts in C, D 

RICESLEEPER1 

plant and a w
ild-

photographed 

bars represent 
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Discussion

DAYSLEEPER conser a on

All SLEEPERs have highly conserved features in the form of their N-terminally located 

CYTOSLEEPER gene seems to be a divergent homolog of DAYSLEEPER

sequence cannot complement the daysleeper 
CYTOSLEEPER
exists to maintain CYTOSLEEPER

maintain CYTOSLEEPER. DAYSLEEPER
comparing these genes in Arabidopsis thaliana and Capsella rubella (Supplemental 

daysleeper 

domain in SLEEPER
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in vivo for DAYSLEEPER 

assay in Arabidopsis protoplasts, using DAYSLEEPER:YC and YN:RICESLEEPER4 fusion 

SLEEPER complementa on

DAYSLEEPER is not found with constructs containing other 
SLEEPER

bearing a 35S:DAYSLEEPER
increased expression of SLEEPER
the fact that mild overexpression phenotypes were also observed in some daysleeper 
mutant plants complemented with a GFP:DAYSLEEPER
The fact that SLEEPER

DAYSLEEPER
 

SLEEPERs CYTOSLEEPER 
poplar, none of the SLEEPER genes found cluster with CYTOSLEEPER
SLEEPER

RICESLEEPER1 and 2 

RICESLEEPER
RICESLEEPER

RICESLEEPER
RICESLEEPER 

 SLEEPER-proteins, 
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The found 5’ UTR of RICESLEEPER2 

is predicted to be situated on the 

template gene of RICESLEEPER1 

that either RICESLEEPER1 or 2 has 
been retrocopied to give rise to 
RICESLEEPER

the ancestral SLEEPER

happened in the RICESLEEPER RICESLEEPER

SLEEPER domes ca on

SLEEPER

SLEEPER
SLEEPER gene is the product of a hAT transposase transcript being reverse-transcribed 

Arabidopsis 
thaliana

ntrons 
in CDS

ntrons 
in CDS

1* 1

2 1

2 1

3

Table 3. Expressed hAT-like genes in Arabidopsis thaliana 
and hAT-like genes, closely related to SLEEPERs 

genes also possess 2 introns in their UTR’s, which were not 
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SLEEPER genes 
studied are without introns in their coding sequence, as opposed to hAT transposase-

that also the most SLEEPER-related hAT transposase-annotated genes that are expressed 
in both Arabidopsis and  contain one or several introns in their coding 

SLEEPER 

poly-A tails can also not be found in any of the SLEEPER loci in the grapevine and rice 

events are not present anymore, since the origin of SLEEPER

RICESLEEPER1 
and 2 loci, have eroded in other SLEEPER
angiosperms and gymnosperms could facilitate a more in depth sequence analysis, but 

All the evidence indicated above, together with the fact that we have found signs of a 
recent retrocopy event in the form of RICESLEEPER1 and 2 suggests that a retrocopy 

DAYSLEEPER
scenarios are conceivable, we think our model provides an elegant way for a transposase 

Conclusions

We found that SLEEPER

SLEEPER SLEEPER family is an intriguing 
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the SLEEPER
ways of shaping the genome by TE’s have been described, and it seems without doubt 

SLEEPER genes in many species and 
the severe daysleeper

SLEEPER
SLEEPER

SLEEPER
DAYSLEEPER 

Material and Methods

Genome bro sers and BLAST databases

Genome browsers for Arabidopsis thaliana (TAIR; www.arabidopsis.org), 
and 

SLEEPER
BLAST searches were performed at the NCBI website for the Arabidopsis thaliana and 

 

Alignments and phylogenies



52

2
den ca on and isola on of SLEEPER genes from and 

Arabidopsis thaliana

Using TBLASTN searches expressed orthologous genes were found in the genome of 
Arabidopsis thaliana, and  (See “Genome Browsers and BLAST 

Cloning

NOS were 

Australia

upstream DNA sequence directly preceding the CDS of the DAYSLEEPER

MCS of the vector, giving rise to the pCAMBIA2300 pDAYSLEEPER NOS 

Subsequent cloning of the diverse SLEEPER
performed using the Invitrogen gateway technology, using pDONR207 (Invitrogen
the 
designed to amplify the DAY-, CYTO-, VINE- and RICESLEEPER’s coding sequences without 

The obtained entry
DAYSLEEPER NOS

SLEEPER genes 
DAYSLEEPER 
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The pDAYSLEEPER::DAYSLEEPER sequence was isolated directly from genomic DNA with 

reverse primer MK44 binding to the end of the DAYSLEEPER coding sequence (Table 

SLEEPER

Reaction conditions were as recommended, except for MgCl2, which was increased 

65oC 

Plant transforma on

Binary expression vectors were electroporated into electrocompetent Agrobacterium 
tumefaciens Arabidopsis 
thaliana Col-0 plants heterozygous for a T-DNA insert in the DAYSLEEPER

 kanamycin 

DAYSLEEPER

T-DNA insert in the DAYSLEEPER

DAYSLEEPER 
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DAYSLEEPER

at 95OC, 30 seconds at 59OC and 30 seconds at 72O

T-DNA inser on lines

RICESLEEPER
the second line contains an insert in the 3’UTR of the RICESLEEPER

RICESLEEPER1 gene 
and MK85-MK102 for the RICESLEEPER

This line has a T-DNA integrated in both alleles in the CDS of At1G15300 (CYTOSLEEPER

Arabidopsis protoplast transforma on

Arabidopsis thaliana Col-0 suspension cells were used to isolate and transform 

at 25O

Transcript analysis

To analyze the 5’ UTR sequences of the RICESLEEPER1 and 2 gene, 1 ug of total RNA 
from 

μ

the 5’ noncoding leader of RICESLEEPER
bases of the RICESLEEPER
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All PCR’s were also performed on 

Graphics crea on 

d in 
Adobe Photoshop CS5 (Adobe SLEEPER sequences was 

Authors  contribu on
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388kb 5.0Mb 

Arabidopsis thaliana chromosome 3 

CEN 

450kb 

1.6Mb 

CEN 

225kb 393kb 

8.6Mb 

Vitis vinifera chromosome 11 

1 2 3 4 5 

1 2 3 4a 4b 5 

Number Locus in  
Arabidopsis 

Name 

1 At3g33530 Transducin family protein 

2 At3g33520 Actin-related protein 6 (ARP6) 

3 At3g42170 DAYSLEEPER 

4 At3g42180 Exostosin family protein 

5 At3g42630 Pentatricopeptide repeat protein 

Supplemental Figure S1. Synteny between the pericentromeric region of chromosome 3 of Arabidopsis 
thaliana and chromosome 11 of  depicted were also used in a comparison 
between Brassicaceae VINESLEEPER2. 
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CYTOSLEEPER 

DAYSLEEPER 

C. rubella CYTOSLEEPER homolog 

C. rubella DAYSLEEPER homolog 

0,276 

0,294 

Ka/Ks ratio 

Supplemental Figure S2. Arabidopsis thaliana and Capsella rubella SLEEPERS

Capsella rubella. We used the 
coding sequences of the genes that we found using BLASTN with the DAYLEEPER and CYTOSLEEPER coding 

Capsella rubella

Science (
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Supplemental Figure S3. 
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  Full Length DAYSLEEPER   

TBLASTN  Sequence Score E- alue

Amborella EST 432 1,25E+04

300 5,86E+04

272 1,12E+04

Conifers EST 99 1,50E-01

94 5,30E-01

87 3,50E+00

BLASTN     

Selaginella moellendor , genomic 41 2,05E-01

  41 2,05E-01

  39 7,14E-01

Supplemental Table S1. Sequences found using TBLASTN queries in EST databases of Amborella trichopoda 
Selaginella genomic 

DNA coding sequence of DAYSLEEPER
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Primer Locus Sequence

DAYSLEEPER GGTACCATGGTCTTTGCAACATAACATAAAAAGG

DAYSLEEPER GAGCTCTCTGCTTATTCCTTCTGA

MK43 DAYSLEEPER promoter gateway primer, forward GGGGACAAGTTTGTACAAAAAAGCAGGCTGAATAGAAGCAACAAAGGAAATTTTAC

MK44 DAYSLEEPER promoter gateway primer, reverse GGGGACCACTTTGTACAAGAAAGCTGGGTATGCTTCAGATTTGATGGTAGCA

MK58 VINESLEEPER2 reverse GGGGACCACTTTGTACAAGAAAGCTGGGTGAAATTCCATTTTCACAAGAGCATTT

MK59 VINESLEEPER1 reverse GGGGACCACTTTGTACAAGAAAGCTGGGTGAAATTCCATTTTCACAATTGGTGGG

MK60 DAYSLEEPER forward GGGGACAAGTTTGTACAAAAAAGCAGGCTCCATGGAAGTGTACAATGACGATACTG

MK62 VINESLEEPER1 forward GGGGACAAGTTTGTACAAAAAAGCAGGCTCCATGGAGGATACCTTTACTCCCAAC

MK63 VINESLEEPER2 forward GGGGACAAGTTTGTACAAAAAAGCAGGCTCCATGGAAACCCCTAGTGAAAACAATG

MK74 RICESLEEPER4 forward GGGGACAAGTTTGTACAAAAAAGCAGGCTCCATGTGTGAACCAAGTGGCAGTGATG

MK75 RICESLEEPER4 reverse GGGGACCACTTTGTACAAGAAAGCTGGGTCGTTCTCCATCTTCACCAACGCTGTG

MK76 RICESLEEPER2 forward GGGGACAAGTTTGTACAAAAAAGCAGGCTCCATGACTGAGGAAACTGGCAACGAC

MK77 RICESLEEPER2 reverse GGGGACCACTTTGTACAAGAAAGCTGGGTCTGGTGCATCCACCTTGACAAGCGTG

MK78 RICESLEEPER1 forward GGGGACAAGTTTGTACAAAAAAGCAGGCTCCATGGCTGAGGAAACCAGCAACGAC

MK79 RICESLEEPER1 reverse GGGGACCACTTTGTACAAGAAAGCTGGGTCTGCTGCATCCACCTTGACCAGCGC

MK80 RICESLEEPER3 forward GGGGACAAGTTTGTACAAAAAAGCAGGCTCCATGGATGAGATGATACCTAAGCC

MK81 RICESLEEPER3 reverse GGGGACCACTTTGTACAAGAAAGCTGGGTCTGGCGAATACTGGAGCCAGTCCTT

MK82 CYTOSLEEPER forward GGGGACAAGTTTGTACAAAAAAGCAGGCTTCATGGACACTAATCCTTCAGAGCTGG

MK83 CYTOSLEEPER reverse GGGGACCACTTTGTACAAGAAAGCTGGGTCTAAAGTTCCATTTTTTAACCAGTCC

MK98 GGAAGCTTCGCGACAAGTTTGTACAAAAAAGCTGAAC

MK99 CCAAGCTTGCATGCCTGCAG

MK111 RT-PCR primers DAYSLEEPER expression CCGAGGGAAATGGATGAGTA

MK112 RT-PCR primers DAYSLEEPER expression CAAATCACACGGTGGGTTTA

MK120 RICESLEEPER GTCTTCTCTTCTCGAGCGGCTCCCG

MK121 RICESLEEPER CAGGTTGGTTGGGGAATGCAGTTC

MK122 RICESLEEPER1 ATG reverse GTCGTTGCTGGTTTCCTCAGCCAT

MK123 RICESLEEPER CTCGTCCTCCTCTCCCCTGCACCTA

MK124 RICESLEEPER TCTTCTCTTCTTCCTGCCTCGCGAG

MK125 RICESLEEPER2 ATG reverse AGTCGTTGCCAGTTTCCTCAGTCAT

RT-PCR primers ROC CCACAGGCTTCGTCGGCTTC

RT-PCR primers ROC GAACGAACAGGCGGTGAGTC

MK70 RICESLEEPER1 genotyping ATGGCTGAGGAAACCAGCAACGAC

MK85 Rice T-DNA insert primer ACAAGCCGTAAGTGCAAGTG

MK101 RICESLEEPER1 genotyping CAGGTACTGTTCCAGTTCAG

MK102 RICESLEEPER2 genotyping GGACAATGATTGCTCATCAC

MK105 RICESLEEPER2 genotyping GGACAGAATCGCAAACAAGAAG

Supplemental Table S2.
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