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Abstract

ac ro n

DAYSLEEPER Arabidopsis thaliana

DAYSLEEPER

Results

We showed the in vivo

daysleeper
that Daysleeper

daysleeper plantlets are able to form auxin maxima, although these are irregularly 

Conclusions

We suggest that the DNA-damage found in csn and daysleeper

speculate that DAYSLEEPER
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ntro uc on

T DAYSLEEPER do not progress past the 

high DAYSLEEPER

morphology, since sepal and petal growth is reduced, with the margins of the sepals 
DAYSLEEPER also leads to increasingly 

daysleeper mutants might 

involved in snaring vesicles from the membrane and has been shown to be involved in 

The developmental arrest phenotype of daysleeper plantlets resembles the phenotype 

Daysleeper mutant plantlets 
do not share this phenotypic trait, but resemble csn null-mutants in that these plantlets 

daysleeper and csn mutants do 
 Csn mutants can 
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daysleeper plantlets 

in the contexts of the CSN and the ESCRT-III complexes, and try to discern in which 
Arabidopsis thaliana

Results

DAYSLEEPER is oun  to interact ith se eral proteins in a east t o h bri  assa

VPS2.3 FRS3 RRP6A/RRP6L1 CSN5A
NRL8/SETH6 DAYSLEEPER

and supplemented 
with 10mM 3-Amino-

DAYSLEEPER apparently 

diverse proteins (Table 

one of three Arabidopsis 
homologs of the yeast 
protein VPS2. This protein 
is part of the ESCRT-
III-machinery which is 

Yeast t o h bri  
i en e  interactors

A BiFC 
eri e

References

DAYSLEEPER AT3G42170 Yes1

AT2G06530 Yes

AT5G44560 Yes ,,

AT1G03950 Yes ,,

CSN5A AT1G22920 Yes

NRL8 AT2G47680 Yes

RRP6A AT1G54440 Yes

AT2G45460 No2

AT2G27110 No

Table 1. -
1

2
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FRS3 is a member of the large 
FAR1/FHY

DAYSLEEPER
RRP6A is a subunit of the Arabidopsis nuclear exosome and most likely involved in mRNA 

 -family, which contains proteins involved 

this gene contained only the sequence coding for the N-terminal 160 amino acids (data 

eri ca on of east t o h bri  interac on can i ates usin  BiFC in Arabi opsis cell
suspension protoplasts

to both termini of the coding sequence of a gene, allowing for a number of possible 

YN:DAYSLEEPER 
combined with DAYSLEEPER:YC  YC:DAYSLEEPER in 

YN:CSN5A or YN:RRP6A DAYSLEEPER and YN:VPS2.3 

in vivo, we decided to 
clone the other VPS2 homologs from Arabidopsis, VPS2.1 and VPS2.2, and to test 
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VPS2 homologs 
produced growing colonies when combined with DAYSLEEPER in the pAS2 vector (Table 

DAYSLEEPER interacts ith proteins through mul ple sites in its amino aci  se uence

found that the proteins NRL8 and RRP6A did not interact with any of the shortened 
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DAYSLEEPER co-locali es ith PIN1 in mul  esicular bo ies MVB s

CSN5A:CFP YFP-CFP Merge DIC Merge 

YN:VPS2.1 
YC:DAYSLEEPER 

1-142 

Figure 3. -

 -
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CMP1A and B

PIN1 cycles from the membrane to endosomes and is 
Since DAYSLEEPER 

was found to interact with the VPS2 proteins and daysleeper seedlings have a severe 

TagRFP:DAYSLEEPER and PIN1:GFP 

 

DAYSLEEPER is essen al for root organi a on an  for normal au in istribu on in 
roots

Daysleeper mutants 

We studied daysleeper seedlings expressing the pDR5rev::GFP construct to see whether 

daysleeper

TagRFP: 
DAYSLEEPER PIN1:GFP Merge DIC 

Figure 4. -
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A B C 

DIC 
Figure 5. Auxin 

daysleeper m
u-

colum
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the m
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show
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The scale bars in 
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daysleeper

In es  ga  ng the func  onal implica  ons of the DAYSLEEPER-CSN5A interac  on

daysleeper mutant seedlings and plants containing a 35S::DAYSLEEPER

csn5a

DAYSLEEPER
that in daysleeper 

cul1 
cul1-rub 

daysleeper csn5a-1 wild-type 
35S:: 

DAYSLEEPER 

daysleeper wild-type 

H2AX 4μ
g 

10
μg

 

A 

B 

C 

H2AX 

wild-type 
35S:: 

DAYSLEEPER 

16
μg

 

Figure 6. daysleeper A
10 mg of soluble protein per lane from csn5a-1, 35S::DAYSLEEPER, daysleeper and wild-type plants using 

B
μg of histone protein per lane from 35S::DAYSLEEPER overexpression and wild-type Col-0 seedlings and 

C daysleeper mutant 
and Wild-type Col-0
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 mutants accumulates DNA damage

A. thaliana KU70 promoter in a 

upregulated by treatment with the DNA double-strand break inducing agent bleomycin 
csn 

csn mutants 
 daysleeper mutant does not share the photomorphogenic phenotype 

of csn mutants, these plants resemble csn mutants in their inability to progress past the 

daysleeper 
mutant seedlings, seedlings overexpressing DAYSLEEPER (35S::DAYSLEEPER
type Columbia-0 (Col-0)

DAYSLEEPER
DAYSLEEPER

Discussion

rrp6
rrp6a mutants do 

DAYSLEEPER
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daysleeper 

nrl8 (seth6

in vivo.

the total amount of CUL1 was much higher in daysleeper
daysleeper mutant 

reported that a protein encoded by Geminiviruses, C2, can alter the CSN-mediated 

only CUL1 levels are altered in daysleeper mutants, but that this is also the case for 

In csn mutants, DNA damage and as a consequence, cell cycle arrest have been suggested 
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CRL CUL4-DDB1DDB2 triggers the removal of histones and DDB2 bound to damaged 

(Xeroderma pigmentosum

dsl 
mutants accumulate more DNA damage as visualized by the presence of increased 

We showed that DAYSLEEPER can interact with all three VPS2 proteins present in 

csn mutants and the 
daysleeper daysleeper seedlings, 
but not in csn

line in VPS2.1 
VPS2.1

shown that vps2.1 mutants are embryo lethal, in contrast to vps2.2 and vps2.3  mutants 
HYADE mutant described by 

et al. vps2.2 HYADE mutant has severe issues 

vps2.3 et al.
vps2.3 mutant plants also have shorter roots, albeit less reduced in length than those of 
vps2.2 mutants daysleeper 

VPS2 genes and DAYSLEEPER
Both DAYSLEEPER and VPS2.1

VPS2.2 is highly expressed at, and right 
VPS2.3

has a role in cell division, because of the irregular root phenotype of dsl
vps2.1 

It must also be noted that the expression levels between the VPS2
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VPS2.1 is most highly expressed followed by VPS2.2 and VPS2.3 

VPS2.1 is highly expressed in leaves, sepals and 
petals, whereas VPS2.2

VPS2.3 has high expression levels in petals en sepals, but 

VPS2

a 35S::DAYSLEEPER construct might be related to DAYSLEEPER interplay with VPS2 

DAYSLEEPER VPS2.1 

VPS2.2 VPS2.3 

A B 

D C 

Figure 7. Overview of the 
DAYSLEEPER and VPS2 

A -
ER, (B C
and (D -
ends indicate the absolute 
expression levels per gene, 
as determined by microar-
ray analysis (Yellow=low 
expression, Red=high ex-

VPS2.1 has 
the highest expression lev-
els followed by VPS2.2 and 
VPS2.3
created with the Arabidop-
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Material and Methods

Cloning

A 

VPS2-homologs, FRS3, NRL8, CSN5A and RRP6A

 BiFC constructs

 Yeast two-hybrid constructs

The full length DAYSLEEPER coding sequence was obtained by PCR and cloned into the 
DAYSLEEPER 

coding sequence the plasmid was digested with Age1 and AlwNI (New England 

a shortened DAYSLEEPER coding sequence (

DAYSLEEPER coding 
sequence ( DAYSLEEPER

149-589 
and DAYSLEEPER promoter, 
the pAS2-1 vectors containing the C-terminal or central truncated DAYSLEEPER coding 
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DAYSLEEPER coding sequence (

 Gateway cloning

Yeast two-hybrid selec on

-phage cDNA library obtained from auxin-treated 

DAYSLEEPER coding sequence was obtained by PCR and cloned into the vector pAS2-

Arabidopsis plant and protoplast transforma on and microscopic analysis

Arabidopsis thaliana ecotype Columbia-0 (Col-0) 
. Arabidopsis thaliana (Col-0) suspension cells 

O
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bser a on of uorescent constructs in Arabidopsis ssues and protoplasts

Seedlings were taken directly from ½ MS solid plates and observed on a Zeiss Imager 

2

Protein isola on and western blo ng

Per sample, 100 μ

O

histone proteins were isolated from ~1 gram of 2-week-old wild-type seedlings or ~80 
daysleeper

2, 1 mM CaCl2, 15 mM PIPES 

was spun twice for 20 minutes at 10000 G at 4O

on ice for 1 hour and spun at 15000 rpm in a microcentrifuge for 5 minutes at 4O
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O

diluted 1000x and the rabbit 

Authors  contribu ons

MK performed the in silico
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DR5rev::GFP
We would like to thank Gerda Lamers for help with the microscopy, Bert van der Zaal 
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At2g06530 (VPS2.1) 
0 1910 

vps2.1 (CS818561) 
GCGTTTCGTATCTCTCACCG—AAGGAA—LB–T-DNA-T-DNA—LB—GACAC—CTAATTCGTCGCCTTAATTT 

Figure S1. 
-
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Collection  number Description Purpose 

pSDM4300 pART7 p35S Gateway YFP:HA DAYSLEEPER C-terminal YFP-tagging 
vectors for protoplast 
transformation 

pSDM4325 pART7 p35S Gateway YFP:HA CSN5A 
pSDM4326 pART7 p35S Gateway YFP:HA NRL8 
pSDM4334 pART7 p35S Gateway YFP:HA RRP6A 
pSDM4358 pSYSAT6 2xp35S TagRFP Gateway N-terminal TagRFP/Cerulean-

tagging vectors for protoplast 
transformation 

pSDM4359 pSYSAT6 2xp35S Cerulean Gateway 
pSDM4324 pSYSAT6 2xp35S TagRFP Gateway DAYSLEEPER 
pSDM4360 pSYSAT6 2xp35S Cerulean Gateway VPS2.1 
pSDM4361 pSYSAT6 2xp35S Cerulean Gateway VPS2.2 
pSDM4362 pSYSAT6 2xp35S Cerulean Gateway VPS2.3 
pSDM4345 pSY 736 DAYSLEEPER (35S::DAYSLEEPER:YN:EE)   BiFC vectors for protoplast 

transformation pSDM4346 pSY 738 DAYSLEEPER (35S::HA:YC:DAYSLEEPER) 
pSDM4347 pSY 728 DAYSLEEPER (35S::EE:YN:DAYSLEEPER) 
pSDM4348 pSY 735 DAYSLEEPER (35S::DAYSLEEPER:YC:HA) 
pSDM4388 pSY 728 NRL8 
pSDM4389 pSY 728 RRP6A 
pSDM4390 pSY 728 CSN5A 
pSDM4391 pSY 728 VPS2.1 
pSDM4392 pSY 728 VPS2.2 
pSDM4393 pSY 728 VPS2.3 
pSDM4422 pSY 738 NRL8 
pSDM4423 pSY 738 RRP6A 
pSDM4424 pSY 738 CSN5A 
pSDM4425 pSY 738 VPS2.1 
pSDM4426 pSY 738 VPS2.2 
pSDM4427 pSY 738 VPS2.3 
pSDM2304 pAS2.1  (At3g42170) DAYSLEEPER Vectors used in yeast two-

hybrid pSDM4414 pAS2.1 DAYSLEEPER 1-149 
pSDM4415 pAS2.1 DAYSLEEPER 149-589 
pSDM4416 pAS2.1 DAYSLEEPER 478-665 
pSDM4417 pACT2 At2g27110 (FRS3) 
pSDM4418 pACT2 At2g06530 (VPS2.1) 
pSDM4419 pACT2 At5g44560 (VPS2.2) 
pSDM4420 pACT2 At1g03950 (VPS2.3) 
pSDM4421 pACT2 At2g45460 (Forkhead domain protein) 
pSDM4394 pACT2 At1g54440 (RRP6a) 
pSDM4343 pACT2 At2g47860 (NRL8) 
pSDM4402 pACT2 At1g22920 (CSN5a) clone #1  
pSDM4340 pACT2 At1g22920 (CSN5a) clone #2 
pSDM4342 pACT2 At3g42170 (DAYSLEEPER) 
pSDM2099 pGEM-T Easy::At3g42170  

 
Table S1. 
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Primer Description Restriction 
sites 

Sequence 

FW01 CSN5A CDS cloning  into pSY728/38, 
forward primer 

SalI GTCGACATGGAAGGTTCCTCGTCAGCCATCG 

FW02 CSN5A CDS cloning  into pSY728/38,  
reverse primer 

NotI GCGGCCGCGATGTAATCATGGGCTCTGGATC 

AS04 DAYSLEEPER CDS cloning  into 
pSY728/38,  reverse primer 

NotI GCGCGGCCGCTGTGCTTCAGATTTGATGGTAGCAC 

AS03 DAYSLEEPER CDS cloning  into 
pSY728/38, forward primer 

NcoI CGCGCCATGGATATGGAAGTGTACAATGACGATAC 

AS02 DAYSLEEPER CDS cloning  into 
pSY735/36,  reverse primer 

SpeI CTACTAGTCTATGCTTCAGATTTGATGGTAG 

AS01 DAYSLEEPER CDS cloning  into 
pSY735/36, forward primer 

SalI CAGTCGACTATGGAAGTGTACAATGACGATAC 

FW13 NRL8 CDS cloning  into pSY728/38,  
forward primer 

SalI GTCGACATGGGTGTTGTTACTGTTCCTG 

FW14 NRL8 CDS cloning  into pSY728/38,  
reverse primer 

NotI GCGGCCGCAGAGAAACAGAGTGACATCTTC 

FW09 RRP6A CDS cloning into pSY728/738,  
forward primer 

SalI GTCGACATGAGATTTGATGATCCCATG 

FW10 RRP6A CDS cloning into pSY728/738,  
forward primer 

NotI GCGGCCGCGTAATGTTAAGAAAGCCACGTTTC 

SH07 VPS2.1 CDS cloning  into pSY728/38,  
forward primer 

SalI GTCGACATGATGAATTCAATCTTCG 

SH08.1 VPS2.1 CDS cloning  into pSY728/38,  
reverse primer 

NotI GCGGCCGCCCCATTTTTCTAAGGTTATCCA 

MK117 VPS2.2 CDS cloning  into pSY728/38,  
forward primer 

SalI GTCGACCATGAACATTTTCAAGAAGAAG 

MK118 VPS2.2 CDS cloning  into pSY728/38,  
reverse primer 

SalI GTCGACTCAGATTCGTCGTAGCGAAGCC 

AS14 VPS2.3 CDS cloning into pSY728/38, 
forward primer 

NcoI GAGACCATGGAGGTGGTACAGAGTCTCCGTGTTC 

AS15 VPS2.3 CDS cloning into pSY728/38, 
reverse primer 

NotI CCGCGGCCGCGCTCTAAGCGCCGCCAACCGCTTCTC 

SH10 Gateway primer N-terminal tagging 
of VPS2.1, forward primer 

- GGGGACAAGTTTGTACAAAAAAGCAGGCTTCATGATGAATTCAATCTTCGGAAAGC
  

SH11 Gateway primer N-terminal tagging 
of VPS2.1, reverse primer 

- GGGGACCACTTTGTACAAGAAAGCTGGGTCCATTTTTCTAAGGTTATCCAACCTT 

FW23 Gateway primer N-terminal tagging 
of VPS2.2, forward primer 

- GGGGACAAGTTTGTACAAAAAAGCAGGCTTAATGAACATTTTCAAGAAGAAGACCA 

FW24 Gateway primer N-terminal tagging 
of VPS2.2, forward primer 

- GGGGACCACTTTGTACAAGAAAGCTGGGTTGATTCGTCGTAGCGAAGCCAACCTC 

FW21 Gateway primer N-terminal tagging 
of VPS2.3, reverse primer 

- GGGGACCACTTTGTACAAGAAAGCTGGGTTCGATGTAATCATGGGCTCTGGATCT 

FW22 Gateway primer N-terminal tagging 
of VPS2.3, forward primer 

- GGGGACCACTTTGTACAAGAAAGCTGGGTCTCTAAGCGCCGCCAACCGCTTCTCC 

MK60 Gateway primer N-terminal tagging 
of DAYSLEEPER, reverse primer 

- GGGGACAAGTTTGTACAAAAAAGCAGGCTCCATGGAAGTGTACAATGACGATACTG 

MK136 Gateway primer N-terminal tagging 
of DAYSLEEPER, forward primer 

- GGGGACCACTTTGTACAAGAAAGCTGGGCTATGCTTCAGATTTGATGGTAGCACTT 

FW17 Gateway primer C-terminal tagging 
of CSN5A, forward primer 

- GGGGACAAGTTTGTACAAAAAAGCAGGCTTAATGGAAGGTTCCTCGTCAGCCATCG 

FW18 Gateway primer C-terminal tagging 
of CSN5A, reverse primer 

- GGGGACCACTTTGTACAAGAAAGCTGGGTTCGATGTAATCATGGGCTCTGGATCT 

PB1 Forward DAYSLEEPER - ATGGAAGTGTACAATGACGATAC 

PB2 Reverse DAYSLEEPER - CTATGCTTCAGATTTGATGGTAG 

Table S2. 
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