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Abstract

ac ro n

DAYSLEEPER
DAYSLEEPER gene display a severe phenotype 

DAYSLEEPER is 

DAYSLEEPER DAYSLEEPER overexpression with 

Results

DAYSLEEPER 

 DAYSLEEPER

Conclusions

Our experiments show that DAYSLEEPER
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ntro uc on

DAYSLEEPER
DAYSLEEPER do not develop, rarely 

overexpressing DAYSLEEPER

the overexpression and the null-mutant indicate that DAYSLEEPER

be able to bind to the DNA of the Ku-box in vitro, present in the promoter of the DNA 
damage repair gene KU70 

Daysleeper plantlets are phenotypically similar to mutants lacking subunits of the COP9-
signalosome (cop cop mutants and daysleeper

 
Daysleeper cop 

et al. 

ZTL
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COI1 

CSN4 or CSN5 leads to decreased expression of wounding response genes, but to an 

TIR1, has been shown to mediate the 

DAYSLEEPER, we used a SAGE-approach 

DAYSLEEPER 

Results

DAYSLEEPER or GUSa 

DAYSLEEPER or GUSa 
isolated RNA from this material and performed SAGE coupled to GAIIx-sequencing 

DAYSLEEPER overexpression, 

TAM-induced overexpression of DAYSLEEPER in plantlets that had been grown in liquid 
GUSa constructs, non-induced 

DAYSLEEPER transcript itself was induced many-fold in all samples 
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DAYSLEEPER expression was 

suggests that DAYSLEEPER

Sample 
#

Construct Treatment Ra  
sequencing 

reads

Processed 
tags

nde DAYSLEEPER  
E pression

1 4 hours 12,120,464 9,610,697 GGATAT 1

2 4 hours 17,590,747 13,601,226 TGCACT

3 4 hours +TAM 14,192,381 10,457,094 CTATAG

4 4 hours +TAM 19,276,475 14,683,962 GTCACG

5 23,308,125 17,810,337 ACTTGA

6 55,163,405 37,927,603 CGATGT

7 24 hours +TAM 25,607,274 15,174,573 TTAGGC

8 24 hours +TAM 14,109,223 10,958,513 TGACCA

Table 1. DAYSLEEPER

Transcrip onal changes a er 4 hours DAYSLEEPER o ere pression

DAYSLEEPER overexpression 12 genes were 

Qua Quine Starch (QQS

AT4 plays a role in the plant’s response to low phosphate 

UPBEAT1 (UPB1

 
WRKY23

ALLENE OXIDE CYCLASE 1 (AOC1
 

SEPALLATA3 (SEP3 AOC1
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Ran Locus Up 
regulated

ame Descrip on A

1 AT3G42170 DAYSLEEPER

2 AT4G14480 Protein kinase

3 AT3G30720 

4 AT1G49530 

5 AT5G03545 AT4

6 AT2G17330 

7 AT2G47270 UPBEAT1

8

9 AT3G55910 Unknown protein

10 AT5G10720 

11 AT2G47260 WRKY23

12 AT1G53830 

13 AT2G38823 Unknown protein

Ran Locus Do n 
regulated

ame Descrip on B

1 AT2G17740

2 AT2G05914

3 AT5G44575 Unknown protein

4 AT4G31970 CYP82C2

5 AT5G67290

6 AT3G46080

7 AT3G25760

8 AT2G27660

9 AT4G23140

10 AT2G39210 Major facilitator superfamily protein

11 AT3G57240 AT3G57240

12 AT3G46090 ZAT7

13 AT1G53540

14 AT5G26690
protein

15 AT2G36770 UDP-Glycosyltransferase superfamily protein

16 AT1G19610

17 AT4G11890 Protein kinase superfamily protein

18 AT3G28500 60S acidic ribosomal protein family

19 AT4G02330 ATPMEPCRB

20 AT5G53110

21 AT5G57560

22 AT2G40180
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23 AT4G30270

24 AT1G53490

25 AT4G19690

26 AT4G21680

27 AT3G28510
protein

28 AT4G21390 B120

29 AT5G57010 calmodulin-binding family protein

30 AT5G51170 Unknown protein

31 AT3G13950 Unknown protein

32 AT3G54120

33 AT4G04220

34 AT3G28580
protein

35 AT3G49620

36 AT2G34490 CYP710A2

37 AT3G22121

38 AT1G16130

39 AT2G20142
protein

40 AT1G13470 Unknown protein

41 AT3G43832 pseudogene

42 AT2G01660

43 AT5G07950 Unknown protein

44 AT1G20370 Pseudouridine synthase family protein

45 AT1G70020 Unknown protein

46 AT5G20230

47 AT5G57220

48 AT2G39410

49 AT3G28345

50 AT5G17450

51 AT3G63380 ATPase E1-E2type family protein

52 AT4G09490
protein

53 AT1G43160

54 AT3G09010 Protein kinase superfamily protein

55 AT5G44740

Table 2. DAYSLEEPER
DAYSLEEPER A B
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to be involved in defense responses (AT3G57240, AT2G46090 (ZAT7
(PDF1.4 RLP46

polymerase POLH PCNA2 in translesion synthesis and is 

DAYSLEEPER o ere pression induces massi e transcrip  onal changes a  er 24 hours

DAYSLEEPER

10 

2 

0 

0 

12 

43 

7 

5 

1 

56 

2-5 fold

5-10 fold

10-20 fold

>20-fold

Total

Differentially regulated genes (4 hrs.) 
Down Up

308 

66 

29 

10 

413 

505 

85 

24 

8 

622 

2-5 fold

5-10 fold

10-20 fold

>20-fold

Total

Differentially regulated genes  
(24 hrs.) 

Down Up

B 

A 

Differentially regulated genes (24 hrs.) 
 

Figure 1. 

A
of DAYSLEEPER B
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described for this npcRNA, but it was shown to be upregulated in a RNA-dependent 
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ARGONAUTE1 (AGO1
TAS2 producing tasiRNAs was also 

THO5
NRPE3B 

et al.

APC8 and APC11 
. 

We found 32 defense genes to be repressed and 14 genes to be upregulated (Table 

Pathogenesis Related 1 (PR1), which is normally transcribed 

DAYSLEEPER
LATE ELONGATED HYPOCOTYL (LHY  
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REVEILLE2 (RVE2 PSEUDO RESPONSE REGULATOR 5 (PRR5
was altered due to DAYSLEEPER

DAYSLEEPER at very high levels 
(35S::DAYSLEEPER

ALFIN-like genes (AL3, 
AL5 and ING1

DAYSLEEPER has a similar e pression pa ern as Polycomb li e Repressi e Comple  
(PRC2) related genes 

DAYSLEEPER in a 
DAYSLEEPER is highly co-expressed 

with the genes FIE and MSI1

E1 C-TERMINAL RELATED 1 (ECR1) is also co-expressed with 
DAYSLEEPER
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Rank Locus Up-
regulated 

Name/Description 
 

A 

1 AT3G42170  103.41 DAYSLEEPER 
2 AT2G34655  70.02 npcRNA 
3 AT1G65970  53.57 TPX2 
4 AT1G14960  44.81 Polyketide cyclase/dehydrase and lipid transport superfamily protein 
5 AT3G06145  41.10 Unknown protein 
6 AT1G21520  31.58 Unknown protein 
7 AT4G29340  23.16 PROFILIN 4 
8 AT5G58210   22.03 hydroxyproline-rich glycoprotein family protein 
9 AT2G37770   21.16 ChlAKR 

10 AT2G34020  20.38 Calcium-binding EF-hand family protein 
11 AT3G03650  20.02 EDA5 
12 AT3G26782  19.45 Tetratricopeptide repeat (TPR)-like superfamily protein 
13 AT5G51710   19.27 KEA5 
14 AT2G18600  18.99 Ubiquitin-conjugating enzyme family protein 
15 AT1G30990  18.29 Polyketide cyclase/dehydrase and lipid transport superfamily protein 
16 AT1G51580  17.21 RNA-binding KH domain-containing protein 
17 AT1G28560   17.06 SRD2 
18 AT1G71370  16.94 DEA(D/H)-box RNA helicase family protein 
19 AT3G24010  16.05 ING1 
20 AT2G32020  15.55 Acyl-CoA N-acyltransferases (NAT) superfamily protein 
21 AT3G13640  15.37 RNASE L INHIBITOR PROTEIN 1 
22 AT2G18193  15.11 P-loop containing nucleoside triphosphate hydrolases protein 
23 AT1G53850   14.78 20S PROTEASOME ALPHA SUBUNIT E1 (PAE1) 
24 AT3G57880  14.74 Ca2-dep. lipid-binding plant phosphoribosyltransferase family protein 
25 AT3G30720  13.75 QUA-QUINE STARCH 
26 AT5G03470  13.44 ATB' ALPHA (PP2A subunit) 
27 AT2G48150  13.39 GPX4 
28 AT1G45165  12.07 Unknown protein 
29 AT1G13970  12.01 Unknown protein 
30 AT4G25020  11.90 D111/G-patch domain-containing protein 
31 AT3G49160  11.85 Unknown protein, downregulated by photoxidative stress 
32 AT5G43560   11.76 TRAF-like superfamily protein 
33 AT5G24200  11.71 alpha/beta-Hydrolases superfamily protein 
34 AT2G30060  11.51 Pleckstrin homology (PH) domain superfamily protein 
35 AT2G38823  11.51 Unknown protein 
36 AT4G37030  11.22 Unknown protein 
37 AT5G41280  10.70 Receptor-like protein kinase-related family protein 
38 AT2G39040  10.26 Peroxidase superfamily protein 
39 AT2G35680  10.23 Phosphotyrosine protein phosphatases superfamily protein 
40 AT1G65490  10.10 Unknown protein 
41 AT4G01960  9.89 Unknown protein 
42 AT4G37290  9.54 Unknown protein 
43 AT5G20510  9.29 ALFIN-LIKE 5 
44 AT1G19250  9.23 FMO1 
45 AT3G05090  9.22 LATERAL ROOT STIMULATOR 1 
46 AT2G41440  9.07 Unknown protein 
47 AT1G26360  9.04 MES13 
48 AT3G12680  8.95 ENHANCER OF AG-4 1 (HUA1) 
49 AT3G60550  8.92 CYCLIN P3 2 
50 AT1G51780  8.71 ILL5 
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1 AT2G14610 73.73 PATHOGENESIS RELATED GENE 1 (PR1)
2 AT1G14880 27.59 PLANT CADMIUM RESISTANCE 1 (PCR1)
3 AT1G76080 26.38 CHLOROPLASTIC DROUGHT INDUCED STRESS PROTEIN OF 32 KD
4 AT3G44860 26.29 FARNESOIC ACID CARBOXYL O METHYLTRANSFERASE (FAMT)
5 AT4G36670 21.28 POLYOL/MONOSACCHARIDE TRANSPORTER 6 (PMT6)
6 AT3G08870 21.24 Concanavalin A like lectin protein kinase family protein
7 AT4G25810 20.33 XYLOGLUCAN ENDOTRANSGLYCOSYLASE 6 (XTR6)
8 AT2G40340 19.49 DREB2C
9 AT3G22740 18.09 HOMOCYSTEINE S METHYLTRANSFERASE 3 (HMT3)

10 AT2G41810 17.88 Unknown protein
11 AT3G49620 17.71 DARK INDUCIBLE 11 (DIN11)
12 AT5G62360 17.15 Plant invertase/pectin methylesterase inhibitor superfamily protein
13 AT4G17470 16.93 alpha/beta Hydrolases superfamily protein
14 AT3G05660 16.75 RECEPTOR LIKE PROTEIN 33 (RLP33)
15 AT2G15080 15.67 RECEPTOR LIKE PROTEIN 19 (RLP19)
16 AT1G15040 15.43 Class I glutamine amidotransferase like superfamily protein
17 AT1G15790 15.43 Unknown protein
18 AT4G31970 14.95 CYP82C2
19 AT3G18080 14.05 B S GLUCOSIDASE 44 (BGLU44)
20 AT1G09240 13.36 NICOTIANAMINE SYNTHASE 3 (NAS3)
21 AT5G62350 13.31 Plant invertase/pectin methylesterase inhibitor superfamily protein
22 AT5G57220 12.65 CYP81F2
23 AT2G36750 12.53 UDP GLUCOSYL TRANSFERASE 73C1 (UGT73C1)
24 AT4G15233 12.09 ATP BINDING CASSETTE G42 (ABCG42)
25 AT2G33830 11.69 Dormancy/auxin associated family protein
26 AT5G48000 11.43 CYP708A2
27 AT2G23010 11.19 SERINE CARBOXYPEPTIDASE LIKE 9 (SCPL9)
28 AT5G60050 11.12 BTB/POZ domain containing protein
29 AT2G28120 11.10 Major facilitator superfamily protein
30 AT3G08860 10.18 PYRIMIDINE 4 (PYD4)
31 AT1G73260 10.11 KUNITZ TRYPSIN INHIBITOR 1 (KTI1)
32 AT4G00430 9.46 PLASMA MEMBRANE INTRINSIC PROTEIN 1;4 (PIP1;4)
33 AT2G42530 9.41 COLD REGULATED 15B (COR15B)
34 AT5G26600 8.99 Pyridoxal phosphate (PLP) dependent transferases superfamily protein
35 AT1G23390 8.99 Kelch repeat containing F box family protein
36 AT3G25010 8.90 RECEPTOR LIKE PROTEIN 41 (RLP41)
37 AT1G49720 8.90 ABSCISIC ACID RESPONSIVE ELEMENT BINDING FACTOR 1 (ABF1)
38 AT5G24770 8.43 VEGETATIVE STORAGE PROTEIN 2 (VSP2)
39 AT4G09900 8.32 METHYL ESTERASE 12 (MES12)
40 AT5G24470 8.22 PSEUDO RESPONSE REGULATOR 5 (PRR5)
41 AT3G07280 8.19 Unknown protein (pseudogene)
42 AT1G75140 8.16 Unknown Protein
43 AT1G72690 8.08 Unknown protein
44 AT5G05090 7.94 Homeodomain like superfamily protein
45 AT3G45970 7.90 EXPANSIN LIKE A1 (EXLA1)
46 AT3G21520 7.63 Unknown membrane protein
47 AT2G29460 7.60 GLUTATHIONE S TRANSFERASE TAU 4 (GSTU4)
48 AT5G24160 7.41 SQUALENE MONOXYGENASE 6 (SQE6)
49 AT1G52190 7.05 Major facilitator superfamily protein
50 AT1G69750 7.05 CYTOCHROME C OXIDASE 19 2 (COX19 2)

Table 3. DAYSLEEPER
DAYSLEEPER A

and (B
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Ubiquitin ligase complex related CRL A
AT4G15420 Ubiquitin fusion degradation UFD1 family protein
AT1G50490 Ubiquitin conjugating enzyme (E2 C gene family) UBC20
AT2G18600 Ubiquitin conjugating enzyme family protein
AT4G10590 Ubiquitin specific protease UBC10
AT4G24690 UBQ associated/TS N domain containing protein NBR1
AT5G55160 Small Ubiquitin like Modifier SUMO2
AT1G20823 RING/U box protein
AT3G10815 RING/U box protein
AT3G29270 RING/U box protein
AT2G45920 U box domain protein
AT4G36860 LIM domain protein, ubiquitin interacting ??
AT1G71840 Transducin/WD40 repeat protein ??
AT5G54730 WD40 domain ?? G14F
AT4G30510 WD40 domain protein ?? G14D
AT5G05970 WD40 domain protein ?? NEDD1
AT5G21010 BTB POZ and MATH domain BCR BPM5
AT2G47860 Phototropic responsive NPH3 family protein (BTB/POZ domain) BCR SETH6/NRL8
AT5G52250 Transducin protein DCX RUP1
AT3G05090 WD40 domain, CUL4 RING ubiquitin ligase complex DCX LRS1
AT2G46290 Transducin/WD40 repeat protein DCX*
AT3G18140 Transducin/WD40 repeat protein DCX*
AT5G56190 Transducin/WD40 repeat protein DCX*
AT4G02570 Ubiquitin ligase complex SCF CULLIN1
AT1G63090 F Box domain protein SCF PP2 A11
AT4G21510 F Box protein SCF
AT3G23050 SCF/Proteasome target SCF IAA7/AXR2
AT4G14365 Ubiquitin ligase SCF XBAT34
Defense related
AT1G14960 response to biotic stimulus, defense response
AT1G19250 Promotes resistance and cell death at sites of infection FMO1
AT1G20823 RING/U box protein, response to chitin
AT1G30990 response to biotic stimulus, defense response
AT1G51780 IAA Leu conjugates ILL5
AT2G38870 PR peptide, putative
AT2G44110 Mildew resistance locus MLO15
AT3G24020 Disease resistance responsive (dirigent like protein)
AT3G44260 Plays a role in plant defense response CAF1a
AT3G52430 Salicylic acid signaling and resistance PAD4
AT5G14180 Defense response to insects MPL1
AT5G26920 Involved in SA signaling CBP60G
AT5G64750 AP2/ERF transcription factor ABR1
AT5G64850 RPM1 interacting protein 4, defense response
Protein degradation
AT1G66670 Caseinolytic protease CLPP3
AT5G66140 20S Proteasome subunit PAD2
AT1G53850 20S Proteasome PAE1
AT2G05840 20S Proteasome PAA2
AT4G14800 20S Proteasome PBD2
AT5G66140 20S Proteasome PAD2
At2g25240 Serine protease inhibitor (SERPIN) family protein
DNA and Chromatin related
AT1G01690 Double stranded DNA breaks in meiotic recombination
AT1G09200 Nucleosome assembly
AT1G18450 Chromatin organization (SWI/SNF like) ARP4
AT2G15400 DNA dependent RNA polymerase V NRPE3B
AT2G22475 Histone H3 K9 methylation GEM
AT2G38810 Histone H2A protein HTA8
AT3G01320 Transcriptional repression, telomere maintenance SNL1
AT3G24010 Binds to H3K4 di or trimethylated DNA. ING1
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AT3G42790 Binds to H3K4 di or trimethylated DNA AL3
AT3G57060 Chromosome condensation
AT4G13870 Exonuclease, interacts with Ku WRNEXO
AT4G25540 Mismatch repair MSH3
AT4G33925 Double strand break repair via homologous recombination SSN2
AT5G20510 Binds to H3K4 di or trimethylated DNA AL5
AT5G22110 required for DNA replication DPB2
AT5G62410 Chromosome organization SMC2 1
Cell Cycle related
AT2G18040 Regulation of cell cycle PIN1AT
AT3G48150 Cell cycle related (APC/C complex) APC8
AT3G60550 Regulation of cell cycle, Cyclin CYCP3;2
AT2G27960 Regulation of cell cycle CKS1
AT3G10525 Cell cycle inhibitor family protein LGO
RNA related
AT1G28560 Mutant accumulates snRNA’s and other small RNA’s SRD2
AT1G17370 mRNA 3’UTR binding UBP1B
AT1G29550 Eukaryotic initiation factor 4E protein, RNA binding
AT3G48150 APC/C subunit involved in miRNA APC8
AT1G51580 RNA binding KH domain containing protein
AT2G34655 Non protein coding RNA, expressed in leaves npcRNA34
AT5G03495 RNA binding (RRM/RBD/RNP motifs) family protein
AT3G06520 RNA binding, Agenet domain containing protein
AT3G12680 Processing of AGAMOUS pre mRNA HUA1
AT4G00420 Double stranded RNA binding domain
AT5G49030 tRNA binding ovule development OVA2
AT3G49601 mRNA splicing factor
AT1G53850 mRNA/protein degradation, 20S proteasome PAE1
AT1G78882 uORF, transcriptional regulation CPuORF56
AT2G15400 Subunit of Nuclear DNA dependent RNA polymerase V NRPE3B
AT2G29140 Regulates mRNA stability by binding 3’UTR PUM3
AT2G42890 RNA binding regulator of growth and meiosis ML2
AT3G13640 RNASE inhibitor ABCE1
AT3G44260 mRNA deadenylation activity CAF1a
AT5G16840 RNA binding BPA1
AT5G42920 Putative role in siRNA process, transport of mRNA precursors THO5
AT5G48870 mRNA splicing, export, and degradation SAD1
Flowering and Circadian Rhythm
AT1G01060 Clock gene, flowering time LHY
AT1G18450 Mutant flowers early, chromatin remodeling complex ARP4
AT3G21150 Regulates flowering time BBX32/EIP6
AT5G02840 LHY/CCA1 homolog LCL1
AT5G37260 Circadian regulation RVE2
AT5G52250 Flowering and developmental regulator RUP1
AT3G23050 SCF/Proteasome target, mutant flowers late IAA7/AXR2
AT2G47860 Phototropic responsive NPH3 family protein SETH6/NRL8
AT2G43010 Negatively regulates phyB mediated red light responses PIF4
AT3G21150 Expression affected by monochromatic red light BBX32
AT5G64552 uORF, transcriptional regulation CPuORF22
Flower and fruit development
AT2G45190 Flower/fruit development AFO
AT3G10525 Sepal development LGO
AT3G12680 Member of the floral homeotic AGAMOUS pathway HUA1
AT5G08335 Flower development ATSTE14B
AT5G01370 Cell separation during fruit dehiscence ACI1
Root development
AT2G39830 Root system development DAR2
AT2G22475 Patterning and differentiation of root epidermal cells GEM
AT2G03720 root hair development MRH6
AT4G16515 maintenance of the root stem cell niche RGF6
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AT1G02090 Subunit of the COP9 signalosome. CSN7
AT1G14650 SWAP/Surp domain containing protein/ ubiquitin family protein
AT5G21970 Ubiquitin carboxyl terminal hydrolase family protein
AT4G32270 Ubiquitin like superfamily protein
AT5G25270 Ubiquitin like superfamily protein
AT5G42220 Ubiquitin like superfamily protein
AT1G17970 Ubiquitin protein ligase activity, Znc finger; RING type
AT1G53490 Ubiquitin protein ligase activity, Znc finger; RING type
AT1G55530 Ubiquitin protein ligase activity, Znc finger; RING type
AT2G23780 Ubiquitin protein ligase activity, Znc finger; RING type
AT5G10380 Ubiquitin protein ligase activity, Znc finger; RING type ATRING1
AT5G49665 Ubiquitin protein ligase activity, Znc finger; RING type
AT5G60710 Ubiquitin protein ligase activity, Znc finger; RING type MUP24.2
AT5G54200 Transducin/WD40 repeat like superfamily protein ??
AT1G21670 WD40 like Beta Propeller containing protein ??
AT1G12910 WD40 protein. Circadian rhythm and flowering associated ?? LWD1
AT3G05870 A ubiquitin ligase complex that regulates progression through the cell cycle. APC/C APC11
AT3G16830 WD40 protein “TOPLESS RELATED2”. BCR TPR2
AT3G44820 Phototropic responsive NPH3 family protein (BTB/POZ domain) BCR NRL16
AT5G63160 BTB AND TAZ DOMAIN PROTEIN 1 BCR BT1
AT3G54850 Ubiquitin protein ligase activity; U box domain and Armadillo repeat DCX PUB14
AT1G76260 DDB1 binding WD40 protein DCX DWA2
AT5G24470 Photomorphogenesis, (far)red light signaling SCF PRR5
AT1G48410 siRNA related, involved in far/red light reception SCF AGO1
AT2G26860 FBD, F box and Leucine Rich Repeat domains containing protein SCF
AT3G23260 F box and associated interaction domains containing protein SCF
AT3G61590 F box domain, cyclin like domain protein, involved in organ development SCF HWS
AT3G59210 F box/RNI like superfamily protein SCF
AT1G23390 Kelch repeat containing F box family protein SCF
AT1G72450 JASMONATE ZIM DOMAIN PROTEIN 6 SCF JAZ6
AT1G77000 Ubiquitin protein ligase, homolog of human SKP2 SCF SKP2B

At2g14610 Pathogenesis Related gene 1 PR1
At1g02920 Defense response to bacteria/fungus GSTF7
At1g16540 Defense response to bacteria ABA3
At1g19610 Pathogen Related protein. Plant defensin PDF1.4
At1g52400 Defense response to fungi BGLU18
At1g70890 Defense response MLP43
At1g72450 JASMONATE ZIM DOMAIN PROTEIN 6 JAZ6
At1g75800 Pathogenesis related thaumatin superfamily protein
At1g80840 Defense response, regulation of defense response WRKY40
At2g04450 Positive regulation of salicylic acid mediated signaling pathway NUDT6
At2g15080 Defense response RLP19
At2g22330 Defense response. Cytochrome. CYP79B3
At2g26010 Pathogen Related protein. Plant defensin PDF1.3
At2g30860 Defense response to bacteria GSTF9
At2g42530 Defense response to fungus COR15B
At2g46370 Jasmonate pathway. Pathogen response. JAR1
At3g05660 Defense response RLP33
At3g25010 Defense response RLP41
At3g45140 Defense reponse and response to jasmonic acid. LOX2
At3g50970 Defense response to fungus LTI30
At3g54920 Defense response. Powdery mildew resistant 6 PMR6
At4g23670 defense response to bacterium
At4g30650 defense response to fungus
At4g34135 Response to other organism UGT73B2
At5g10380 Ubiquitin E3 ligase, upregulated in response to fungal pathogen RING1
At5g23400 Leucine rich repeat (LRR) family protein, defense response
At5g24770 Defense response to insects VSP2
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At5g39580 Peroxidase, defense response to fungus
At5g40170 Defense response RLP54
At5g46520 Innate immunity. Disease resistance protein (TIR NBS LRR class) family
At5g57220 Cytochrome. Defense response CYP81F2
At5g61890 AP2/ERF transcription factor, defense response to fungus
Protein degradation
At3g60820 20S Proteasome subunit PBF1
At3g61540 alpha/beta Hydrolases superfamily protein
At1g09730 Cysteine proteinases superfamily protein
At2g39710 Cysteine rich peptide (CRP) family protein. SUMO related.
At4g16563 Eukaryotic aspartyl protease family protein
At2g26140 Mitochondrial protease ftsh4
At4g38220 Peptidase M20/M25/M40 family protein AQI
At5g22860 Serine carboxypeptidase S28 family protein
At5g22860 Serine carboxypeptidase S28 family protein
At2g23010 Serine carboxypeptidase like 9 SCPL9
At4g00690 UB like protease 1B, SUMO related ULP1B
DNA and Chromatin related
At1g20693 Chromatin assembly or disassembly related protein HMGB2
At2g28290 SWI/SNF like protein. SYD
At2g47620 SWI/SNF like protein. Homologous to yeast SWI3 SWI3A
AT5G14170 Chromodomain chromatin remodeling complex CHC1
Cell Cycle related
At3g05870 A ubiquitin ligase complex that regulates progression through the cell cycle. APC11
At1g20930 Cyclin dependent kinase, expressed during M phase of mitotic cell cycle CDKB2;2
At1g27630 Cyclin protein, cell cycle regulator CYCT1;3
RNA related
At1g09140 Involved in the regulation of splicing SR30
At1g09620 aminoacyl tRNA ligase
At1g10320 Zinc finger C x8 C x5 C x3 H type family protein, RNA binding
At1g14650 SWAP/Surp domain containing protein/ ubiquitin family protein
At3g05870 APC/C subunit involved in miRNA APC11
At1g48410 ARGONAUT, RNA Slicer that recruits siRNA’s and microRNA’s AGO1
At1g72320 Regulates mRNA stability and translation through sequence specific binding to the 3' UTR PUM23
At1g79880 RNA recognition motif (RRM) containing protein
At2g21660 mRNA export and DNA/RNA unwinding activity GRP7
At2g39681 RDR6 dependent trans acting siRNA generating locus. Regulated by miR173. TAS2
At2g47250 RNA helicase family protein
At3g01540 RNA helicase DRH1
At3g09650 Chloroplast RNA binding protein, processing mRNA HCF152
At3g11710 lysine tRNA ligase ATKRS 1
At3g53920 Chloroplast RNA polymerase subunit SIGC
At3g61860 Splicing factor RS31
At4g31010 RNA binding CRS1 / YhbY (CRM) domain containing protein
At5g13730 Plastid RNA polymerase subunit
Flowering and Circadian Rythm
At1g12910 Clock protein regulating circadian period length and photoperiodic flowering LWD1
At5g24470 Central clock gene PRR5
At2g21660 Regulates the circadian oscillations of its own transcript; neg. feedback loop. GRP7
At2g28290 SWI/SNF like protein. Regulates flowering SYD
Light response
At1g09530 negative regulator of phyB signaling PIF3
At3g49620 Induced by darkness DIN11
At3g44820 NPH3 family protein NRL16
At5g24470 Photomorphogenesis, (far)red light signaling PRR5
At1g48410 siRNA related, involved in far/red light reception AGO1
At1g02090 COP9 signalosome subunit, photomorphogenesis COP7
At2g41430 Response to high light intensity ERD15
At4g38170 FAR1/FHY family protein, far red light response FRS9
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Discussion

DAYSLEEPER overexpression are severe and widespread, which is in 
concordance with the severe daysleeper phenotype and the progressive pleiotropic 
phenotype of 35S::DAYSLEEPER

 DAYSLEEPER overexpression, 

DAYSLEEPER

of the total number of genes directly involved with these complexes, since we found 

We did not include these genes in Table 5, because these protein-domains could be 

At5g20230 Response to absence of light BCB
At2g42540 Red or far red/light signaling COR15A

At2g30790 Photosystem II related PSBP 2
At2g39470 Photosystem II related PnsL1
At3g53920 Chloroplast RNA polymerase, photosynthesis related SIGC

At1g14720 Mutant has flower phenotype XTH28
At5g05690 Positive regulation of flower development, Cytochrome protein CPD
At1g26260 Positive regulation of flower development CIB5
At2g28290 SWI/SNF like protein. Regulator of floral homeotic gene expression SYD

At5g48000 Mutant has longer root than WT CYP708A2
At5g14170 Altered root morphology and reduced root growth in mutant CHC1
At2g39800 Biosynthetic gene involved in root development P5CS1
At1g48410 Regulates genes involved in the auxin/light signaling crosstalk during adventitious root dev. AGO1
At1g23080 Auxin efflux carrier, root development PIN7

Table 4. 
both up- (A B DAYSLEEPER

SUMO2
NRL8 gene is underlined to indicate its product interacts with DAYSLEEPER 
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SA E-seq data comparison with microarray data from Bundock and ooykaas (2 ) 

control line (pINDEX3::GUSa DAYSLEEPER overexpression 
(pINDEX3::AT3G42170

PRR5 and LHY PR PMR5
BT1

Data isuali a on

In order to visualize some of our data, we constructed a graphical overview that displays 

PR1 ABR1 PR1
is NUDT6 PR1 PAD4

DAYSLEEPER

Rank R- alue Gene Descrip on

1 1 At3g42170 DAYSLEEPER

2 At3g20740

3 At5g08620

4 At3g19790 Unknown protein

5 At5g47500

6 At5g19180

7 At2g03150

8 At5g58230

9 At3g59650
protein

10 At5g57410

11 At3g51800 ATG2

12 At5g56590 O-Glycosyl hydrolases family 17 protein

13 At1g55170 Unknown protein

14 At1g55350

Table 5. Genes with 
a strongly correlated  

of DAYSLEEPER over a 
large set of microarray 

which was determined 
using the on-line 
Expression Angler tool 
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LCL 

Circadian  
Clock 

LHYXX 
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SYD* 

GRP7X 

RVE2* 

EIP6XX 

ARP4* 
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CIB5X 
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B 

 
 
 
 
 

SCFZTL 

CULLIN
1 

 
 
 
 
 

SCFTIR 

CULLIN
1 

PRR5X 

 
 
 
 
 

SCFCOI 

CULLIN
1 

PR1 

WRKY40 

JAR1 

Salicylic acid Jasmonate 

FMO1 

ABR1 

MPL1 

LOX2 

JAZ6 

A 

VSP2 

Transcriptional 
activators and 

repressors 

PDF1.4 

PDF1.3 
PAD4 

NUDT6 

Figure 3. A.

 PR1 ABR1
PR1 NUDT6 PR1 expression 

PAD4 FMO1 
downregulated in a pad4 PAD4 is involved with MPL1 JAR1 is 

COI LOX2 and VSP2 are both known to be jasmonate-inducible and to be upregulated by 

defensins such as the PDF1.3 and PDF1.4

B. 
24 hours of DAYSLEEPER

LWD1 and RVE2 LHY LWD1 
PRR5 LHY PRR5 PRR5 and AXR2 are 

ZTL TIR



109

4

FMO1 
downregulated in a pad4 PAD4 is involved with MPL1

JAR1
COI LOX2 and VSP2 are 

defensins such as the PDF1.3 and PDF1.4

regulators RVE2, LHY and LCL, are induced by DAYSLEEPER PRR5, which 
LHY ZEITLUPE-containing 

ZTL TIR, is responsible for the 
turnover of IAA7/AXR2 AXR2 display agravitropic shoot 

SPLAYED (SYD SWI/SNF-like gene, was found to be downregulated in our 
syd-1 SWI/SNF-like 

ACTIN-RELATED PROTEIN 
4 (ARP4  arp4-1

SWI/SNF-like gene  SWI3A, also downregulated, is not involved in 

DAYSLEEPER
expression of many genes involved in plant defense and circadian rhythms and 

DAYSLEEPER might be involved in epigene c processes

DAYSLEEPER overexpression acts on a wide array of genes and causes a progressive 

DAYSLEEPER overexpressing plants display an increasingly 

DAYSLEEPER
DAYSLEEPER
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A Up-
regulated

Down-
regulated

Up-
regulated

Down-
regulated

>2-fold >2-fold >2-fold >2-fold

414 622
28 55

1022 638

B

Rank Locus

Up-regulated

Name/Descrip on

SAGE-
seq

Bundock 
et al.

1 AT1G01060

2 AT1G07000

3 AT1G14580

4 AT1G21240

5 AT1G21520 Unknown protein

6 AT1G43910 P-loop containing nucleoside triphosphate hydrolases superfamily 
protein

7 AT1G65490 Unknown protein

8 AT1G65970

9 AT1G77120

10 AT2G05510 Glycine-rich protein family

11 AT2G05840

12 AT2G20340

13 AT2G24550 Unknown protein

14 AT2G31955

15 AT2G32260

16 AT2G37760

17 AT2G37770

18 AT2G38870
inhibitor family

19 AT3G01820 P-loop containing nucleoside triphosphate hydrolases superfamily 
protein

20 AT3G20910

21 AT3G24190 Protein kinase superfamily protein

22 AT3G45730 Unknown protein

23 AT3G49160

24 AT4G16155 dihydrolipoyl dehydrogenases

25 AT4G33070 Thiamine pyrophosphate dependent pyruvate decarboxylase family 
protein

26 AT5G02840

27 AT5G58210 hydroxyproline-rich glycoprotein family protein

28 AT5G66140
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C

Rank Locus

Down-regulated

Name/Descrip on

SAGE-
seq

Bundock 
et al.

1 AT1G08890 2,73 2,59 Major facilitator superfamily protein

2 AT1G10140 3,39 2,77 Uncharacterised conserved protein UCP031279

3 AT1G13340 4,54 2,96

4 AT1G22400 4,06 5,46 UGT85A1

5 AT1G23390 8,99 2,85

6 AT1G24280 6,87 2,21

7
AT1G33170 2,17 2,21

S-adenosyl-L-methionine-dependent methyltransferases superfamily 
protein

8 AT1G49720 8,90 6,40

9 AT1G56300 6,29 26,31

10 AT1G67810 3,28 3,10

11 AT1G68500 2,53 2,66 Unknown protein

12 AT1G69830 4,01 2,10

13 AT1G69890 4,34 16,30 Unknown protein

14 AT1G71030 4,98 2,20

15 AT1G73810 2,83 2,35

16 AT1G76680 3,62 2,38

17 AT1G80440 4,00 2,35

18 AT1G80840 2,39 3,80

19
AT2G22330 4,23 2,63

20 AT2G23680 2,66 2,09

21 AT2G29460 7,60 2,45

22 AT2G29480 6,11 2,44

23
AT2G38240 4,85 5,01 protein

24 AT2G40340 19,49 9,72 DREB2C

25 AT2G40840 2,67 2,20

26 AT2G42530 9,41 2,67

27 AT3G13960 4,83 2,84

28 AT3G18080 14,05 2,44

29 AT3G44860 26,29 7,81

30 AT3G45970 7,90 4,25

31 AT3G46660 6,57 2,52

32 AT3G49620 17,71 26,96

33 AT3G50970 4,97 3,01

34
AT3G54150 3,15 6,34

S-adenosyl-L-methionine-dependent methyltransferases superfamily 
protein
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35 AT4G15680 2,10 18,39 Thioredoxin superfamily protein

36 AT4G16563 3,98 2,64

37 AT4G25810 20,33 5,94

38 AT4G26530 3,97 3,00 Aldolase superfamily protein

39
AT4G30270 2,99 3,66

40 AT4G30650 2,72 12,08 Low temperature and salt responsive protein family

41 AT4G36670 21,28 2,65

42 AT5G05410 5,37 3,33 DREB2A

43 AT5G13200 3,49 3,96 GRAM domain family protein

44 AT5G20230 4,35 5,05

45 AT5G22300 3,63 2,97

46 AT5G24470 8,22 7,00

47 AT5G24660 2,51 2,16

48 AT5G39410 2,86 2,53 Saccharopine dehydrogenase

49
AT5G48000 11,43 3,27

50 AT5G51070 3,21 2,06

51
AT5G57220 12,65 3,97

52 AT5G57630 5,03 4,88

53 AT5G58600 2,17 2,82

54
AT5G62360 17,15 3,36 protein

55 AT5G63160 2,74 2,97
Table 6.

24 hours of DAYSLEEPER A
B

FIE and MSI1
experiment by Cartagena et al.
SET DOMAIN GROUP 4 (SDG4  

DAYSLEEPER

DAYSLEEPER and SDG4, and our data was 
obtained with induced DAYSLEEPER overexpression, versus a sdg4 mutant in Cartagena 
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We have also found that DAYSLEEPER FIE and 
ECR-1

CUL4 are involved in many processes, such as development, hormone responses, light 

Pazhouhandeh et al.
is present in the promoter of the KU70
KU70, or other genes with a Ku-box in their promoter, in the list of genes that were 

DAYSLEEPER

Conclusions

DAYSLEEPER
DAYSLEEPER is 

DAYSLEEPER PR1 
and WRKY40 PRR5 and LHY

AGO1 and HUA1
We argue that DAYSLEEPER

Material and Methods

Plant growth condi ons and RNA extrac on

Arabidopsis thaliana Col-0 plants were used, containing either pINDEX3::At3G42170 
construct  or pINDEX3 . Seeds were plated on ½ MS solid medium containing 
15 μ

containing 5 ml liquid ½ MS medium, ½ MS medium containing 10 μm Cycloheximide 
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2 

® ®
®

RNA samples were stored at -80O

SAGE Sample prep and GAIIX sequencing

Total RNA samples were processed according to the protocol “Preparing Samples for 
NlaIII

o Nla
mix was incubated for 2 minutes at 37o

Adapter was ligated the sample was preheated to 20o

Data processing

pINDEX::GUS
DAYSLEEPER
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Rank Locus Upregulated Name/Descrip on                                                                                                       A
1 AT3G42170 DAYSLEEPER

2 AT3G49580

3 AT3G09960 Calcineurin-like metallo-phosphoesterase superfamily protein

4 AT1G62422 Unknown Protein

5 AT1G49030 PLAC8 family protein

6 AT1G08310

7 AT1G07630

8 AT2G32235 Unknown protein

9 AT5G18270

10 AT3G02140

11 AT3G27950

12 AT5G24210

13 AT5G56980 Unknown protein

14 AT5G53830

15 AT3G60140

16 AT3G48780

17 AT1G27020 Unknown protein

18 AT3G53232

19 AT1G12420

20 AT5G58787

21 AT2G22860

22 AT5G04720

23 AT2G33585 Unknown protein

24 AT4G21865 Unknown protein

25 AT2G40270 Protein kinase family protein

26 AT1G02660

27 AT1G06160

28 AT4G02410

29 AT3G45860

30 AT4G39740

31 AT3G23030

32 AT1G76690

33 AT5G46510

34 AT5G40470 RNI-like superfamily protein

35 AT1G50400

36 AT3G19940 Major facilitator superfamily protein

37 AT1G22400 UGT85A1

38 AT1G62840 Unknown protein

39 AT5G44565 Unknown protein
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40 AT2G34500 CYP710A1

41 AT1G51760

42 AT2G30870

43 AT1G12950

44 AT5G64300

45 AT3G57550

46 AT4G29950

47 AT5G39360

48 AT2G30990 Unknown protein

49 AT1G62200

50 AT5G63850

Rank Locus Down-
regulated

Name/Descrip on                                                                                                           B

1 AT3G15356

2 AT2G03760

3 AT1G52100

4 AT1G20030

5 AT5G66330

6 AT2G37640

7 AT1G80050

8 AT1G33040

9 AT4G22505
protein

10 AT3G05727

11 AT4G29310 Unknown protein

12 AT5G03170

13 AT3G57830 Leucine-rich repeat protein kinase family protein

14 AT2G23985 Unknown protein

15 AT1G17100 SOUL heme-binding family protein

16 AT2G42840

17 AT5G53980

18 AT1G65900 Unknown protein

19 AT5G11550 ARM repeat superfamily protein

20 AT4G38430

21 AT5G01920

22 AT4G00430

23 AT5G07030

24 AT3G62390

25 AT5G37020
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26 AT5G39210

27 AT5G15740 O-fucosyltransferase family protein

28 AT4G02800 Unknown Protein

29 AT4G03150 Unknown Protein

30 AT2G23010

31 AT4G00100

32 AT2G21045

33 AT5G16250 Unknown Protein

34 AT3G55660

35 AT3G02690

36 AT3G26520

37 AT2G30080

38 AT1G19570

39 AT2G22510 hydroxyproline-rich glycoprotein family protein

40 AT3G20820

41 AT2G46690 SAUR-like auxin-responsive protein family

42 AT4G29905 Unknown Protein

43 AT5G37010 Unknown protein

44 AT4G22490

45 AT5G51720 2 iron, 2 sulfur cluster binding

46 AT2G25060

47 AT1G05835

48 AT3G24240 Leucine-rich repeat receptor-like protein kinase family protein

49 AT1G70210 CYCLIN D1;1

50 AT5G05890 UDP-Glycosyltransferase
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TF-family Locus Upregulated Name                                                                                                        C

AP2-EREBP AT1G06160 ORA59

AP2-EREBP AT1G22985 -

bZIP AT3G54620 AtbZIP25

AT3G28210 PMZ

AT3G53600 -

AT2G47890 COL13, CO-like, B-box gene

AT4G16780

AT4G37790

MADS AT5G13790 AGL15

NAC AT5G18270 ANAC087

WRKY AT2G40740 WRKY55

WRKY AT3G56400 WRKY70

TF-family Locus Downregulated Name

AP2-EREBP AT4G37750

AP2-EREBP AT5G60120 TOE2

AT2G33860

AT5G37020

AT2G46810 -

AT5G53980

MYB AT3G46130

WRKY AT1G30650 WRKY14

AT5G65410

Supplemental Table 1. DAYSLEEPER
DAYSLEEPER A

genes and (B C

Supplementary data

Supplemental Data S1.-S6

S1.-S2 DAYSLEEPER

S3.-S4 DAYSLEEPER

S5.-S6 DAYSLEEPER
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