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Supplementary Data 

The following materials are available in the online version of this article: 

EXPERIMENTAL PROCEDURES 

Immunoprecipitation and Alkaline Phosphatase Treatment- Immunoprecipitation followed by 
Calf Intestine Alkaline Phosphatase (CIAP) assay was performed as described (Shen et al., 2008). 
Briefly, four day-old dark-grown pPIF1:TAP-PIF1-6M (line #10-8) seedlings were pretreated 
with 40 µM MG132 for four hours in the dark to reduce ubi-mediated protein degradation. Total 
proteins were extracted from ~0.4 g seedlings (grown in darkness or dark-grown seedlings treated 
with 3000 µmolm-2 of Rp followed by dark incubation for 30 minutes) with 1 mL denaturing 
buffer (100 mM NaH2PO4, 10 mM Tris [pH 8.0], 100 mM NaCl, 8 M urea, 0.05% Tween-20, 1X 
Protease inhibitor cocktail [F. Hoffmann-La Roche Ltd, Basel, Switzerland], 2 mM PMSF, 40 
µM MG132, 25 mM β-GP, 10 mM NaF, 2 mM Na-orthovanadate and 100 nM calyculin A) and 
cleared by centrifugation at 16,000 g for 15 min at 4ºC. TAP-PIF1-6M was immunoprecipitated 
from supernatants with Ni-NTA magnetic agarose beads (Qiagen Inc., Valencia, CA) as 
described (Al-Sady et al., 2006; Shen et al., 2008). The pellet was washed with PBS buffer, 
resuspended in 100 µL CIAP reaction buffer and then incubated without (-) or with (+) native 
CIAP or with boiled CIAP (+B) for 30 min at 37ºC. The samples were heated at 65ºC in 1X SDS-
Laemmli buffer for 5 min and then subjected to Western blot analysis with anti-c-MYC antibody 
as described above. 

Leaf Movement Rhythm Assays- For leaf movement rhythm assays, seedlings were germinated on 
MS media and entrained for 10 d under a 12L/12D cycle and then transferred to continuous white 
light (50 µmolm-2s-1). Seedlings were individually transferred to the wells of upright 24-well 
tissue culture plates and the positions of the primary leaves were recorded every 20 min for 7d 
using a CCD camera system (Model: LTC 0335, Bosch, Farmington Hills, MI). Leaf movement 
was assessed by measuring the vertical position of the primary leaves using the publicly available 
software ImageJ. Rhythmic period was measured using the freeware program PEANUTS 
(http://www.vu-wien.ac.at/i128/Peanuts.htm) that calculates Lomb-Scargle periodograms. 

 

REFERENCES: 

Shen, H., Ling, Z., Castillon, A., Majee, M., Downie, B., and Huq, E. (2008) Plant Cell 20, 1586-
1602 

Al-Sady, B., Ni, W., Kircher, S., Schafer, E., and Quail, P. H. (2006) Mol Cell 23, 439-446 
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Supplementary Table S1: Primer sequences used for various experiments. 

Supplementary Table S2: PIF1 has multiple predicted CK2 phosporylation sites. In silico 

predicted phosphorylation sites were obtained from SacnSite 2.0 (http://scansite.mit.edu), 

NetPhosK 1.0 (http://www.cbs.dtu.dk/services/NetPhosK/) and KinasePhos 2.0 

(http://kinasephos.mbc.nctu.edu/) using three cut-off values. 

Supplementary Table S3: Statistical analyses for the differential phosphorylation activities of 

different CK2 subunits on PIF1. Students t-test was performed for different combinations (n=3) 

and statistically significant differences are shown at the bottom table. 

Supplementary Figure S1: MS of PIF1 and MS/MS of different phosphopeptides from PIF1. 

MS of phosphopeptide IMAC enriched fraction of PIF1 (A) and MS/MS of observed 

phosphopeptides (B-H) are shown. The phosphorylation sites in each peptide are indicated with 

(Pi) next to the Ser/Thr residue that is phosphorylated.  Strong neutral loss 98 (loss of H3PO4) is 

observed in all MS/MS. 

Supplementary Figure S2: Protein levels of various homozygous independent transgenic lines 

of TAP-PIF1 and TAP-PIF1-6M used for phenotypic analyses. TAP-PIF1 containing six 

mutations at all the CK2 phosphorylation sites as well as wild type TAP-PIF1 were expressed 

using endogenous PIF1 promoter in pif1 background. Single-insert homozygous transgenic plants 

were selected based on antibiotic selection. Total protein was extracted from four day-old dark-

grown seedlings, separated on 6.25% SDS-PAGE gel and immunoblotted with anti-myc 

antibody. Anti-RPT5 antibody was used as control. 

Supplementary Figure S3: The red (R) light-induced slow migrating band of TAP-PIF1-6M is a 

phosphorylated form of PIF1. TAP-PIF1 was immunoprecipitated from protein extracts prepared 

using four day-old dark-grown pPIF1:TAP-PIF1-6M (line #10-8) seedlings kept in the dark or 

exposed to Rp (3000 µmolm-2) followed by dark incubation for 30 min. The immunoprecipitated 

pellets from the Rp-exposed samples were dissolved in Calf Intestinal Alkaline Phosphatase 

(CIAP) buffer and incubated without (-) or with (+) native CIAP or with boiled CIAP (+B). 

Samples were then separated on 6.5% SDS-PAGE gels and probed with anti-MYC antibody. 

Supplementary Figure S4: LUC-PIF1(S464-466A) mutant promotes hypocotyl elongation 

under red light. Photographs showing hypocotyl lengths of various genotypes including two 

independent alleles of LUC-PIF1(S464-466A) transgenic plants. Seedlings were grown for four 

days in the dark or one day in the dark followed by three days under red light (7 µmolm-2s-1). Bar 

= 5 mm. 
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Supplementary Figure S5: The light-induced degradation of PIF1 is unaffected in ck2β3 mutant 

compared to wild type seedlings. Four day-old dark-grown wild type and mutant seedlings were 

either kept in the dark or exposed to R (A) or FR (B) light followed by incubation in the dark (1 

and 3 min for R light, and 10 and 20 min for FR light) before protein extraction. Proteins were 

separated on 8% SDS-PAGE gel and immunoblotted with anti-PIF1 antibody. Anti-RPT5 

antibody was used as control. 

Supplementary Figure S6: Characterization of the CK2 β subunit overexpression lines. Anti-

GFP Western blots showing the level of CK2 β1−GFP (Α) and  β2−GFP proteins (B) in various 

independent transgenic lines. Anti-RPT5 antibody was used as control. C) RT-PCR showing the 

mRNA levels of two selected CK2 β1−GFP and  β2−GFP transgenic lines compared to wild type 

background. ACTIN was used as a control. 

Supplementary Figure S7: Leaf movement rhythms under continuous white light. Seedlings 

were entrained for 10 d under a 12L/12D cycle and then transferred to LL. Subjective day and 

subjective night are denoted by white and hatched bars, respectively. Results of a representative 

leaf movement rhythms assay for COL-0 (n=8), CK2β1ox-20 (n=11), CK2β1ox-22 (n=6), 

CK2β2ox-25 (n=8) and CK2β2ox-33 (n=8) are shown. The experiment was repeated three times 

and an average period length was calculated. 
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Supplementary Table S1: Primer sequences used in experiments described in the text 
 Gene  Forward  Reverse 
Cloning   
PIF1 promoter GACCTGCAGCACTTTGTTCACTAACTTGACTAC GTCCTGCAGCTCTCTCTACAAAGATGATGATAATG 
PIF1-TAP tag CACCTCATGCATCATTTTGTCCCTGAC TTAACCTGTTGTGTGGTTTCCGTG 
PIF1-pET21d CGACCATGGCAATGCATCATTTTGTCCCTGAC GTTGCGGCCGCACCTGTTGTGTGGTTTCCGTG 
CK2β1 OX CACCATGTATAGAGACAGAGGAACG CGGTTTGTGTAATTTGAACCC 
CK2 β2 OX CACCATGTATAGGGAGAGAGGTATG CGGCTTGTGTAGCTTGAACCC 
Site-directed 
mutagenesis     
PIF1T10A TCCCTGACTTCGATGCCGATGATGATTATGT ACATAATCATCATCGGCATCGAAGTCAGGGA 

PIF1T197A GTTTAACACGGCGGGCGGATGGTACTGACAG CTGTCAGTACCATCCGCCCGCCGTGTTAAAC 
PIF1S202A CGGATGGTACTGACGCTTCCGCCGTAGCTGG CCAGCTACGGCGGAAGCGTCAGTACCATCCG 
PIF1S464A GTTCGAGCAGGGTGGCTAGTAGTAAGGAATC GATTCCTTACTACTAGCCACCCTGCTCGAAC 
PIF1S465A CGAGCAGGGTGAGTGCTAGTAAGGAATCTGA TCAGATTCCTTACTAGCACTCACCCTGCTCG 
PIF1S469A GTAGTAGTAAGGAAGCTGAGGATCACGGAAA TTTCCGTGATCCTCAGCTTCCTTACTACTAC 
PIF1S464-
465A GTTCGAGCAGGGTGGCTGCTAGTAAGGAAGCTGA TCAGCTTCCTTACTAGCAGCCACCCTGCTCGAAC 

PIF1S464-
466A 

 
CCCAAGTTCGAGCAGGGTGGCTGCTGCTAAGGAA
TCTGAGG 
 

CCTCAGATTCCTTAGCAGCAGCCACCCTGCTCGA
ACTTGGG 
 

PIF1S459-
461A 

 
GCAACATCGTACCCAGCTGCGGCCAGGGTGAGTA
GTAG 
 

CTACTACTCACCCTGGCCGCAGCTGGGTACGATG
TTGC 
 

PIF1S466A GCAGGGTGGCTGCTGCTAAGGAAGCTGAGG 
 

CCTCAGCTTCCTTAGCAGCAGCCACCCTGC 
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Supplementary Table S2: PIF1 has multiple predicted CK2 phosporylation sites.  
 

http://scansite.mit.edu 
Stringency # of sites position 
High 1 S265 
Medium 5 T10, T258, T260, T263, S265 
Low 11 T10, T245, T258, T259, T260, T263, S265, S267, S321, S466, S469 

 
http://www.cbs.dtu.dk/services/NetPhosK/) 
Stringency # of sites position 
0.7 0  
0.6 6 T10, T32, S238, T259, T260, S265 
0.5 13 T10, T32, S106, S236, S238, T259, T260, T263, S265, S267, S321, S465, 

S469 
 

http://kinasephos.mbc.nctu.edu.tw/index.php 
Stringency # of sites position 
100% 1 S80 
95% 8 T10, T258, T260, T263, S265 
90% 12 S63, S80, S189, S236, T259, S265, S267, S321, S423, S464, S466, S469 
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Supplementary Table S3: Statistical analyses for the differential phosphorylation activities of different CK2 subunits on 
PIF1. 
 
 
 
Raw T-test p values         
p 
values  α1 α2 α1β1 α1β2 α1β3 α1β4 α2β1 α2β2 α2β3 α2β4 
α1 x                   
α2 0.5210 x                 
α1β1 0.0030 0.0015 x               
α1β2 0.0002 0.0001 0.0041 x             
α1β3 0.0001 0.0001 0.0777 0.0048 x           
α1β4 0.0001 0.0001 0.0479 0.0067 0.2225 x         
α2β1 0.0003 0.0002 0.0593 0.0157 0.3253 0.6459 x       
α2β2 0.0026 0.0021 0.0754 0.1305 0.2408 0.4501 0.4717 x     
α2β3 0.0001 0.0001 0.0019 0.4626 0.0003 0.0018 0.0071 0.1742 x   
α2β4 0.0001 0.0001 0.0009 0.8339 0.0001 0.0004 0.0024 0.3385 0.0763 x 
           
 Is significance indicated by p < 0.05?      
  α1 α2 α1β1 α1β2 α1β3 α1β4 α2β1 α2β2 α2β3 α2β4 
α1 x                   
α2 no x                 
α1β1 yes yes x               
α1β2 yes yes yes x             
α1β3 yes yes no yes x           
α1β4 yes yes yes yes no x         
α2β1 yes yes no yes no no x       
α2β2 yes yes no no no no no x     
α2β3 yes yes yes no yes yes yes no x   
α2β4 yes yes yes no yes yes yes no no x 
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Supplementary Figure S1: MS of PIF1 and MS/MS of different phosphopeptides from PIF1. 
MS of phosphopeptide IMAC enriched fraction of PIF1 (A) and MS/MS of observed 
phosphopeptides (B-H) are shown. The phosphorylation sites in each peptide are indicated with 
(Pi) next to the Ser/Thr residue that is phosphorylated.  Strong neutral loss 98 (loss of H3PO4) is 
observed in all MS/MS. 
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Supplementary Figure S2: Protein levels of various homozygous independent transgenic lines of 
TAP-PIF1 and TAP-PIF1-6M used for phenotypic analyses. TAP-PIF1 containing six mutations 
at all the CK2 phosphorylation sites as well as wild type TAP-PIF1 were expressed using 
endogenous PIF1 promoter in pif1 background. Single-insert homozygous transgenic plants were 
selected based on antibiotic selection. Total protein was extracted from four day-old dark-grown 
seedlings, separated on 6.25% SDS-PAGE gel and immunoblotted with anti-myc antibody. Anti-
RPT5 antibody was used as control. 
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Supplementary Figure S3: The red (R) light-induced slow migrating band of TAP-PIF1-6M is a 
phosphorylated form of PIF1. TAP-PIF1 was immunoprecipitated from protein extracts prepared 
using four day-old dark-grown pPIF1:TAP-PIF1-6M (line #10-8) seedlings kept in the dark or 
exposed to Rp (3000 µmolm-2) followed by dark incubation for 30 min. The immunoprecipitated 
pellets from the Rp-exposed samples were dissolved in Calf Intestinal Alkaline Phosphatase 
(CIAP) buffer and incubated without (-) or with (+) native CIAP or with boiled CIAP (+B). 
Samples were then separated on 6.5% SDS-PAGE gels and probed with anti-MYC antibody. 
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Supplementary Figure S4: LUC-PIF1(S464-466A) mutant promotes hypocotyl elongation under 
red light. Photographs showing hypocotyl lengths of various genotypes including two 
independent alleles of LUC-PIF1(S464-466A) transgenic plants. Seedlings were grown for four 
days in the dark or one day in the dark followed by three days under red light (7 µmolm-2s-1). Bar 
= 5 mm. 
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 Supplementary Figure S5: The light-induced degradation of PIF1 is unaffected in ck2β3 mutant 
compared to wild type seedlings. Four day-old dark-grown wild type and mutant seedlings were 
either kept in the dark or exposed to R (A) or FR (B) light followed by incubation in the dark (1 
and 3 min for R light, and 10 and 20 min for FR light) before protein extraction. Proteins were 
separated on 8% SDS-PAGE gel and immunoblotted with anti-PIF1 antibody. Anti-RPT5 
antibody was used as control.     
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Supplementary Figure S6: Characterization of the CK2 β subunit overexpression lines. Anti-GFP 
Western blots showing the level of CK2 β1−GFP (Α) and  β2−GFP proteins (B) in various 
independent transgenic lines. Anti-RPT5 antibody was used as control. C) RT-PCR showing the 
mRNA levels of two selected CK2 β1−GFP and  β2−GFP transgenic lines compared to wild type 
background. ACTIN was used as a control. 
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Supplementary Figure S7: Leaf movement rhythms under continuous white light. Seedlings were 
entrained for 10 d under a 12L/12D cycle and then transferred to LL. Subjective day and 
subjective night are denoted by white and hatched bars, respectively. Results of a representative 
leaf movement rhythms assay for COL-0 (n=8), CK2β1ox-20 (n=11), CK2β1ox-22 (n=6), 
CK2β2ox-25 (n=8) and CK2β2ox-33 (n=8) are shown. The experiment was repeated three times 
and an average period length was calculated. 
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