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Supporting information for Almadanim et al. 2017 

Supplemental Figures 

 

Figure S1. Light response curves of electron transport rate (ETR) measured in OsCPK17 transgenic 
lines exposed to cold, recovery or control treatments. 

(A) Diagram representing the experimental design. Booting stage plants were incubated at 10ºC for 6 
days and then transferred back to normal growth conditions for recovery. Datapoints when ETR 
measurements took place are signed: 2h or 24h after cold stress incubation (C2h or C24h, 
respectively), first day of recovery period (R) or control conditions (Cont).  

(B) ETR light response curves of WT (full circles), oscpk17 (empty circles), OX1 (empty squares), OX2 
(full squares) and RNAi2 (triangles) plants. ETR was measured after 2h (light blue) and 24h (dark 
blue) of cold stress incubation, after plants were transferred to recovery (purple) and control conditions 
(green). Measurements in control conditions in day zero or seven gave fairly similar results, hence we 
only show the results for day seven for clarity purposes. Data represent means ± SE (n ≥ 8). No 
statistically significant difference was found between lines within each treatment.   
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Figure S2. Characterization of OsCPK17 rice transgenic lines. 
 
Box-plots showing the phenotypic comparison of WT and transgenic plants grown in soil pots, under 
normal growth conditions in a greenhouse. Several parameters were monitored, including: (A) tiller 
number, (B) panicle length, (C) number of grains per plant, and (D) grain weight per plant. Boxes 
show means and interquantile ranges (n=20), and the asterisks denotes statistically significant 
differences between WT and transgenic plants (** p<0.01 and ***p<0.001; Student’s t-test). 
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Figure S3. Analysis of WT vs. oscpk17 KO lines in cold shock (A, C, E, G) or cold acclimation (B, D, 
F, H) conditions assays, at the seedling stage.  
 
The plants were grown in hydroponic conditions, in a growth chamber under 50-70% relative humidity, 
with a 12h photoperiod. 
(A, B) Diagrams representing the experimental design for the cold stress assays. Three-leaf stage 
seedlings (13 days after germination, DAG) were subjected to a pre-treatment incubation period of 
one day at 10ºC, before being transferred to 4ºC for nine days (B), or directly transferred to 4ºC 
chilling conditions (A). 
(C, D) The percentage of electrolyte leakage in the second fully expanded leaf was monitored to 
evaluate the degree of cold stress injury along the assay. Data represent means ±SE (n=6).  
(E, F) After 11 days back in normal growth conditions (28ºC), the recovery rate of the seedlings was 
analyzed as the percentage of plants which resumed growth (elongating), or which did not show any 
growth or were senescent. 
(G, H) Phenotypes of WT and oscpk17 seedlings after 11 days of recovery. 
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Figure S4. Conservation and localization of the phosphorylation sites identified in nitrate reductase, 
PIP aquaporin, and sucrose-phosphate synthase. 
 
Sequence alignment (A, C, and E) surrounding the phosphoresidues identified in our analysis (shaded 
in blue). The modified residues identified in our study and in others are underlined, and their positions 
are indicated in parenthesis. The phosphorylations in AtNR2, AtPIP2;1 and SoSPS, with putative 
effects in protein activity/localization are displayed in the schematic representations in (B), (D) and (F) 
(adapted from Wang et al., 2011; Maurel et al., 2015; Winter and Huber, 2000).  The phosphoresidues 
correspondents to our identifications in rice are colored in blue. FAD: flavin adenine dinucleotide; L/D: 
light/dark; Mo-Mpt: molybdenum-molybdopterin.  
(A, B) Nitrate reductase 
(C, D) PIP aquaporin 
(E, F) Sucrose-phosphate synthase 
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Figure S5. OsCPK17 gene expression in rice WT plants, using available microarray meta-profile data 

in Genevestigator V3 (Hruz et al., 2008). 

 

(A) Expression across developmental stages. 

(B) Differential expression under cold stress conditions. 

(C) Tissue-specific expression. 
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Figure S6. Mannitol content in rice shoots under cold stress conditions, measured by HPLC.  

 

Thirteen-day-old seedlings (DAG) of WT and OsCPK17 transgenic lines (oscpk17 and OX1) were 

submitted to an acclimation period of one day at 10ºC and then transferred to 4ºC. Times indicated 

represent time after low temperature imposition. Data represent means ±SE (n=3). Means denoted by 

the same letter did not differ significantly at p<0.01 according to Student’s t-test, between samples 

collected at the same time point. 
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Figure S7. In vitro phosphorylation of SnRK1 conserved activation loop peptide by OsCPK17. 

 

Recombinant OsCPK17 protein was purified and in vitro kinase activity was determined using 

radiolabeled ATP and a synthetic peptide including the conserved threonine residue of the activation 

loop of SnRK1 (Table S2). Reactions without substrate or with synthetic peptide OsPIP2;1/OsPIP2;6 

were included as negative and positive controls, respectively. Radiolabeled substrates were quantified 

by scintillation counting. This experiment was repeated three times, with similar results.   
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Supplemental Tables 

Table S1. Primers used in this study. 

Mutant genotyping 
Primer name Sequence (5´-3´) 
T_DNA_RightB AACGCTGATCAATTCCACAG  

T_DNA_LeftB ACGTCCGCAATGTGTTATTAA  

OsCPK17_gen_Fw GACTCGCCACTCAAGACGAT  

OsCPK17_gen_Rv TTCCTCACCAAATCCTTTGC  

 
Cloning iRNA-OsCPK17 fragment 
Primer  Sequence (5´-3´) (with Gateway modification)  
iRNAattB_Fw  GGGGACAAGTTTGTACAAAAAAGCAGGCTCAAGGCCAGCTAAGTTTTGGTC 

iRNAattB_Rv GGGGACCACTTTGTACAAGAAAGCTGGGTGCAGAGCATCCTACAAGGGTTT 

Cloning OsCPK17 fragment  
Primer  Sequence (5´-3´) (with restriction sites)  
OsCPK17_OE_Fw GGATCCATGGGGAACACCTGCGTCG  

OsCPK17_OE_Rv GGGCCCCACCAAGCTTCAATGCTTCCCTT  

Cloning OsCPK17 for recombinant production  
Primer  Sequence (5´-3´) (with restriction sites)  
OsCPK17_BamHI_Fw  GCTGTAGGATCCATGGGGAACACCTGCGTC 

OsCPK17_XhoI_Rv  GTACCTCTCGAGTTAACCAAGCTTCAATGCTTCC 

Gene-specific primers used for real time qPCR analysis 
Primer name  Sequence (5´-3´)  
OsCPK17_qPCR_Fw CAATGATGGCCGGATCGACT 

OsCPK17_qPCR_Rv  AAAACTTAGCTGGCCTTGCC 

OsELF1-α_qPCR_Fw TGGTGACCAAGATCGACAGA 

OsELF1-α_qPCR_Rv GCATCACCGTTCTTGAGGA 

OsEP_qPCR_Fw TGAGCAAAATGGTGGAAAGC 

OsEP_qPCR_Rv CAGTTGCAACCCCTGTATGA 

Gene-specific primers used for semiquantitative RT-PCR analysis 
Primer name  Sequence (5´-3´)  
OsCPK17_RT_Fw AACCCTAATGGAAGCGGCTGAT 

OsCPK17_RT_Rv  CAAAACTTAGCTGGCCTTGCCC 

Nia1_RT1272_Fw CAAGTACGGCAAGCACTGGT 

Nia1_RT1883_Rv ACGGAGTTGTCGGAGCTGTA 

SPS4_RT120_Fw TCTCAACCATTCCACCTCGC 

SPS4_RT581_Rv AGCCTTCTCACGCTCAAGAC 

SPS5_RT1716_Fw TGCTCTGCTCTGCTTCACTTC 

SPS5_RT1925_Rv GCCATTCAAAATCCCCGTTGG 

OsMYB4_Fw  GGGAAGGAGCAAGCACAAT  

OsMYB4_Rv TCGGCTTCTTGTGCTTCTTG  

OsDREB1b_Fw  CGC GAG GGG GGT CAG GGA 

OsDREB1b_Rv TAG TAG CTC CAG AGC GGC AT  

OsNAC6_Fw AAGGGCGAGAAGACCAACTG 

OsNAC6_Rv GAATGGCTTGCCCCAGTACA 

OsP5CS1_Fw AAG ATG GAA GAT TGG CTT TGG GCA G 

OsP5CS1_Rv TCA TGC CTC CTC TAC CTA CAC GAG A  
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OsLip9_Fw AGGAGAGCCTCCTCTCCAAG  

OsLip9_Rv CCTTCTTCTCCTTCCCATCC  

OsUbc_RT_Fw CAAAATTTTCCACCCGAATG  

OsUbc_RT_Rv ATCACATGAATCAGCCATGC  

OsELF1-α_RT_Fw ACCCTCCTCTTGGTCGTTTT 

OsELF1-α_RT_Rv AAATACCCGCATTCCACAAC 

 OsEP_RT_Fw GACGCGCTCACTAGACAGGT 

 OsEP_RT_Rv CAAATGCCTTTTAGCAGCAGCA 
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Table S2. List of peptides used for in vitro kinase assays. Putative phosphorylated residues by 

OsCPK17 are underlined. 

                                 

 

 

 

 

 

 

 

 

 

 

 

 

  

Protein Peptide  

Fd-GOGAT KAKHVSLAKT 

OsPIP2;1/OsPIP2;6 IKALGSFRSN 

OsPIP2;1/OsPIP2;6.S285A IKALGAFRSN 

OsPIP2;1/OsPIP2;6.S288A IKALGSFRAN 

OsPIP2;1/OsPIP2;6.S285A/S288A IKALGAFRAN 

SPS4 RGRMPRIGSTDAI  

SPS5  RRPRIVSDEEERR  

NR1 KRSTSTPFMN 

PDHE1-A HGHSMSDPGS  

SnRK1 RGHFLKTSCGS 
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Supplemental Experimental Procedures 

Sample preparation for mass spectrometry analysis 

One milliliter of lysis buffer [7 M Urea (PlusOne, GE), 2 M Thiourea (PlusOne, GE), 30 mM Tris 
(PlusOne, GE), 4% (w/v) CHAPS (PlusOne, GE) supplemented with 1 µM Pepstatin (Roche), 
Benzonase Mix (Merck), complete EDTA-free protease inhibitor cocktail (Roche) and PhosStop 
phosphatase inhibitor cocktail (Roche)] was added to 150 mg of grounded sample and incubated on 
ice for 10 min. Each sample was then centrifuged at 12,000 x g for 25 min at 4ºC and the resulting 
supernatant was transferred to a new microtube. Samples were further centrifuged, an additional four 
times at 12,000 x g for 15 min each, until all debris were removed and a clear supernatant was 
achieved. After that, the samples were lyophilized to dryness and stored at -80ºC until further analysis. 

Protein extracts were precipitated using the methanol-chloroform protein precipitation method to 
remove detergents and any contaminants present in rice leaves (Wessel and Flugge, 1984). Protein 
pellets were solubilized in 8M Urea in the presence of PhosStop. Proteins were reduced with 5mM 
dithiothreitol (DTT) for 20 min at 37ºC and then alkylated in 10mM iodoacetamide (IAA) by incubation 
in the dark for 20 min at room temperature. Samples were then subjected to multi-enzyme digestion 
(Lys-C and trypsin) to ensure maximum protein sequence coverage and, therefore, maximum 
identification of phosphorylation sites. Lys-C was added to the protein extract and allowed to incubate 
for 4h at 37ºC, then trypsin was added and the digestion was carried out overnight. Both proteases 
were added at a 1:10 protease to total protein amount ratio. Protease activity was chemically 
terminated by adding TFA to 1% (w/v) final concentration and samples were desalted using Macro 
spin C18 columns (Harvard apparatus, catalog no. 74-4101). An aliquot (5%) was removed from each 
sample before proceeding to the phosphopeptide enrichment step (unenriched samples). 
Phosphopeptide enrichment was performed according to Krishnan and co-workers (Krishnan et al., 
2012). 

 

Nanoflow RPLC-MS/MS analysis 

Samples were analyzed by LC-MS/MS using a LTQ Orbitrap Elite mass spectrometer equipped with a 
Waters nanoACQUITY ultra performance liquid chromatography (UPLC) system using a Waters 
Symmetry C18 trap column (5 µm, 180 µm x 20 mm) and a nanoACQUITY UPLC analytical column 
(1.7 µm, 75 µm x 250 mm) at 35ºC for peptide separation. Trapping was performed at 15 µL/min with 
99% buffer A (0.1% formic (FA) acid in water) for 1 min. Peptide separation was performed at 300 
nL/min. NanoLC run gradient was set up as follows: 0-1 min, 5% B (0.1% FA in acetonitrile); 1-
120min, 5-40% B; 120-121 min, 40-85% B; 121-125 min, 85%B; 125-126 min, 85-5%B; 126-140 min 
5% B. Mass spectral data were acquired in the Orbitrap using 1 microscan and a maximum inject time 
of 900 µs followed by 12 data-dependent MS/MS acquisitions in the ion trap (with precursor ions 
threshold of >3000), via collision-induced dissociation (CID), and high energy dissociation (HCD) in 
the HCD cell. Peaks targeted for MS/MS fragmentation by CID were first isolated with a 2 Da window 
followed by normalized collision energy of 35%. Dynamic exclusion was activated where former target 
ions were excluded for 30 sec. Neutral loss scans (MS

3
) were also obtained for 98.0, 49.0 and 32.7 

atomic mass units (amu).  

Data were processed with Progenesis LCMS (v1.2, Nonlinear Dynamics, LLC) and protein 
identification was performed using the Mascot search algorithm (Matrix Science). Feature extraction, 
chromatographic/spectral alignment, data filtering and statistical analysis were performed using 
Progenesis LCMS software. Briefly, once raw files were imported into the software, a sample run was 
chosen as reference and all other runs were automatically aligned to the reference run to minimize 
retention time (RT) variability across all runs. A normalization factor, a global scaling factor, was 
calculated for each run to account for differences in sample loading between injections. The 
experimental design was set up to group multiple injections from each sample. Raw and normalized 
abundances, maximum fold change, and ANOVA p-values for each feature are calculated by the 
algorithm. The features and their corresponding data-dependent MS/MS data were filtered to exclude 
spectra with rank > 10 (meaning only top 10 MS/MS acquisitions per feature were included) or isotope 
> 3 to ensure the highest quality MS/MS spectra data were utilized for peptide assignments and 
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subsequent protein identification. The MS/MS data were exported to a mascot generic file (.mgf) for 
database searching (see below).  

The .mgf files were searched using an on-site Mascot algorithm (version 2.2.0) for noninterpreted 
MS/MS spectra. Mascot search parameters included Carbamidomethyl (C) as fixed modification, and 
Oxidation (M), Phospho (ST) and Phospho (Y) as variable modifications. Peptide tolerance was set to 
± 15 ppm, MS/MS fragment tolerance of ± 0.6 Da, peptide charges of 7+ or fewer and missed 
cleavages of 3 or fewer. Normal and decoy SwissProt protein database searched were performed, 
indicating Lys-C and trypsin as the enzymes used. The mascot significance score match is based on a 
MOWSE (molecular weight search) score and relies on multiple matches to more than one peptide 
from the same protein. Mascot search results were filtered using a significance cutoff of p<0.01 and an 
ion score cutoff of 28. Once the search was performed, an .xml file was generated and imported back 
into Progenesis LCMS software to assign protein identifications to the corresponding features which 
contain relative quantitation data. 

 

Light-Response Curve: Growth conditions and stress treatment 

To photosynthetically characterize the transgenic lines under control and cold stress conditions, seeds 
were germinated at 28ºC in the dark for 4 days. Uniformly germinated seedlings were transferred to 
soil pots with 5 plants per pot (4 pots per genotype), and grown in the green house until all plants were 
in the booting stage. Then, 2 pots per genotype were transferred to a growth chamber at 10ºC, with a 
12h photoperiod, under cool-white lights (100 µmol m

-2 
s

-1
), while 2 other pots per line stood in the 

greenhouse as control. After 6 days at 10ºC, the cold-treated pots were transferred again to the 
greenhouse (during night time) for recovery. Light-response curves were performed with a PAM-2500 
chlorophyll fluorometer (Walz, Germany). Chl a fluorescence from the adaxial leaf side was measured 
for 12 increasing light levels (approximately 10-1200 μmol photons m

−2
 s

−1
). Electron transport rate 

(ETR, μmol electron m
-2

 s
-1

) was calculated as ETR= ΦPSII x PAR x 0.5 x 0.84, in this equation PAR 
corresponds to the quantum flux density of photosynthetically active radiation, 0.5 was used was the 
fraction of excitation energy to photosystem II and 0.84 as the fraction of light absorption (Schreiber et 
al., 1998). The flag leaf and the leaf before the flag leaf were sampled for the cold (2-5h and 24h), 
recovery (first day) and control treatments of at least 4 plants (Figure S1.A). As the curves for both 
types of leaves were very similar for each line, a mean was calculated from all data from both types of 
leaves. 
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