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Identification and characterization of SnRK2 gene family in castor bean (Ricinus communis)
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Abstract: SnRK2 genes encoding Ser/Thr kinase exist exclusively in plants. To understand SnRK2 function
responding to abiotic stresses in castor bean 6 SnRK2 genes were identified and characterized based on complete
genome data of castor bean. Results showed that SnRK2s were hydrophilic proteins and their gene sequences were
highly conserved in plants. Phylogenetic analysis revealed that SnRK2s were significantly differentiated between
monocotyledons and dicotyledons  implying their different evolution history. High — throughput RNA - seq
data were used to define the expressional profiles of SnRK2s among tissues and different development stages of
seeds. Results showed that most of SnRK2s expressed in all tested tissues and tissue specific expression was not de—
tected. But expressions of Group 2 genes were significantly up — regulated by stress. Among them SnRK2 gene
29908. m006067 responded specifically to exogenous ABA (100pmol/L) NaCl (250mmol/L) and cold (4°C)
treatments in seedlings. And gene 29772. m000313 responded specifically to ABA and cold.
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Table 1 Primers for RT - PCR
Gene name Forward primer Reverse primer PCR product/bp
28725. m000317 ATTCGCTTCAAGGAGGTGGT CGGGTCCTCTTGATCTTCGA 438
29772. m000313 GCCTACATTGCACCAGAGG CCCATCTGCAGGTTTCCTTG 453
29908. m006067 TGCAGATGTTTGGTCTTGTGG GGCACACGAAATCACCACTT 450
29822. m003504 TTTGGAGTGGCAAGGCTAGT GTGATAGGACCTCAGGAGCA 475
29676. m001638 CCAGCTCCTCGGTTGAAGAT GCTCTGCATGGGTTGATCAG 459
29780. m001320 GACAGTGACAGGTACGAGCT GGCTGCCATCCAACAATGTA 406
Actin GAGCTTCGTGTTGCTCCTGAG TGGCCATCAGGAAGCTCATAG 461
2 SnRK2
Table 2 Physical and chemical properties of castor bean SnRK2 proteins
Group Gene loci Coded amino acids Instability index MW /kD pl Aliphatic index Hydrophobicity
1 28725. m000317 357 48.6 40.872 4 5.76 78.66 -0.537
29772. m000313 313 40.63 35.624 5.46 95.59 -0.232
2 29908. m006067 338 37.71 38.289 7 5.71 89.64 -0.292
29822. m003504 336 42.95 38.056 4 5.74 88.21 -0.352
3 29676. m001638 362 37.5 41.058 8 4.8 85.88 -0.242
i 29780. m001320 363 40.78 41.092 6 4.81 88.9 -0.337
) ) SnRK2 Group 3 &
SnRK2
2.1 SnRK2 Group 3 o
BLASTP 22 SnRK2
Pfam  SMART Group 3 o
6 SnRK2 ( 2). AtSnRK2.9  29822. m003504
2.2 SnRK2 SnRK2
1 SnRK2 (D SnRK2
3 :Group 1. Group 2 o
Group 3 ( ) ( Group 1 1  SnRK2 (28725. m000317)
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Note :Branchs in different color represent different plant groups (blue-alga; yellow:Pteridophyta; purple zmoss;
red Zdicotyledon; green:monocotyledon). Red underlined:castor SnRK2 proteins
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Fig.1 Phylogenetic analysis of SnRK2 from castor bean (Rc) Jatropha curcas (Jer)
Arabidopsis thaliana (At) maize (Zm) rice (Os) sorghum (Sb) Physcomitrella patens (Pp)
Selaginella moellendorffii (Sm) and Chlamydomonas reinhardtii (Cre)
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tA: SnRK2 N o . B: SnRK2 motif
Note : A zExon/intron structures of castor bean SnRK2 genes. Exons and introns are represented by boxes and lines respectively.
B:Distribution of conserved motifs within amino acid sequences of each SnRK2 protein
2 SnRK2 motif
Fig.2 Structural features and distribution of conserved motifs within SnRK2 family in castor bean

3 SnRK2
Table 3 Summary of SnRK2 in 8 plant species
1 2 3
Species Group 1 Group 2 Group 3 Total Number of amino acids Classification
P. Patens * 0 0 4 4 340 ~349 Moss
S. moellendorffi 0 0 6 6 334 ~360 Pteridophyta
Castor 1 3 2 6 313 ~363 Dicotyledon
Jatropha 2 3 2 7 326 ~362 Dicotyledon
Arabidopsis 5 2 3 10 339 ~369 Dicotyledon
Maize ' 5 3 3 11 263 ~393 Monocotyledon
Rice 5 2 3 10 295 ~371 Monocotyledon
Sorghum * 5 2 3 10 333 ~379 Monocotyledon
A RNA B SnRK2 10wmol /LABA . (P<0.01),
B RT - PCR SnRK2 100pwmol /L ABA.  (4°C)  250mmol /L NaCl ;
CKl CK2 3h  6h . C SnRK2 NEEN 20d ( ). 35d ( 2)
40d o DGE log2 log2

Note: A :Expression of SnRK2 genes in castor bean seeds ® cultured under 10umol /1. ABA treatment in vitro through high — throughput RNA
sequencing. Double asterisks denoted a highly significant difference from the wild type (P <0.01 ). B:RT - PCR analysis of SnRK2 genes
expression level in castor seedling leaf under ABA (100pmol/L) NaCl (250mmol/L) and cold (4°C) treatments after 3h and 6h;
CK1 and CK2 indicated 3h and 6h control. C: Heatmap represented the expression profiles of castor bean SnRK2 genes in leaf root
seed 1 (20d after pollination) seed 2 (35d after pollination) and endosperm (40d after pollination). The geneted heatmap was based on
DGE expression data (log2 normalized). Color scale (representing log2 signal values) was on the top of heatmap

3 SnRK2
Fig.3 Expression analysis of castor bean SnRK2 genes
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