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Abstract: Calcium-dependent protein kinases (CDPKSs) serve as crucial calcium sensors in plants, playing key
roles in regulating plant growth, development, and stress responses. In this study, a total of 26 Salvia miltiorrhiza
CDPK (SmCDPK) genes were identified through genome-wide analysis, which were unevenly distributed across
seven chromosomes. Phylogenetic analysis grouped the 26 SmCDPKs into four distinct subfamilies (I-1V), and
systematic predictions were conducted for their physicochemical properties, secondary structures, and subcellular
localization. Promoter analysis uncovered multiple cis-elements associated with light, phytohormones, and abiotic
stress. Transcriptome profiling under 50 and 100 umol-L™" cadmium (Cd) stress demonstrated tissue-specific expres-
sion patterns of these SmCDPK genes. Notably, SmCDPK18 was upregulated in both roots and leaves under Cd
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exposure, suggesting involvement in Cd detoxification and oxidative regulation. In contrast, SmCDPK2, SmCDPKS,

and SmCDPK22 were significantly downregulated in roots. These expression patterns were confirmed by quantita-

tive reverse-transcription PCR (qRT-PCR). This study provides insight into the CDPK gene family in S. miltiorrhiza

and its potential roles in cadmium stress response, offering valuable theoretical support and key gene resources for

future molecular breeding and environmental adaptation studies in medicinal plants.

Key words: calcium-dependent protein kinase; Salvia miltiorrhiza; cadmium stress; gene family; expression
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Figure1 A:Chromosome localization of CDPK genes in Salvia miltiorrhiza; B: Synteny analysis of CDPK genes among Salvia miltiorrhiza,

Arabidopsis thaliana, and Oryza sativa. CDPK: Calcium-dependent protein kinase; Sm: Salvia miltiorrhiza
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Table 1  Analysis of the physicochemical properties of CDPKSs in S. miltiorrhiza

R Number of R . . . L Grand average of
Protein name . . Molecular weight Theoretical pl Instability index Aliphatic index e
amino acid hydropathicity

SmCDPK1 535 59.81 49 38.62 73.33 -0.546
SmCDPK?2 496 55.17 5.29 45.57 96.75 -0.159
SmCDPK3 518 58.03 5.38 36.44 75.56 -0.518
SmCDPK4 533 60.41 6.23 41.8 81.74 -0.505
SmCDPKS5 531 60.84 5.65 40.81 83.67 -0.434
SmCDPK6 532 60.49 6.1 36.75 74.96 -0.563
SmCDPK7 528 59.64 5.88 34 86.97 -0.385
SmCDPK8 577 64.76 8.88 41.81 75.6 -0.569
SmCDPK9 573 63.85 5.36 38.97 80.96 -0.386
SmCDPK10 607 67.12 5.62 44.1 76.94 -0.453
SmCDPK11 584 65.50 6 43.69 82.64 -0.346
SmCDPK12 539 60.27 6.22 41.88 73.51 -0.513
SmCDPK13 503 56.58 5.28 40.74 84.14 -0.382
SmCDPK 14 522 5891 5.49 40.38 81.26 -0.431
SmCDPK15 543 61.50 6 36.06 83.81 -0.418
SmCDPK16 538 60.89 7 44.42 72.86 -0.624
SmCDPK17 402 45.48 5.99 45.12 85.6 -0.287
SmCDPK18 512 57.17 6.18 32.23 81 -0.383
SmCDPK 19 515 57.47 5.97 39.82 81.05 -0.38
SmCDPK20 528 59.56 5.74 35.12 84.2 -0.459
SmCDPK21 542 61.35 6.09 35.02 83.97 -0.389
SmCDPK22 562 63.73 8.89 42.97 78.63 -0.62
SmCDPK23 601 67.66 5.33 42.51 80.63 -0.377
SmCDPK24 532 59.24 5.33 46.17 86 -0.251
SmCDPK25 523 59.03 5.69 37.11 82.75 -0.477
SmCDPK26 564 62.67 5.44 42.24 86.31 -0.297

Table 2 Secondary structure and subcellular localization of

CDPK gene family in S. miltiorrhiza

. Alpha Extended Random Subcellular

Protein name . . .
helix/%  strand/% coil/% localization

SmCDPK1 46.17 9.16 44.67  Nucleus
SmCDPK2 51.81 8.67 39.52  Cytoplasm
SmCDPK3 45.75 9.65 4459  Cytoplasm
SmCDPK4 47.47 9.38 43.15  Cytoplasm
SmCDPKS5 47.83 9.42 42.75  Cytoplasm
SmCDPK6 48.31 9.77 4192  Cytoplasm
SmCDPK?7 47.16 9.09 43.75  Chloroplast
SmCDPK8 41.77 8.84 49.39  Chloroplast
SmCDPK9 43.98 8.2 47.82  Chloroplast
SmCDPK10  40.86 8.57 50.58  Plasma membrane
SmCDPK11 42.64 9.42 4795  Cytoplasm
SmCDPK12  43.41 9.46 47.12  Vacuole
SmCDPK13  50.7 10.14 39.17  Chloroplast
SmCDPK14 454 9.39 45.21 Cytoplasm
SmCDPK15  47.88 9.21 4291  Cytoplasm
SmCDPK16  44.42 9.48 46.1 Cytoplasm
SmCDPK17  42.54 11.19 46.27  Cytoplasm
SmCDPK18  46.48 9.38 44.14  Peroxisomes
SmCDPK19  45.24 9.51 4524  Chloroplast
SmCDPK20  49.05 8.71 42.23  Chloroplast
SmCDPK21  47.42 8.86 43.73  Cytoplasm
SmCDPK22  41.28 9.07 49.64  Cytoplasm
SmCDPK23  42.6 9.15 48.25  Cytoplasm
SmCDPK24  45.11 9.4 4549  Cytoplasm
SmCDPK25  50.1 9.75 40.15  Cytoplasm
SmCDPK26  44.86 8.16 46.99  Cytoplasm

SmCDPK18. SmCDPK 19 J& T 55 II W j%% ; SmCDPK4.
SmCDPK5. SmCDPK6. SmCDPK7. SmCDPKI15.
SmCDPK20. SmCDPK21.SmCDPK25 J& T~ 45 11 W % ;
SmCDPK?2.SmCDPK8.SmCDPK22 J& T 251V jik .
3 15 CDPKEREEEH) ARTEF RARTFEME S

F+2 CDPK Z R B 7 1) OR 53 58 7 23 #fr, A B 1k
— BRI R RW G, B EL TR
MEME 3t Fi il J} 2 CDPK 5% Ji& 41 1) 15 4> motif, 4%
F T S0 B 38 B T A = B R ST I motif, B
motif 1.motif 2. motif 3.motif 4. motif 5.motif 7.motif
10 (BI3A.B), # i 71K R B AZ ORI T o %5 F
W 53 2 1) ) motif £ & AHES 7 sC A AL, 5 &
GUHEAE I I 45 AN — 8. o, motif 11{XUAF/E T 55
LG % 5 25 TV P % Y motif $5 & &% /b5 B 56 DY W ik,
motif 9 motif 12 Fl motif 15 £F HoAth 3V i v 45 77 46 AN [
B (K3A). BWHE— WK CDPK EHA W REES
FHALTI RE, motif 22 4k 73 A0t 1% 7 e 2 1 D e A gk Ak
2 e

F+2 CDPK & 51 &5 #4480 5) #7 {7k, Pkinase 45 415
(FE A 38 45 #4350 F1 EF-hand 25 #9380 76 BT A5 B 52 b v
FEAR ST, (BB S A . K43 712 CDPKs B
% 2 /> EF-hand %5 #J 3, 1fi SmCDPK17 1 & 1 /> EF-
hand 45 #)38, $E i /b (F4A). RHEZ R R T
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Figure 2 Phylogenetic tree of CDPK proteins from S. miltiorrhiza (%), Arabidopsis thaliana (@), and Oryza sativa ( A). At: Arabidopsis

thaliana; Os: Oryza sativa
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Figure 4 Structural analysis of SmCDPK genes. A: Schematic representation of conserved domains in the SmCDPKs; B: CDS and UTR

organization of SmCDPK genes; CDS: Coding sequence; UTR: Untranslated region
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Figure 5 Analysis of putative cis-regulatory elements in promoter regions of SmCDPK genes
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Figure 6 Expression of SmCDPK genes under cadmium stress. A: Heatmap of all SmCDPK genes in leaf; B: Heatmap of all SmCDPKs in

root; C: gqRT-PCR verification of selected SmCDPKs. qRT-PCR: Quantitative reverse-transcription PCR. L: Leaf; R: Root. n =3, ¥ £s.
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