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Abstract: Objective To identify members of the WRKY transcription factor family in Codonopsis pilosula at the genome-wide level
and analyze their characteristics, and explore their potential roles in response to salt stress, thereby laying a foundation for functional
studies of C. pilosula WRKY transcription factors. Methods Potential gene family members were screened across the entire genome
based on conserved protein domains using the Hidden Markov model (HMM). Protein sequence alignment, conserved domain analysis,
phylogenetic tree construction, gene synteny analysis, and cis-acting element analysis in the promoter region were performed using
software and online tools including MAFFT, IQ-TREE, MEME, Plant CARE and TBtools. Expression patterns of WRKY genes were
analyzed based on transcriptome data from different tissues (roots, stems, leaves, and flowers) and qRT-PCR was used to determine
their relative expression levels. In addition, the transcriptome data of C. pilosula treated with 0, 60, and 120 mmol/L NaCl were
analyzed to examine the expression changes of WRKY genes under salt stress. Results A total of 50 WRKY transcription factor
members were identified in C. pilosula. Motif analysis showed that all members contained the typical WRKY domain with the
conserved sequence WRKYGQK. Phylogenetic analysis with WRKY transcription factors from Arabidopsis thaliana and Oryza sativa
classified the 50 C. pilosula WRKY transcription factors into three groups, with group II further divided into five subgroups. The amino
acid lengths of the identified WRKY proteins ranged from 103 to 986 residues, with isoelectric points (pl) of 4.87—9.99 and molecular
weights (MW) of 12 435.14—107 946.28. Gene expression analysis revealed significant differences in the expression levels of
CpWRKY26, CoWRKY48, CoWRKY2, and Cp WRKY49 among roots, stems, leaves, and flowers of C. pilosula. The results of salt stress
treatment indicated that most CpWRKY genes showed differential expression trends under different concentrations of NaCl, and some
members cluster phylogenetically with previously reported salt-tolerant WRKY genes, suggesting that they may be involved in the
regulation of C. pilosula salt stress responses. Conclusion This study represents the first systematic identification and bioinformatics
analysis of the WRKY gene family in C. pilosula at the genome-wide level. By combining tissue expression and salt stress response
analyses, the study reveales that the WRKY genes in C. pilosula may be involved in physiological processes such as growth and
development, secondary metabolite biosynthesis, and stress responses. This lays a theoretical foundation for further research on the
functions of WRKY genes and their roles in regulating medicinal components, and provides gene resources and scientific evidence for
molecular-assisted breeding of C. pilosula.
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5149 1EF (5°-3%) I (3°-5%) K& /bp
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CpWRKY48 TAAGGACTTGGGCACTTGTGAGG AGGTGGTGAATAACTCCCAATGAA 157
CpWRKY2 TATATGAAGGAAAGCACAATCACAAA GTGGATTCCATCGTCATATCTGAAC 127
CpWRKY49 TGAGCTCAGTATCTCCAGTCCTGC CTCTGAACTGCTGCCCTCCAG 150
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#F 2 CpWRKY ERFERERAERER
Table 2 Basic information of CpWRKY gene family members
W5 WRAERS Hins AERHE  MsTRE Sl WARIEM
Cp01G000603 Cp01G000603.t1  CpWRKY1 200 22 678.83 9.01 Mgk
Cp01G001360 Cp01G001360.t1 ~ CpWRKY2 269 30 877.22 896 A
Cp01G002412 Cp01G002412.t1  CpWRKY3 338 3727523 6.46  Hilffifx
Cp01G003461 Cp01G003461.t1 ~ CpWRKY4 185 21391.08 9.38  4liffi%
Cp01G003605 Cp01G003605.t1  CpWRKYS5 294 32284.68 6.40 4%
Cp01G003648 Cp01G003648.t1 ~ CpWRKY6 550 60 117.42 772 A%
Cp01G003768 Cp01G003768.t1 ~ CpWRKY?7 557 61175.93 8.63 A
Cp02G000652 Cp02G000652.t1  CpWRKYS 346 38 086.26 847 MM
Cp02G001410 Cp02G001410.t1 ~ CpWRKY?9 363 40 044.05 9.70  4Hiffukx
Cp02G002025 Cp02G002025.t1  CpWRKY10 577 62 433.04 842 MM
Cp02G002360 Cp02G002360.t1  CpWRKY11 165 18 887.15 8.46 M
Cp02G003396 Cp02G003396.t1 ~ CpWRKY12 194 22 158.43 623 4
Cp02G003416 Cp02G003416.t1  CpWRKY13 103 12 435.14 9.62 4Nt
Cp03G000183 Cp03G000183.t1 ~ CpWRKY14 361 40 950.25 540 A%
Cp03G000255 Cp03G000255.t1  CpWRKY15 208 23328.34 921  ITEfYEEK
Cp03G000257 Cp03G000257.t1  CpWRKY16 334 37305.55 511 e
Cp03G000462 Cp03G000462.t1 ~ CpWRKY17 318 34 608.70 6.99  4liffuix
Cp03G000909 Cp03G000909.t1  CpWRKY18 322 34 773.64 545 A
Cp03G000910 Cp03G000910.t1 ~ CpWRKY19 326 36 938.27 538  difEix
Cp03G001396 Cp03G001396.t1  CpWRKY20 528 57 836.96 722 4
Cp03G001498 Cp03G001498.t1  CpWRKY21 518 56817.24 8.57  “MEt%
Cp03G001920 Cp03G001920.t1 ~ CpWRKY22 322 35216.01 9.59 4%
Cp03G002601 Cp03G002601.t1 ~ CpWRKY23 580 62 798.68 779 4
Cp03G003388 Cp03G003388.t1  CpWRKY24 510 55757.61 556 A
Cp03G003524 Cp03G003524.t1  CpWRKY25 316 35369.33 731 A
Cp03G003696 Cp03G003696.t1  CpWRKY26 293 32491.62 551 A
Cp03G004033 Cp03G004033.t1  CpWRKY27 346 38326.33 6.06  4iffitz
Cp03G004127 Cp03G004127.t1 ~ CpWRKY28 405 45 900.87 6.14 4%
Cp04G000115 Cp04G000115.t1 ~ CpWRKY29 728 79 133.40 623 A
Cp04G000306 Cp04G000306.t1 ~ CpWRKY30 604 65 742.72 6.62 A%
Cp04G000384 Cp04G000384.t1  CpWRKY31 986 107 946.28 625 4
Cp04G001015 Cp04G001015.t1  CpWRKY32 516 56 995.01 6.61  4iffifx
Cp04G001131 Cp04G001131.t1  CpWRKY33 615 66 652.31 624 4%
Cp05G000065 Cp05G000065.t1  CpWRKY34 313 35389.43 590 it
Cp05G000134 Cp05G000134.t1 ~ CpWRKY35 514 57242.43 6.88  Ziffuix
Cp05G000428 Cp05G000428.t1  CpWRKY36 288 32444.18 491 4fiEi%
Cp05G000600 Cp05G000600.t1 ~ CpWRKY37 439 48 893.61 8.87  4MEt%
Cp05G000892 Cp05G000892.t1  CpWRKY38 511 56 321.18 577 “iEt%
Cp06G000093 Cp06G000093.t1  CpWRKY39 346 38 127.59 599 itk
Cp06G000118 Cp06G000118.t1  CpWRKY40 267 30 436.55 487 MUt
Cp06G000545 Cp06G000545.t1  CpWRKY41 345 38 614.66 9.55  Zifux
Cp06G001050 Cp06G001050.t1 ~ CpWRKY42 590 64 912.28 834 A%
Cp07G001691 Cp07G001691.t1  CpWRKY43 168 19 058.87 545 AR
Cp07G001894 Cp07G001894.t1 ~ CpWRKY44 269 29 380.12 9.99 4%
Cp07G002138 Cp07G002138.t1 ~ CpWRKY45 512 55 665.91 584  4pEt%
Cp08G000841 Cp08G000841.t1  CpWRKY46 290 34 046.17 9.67  4ifE
Cp08G001298 Cp08G001298.t1  CpWRKY47 342 37 191.98 6.00 4
Cp08G001345 Cp08G001345.t1 ~ CpWRKY48 336 37972.54 538 4t
Cp08G002579 Cp08G002579.t1  CpWRKY49 734 79 569.73 558 Mt
Cp260G000001 Cp260G000001.t1  CpWRKY50 200 22797.92 8.88 %
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Fig.2 Phylogenetic analysis of WRKY genes in C. pilosula
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