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Abstract: Objective The bHLH transcription factor family plays a crucial role in plant growth and development, environmental stress
responses, and secondary metabolite regulation. The research preliminarily screens LchHLHs genes related to flavonoid synthesis
establishes a foundation for further exploration into the metabolic synthesis of flavonoids in Lysimachia christinae. Methods In this
study, full-length transcriptome sequencing was performed based on the PacBio platform. Bioinformatic tools were employed to
identify and analyze the protein sequence characteristics, physicochemical properties, transmembrane domains, signal peptides,
subcellular localization and phylogenetic relationship of the L. christinae LchbHLHs gene family members. The expression patterns of

certain LchHLHs genes in different tissues and under different light transmittance were examined. Additionally, overexpression vectors
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of LebHLH?26 and LchHLH?27 were constructed for transient expression in tobacco to assess their functionality. Results A total of
37.29 Gb data were obtained from the full-length transcriptome sequencing of L. christinae. After removing redundancy, 15 045
transcript sequences were obtained, with an average length of 2 288 bp and an Nso length of 2 463 bp. Based on the full-length
transcriptome sequencing data, 45 members of the LchHLHs transcription factor gene family were identified, with the protein size of
214 to 777 aa, the relative molecular weights of 22 634.57 to 85 044.11, and isoelectric points of 4.58 to 9.36. All proteins belonged to
hydrophilic proteins and located in the nucleus. Cluster analysis with the Arabidopsis AtbHLH proteins revealed that the L. christinae
LcbHLHs members grouped into 14 subfamilies. RNA-Seq transcriptome data from samples of different tissues, and samples under
different light transmittance identified 23 and four differentially expressed LchHLH genes, respectively. qRT-PCR validation confirmed
that for most LchbHLH genes, the change in expression was consistent with that of RNA-seq data. Transient overexpression of
LchbHLH26 and LebHLH?27 significantly increased the total flavonoid content in tobacco leaves. Conclusion The systematic
identification and analysis of the bHLH family provide a foundation for further exploring functions and possible regulatory mechanisms
of LebHLH members in flavonoid synthesis in L. christinae.
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1 ERESKERENFHE

Fig. 1 Full length transcriptome sequencing data of L. christinae
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=2 &£%%E LcbHLHs 3 FETFHRIER R FHI4FE

Table 2 Sequence features of LcbHLHs transcription factor family members in L. christinae

HHY  CDSKJE/bp BIERREE /aa FX 2> 1R 55 HL A SRK I AR TE R A o SR E/ % SEAHEE/% B 5% /% TR /%

LcbHLHI 2334 777 85044.11 584 —0360 41.49 32.69 9.78 6.56 50.97
LchbHLH? 2190 729 79 522.61 532 —-0.337  44.70 35.39 13.17 6.58 44.86
LchbHLH3 912 303 33 877.68 4.70 -0.678 4731 18.81 8.25 1.98 70.96
LcbHLH4 879 292 32 694.89 4.58 —0.841 4849 28.42 7.19 1.37 63.01
LcbHLHS 2106 701 77 969.49 522 —-0.572 6241 36.80 9.56 3.00 50.64
LcbHLHG6 1932 643 72 679.28 539 —0.457 4535 36.70 9.95 3.42 49.92
LcbHLH7 1641 546 60 295.17 895 —0.855  56.60 24.36 12.64 1.10 61.90
LcbHLHS 1731 576 63 821.66 6.06 —0.380  45.77 34.20 10.76 243 52.60
LcbHLHY 1038 345 38 187.67 595 —0.764  55.03 27.25 7.25 4.35 61.16
LchbHLHIO0 1431 476 52 483.60 5.61 —0.703  73.57 27.31 3.99 2.10 66.60
LcbHLHII 1509 502 54 846.16 582 —-0.719  67.26 26.89 3.39 2.59 67.13
LcbHLHI2 1422 473 52 338.12 574 —=0.777  46.75 23.47 5.07 1.48 69.98
LcbHLHI3 1515 504 54 902.18 573 —0.678  47.67 19.05 7.14 2.18 71.63
LchbHLHI14 1932 643 72721.25 535 —0.470  45.00 35.61 9.80 3.42 51.17
LchHLHIS 1 794 597 66 381.67 533 —-0.536 45.41 34.34 12.40 1.84 5142
LchbHLHI6 1428 475 52 818.82 8.00 —0.571  32.67 38.53 14.32 3.58 43.58
LcbHLHI7 1920 639 72 112.92 543 —0.442  52.29 38.50 10.49 4.23 46.79
LcbHLHIS 1707 568 63 556.85 559 —0.489  45.08 36.09 12.68 1.23 50.00
LebHLHI9 1779 592 67 453.33 595 -0.469 5598 39.86 9.97 3.55 46.62
LchbHLH20 1215 404 45 551.51 7.65 —0.880  73.23 34.90 6.19 2.48 56.44
LchHLH?1 822 273 30 783.91 4.64 —0.755 5798 27.11 12.82 2.20 57.88
LchHLH22 1242 413 45513.71 573 —0.697  45.50 26.15 5.81 1.94 66.10
LebHLH23 771 256 28912.95 827 —0.484  65.24 47.27 12.11 3.12 37.50
LebHLH24 1512 503 55949.84 5.80 —-0.517  49.10 38.77 11.13 2.19 47.91
LebHLH2S 1620 539 60 178.36 6.15 —-0.574  53.41 37.11 10.39 2.23 50.28
LchbHLH26 1401 466 50 624.07 8.48 —0.585 50.42 30.04 3.43 0.86 65.67
LcbHLH27 1218 405 44 860.65 6.54 —0.649  56.52 21.73 9.38 3.21 65.68
LchHLH28 1224 407 45251.50 589 —0.714 4446 28.01 5.16 2.70 64.13
LcbHLH29 1323 440 49 602.52 5.15 -0.560  37.50 34.55 7.50 1.82 56.14
LcbHLH30 1224 407 45 423.80 899 —-0.818  47.03 30.47 3.44 1.23 64.86
LebHLH31 1029 342 38202.98 5.82 —0.543  52.42 3743 9.36 1.75 51.46
LchHLH32 1164 387 42 423.88 6.67 —0.731  49.60 37.47 6.98 3.62 51.94
LchbHLH33 1143 380 41 907.46 7.02 —-0.716  48.76 28.95 7.37 2.37 61.32
LchHLH34 1368 455 50229.10 519 —-0.207 4645 37.14 14.07 1.98 46.81
LcbHLH3S5 1152 383 42 625.62 5.60 —-0.713  58.66 38.38 5.74 4.44 51.44
LcbHLH36 858 285 31360.34 5.13 -0.513  62.49 35.09 8.07 1.40 55.44
LcbHLH37 1014 337 37751.81 6.68 —0.346  57.03 45.70 12.76 2.08 39.47
LchHLH3S 1233 410 46 091.52 8.67 —0.831 57.17 34.88 3.41 0.98 60.73
LchHLH39 645 214 22 634.57 936 —0.336  52.88 33.18 13.08 5.14 48.60
LcbHLHA40 732 243 26 673.45 834 —-0.572 4641 35.80 4.94 2.47 56.79
LcbHLHA1 813 270 29343.84 592 —-0.574 5482 30.74 8.15 3.33 57.78
LcbHLH42 813 270 29332.79 592 -0.604  53.82 28.15 7.78 333 60.74
LcbHLH43 708 235 25 815.61 7.69 —0.485  55.28 38.30 4.26 1.28 56.17
LcbHLH44 753 250 27744.80 5.78 —0.932  47.33 28.00 6.80 4.80 60.40

LcbHLH4S5 681 226 30,783.91 4.64 —0.755 5798 46.53 6.44 0.99 46.04
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Fig. 3 Phylogenetic tree of bHLH transcription factors family from L. christinae and A. thaliana
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Fig. 4 Tertiary structure of LcbHLH transcription factors in L. christinae
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Fig. 9 Detection of total flavonoid content in L. christinae and tobacco
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