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Abstract: Objective The members of GRAS gene family in Rheum palmatum were extracted based on full-length transcriptome
sequencing, and their expression in leaves, roots and rhizomas and under methyl jasmonate (MeJA) treatment were analyzed. Methods
The phylogeny, conserved domain, protein physicochemical properties and subcellular localization of GRAS members of R. palmatum
were analyzed by bioinformatics. RNA sequencing (RNA-seq) analysis was performed on the tissue expression patterns of RpGRASs
genes based on transcriptome data, and real-time quantitative reverse transcription PCR (RT-qPCR) was used to detect the expression

patterns of the three selected RpGRASs genes under MeJA treatment. Results A total of 39 RpGRASs members were identified from
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the full-length transcriptome data of R. palmatum. RpGRASs proteins were mainly unstable hydrophilic proteins located in the nucleus,

chloroplast and cytoplasm. The secondary structure of each protein was mainly random coil and o helix. The family was divided into
six subfamilies, namely PAT1, DELLA, HAM, SHR, SCR and SCL4/7. The C-terminal of GRAS protein contained typical LHRI,
VHIID, LHRII, PFYRE and SAW motifs. The expression of RpGRASs gene was tissue-specific, and RpGRASI17, RpGRAS18 and
RpGRAS20 which were highly expressed in the roots and rhizomes of medicinal parts were significantly induced by MeJA. Conclusion

The systematic identification and gene expression analyses of GRAS transcription factor family lay a foundation for further gene

function analyses of GRASs in R. palmatum.

Key words: Rheum palmatum L.; GRAS transcription factors; methyl jasmonate; gene family; expression pattern
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Table 1 Primers used for qRT-PCR
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RpGRAS17 Isoform0012728 GGATGCGGAAATTATCGCGG CCATGAAAACCGGTCCGTTG
RpGRAS18 Isoform0012850 AGGAAAAGGCGGCATAGTTTAC AAGGCGAGTTGGGAGAGTTT
RpGRAS20 Isoform0015113 CGCCTGAGTTTGATGATGCG GGGGAATCGGAATCCTGCAA
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Table 2 Physical and chemical properties and subcellular localization of RpGRAS family
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RnGRASL Isoform0001305 758 82257.11 5.85 54.11
RpGRAS?2 Isoform0003917 609 65 406.75 5.36 51.19
RpGRAS3  Isoform0005647 565 61 760.59 5.98 39.78
RpGRAS4  Isoform0005841 664 71602.31 6.56 52.59
RpGRASS  Isoform0006256 559 60 738.85 5.22 44.39
RpGRAS6  Isoform0007507 545 61142.14 6.22 56.07
RpGRAS7 Isoform0007586 567 61 058.11 5.34 49.87
RpGRAS8 1s0form0008751 581 64 301.53 5.77 5721
RpGRAS9  1s0form0008833 519 58 435.25 5.55 4571
RpGRAS10 Isoform0009011 560 61 304.18 5.98 40.34
RpGRAS11 Isoform0009088 631 68 688.19 6.56 51.42
RpGRAS12 1s0form0009840 594 65 828.63 497 5331
RpGRAS13 Isoform0009872 533 59 755.17 5.40 59.04
RpGRAS14 1s0form0010570 516 57531.72 491 44.76
RpGRAS15 1s0form0011090 565 61 747.60 5.98 39.78
RpGRAS16 Is0form0012286 560 60 775.91 5.22 44.55
RpGRAS17 Isoform0012728 552 59 803.79 5.20 44.39
RpGRAS18 1s0form0012850 525 58 437.70 6.23 49.20
RpGRAS19 Isoform0014703 433 46 546.66 5.88 43.94
RpGRAS20 Isoform0015113 518 57 367.61 4.86 49.30
RpGRAS21 Isoform0017216 442 49001.14 5.75 50.81
RpGRAS22 1s0form0018340 508 56 652.68 490 4391
RpGRAS23 1s0form0019663 478 53 100.08 6.13 49.64
RpGRAS24 1s0form0020605 477 51785.43 5.50 47.18
RpGRAS25 1soform0021026 477 53 404.38 6.42 46.68
RpGRAS26 Isoform0026468 428 47 436.97 5.25 40.62
RpGRAS27 1s0form0030732 393 43 107.50 5.87 49.65
RpGRAS28 1soform0032185 379 42218.42 5.82 38.16
RpGRAS29 Isoform0043512 304 33920.72 6.36 47.15
RpGRAS30 Isoform0044453 244 26 341.64 5.43 41.10
RpGRAS31 Is0form0002135 758 82263.12 5.85 54.16
RpGRAS32 1soform0009615 559 60 784.88 5.22 44.17
RpGRAS33 Isoform0011519 565 61 777.62 5.98 30.92
RpGRAS34 1s0form0012826 516 57530.68 494 45.02
RpGRAS35 Isoform0014438 519 58 494.32 5.63 46.96
RpGRAS36 Isoform0014941 565 61 786.63 6.02 38.99
RpGRAS37 Isoform0015192 518 57 395.66 4.86 49.30
RpGRAS38 Isoform0020766 519 58 407.19 5.47 45.82
RpGRAS39 Isoform0035902 379 42 247.40 5.97 36.89
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Fig. 1 Phylogenetic tree analysis of GRAS family from R. palmatum (Rp), Arabidopsis thaliana (At) and Salvia miltiorrhiza
(Sm)
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Fig. 2 GRAS protein evolutionary tree and conserved motif analysis of R. palmatum (A) and conserved motif (B) signatures
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