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Abstract: Objective In plants, GRAS transcription factors play important roles in stress response and regulation of secondary
metabolism. In this study, to investigate the potential roles of GRAS transcription factors in cannabinoid biosynthesis, genome-wide
identification and expression and functional analysis of GRAS genes family in hemp (Cannabis sativa) were performed. Methods
Identification, visualized analysis and function prediction of CsGRAS genes were carried out by online websites such as NCBI,
PlantTFDB, ExPASy and several softwares including TBtools, MEGA and DNAMAN. Results A total of 44 CsGRAS genes were
identified in hemp genome, which were unevenly distributed on 10 chromosomes and displayed tandem duplication between genes.
The number of amino acids encoded by CsSGRAS genes was between 436 and 757, the isoelectric point of which was between 4.77 and
7.24, and the molecular weight of which was between 49 164.54 and 85 748.52. Subcellular localization analysis showed that most of
the CsGRAS were located in the nucleus. CSGRAS genes were divided into 10 subfamilies by phylogenetic tree analysis. Light response
elements, GA response elements and MeJA response elements were found in the promoter region of CSGRAS genes. The expression
profiles of CsGRAS were significantly different in varied cultivars and tissues. CsSGRAS4, CsGRAS13, CsGRAS15, CsGRAS17, and
CsGRAS44 specifically and highly expressed in flowers, suggesting that these CsGRAS may play key roles in regulating cannabinoid
biosynthesis. Conclusion This study comprehensively analyzed the GRAS family in hemp genome, which provides significant
insights into the potential function of GRAS gene in the regulation of cannabinoid biosynthesis and stress response in hemp.
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Table 1 Information and characteristics of CSGRAS genes

HH S s RS FE R 44 Fx Ko/haa SRS X TR V4 H5E Ar
LOC115710262 ra-XM_030638621.1 CsGRAS?2 514 4.93 57 833.13 2 A%
LOC115711337 rna-XM_030639675.1 CsGRAS3 467 5.82 52 554.66 A
LOC115712712 rna-XM_030641050.1 CsGRAS4 613 5.08 67 527.83 2 A%
LOC115696991 rna-XM_030623887.1 CsGRAS5 458 4.77 52 006.96 4k
LOC115724160 rna-XM_030653624.1 CsGRAS6 636 5.20 73211.22 A
LOC115723500 rna-XM_030652996.1 CsGRAS7 454 6.00 51 420.59 A
LOC115723133 rna-XM_030652562.1 CsGRASS 436 5.58 49 164.54 4k ik
LOC115722004 rna-XM_030651120.1 CsGRAS9 577 4.94 66 178.24 A
LOC115711473 ra-XM_030639814.1 CsGRAS10 549 6.13 61322.10 2 A%
LOC115715793 rna-XM_030644465.1 CsGRAS11 628 5.08 71316.90 2 %
LOC115716239 rna-XM_030644994.1 CsGRAS12 617 6.03 68 009.17 20 f A%
LOC115716409 ra-XM_030645194.1 CsGRAS13 616 6.19 67 882.02 2 A%
LOC115725491 rna-XM_030655030.1 CsGRAS14 756 6.16 85229.91 20 f A%
LOC115724919 rna-XM_030654291.1 CsGRAS15 548 5.14 61 008.73 2 %
LOC115702418 rna-XM_030629883.1 CsGRAS16 528 5.24 57 541.56 2 A%
LOC115724710 rma-XM_030654047.1 CsGRAS17 577 6.05 64 503.06 2 A%
LOC115710247 rna-XM_030638634.1 CsGRAS18 582 4.92 64 716.73 2 %
LOC115717012 rna-XM_030645940.1 CsGRAS19 697 5.36 77 185.61 20 f A%
LOC115719730 rna-XM_030648898.1 CsGRAS20 698 5.68 78 688.43 2 A%
LOC115719656 rna-XM_030648776.1 CsGRAS21 757 5.10 85 748.52 2 %
LOC115719316 rna-XM_030648302.1 CsGRAS22 749 5.03 84 965.93 2 %
LOC115718811 rna-XM_030647633.1 CsGRAS23 645 6.73 73 634.61 A
LOC115718867 rna-XM_030647676.1 CsGRAS24 621 5.69 71 491.35 Rk
LOC115718866 rna-XM_030647675.1 CsGRAS25 630 7.24 72 454.10 Rk
LOC115718865 rna-XM_030647673.1 CsGRAS26 746 5.80 85 106.83 2 A%
LOC115700662 rna-XM_030628281.1 CsGRAS27 455 5.66 49 596.06 20 f A%
LOC115723037 rna-XM_030652434.1 CsGRAS28 575 5.14 64 688.92 20 f A%
-LOC115698980 rna-XM_030626193.1 CsGRAS29 494 5.15 54 901.55 JUE
LOC115701004 rna-XM_030628687.1 CsGRAS30 454 6.68 50 178.21 20 f A%
LOC115698988 rna-XM_030626201.1 CsGRAS31 724 5.99 81 047.24 2 A%
LOC115712444 rna-XM_030640719.1 CsGRAS32 497 5.28 56 735.16 A
LOC115716431 rna-XM_030645221.1 CsGRAS33 752 6.29 82 128.85 Y27 UN
LOC115705815 rna-XM_030633255.1 CsGRAS34 722 5.72 78817.91 20 f A%
LOC115705915 rna-XM_030633390.1 CsGRAS35 721 5.74 78 730.89 20 A%
LOC115705736 rna-XM_030633154.1 CsGRAS36 722 5.77 78 760.91 2 A%
LOC115712525 ra-XM_030640813.1 CsGRAS37 504 5.68 56 355.13 JAI
LOC115714408 rna-XM_030643106.1 CsGRAS38 600 5.95 66 439.36 J
LOC115706185 rna-XM_030633743.1 CsGRAS39 539 551 59 352.41 2 A%
LOC115714404 ra-XM_030643094.1 CsGRAS40 622 5.33 68 325.01 2 A%
LOC115716331 ra-XM_030645098.1 CsGRAS41 700 5.99 76 887.41 2 A%
LOC115712875 rna-XM_030641289.1 CsGRAS42 508 6.30 56 609.53 J
LOC115703632 rna-XM_030630867.1 CsGRAS43 559 6.21 62 215.78 2N A%
LOC115707313 ra-XM_030635227.1 CsGRAS44 544 6.33 61 258.62 2 A%

X3 AT R IR IK L i e 1 2k [ 2 () AP AR R BR T WHEME 5 4 CsGRAS &EH (CsGRAS6.
M, CsGRAS7. CsGRAS8. CsGRAS9. CsGRAS11) ,

2.2 K GRAS SRi&if LB B4F 1%

FIF MEGA-X (] 2) ¥, KHUNJ %, Xf
FARETT 34 ANFIKHRK 44 4~ GRAS HE T /04T, 14
HTMAGRKEN. RIERFKER, GRAS HHA
A3 10 MK R : HAM. LS. DLT.SCR.DELLA.
SCL3. LISCL. SHR. PAT1 #1 HAMlike. HAMlike

HHAM & T R— > A& TF GRAS B H .
HAM WX EH 8 4 CsGRAS [ (CsGRASS.
CsGRAS16. CsGRAS32. CsGRAS34. CsGRAS35.
CsGRAS36. CsGRAS38. CsGRAS41) . A 5
AN CsGRAS Z&[ (CsGRAS2. CsGRAS4. CsGRASI10.
CsGRAS31. CsGRAS39) J&T DELLA W.5 %
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Blue line segment indicates the collinear relationship between cannabis GRAS gene family and Arabidopsis and rice GRAS gene family, and the red mark

indicates the position of cannabis GRAS gene family on cannabis chromosome
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Fig. 3 Collinear relationship between A. thaliana, C. sativa, and Oryza sativa
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