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Identification of gene of GRAS transcription factor family in cultivated
soybean ( Glycine max L.) and expression pattern analysis under salt stress
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(Hunan Provincial Engineering Research Center for Ginkgo, College of Chemisiry and Bioengineering , Hunan University of Science and Engineering , Yong-

zhou 425199, China)

Abstract: In this study, 78 genes of GRAS family in soybean were systematically investigated using bioinformatics
and RNA-seq. The chromosomal distribution map showed that 78 GRAS genes were randomly located in 20 chromosomes.
Phylogenetic analysis showed that the soybean GRAS family could be divided into 11 subfamilies. The gene structure and
conserved motif distribution analysis suggested that the GRAS family members were consertive in evolution, and most of the
GRAS members with close evolutionary relationship had similar gene and protein structures. Transcriptomal and qRT-PCR
results showed that five genes were up-regulated and five genes were down-regulated under salt stress. Among them,
GmGRASI4, GmGRAS33 and GmGRAS69 had the highest fold of up-regulation at 12 h of salt treatment. GmGRASI7,
GmGRAS54 and GmGRAS57 showed the highest down-regulation multiple at 12 h of salt treatment, suggesting that these
genes may play an important role in the response to salt stress of soybean.
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Table 1 Primers used in this study

FEH FIFS (5'—3")

GmGRAS14 F:TTGAGCGGGTTGAGCCTAAG
R:CAGCAGCATGTTCATCGAGC
GmGRAS17 F:TGGGTGATAGCAGTAGGCCA
R:GGAATCCCTGTAGCAACGCT
GmGRAS33 F:CTGGGACAAGCTCGAATGGA
R:TGCAACATGCAGGGTTTTCG
GmGRAS54 F:CACGAGCCGTTCTTCTGACT
R:GGCGAAGCAAGCTCGTTAAG
GmGRAS57 F:ACGAGCTTGCTTCGCCTTAT
R:CAGCCACGGAGGAAAGAGTT
GmGRAS69 F:TGCCAGGTCTTGTGGAGTTC
R:TCATCTGGCATGTGGTGCAA
GmUBI3 F:GGGGGTGTAACTGGAAAGCA

R:TTGCACGTCCTTCCATCCTC

2 LSR5
21 KE GRAS RIEH BRENX MR K GRAS K
RER R BEENT

AT e A AE IR R e % i 78 4
GRAS FIGE M 51, 1 HR 48 3k PR 76 e o 44 b 1 07 B
X B EEPIK Y AT 44 8 GmGRAST ~ GmGRAS78 ., i it
i E ExPASy % K 5 GRAS FRJ5 5 i B Ak M i
AT, AERANFR 2 BRI S AR 5L A AL
iR BR, A K B TE 168 aa( GmGRAS35)
2 744 aa(GmGRAS1) Z [A], A% 43 F ot & W) 4~ F
1.897 584x 10" ( GmGRAS35 ) & 8.238 555x 10*
(GmGRAS9) Z [H], 55 Hi s 7E 4. 82 ( GmGRAS63) %
9.21 (GmGRAS35) Z [H], A & & &R B A 39.54
(GmGRAS26) % 61.75( GmGRAS1) Z [ii] , Her AU A7
GmGRAS26 1 GmGRAS47 FIAFRE R EUNT 40, U8
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Loz i 12.6.9.7 4 RO 16 5 BB/, X008 1A (F 1)

QAR AT S A5 11,1017 SR Ak B 4

*2 YLTFHKMKE GRAS RIEERE
Table 2 Soybean GRAS family genes identified

IR SR 1D RERRE e il FEE R
GmGRAS1 Glyma01g18040.1 744 81 588.60 5.48 61.75
GmGRAS2 Glyma01g33270.1 737 81 389.76 5.76 58.33
GmGRAS3 Glyma01g40180.1 476 54 005.58 5.45 45.29
GmGRAS4 Glyma01g43620.1 465 52 340.30 6.04 52.86
GmGRASS Glyma02g06530.1 523 58 196.97 5.91 47.84
GmGRAS6 Glyma02g08241.1 476 54 810.36 6.27 46.66
GmGRAS7 Glyma02g46730.1 545 61 468.80 5.42 56.75
GmGRASS Glyma03g03760.1 732 81 292.91 5.68 58.45
GmGRASY Glyma03g10320.1 730 82 385.55 5.79 47.92
GmGRASI0 Glyma03g37851.1 540 61 835.07 6.03 46.42
GmGRAS11 Glyma04g28490.1 443 50 345.11 6.53 40.89
GmGRASI2 Glyma04¢43090.1 502 55 183.73 5.75 40.61
GmGRASI3 Glyma05g03020.1 511 57 670.13 6.05 53.64
GmGRAS14 Glyma05g22140.1 480 53 365.74 5.65 43.10
GmGRASIS5 Glyma05¢27190.1 523 57 870.21 5.28 41.14
GmGRAS16 Glyma06g12701.1 600 66 778.70 4.83 48.97
GmGRAS17 Glyma06g41500.1 568 63 052.97 5.67 50.93
GmGRASIS Glyma07g11865.1 303 34 525.10 5.15 47.75
GmGRASI9 Glyma07g18934.1 558 63 292.52 4.90 49.68
GmGRAS20 Glyma08g10140.1 517 57 260.74 5.21 40.06
GmGRAS21 Glyma09g01440.1 548 61 274.91 5.83 52.30
GmGRAS22 Glyma09g24740.1 552 60 500.40 8.84 41.32
GmGRAS23 Glyma09¢35876.1 421 48 049.94 8.97 45.00
GmGRAS24 GlymalOg01571.1 451 51 852.40 8.65 49.62
GmGRAS25 Glymal0g04421.1 537 60 407.33 6.01 46.33
GmGRAS26 Glymal0g33380.1 4388 54 187.50 5.28 39.54
GmGRAS27 Glymal0g37640.1 590 65 220.89 8.26 47.80
GmGRAS28 Glymallg01850.1 473 52 975.81 5.71 47.16
GmGRAS29 Glymallg05110.1 482 54 540.12 5.45 45.13
GmGRAS30 Glymal1g06980.1 516 57 496.36 5.56 44.46
GmGRAS31 Glymallg09761.1 463 51932.13 6.00 44.65
GmGRAS32 Glymallgl0220.1 442 48 212.71 5.52 51.31
GmGRAS33 Glymallgl4670.1 680 76 497.82 5.84 49.63
GmGRAS34 Glymallgl4700.1 614 70 234.35 6.00 49.15
GmGRAS35 Glymallgl4690.1 168 18 975.84 9.21 42.64

GmGRAS36 Glymallgl4710.1 696 79 482.94 6.01 57.74
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GmGRAS37 Glymal1g20980.1 442 50 301.21 6.13 43.85
GmGRAS38 Glymallg23690.1 240 27 599.38 5.03 57.02
GmGRAS39 Glymallg33720.1 595 64 978.02 5.00 50.78
GmGRAS40 Glymal2g02060.1 481 53 805.84 5.11 53.99
GmGRAS41 Glymal2g02530.1 445 48 961.64 5.92 55.46
GmGRAS42 Glymal2g06640.1 680 77 290.87 5.42 50.85
GmGRAS43 Glymal2g06670.1 660 74 180.12 6.18 46.35
GmGRAS44 Glymal2¢32350.1 460 51 464.94 6.13 42.51
GmGRAS45 Glymal2g34420.1 571 63 782.91 5.50 52.68
GmGRAS46 Glymal3g09220.1 591 66 019.24 4.97 43.83
GmGRAS47 Glymal3g02840.1 472 51 427.45 5.05 39.76
GmGRAS48 Glymal3g18680.1 526 59 132.04 5.98 40.93
GmGRAS49 Glymal3¢36120.1 571 64 476.92 5.45 55.40
GmGRAS50 Glymal3g41220.1 644 73 440.00 5.86 51.48
GmGRAS51 Glymal3g41231.1 486 54 605.78 8.17 41.41
GmGRAS52 Glymal3g41251.1 610 69 347.04 6.25 49.30
GmGRAS53 Glymal3g41261.1 657 73 661.72 5.46 46.80
GmGRAS54 Glymal3g42100.1 443 50 053.57 5.58 46.98
GmGRASSS5 Glymal4g01020.1 545 61 133.93 5.93 55.01
GmGRAS56 Glymal4g01960.1 545 61 526.04 5.54 54.94
GmGRAS57 Glymal5g03290.1 437 49 372.77 5.27 49.92
GmGRAS58 Glymal5g04160.1 684 76 788.11 5.50 48.25
GmGRASS59 Glymal5g04166.1 606 68 783.08 6.21 44.98
GmGRAS60 Glymal5g04173.1 727 81 902.55 5.72 52.28
GmGRAS61 Glymal5g12320.1 552 61 690.32 5.57 50.27
GmGRAS62 Glymal5g15105.1 417 47 767.22 5.20 47.75
GmGRAS63 Glymal5g15110.1 593 67 365.77 4.82 54.34
GmGRAS64 Glymal6g01020.1 543 60 153.80 5.79 43.18
GmGRAS65 Glymal6g05751.1 687 76 277.68 5.73 56.90
GmGRAS66 Glymal6g25570.1 540 60 263.06 5.87 50.93
GmGRAS67 Glymal6g27310.1 471 53 895.34 6.79 45.08
GmGRAS68 Glymal6g29900.1 657 72 353.49 6.64 44.01
GmGRAS69 Glymal7g01150.1 545 60 855.45 6.05 53.04
GmGRAS70 Glymal7g13680.1 514 57 804.08 6.05 55.89
GmGRAS71 Glymal7g14030.1 669 74 655.72 6.31 54.94
GmGRAS72 Glymal7g17400.1 503 57 086.40 5.41 52.82
GmGRAS73 Glymal8g04500.1 584 63 889.00 5.16 46.56
GmGRAS74 Glymal8209030.1 545 61 188.90 5.20 50.87
GmGRAS75 Glymal8g43580.1 543 61 256.07 4.84 48.47
GmGRAS76 Glymal9g26735.1 681 75 382.67 5.79 59.53
GmGRAS77 Glyma20g30150.1 594 65 434.85 8.31 48.04
>mGRAS78 Glyma20g34260.1 434 48 334.17 5.71 41.85
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Fig.5 Expression patterns of soybean GRAS family genes in different tissues (A) and after salt treatment ( B)
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