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Abstract: GRAS transcription factors play important roles in resisting abiotic stresses in plants. In order to study the response
of GRAS genes to drought stress in soybean, and to provide a molecular basis for mining the function and molecular mechanism
of soybean GRAS transcription factors in response to drought stress, we analyzed the microarray data of soybean in Gene
Expression Omnibus (GEO) database to identify drought responsive GRAS genes. The cis-acting elements in the promoters of
the drought responsive GRAS genes were analyzed by PlantCARE. Then we cloned and performed bioinformatics analysis of a
GRAS gene, GmGRAS27, which was up-regulated by drought stress in both the vegetative stage ( V6) and the full flowering
stage(R2). The promoter of GMGRAS27( Glyma. 06g265500) gene contains both ABRE responsive element and MYB/MYC
binding element. Furthermore, the expression of GmGRAS27 under drought, salt and ABA stress was analyzed by using the
qRT-PCR method. The results displayed that, in the 117 soybean GRAS genes, 10 genes responded to the drought stress. All
of the ten GRAS genes were found to possess at least one stress or hormone responsive element. GmGRAS27 was up-regulated
by drought stress in both the vegetative stage (V6) and the full flowering stage (R2), and it encoded the product GmGRAS27
containing a conserved GRAS domain. The structure of GmGRAS27 was found to be mainly composed of a-helixes and random
coils. GmGRAS27 was not only positively regulated by drought stress, but also induced by salt and ABA stress. These results
suggested that GmGRAS27 might be an important candidate gene responding to abiotic stresses in soybean.
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Table 1 The soybean GRAS genes response to drought stress

LA B PSP A3 28 S RIRHOTBUE p

Gene 1D Gene name Period Log, FoldChange
Glyma. 03G031800 GmGRASI1 V6 -1.55 7.60E-03
Glyma. 04G251900 GmGRASIS8 V6 -1.99 1.31E-04
Glyma. 06G265500 GmGRAS27 A\ 3.47 9.60E-07
Glyma. 11G096000 GmGRASS1 V6 2.29 3.57E-05
Glyma. 11G138600 GmGRAS59 V6 -2.47 1.78E-05
Glyma. 12G018100 GmGRAS64 V6 -2.96 2.47E-06
Glyma. 12G062100 GmGRAS69 V6 -2.06 1.39E-04
Glyma. 14G016000 GmGRASS6 A 1.95 2.04E-04
Glyma. 20G200500 GmGRASI16 V6 2.65 2.28E-04
Glyma. 04G150500 GmGRASI6 R2 -1.54 2.86E-04
Glyma. 06G265500 GmGRAS27 R2 3.68 6. 84E-06
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Glyma.03G031800 1 1 (|
Glyma.04G150500 1 1 1 1 1 1 1 11
Glyma.04G251900 1 1 1 (| 1 1
Glyma.06G265500 1 1 1 1
Glyma.11G096000 1
Glyma.11G138600 1 1 1 n 1 1
Glyma.12G018100 ] 1 1 n 1 n
Glyma.12G062100 1 11 11 1
Glyma.11G016000 1 (| 1 11 n 1
Glyma.20G200500 11 11 11 1 1 1 1
5" ) ) ) ) ) ) ) 3
Obp 200bp 400bp 600bp 800bp 1000bp 1200bp 1400bp
Exon [N ABRE DRE MWW MBS EEMYB HE MYC
ST

4 ABRE. JB 72 1 25 TG ; DRE. T 50 & 0 ; MBS, 22 5T 24310 MYB 454 f7 £5; MYB. MYB 254 7014 ; MYC. MYC 454
Tcﬁ:o
Note: ABRE. Abscisic acid responsive element; DRE. Drought responsive element; MBS. MYB binding site involved in drought-
inducibility; MYB. MYB biding site; MYC. MYC binding site.
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Fig.1 The schematic diagram of the cis-elements in promoters of soybean drought-responsive GRAS genes
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Fig.2 The gene structure analysis of GmGRAS27( A) and protein domain prediction of GmGRAS27(B)
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Fig.3 The sequence alignment between GmGRAS27 and other legume GRAS proteins
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Fig.4 The secondary(A) and tertiary structure(B) prediction of GmGRAS27
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Fig.5 The expression pattern of GmGRAS27 under abiotic stresses
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