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Identification and Bioinformatics Analysis of Isoflavone Reductase Genes in Soy-
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Abstract: Isoflavones are a class of secondary metabolites formed in soybean growth, which are the main functional active
components of soybean. Isoflavone reductase is one of the key enzymes catalyzed isoflavone decomposition and plays an impor-
tant role in the regulation of isoflavone content and composition. In this research, we investigated the isoflavone reductase
(IFR) gene family based on the results of soybean whole genome sequencing and analyzed the conservation of the sequence,
sequence characteristics, structural features, genetic diversity as well as their phylogenetic relationships. The result showed
that there were 17 gene members at least existed in the soybean genome with protein sequence length varying from 191 to 376.
Sequence identity analysis showed that the lowest value of sequence similarity was observed between GmIFRO7 and GmIFR11
(19.59% ) and the highest value was observed between GmIFR12 and GmIFR17(98.43% ). Gene structure analysis showed
the number of introns among these genes was ranging from 2 to 6. Moreover, these [FR gene family members distribute in
chromosome 1, 4, 6, 9, 11, 12 and 16 in soybean unequally.
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Table 1 Isoflavone reductase(IFR) gene families in soybean
HH SGN i s Jefafk W& T8 H FILMR K E i PG AL
Gene SGN locus Chromosome Number of intron Predicted protein length  Molecular weight Isoelectric point
GmIFRO1 Glyma01¢37810 1 4 318 35.58 5.13
GmIFR02 Glyma01¢37820 1 4 307 33.77 6.32
GmIFRO3 Glyma01g37840 1 4 307 34.28 6.41
GmIFR04 Glyma01g37850 1 4 308 34.00 6.38
GmIFROS Glyma04 01380 4 4 310 33.94 5.68
GmIFR06 Glyma04¢16270 4 4 322 36.34 5.09
GmIFRO7 Glyma04¢16290 4 2 191 21.85 8.17
GmIFRO8 Glyma06¢03410 6 4 310 34.22 5.94
GmIFRO9 Glyma06g47450 6 5 276 31.23 5.20
GmIFR10 Glyma09¢34470 9 3 318 35.65 6.61
GmiIFRI11 Glymal 107490 11 5 376 41.86 8.50
GmIFR12 Glymal 107510 11 4 318 35.53 5.14
GmIFR13 Glymallgl2440 11 6 288 31.69 6.88
GmIFR14 Glymal2g04660 12 6 272 30.57 7.93
GmIFR15 Glymal6gl 7680 16 3 312 34.93 6.81
GmIFR16 Glyma0317s00200 scaffold_317 3 312 34.95 7.05
GmIFR17 Glymal454s00200 scaffold_1454 4 318 35.51 5.47
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Table 2 Nucleotide and amino acid sequences similarity of soybean IFR gene families

I WA/ Z LB P9 MBI Similarty of nucleotide and amino acid sequence/%

Gene  GIFR02 GmIFRO3 GmIFRO4 GmIFROS GmIFRO6 GmIFROT GmIFRO8 GmIFR09 GmIFR10 GmIFR11 GmIFR12 GmIFR13 GmIFR14 GmIFR1S GmIFR16 GmIFR17

68.76/ 69.28/ 70.10/ 61.18/ 47.80/ 29.27/ 60.25/ 39.53/ 49.95/ 56.70/ 89.13/ 49.79/ 43.21/ 50.26/ 51.30/ 89.86/

GmIFRO1
59.12  57.23  58.62 52.96 35.59 20.00 55.45 24.85 38.97 47.55 86.79 36.45 30.94 42.46 38.58 86.79
87.99/ 88.78/ 65.74/ 41.53/ 31.53/ 64.74/ 40.06/ 50.73/ 72.50/ 68.34/ 51.45/ 42.11/ 52.23/ 53.40/ 68.03/

GmIFRO2
80.78 83.44 64.19 39.70 20.78 64.19 29.01 44.20 69.15 60.06 39.03 30.65 45.37 43.77 59.75
80.01/ 66.92/ 48.09/ 30.27/ 64.09/ 39.43/ 52.86/ 72.68/ 68.97/ 52.20/ 43.03/ 54.49/ 55.45/ 68.86/

GmIFRO3
83.77 64.52 41.39 23.13 62.90 29.01 46.25 69.41 58.18 40.32 30.97 48.41 47.13 57.86
67.45/ 48.39/ 30.08/ 66.56/ 42.06/ 52.75/ 77.45/ 69.48/ 51.98/ 43.68/ 53.81/ 55.56/ 69.27/

GmIFRO4
67.74 40.79 23.75 69.68 28.00 46.25 78.19 59.56 40.97 30.55 48.09 47.45 58.93
50.35/ 29.37/ 70.52/ 38.27/ 51.39/ 56.59/ 60.14/ 53.23/ 45.43/ 53.98/ 54.24/ 60.35/

GmIFRO5
41.69 22.98 78.21 26.15 44.72 56.65 55.14 40.71 34.29 46.52 45.89 54.52
52.80/ 51.94/ 58.36/ 48.71/ 42.31/ 48.00/ 42.78/ 39.43/ 46.98/ 48.47/ 41.76/

GmIFR06
50.00 45.35 61.18 36.01 34.96 37.06 28.22 21.92 35.42 36.90 37.35
29.70/ 36.83/ 28.00/ 24.27/ 28.32/ 29.53/ 31.97/ 28.63/ 28.56/ 28.71/

GmIFRO7
26.09 23.22 20.68 19.59 19.70 17.16 16.33 21.60 20.06 19.70
38.75/ 52.32/ 53.56/ 61.39/ 52.61/ 47.02/ 52.05/ 53.84/ 61.80/

GmIFRO8
33,13 45.03 56.61 58.26 41.99 37.77 48.73 46.52 57.63
38.20/ 37.72/ 40.32/ 39.98/ 38.34/ 37.99/ 39.64/ 40.32/

GmIFR09
29.66 24.60 25.60 24.84 19.47 25.90 27.88 25.60
43.53/ 50.05/ 44.76/ 42.38/ 75.91/ 61.19/ 50.46/

GmIFR10
38.40 39.88 35.31 27.67 75.16 69.18 40.18
56.87/ 43.10/ 33.27/ 43.74/ 45.69/ 57.22/

GmIFR11
48.58 34.39  26.39 39.53 39.01 48.06
49.28/ 43.26/ 52.30/ 51.38/ 96.34/

GmIFR12
34.27 26.73  43.08 39.81 98.43
74.97/ 45.56/ 46.66/ 48.96/

GmIFR13
59.53  34.08 35.99 34.27
44.78/ 43.29/ 43.32/

GmIFR14
27.24  31.35 28.89
68.90/ 53.01/

GmIFR15
69.87  43.08
50.57/

GmIFR16

40.12
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Filled triangle indicates conserved amino acid residues; Filled diamond indicted the Lys and Asn of substrate specificity.
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The multiple sequence alignment of soybean /IFR gene family members
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Fig. 2 The intron-exon structure of soybean IFR gene family members
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Fig. 3 Distribution of IFR gene family members in soybean chromosomes
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Fig. 4 Phylogenetic analysis of soybean IFR gene family members
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