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Bioinformatics Analysis of bZIP Transcription Factors Related to Resistance to
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Abstract: In order to analyze the response mechanism of soybean bZIP transcription factor to the stress of soybean cyst
nematode race 3, and to lay a foundation for studying the mechanism of soybean responding to the stress of soybean cyst
nematode race 3. In this study, the resistant soybean variety Dongnong L-10 was stressed by cyst nematode race 3, and the
bZIP transcription factors related to resistance in transcriptome sequencing data were predicted and analyzed by online
bioinformatics. The results showed that 18 differentially expressed bZIP transcription factors related to soybean cyst nematode
race 3 were obtained, and there were differences in physical and chemical properties among different transcription factors.
Most of the up-regulated bZIP transcription factors were basic isoelectric points, while most of the down-regulated bZIP
transcription factors were acidic isoelectric points. Among the 18 bZIP proteins, there were multiple serine (S), threonine
(T) and tyrosine (Y) phosphorylation sites, the most of which were serine (S). Subcellular localization showed that two
bZIP transcription factors were located in chloroplast and the rest were located in nucleus, which was consistent with the
expression characteristics of downstream genes regulated by transcription factors. According to the phylogenetic tree of bZIP
transcription factor proteins, 18 bZIP transcription factors were divided into two groups, in which the up-regulated bZIP
transcription factors and down-regulated bZIP transcription factors were closely related. Members of the bZIP gene family all
contained a number of motif structures, and there were variations in the amino acids of the conserved domains between
different bZIP genes. The protein secondary structure was mainly composed of random coil and a-helix. According to the
structural similarity, the tertiary structures of 18 bZIP proteins were divided into 4 categories. The similarity of the tertiary
structure of different bZIP transcription factors suggests that there are functional similarities. This study lays a theoretical
foundation for elucidating the mechanism of soybean bZIP transcription factor in response to stress of soybean cyst nematode
race 3, and provides a theoretical basis for improving the resistance of soybean cyst nematode.
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Table 1 Physicochemical properties of bZIP gene with differential expression
LB AR TR , - T 35
WA RS W Relave VR gy PREER s ke
Gene name Gene ID Up/Down molecular Number of pl Instability Fat coefficient Average
regilation weight 0 index hydrophobicity

bZIP-1 Glyma. 01G013600. 1 Up 44338. 65 415 5.97 61.04 47.57 -0.954
bZIP-2 Glyma. 03G255000. 5 Up 45627. 58 425 7.78 54.57 59. 04 -0.827
bZIP-3 Glyma. 10G071700. 1 Up 48549. 15 447 9.17 55.83 64.72 -0.744
bZIP4 Glyma. 03G255000. 1 Up 45627. 58 425 7.78 54.57 59. 04 -0. 827
bZIP-5 Glyma. 20G049200. 1 Up 30426. 09 274 8. 54 52.52 76.53 -0.704
bZIP-6 Glyma. 06G022300. 1 Up 25437.55 228 9.59 54.24 73.51 -0.633
bZIP-7 Glyma. 05G122400. 1 Down 24619. 88 224 9.16 66. 36 75.36 -0.642
bZIP-8 Glyma. 06G284900. 1 Down 38231.02 340 5.86 65.12 56.26 -1.122
bZIP-9 Glyma. 12G121000. 1 Down 37158. 09 330 5.97 64. 41 62.09 -1.008
bZIP-10 Glyma. 13G316900. 2 Down 54630. 43 490 6. 96 56.92 75.31 -0.531
bZIP-11 Glyma. 12G227700. 1 Down 32062. 99 285 7.86 61.57 72.95 -0.710
bZIP-12 Glyma. 13G272500. 1 Down 35802. 22 320 6.09 66. 94 71.44 -0.714
bZIP-13 Glyma. 03G247100. 1 Down 45051. 19 414 6.94 60. 89 70. 46 -0.633
bZIP-14 Glyma. 13G292800. 1 Down 35570. 71 311 6.27 57.67 67.75 -0.925
bZIP-15 Glyma. 03G255000. 7 Down 45627. 58 425 7.78 54.57 59. 04 -0. 827
bZIP-16 Glyma. 18G277100. 1 Down 22454. 14 195 5. 88 67.51 73.95 -0. 826
bZIP-17 Glyma. 12G208400. 1 Down 36640. 78 320 6.02 63. 86 67. 66 -0.962
bZIP-18 Glyma. 02G058800. 1 Down 35638. 10 338 5. 60 61.71 54.97 -0. 826
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xR2 ERKRILDZIP RREF BB AS
Table 2 Phosphorylation sites of bZIP genes with differential expression

HHAK 22 IR AR HHAK 223 R IR AR
Protein name Serine Threonine Tyrosine Protein name Serine Threonine Tyrosine
bZIP-1 39 13 3 bZIP-10 46 13 3
bZIP-2 43 19 3 bZIP-11 25 15 1
bZIP-3 24 10 3 bZ1P-12 28 10 2
bZIP4 43 19 3 bZ1P-13 47 13 3
bZIP-5 29 8 2 bZIP-14 26 3 3
bZIP-6 31 8 1 bZIP-15 43 19 3
bZIP-7 27 2 2 bZIP-16 16 4 2
bZIP-8 30 9 1 bZ1P-17 26 4 3
bZIP9 29 9 1 bZ1P-18 32 9 1

*£3 ERRIE DZIP F BRI LA E (LT
Table 3 Prediction of subcellular location of bZIP genes with differential expression
84y Score
HE AT
Protein name AR il i 5t A SR TRLN 2Jfi i B
Cellnucleus Cellcytoplasm Chloroplast Mitochondria Cell membrane
bZIP-1 14.0
bZIP-2 14.0
bZIP-3 13.0
bZIP-4 14.0
bZIP-5 13.5 7.5
bZIP-6 5.0 1.0 6.0 1.0
bZIP-7 13.5 7.5
bZIP-8 13.5 7.5
bZIP-9 13.5 7.5
bZIP-10 14.0
bZIP-11 6.5 4.0 7.0
bZIP-12 9.0 5.0
bZIP-13 10.0 4.0
bZIP-14 12.5 7.0
bZIP-15 14.0
bZIP-16 14.0
bZIP-17 13.5 7.5
bZIP-18 14.0
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10 \bZIP-13 bZIP-16 FiI bZIP-18 #NEFELA 5 /> motif
G, Y bZIP-18 HA 3 > motif £5#4, XF 5 Fl
FAUFEST G i 7 51 53 A R WA 7] bZIP J PR 22 [1]
PRSP AR RS A E AR R (B 3)
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Fig. 1 The phylogenetic tree of bZIP transcription factorswith differential expression
Name p-value  Motif Locations
b2IP-1  7.08e-16 * O
bzIP2  463e-80 * =] [ m.
bZIP3  2.82e12 } =
bZIP4  463e80 * O . N
bZIP5  1.20e13 * |
bZIP6  407e-12 ¥ |
bZIP7  2.03e13 ¥ il
bziPe 145004 *IH [ e
bZIP& 6.13e-07 :’. |
bZIP-10  1.36e-9 * |
bziP11 430es2 *H I BTN
bZiP12  8.88e-53 *1H |
bZIP-13  7.24e-12 ¥ 1
bziP-14 921eo7 *I [ o o I
bZIP15  463e-8D * O - N
bZIP-16  1.82e-10 * sl
bziP17 227e-97 *1H |
bZIP-18  7.5Be-35 * 1 ]

B tahd =

Motif Symbol Motif Consensus

TG DC DAAY MGR SAAT CTGE TV RDAGR TCMAGAGT RAGRAAG CNGSMN TAC
WRGATGECT 5 ABMANWG AARC AC TG AARWY RGARAT WRAG AGACT DA SK SAR
TCHY OMMS RGT TS YATY W TRGAHOHKS AR YKNT TRMY TCT TRAT RN YRA
THKRCONOCAMARR TWOC WA HS AT GOCACCHNATRGG OO WEMTT TY BOWKE
SAMY ASTGE HY TG RAGEWRMG AN ¥ 5CT KO CHERGY YEANKMY AARA YHN

B2 £8XiLbZIPEZETFHEFESH

Fig.2 Motifs analysis of bZIP transcription factors with differential expression
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Fig 3 Sequence analysis on conservative motifs of hZIP domain
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Table 4 Prediction of protein secondary structure of bZIP proteins with differential expression

(%)

HAAR

Protein name

o — BE L i

a-helix ratio

B - &Ll

B-sheet ratio

B~ e i LA

B-turn ratio

TEHLI A it He 7]

Random coil ratio

bZIP-1 19.52
bZIP-2 26.59
bZ1P-3 33.78
bZ1P4 26.59
bZIP-5 44.16
bZ1P-6 31.58 1
bZ1P-7 48. 66
bZIP-8 33.53
bZIP-9 34.55
bZIP-10 50. 82
bZIP-11 38.25
bZ1P-12 35.62
bZIP-13 43.00
bZIP-14 34.41
bZIP-15 26.59
bZIP-16 48.72
bZ1P-17 36. 88
bZIP-18 27.22

5.

5.

30 0.24 74.94
18 2.12 66. 12
.61 1.57 57.05
.18 2.12 66. 12
74 2.19 48.91
.23 2.63 49. 56
.68 1.34 47.32
65 1.47 62. 35
15 3.03 57.27
10 2.04 42.04
.37 3.86 50.53
56 3.44 54.37
07 1. 69 50. 24
14 1.93 58.52
18 2.12 66. 12
67 0 44.62
.75 2.50 56. 88
33 1.78 65. 68
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Fig. 4 Prediction on tertiary structure of bZIP transcription factors with differential expression
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