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Abstract: Objective To identify the bZIP gene in Polygala tenuifolia and provide a reference for the study of P. tenuifolia
stress tolerance improvement and secondary metabolism regulation. Methods Based on the three-generation full-length
transcriptome database of P. tenuifolia, a bioinformatics approach was used to identify and analyze the members of the bZIP
gene family of P. tenuifolia, and their expression characteristics in different tissues and treatments were analyzed by using real-
time fluorescence quantitative PCR (qQRT-PCR) technology. Results A total of 27 PtbZIP genes containing characterized
conserved structural domains were identified, the number of amino acid encoding proteins ranged from 143 aa (PtbZIP24) to
846 aa (PtbZIPY), relative molecular weight masses ranged from 16 201.52 to 92 932.30, and isoelectric points (pI) ranged from
4.59 10 9.69, a total of 25 family members were unstable proteins and all family members were hydrophilic proteins. The protein

secondary structure mainly consisted of a-helices and random coiled-coils, both without signal peptides, and there were multiple
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interaction phenomena. Evolutionary tree analysis classified the 27 PtbZIP proteins into eight subgroups, A, B, C, D, F, G, I and
S. Among them, subgroup G contained the highest number of PtbZIP family members totaling eight, accounting for 29.63% of
the total, and no PthZIP genes were categorized to groups E and K. The PthZIP family genes had weak codon preferences and
were less adaptive. Expression pattern analysis showed that PtbZIP4/15 had the highest expression in leaves, followed by stems
and roots; PtbZIP8/24 had the highest expression in stems, followed by leaves and roots; PtbZIP1/17 had the expression of
roots > leaves > stems; and the rest of the 21 had the expression pattern of roots > stems >leaves. The qPCR results showed that
the PthZIP26 gene was induced by abscisic acid and chitosan, and could significantly respond to drought and salt stress.
Conclusion In this study, we identified the P. tenuifolia bZIP family genes and their molecular characterization, laying the

foundation for further studies on the biological functions of PthZIP genes in the regulation of P. tenuifolia development and

secondary metabolite synthesis.
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*1 IE bZIP BEEARGEARER
Table 1 Basic information of P. tenuifolia bZIP gene family

EITES il FIEMHCE /aa A 701 S L AR E SRR IR IR % %K 21
PtbZIP] transcript HQ PT transcript7151/f3p0/2561 245 2705736  6.00 31.74 61.35 —0.688
PtbZIP2  transcript HQ PT transcript5115/f2p0/2842 338 36355.88  5.87 50.66 4831 -0.920
PtbZIP3 transcript HQ PT _transcript12430/f3p0/1953 453 4958825  5.96 52.30 75.06 —0.531
PtbZIP4  transcript HQ PT transcript18930/f4p0/1176 196 2237855  4.59 84.67 57.70 -1.071
PtbZIPS  transcript HQ PT_transcript18476/f2p0/1299 378 40960.14  7.98 52.56 55.87 —0.945
PthZIP6 transcript HQ PT transcript4199/f2p0/3046 445 48343.07 951 49.18 69.46 —0.685
PtbZIP7  transcript HQ PT transcript16391/f2p0/1581 552 6033470  6.72 67.22 59.42 -0.896
PtbZIP8  transcript HQ PT transcript12135/f4p0/1933 782 85663.78  6.30 51.24 71.39 -0.574
PbZIPY  transcript HQ PT_transcript4190/£3p0/3034 846 9293230  6.16 50.77 86.84 -0.097
PtbZIP10  transcript HQ PT transcript13706/£2p0/1780 363 41454.22 8.27 49.83 78.82 -0.518
PthZIPIl  transcript HQ PT_transcript4292/£2p0/3009 395 4240786 643 60.93 51.95 -0.913
PtbZIP12  transcript HQ PT transcript5871/f3p0/2719 280 30641.57  9.00 62.12 69.21 —0.629
PtbZIPI3  transcript HQ PT_transcript10950/f2p0/2122 448 4918699  6.36 55.48 77.88 -0.507
PtbZIP14  transcript HQ PT transcript13326/£2p0/1851 828 91347.66  5.83 46.49 85.08 -0.136
PtbZIP15  transcript HQ PT transcript13007/£2p0/1912 163 18261.57  9.00 67.28 73.68 -0.514
PtbZIP16  transcript HQ PT transcript3608/f2p0/3166 291 32206.00  7.89 42.07 72.68 —0.675
PtbZIPI7  transcript HQ PT_transcript7075/f6p0/2529 162 1842190  9.69 59.14 73.46 -0.628
PtbZIPIS  transcript HQ PT transcript14890/f2p0/1729 397 4258482 547 54.12 51.21 -0.899
PthZIP19  transcript HQ PT_transcript8067/£2p0/2441 252 27473.66  6.52 72.32 73.13 —0.726
PtbZIP20  transcript HQ PT transcript17492/f2p0/1433 558 61025.67  6.56 65.30 62.10 -0.820
PtbZIP2]  transcript HQ PT_transcript13341/£2p0/1905 420 4540646  9.16 53.76 57.24 -0.839
PtbZIP22  transcript HQ PT transcript13925/f4p0/1798 221 25296.66  7.79 37.78 69.37 ~0.645
PtbZIP23  transcript HQ PT transcript12834/f3p0/1910 344 37436.69  9.03 48.74 75.49 -0.640
PtbZIP24  transcript HQ PT transcript13910/f3p0/1812 143 16201.52  6.15 58.69 92.66 -0.550
PtbZIP25  transcript HQ PT_transcript15099/f2p0/1704 404 4332658  5.85 49.17 52.70 -0.899
PtbZIP26  transcript HQ PT transcript17693/f12p0/1396 412 44 539.21 8.56 49.29 54.08 -0.902
PibZIP27  transeript HQ PT transcript19569/£2p0/1019 771 8364445 585 5098 7253 —~0.498

®2 IEbZIP EEFRE_RLEN. FSK. BIREMRITMIAE LS HT

Table 2 Secondary structure, signal peptide, transmembrane structure and subcellular localization analysis of P. tenuifolia

bZIP gene family

K 4 -1 JiE B-#: TCHL A SEkY% BB 3V 20 5 o7
PtbZIP] 0.306 1 0.093 9 0.5673 0.06 ¥ 2 A%
PtbZIP2 0.263 3 0.047 3 0.665 7 0.09 ¥ 2 A%
PtbZIP3 0.496 7 0.075 1 0.401 8 0.54 ¥ M
PtbZIP4 0.3827 0.1122 0.454 1 0.20 ¥ A% ik
PtbZIP5 0.3016 0.0529 0.6111 0.39 ¥ A%, gL B
PthZIP6 0.303 4 0.092 1 0.5775 0.79 ¥ MMAZ . LK
PtbZIP7 0.3207 0.034 4 0.6105 0.09 ¥ M r%
PtbZIPS 0.180 3 0.1317 0.656 0 0.26 ¥ A%
PtbZIP9 0.3983 0.153 7 0.390 1 0.11 1 MIAZ . R, R
PtbZIP10 0.617 1 0.060 6 0.297 5 0.13 ¥ M %
PthZIP11 0.202 5 0.053 2 0.7215 0.07 " MAAZ . AR, R
PthZIPI2 0.460 7 0.042 9 0.482 1 0.15 1 2 A%
PtbZIP13 0.508 9 0.073 7 0.395 1 0.08 ¥ 2 A%
PtbZIP14 0.419 1 0.1522 0.3659 0.68 ¥ M %
PthZIP15 0.601 2 0.049 1 0.300 6 0.49 ¥ 20 A%
PthZIP16 0.3230 0.068 7 0.587 6 0.04 ¥ M. gk
PthZIP17 0.5617 0.049 4 0.333 3 0.13 " MMZ . R4
PthZIPI8 0.2015 0.055 4 0.730 5 0.03 ¥ MR )R
PtbZIP19 0.440 5 0.027 8 0.500 0 0.10 ¥ A%
PtbZIP20 0.308 2 0.037 6 0.634 4 0.12 ¥ M %
PtbZIP21 0.283 3 0.050 0 0.6357 0.17 X 2 A%
PthZIP22 0.497 7 0.081 4 0.393 7 0.47 ¥ 2 A%
PthZIP23 0.3692 0.0349 0.5727 0.22 ¥ 2 A%
PtbZIP24 0.622 4 0.0140 0.342 7 0.10 I 2 A%
PtbZIP25 0.190 6 0.064 4 0.730 2 0.22 I 2 A%
PthZIP26 0.2816 0.055 8 0.628 6 0.02 ¥ A% . R
PtbZIP27 0.1829 0.124 5 0.662 8 0.000 67 ¥ NAAZ . AR . 2Rkt 2 BE
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FIH MEGA7.0 #4827 £ 537 bZIP 75 [
TRIERGHAMN . SREKH, 27 4> POZIP EH

/YN Av By C. D. F. G. 1. S8 M, %A bZIP
FASHEMK AP, Ko G REEKK 1A,
S PthZIP FFEM AL 8 A, H AU 29.63%:;
A. F. 11 S H¥JE 34 PthZIP FJfE i, B &
2 AN PthZIP FG G, C W& 14 PhZIP FiF K
7, DG 44 PbZIP iR (K 1),

72

ymbols

EEEEER
>UQm—TATWRO

BEl1 mEMLETT bZIP ARG LR
Fig. 1 Phylogenetic tree of P. tenuifolia and A. thaliana bZIP proteins
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9 MEHEFFE MFMR 4if, 6 N8 HfF/E DOGI
gEfyi (B 2). PthZIP3 FI PthZIP13 &4 K/MH
IT ) CCDC 158 superfamily, PthZIP26. PtbZIP21
M PtbZIP5 M4 BRLZ. MFMR & homeobox
GEK, A5G g5 B AT PebZIP3 1 PrbZIP13
BAE—i, PthZIP26. PtbZIP21 ¥ PthZIP5 =%
35 I bZIP ERAZREMRIRTFTEF T

FIH MEME Xz & 27 4> bZIP & H 558 T
RFERETF NG RER, AFE bZIP #5315
AL B B R ST e At B S Ph R AR 2 e, Horp
bZIP14 B:RAE HIR T o E R (2 4,
bZIP18/25 BRI A E R o ERE (11145,
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BT MEANEZSEWIELAHN 65aa, WA 1
AMRSF ) bZIP S5438, Hph N o — R A & E
TR 5F [ N-X7-R H 26 77 R B 2 2R X 3 (&
4),
3.6 IEF bZIP EREAZREN R BB FRF ST

SR~ T FH SR W 3 R 4 Py 5 B 3 [ 41 2 ()
MIREA DG Z, T AN [F) P 2 BRG] — b S ik R
B 4 FH A AN ) PR i de B 52300 H bZIP TR K i
F 27 X EFRFITEET GC MAS =
(GC) PALFFEMF 1 7 (GCls)\ 2 2 i
(GC2s). 5 3 f7f (GC3s) I GC & & Hrss
Al 27 2k PthZIP FERJF A GCls. GC2s Al
GC3s IBIME T N 52.24%. 44.90%F1 40.93%,
AEAMER GC S EMAFAEER: BN GC T
HN 46.11%, /NT 50%, KIFHLE AT A B U
gE R4 (3R 3),
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Fig. 2 Structural domain analysis of P. tenuifolia bZIP family proteins
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Fig. 4 DNA-binding domain of P. tenuifolia bZIP proteins
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Table3 Codon preference analysis of P. tenuifolia bZIP gene family
FHF 4 ENC CAI CBI GC/% GC1/% GC2/% GC3/%
PtbZIP1 50.434 0.234 —0.124 44.04 52.44 42.68 36.99
PthZIP2 49.859 0.209 —0.089 45.29 51.18 49.71 35.00
PtbZIP3 55.472 0.184 —0.054 46.06 55.44 44.14 38.59
PtbZIP4 56.275 0.225 0.040 50.08 55.33 42.13 52.79
PthZIP5 45.940 0.190 —0.088 45.24 52.11 50.12 33.50
PtbZIP6 52.291 0.164 —0.052 46.86 51.35 43.27 45.96
PtbZIP7 52.715 0.205 0.003 45.30 51.71 47.40 36.80
PtbZIPS 48.556 0.206 —0.045 45.34 51.33 42.86 41.85
PtbZIP9 54.351 0.205 —0.060 46.36 54.66 45.22 39.20
PtbZIP10 52.463 0.185 —0.068 43.78 53.52 39.16 38.64
PtbZIP11 47.517 0.204 —0.035 44.72 44.72 51.12 31.17
PtbZIP12 47.366 0.214 0.038 50.53 55.16 4591 50.53
PtbZIP13 55914 0.183 —0.058 46.10 56.12 44.32 37.86
PthZIP14 56.152 0.203 —0.026 47.95 53.55 45.50 44.79
PthZIP15 57.195 0.228 0.103 46.14 45.12 40.24 53.05
PthZIP16 54.542 0.185 —0.062 43.82 49.85 41.54 40.06
PthZIP17 53.310 0.196 0.009 46.01 45.40 37.42 55.21
PtbZIP18 43.088 0.196 —0.082 46.48 53.10 49.88 36.48
PtbZIP19 47.308 0.185 —0.065 46.54 56.08 44.71 38.82
PtbZIP20 49.311 0.193 -0.017 45.28 50.77 47.68 37.39
PtbZIP21 48.975 0.180 —0.082 45.68 54.39 51.78 30.88
PthZIP22 54.679 0.177 —0.089 42.05 50.21 39.24 36.71
PthZIP23 51.577 0.194 0.067 50.37 53.04 46.96 51.10
PthZIP24 51.951 0.184 0.032 50.00 55.56 36.81 57.64
PthZIP25 44.107 0.195 —-0.097 45.73 52.71 49.75 34.73
PthZIP26 49.929 0.197 —0.080 44.71 54.48 50.61 29.06
PthZIP27 49.131 0.211 —-0.036 44.46 51.07 42.03 40.28
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Fig. 5 Predictive analysis of P. tenuifolia bZIP protein interactions
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Fig. 6 PrbZIP gene expression pattern analysis in different
tissues of P tenuifolia (A) and RT-qPCR validation of
PtbZIP26 and PtbZIP27 expression in different tissues of P,
tenuifolia (B)
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Fig. 7 Expression analysis of PthZIP26 exogenous
hormone treatments at different time points (A) and
expression analysis of PtbZIP26 abiotic stress treatments at

different time points (B)
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