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mainly cultivated in high-altitude regions. However, the regulatory mechanisms underlying the biosynthesis of its
major active constituents, anthraquinones, remain poorly understood. UV-B radiation (280 —315 nm) is a key
ecological factor in high-altitude habitats, profoundly affecting the quality formation of R. officinale. Identifying
UV-B-responsive genes is therefore essential for elucidating the regulatory pathways involved. The basic leucine
zipper (bZIP) transcription factor family is known to regulate plant growth and development, secondary metabolite
biosynthesis, and stress responses; however, a comprehensive analysis in R. officinale is still lacking. In this study,
we conducted a genome-wide identification of the bZIP gene family in R. officinale, and systematically analyzed
the physicochemical properties, gene structures, phylogenetic relationships, and conserved motifs. Transcriptome
data were utilized to identify RobZIPs highly expressed in roots and rhizomes and responsive to UV-B radiation,
followed by experimental validation. A total of 94 RobZIPs were identified, unevenly distributed across 10
chromosomes except chromosome 8, with 36 tandem duplication events observed. All RobZIP-encoded proteins
are predicted to be hydrophilic, comprising 64 to 780 amino acids, and are primarily localized in the nucleus.
Phylogenetic analysis classified the RobZIP genes into 11 subgroups, with members within the same subgroup
exhibiting similar gene structures and conserved motifs. Collinearity analysis revealed that tandem duplication is
the primary mode of expansion for the RobZIP gene family. Promoter cis-element analysis identified numerous
clements associated with plant development, hormone signaling, and stress responses in RobZIPs. qRT-PCR
analysis confirmed the tissue-specific expression and UV-B responsiveness of 8 RobZIPs, including RobZIP15,
consistent with transcriptomic data. This study provides a comprehensive analysis of the bZIP gene family in
R. officinale, laying the foundation for further investigations into their evolutionary dynamics, UV-B response
mechanisms, and potential roles in anthraquinone biosynthesis.
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Table 1 Primer sequences for qRT-PCR

Primer name Primer sequence (5'-3")

RobZIP15-F ATCGCTAGGGTTGTGGAAGC
RobZIP15-R CCAAACTCACAAGAACCGGC
RobZIP17-F TGCTGTGGAGAGGTTGGATG
RobZIP17-R CCCAAGTACCAACAGCCCTC
RobZIP33-F AGGAGAATGCCAGGTTGAGG
RobZIP33-R AGAGACCGAACATGACTGCG
RobZIP39-F GTGAACGAGCTAGAGGCGAG
RobZIP39-R TCCGTCCTGCTGTCGTATTC
RobZIP66-F TTGCAAAGCGAGTTGAAGCC
RobZIP66-R AAGTTCTCGGTGCTGACTGG
RobZIP67-F CAGAGCAGCAGCAAGTGAAC
RobZIP67-R TCGCGAAGGTAATCTGCCTG
RobZIPS8S-F GCCTGGGAATACACACCTGG
RobZIP8§-R GGAGATCCAGCACCAACACC
RobZIP90-F GGAGGAGCTCGACATGATGG
RobZIP90-R CAAGGAGCTGCAGAACTTGC
p-actin-F AGGGTCCAATGCTTTATC
p-actin-R CAGTCTTCTCCACCACAA

A A R TR (K 2), RobZIP 4afish (14 1K JE
£ 64 aa (RobZIP04.RobZIP22.RobZIP25.RobZIP81)~
780 aa (RobZIP57) X 1], & [ 7 F i & 1L 7 372.26 Da
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Table 2 Physicochemical properties of basic leucine zipper (bZIP) of R. officinale

Protein ~ Molecular  Isoelectric Instability Protein Subcellular
Gene ID Chromosome  Rename X i X L

length/aa  weight/Da  point (pI) index GRAVY localization
evm.model.ctg3.1017 Chr01 RobZIP01 186 22 246.10 8.88 41.87 -0.998  Nucleus
evm.model.ctg3.1311 Chr01 RobZIP02 416 45278.59 9.16 50.26 -0.720  Nucleus
evm.model.ctg3.3752 Chr01 RobZIP03 395 43398.35 591 66.66 -0.787  Nucleus
evm.model.ctg6.581 Chr01 RobZIP04 64 7 428.23 6.72 85.93 -1.198 Nucleus
evm.model.ctg6.3012 Chr01 RobZIP05 264 28 930.50 5.48 47.97 -0.607  Nucleus
evm.model.ctg8.84 Chr02 RobZIP06 171 19 324.36 11.13 73.96 -0.763  Nucleus
evm.model.ctg8.863.1.66f59198 Chr02 RobZIP07 343 36 472.90 5.79 56.9 -0.875  Nucleus
evm.model.ctg8.6396 Chr02 RobZIP08 119 14 232.23 10.25 78.61 -0.927  Nucleus
evm.model.ctg8.8396_evm.model.ctg8.8397 Chr02 RobZIP09 334 35495.23 6.14 48.05 -0.892  Nucleus
evm.model.ctg10.920 Chr02 RobZIP10 290 31602.43 5.90 66.94 -0.574  Nucleus
evm.model.ctg10.2176 Chr02 RobZIP11 135 15391.18 7.97 64.43 -0.896  Nucleus
evm.model.ctg10.2253 Chr02 RobZIP12 157 18 749.22 10.23 60.58 -1.026  Nucleus
evm.model.ctg10.2366 Chr02 RobZIP13 187 20 181.37 5.95 58.44 -0.633  Nucleus
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Protein ~ Molecular  Isoelectric Instability Protein Subcellular
Gene ID Chromosome  Rename . . . L.
length/aa  weight/Da  point (pl) index  GRAVY localization
evm.model.ctg10.3721 Chr02 RobZIP14 236 27 348.57 6.53 61.26 —-0.848  Nucleus
evm.model.ctg10.3920 Chr02 RobZIP15 177 9150.47 9.06 68.98 -0.565  Nucleus
evm.model.ctg10.4310 Chr02 RobZIP16 271 30121.44 6.77 59.46 -0.893  Nucleus
evm.model.ctgl7.64 Chr03 RobZIP17 349 40 259.89 6.58 52.79 -0.459  Nucleus
evm.model.ctgl17.117.1.66£5917f Chr03 RobZIP18 410 46 586.60 9.03 59.71 -0.763  Nucleus
evm.model.ctg17.334 Chr03 RobZIP19 525 57 218.75 6.69 61.16 -0.704  Nucleus
evm.model.ctgl7.725 Chr03 RobZIP20 372 42270.70 6.85 62.13 -1.001 Nucleus
evm.model.ctgl7.756 Chr03 RobZIP21 157 18 235.81 10.06 68.19 —-0.735  Nucleus
evm.model.ctg17.1939 Chr03 RobZIP22 64 7372.26 10.78 64.82 -1.170  Nucleus
evm.model.ctgl17.2560 Chr03 RobZIP23 387 43 342.00 5.83 59.38 -0.758 Nucleus
evm.model.ctg17.3329 Chr03 RobZIP24 377 4299293 7.83 61.50 —-0.45 Nucleus
evm.model.ctg23.805 Chr03 RobZIP25 64 7390.42 10.78 74.94 -1.052  Nucleus
evm.model.ctg29.3237 Chr03 RobZIP26 136 15381.27 5.96 48.44 -0.746  Nucleus
evm.model.ctg29.3259.1.66f59183 Chr03 RobZIP27 254 27393.45 7.09 40.57 -0.667  Nucleus
evm.model.ctg31.251 Chr04 RobZIP28 328 35699.44 5.10 54.82 -0.556  Nucleus
evm.model.ctg33.358 Chr04 RobZIP29 425 45 062.01 7.14 56.00 —-0.684  Nucleus
evm.model.ctg33.3146 Chr04 RobZIP30 518 56 006.25 7.10 66.81 -0.773  Nucleus
evm.model.ctg34.144 Chr04 RobZIP31 185 20 604.66 9.87 62.10 -0.429  Nucleus
evm.model.ctg34.257 Chr04 RobZIP32 127 14 325.30 10.15 51.82 -0.576  Nucleus
evm.model.ctg34.585 Chr04 RobZIP33 168 18 844.34 9.27 67.52 —-0.610  Nucleus
evm.model.ctg34.1653 Chr04 RobZIP34 144 16 508.95 5.72 61.96 -0.531  Nucleus
evm.model.ctg37.720 Chr05 RobZIP35 137 15 801.70 7.75 63.79 -0.911 Nucleus
evm.model.ctg37.1305 Chr05 RobZIP36 185 20377.12 9.72 56.63 -0.759  Nucleus
evm.model.ctg37.1565 Chr05 RobZIP37 132 14 947.63 6.49 58.42 —-0.780  Nucleus
evm.model.ctg39.284 Chr05 RobZIP38 469 51311.58 8.60 54.63 -0.460  Nucleus
evm.model.ctg39.1012 Chr05 RobZIP39 168 18 485.32 9.51 67.04 -1.167  Nucleus
evm.model.ctg40.1556 Chr05 RobZIP40 254 27 694.06 6.01 52.96 -0.573 Nucleus
evm.model.ctg42.521 Chr05 RobZIP41 324 34715.48 7.17 59.15 -0.957  Nucleus
evm.model.ctg42.1414 Chr05 RobZIP42 148 17 535.58 6.31 52.67 —-0.863 Nucleus
evm.model.ctg44.86 Chr06 RobZIP43 166 19 597.96 8.97 53.04 -0.992  Nucleus
evm.model.ctg44.205 Chr06 RobZIP44 422 45 474.09 9.43 49.07 —-0.605  Nucleus
evm.model.ctgd4.314 Chr06 RobZIP45 157 18 749.22 10.23 60.58 -1.026  Nucleus
evm.model.ctg44.379 Chr06 RobZIP46 492 54 437.33 6.78 72.40 -0.910  Nucleus
evm.model.ctg44.491 Chr06 RobZIP47 373 40 987.75 7.75 50.95 -0.589  Nucleus
evm.model.ctg44.507 Chr06 RobZIP48 310 33978.23 6.70 57.99 -0.731 Nucleus
evm.model.ctgd4.1072 Chr06 RobZIP49 394 42 526.62 6.99 63.25 -0.696  Nucleus
evm.model.ctg44.1723 Chr06 RobZIP50 388 42 097.54 6.85 57.30 -0.740 Nucleus
evm.model.ctg44.3965 Chr06 RobZIP51 341 37 641.91 6.55 54.98 -0.714  Nucleus
evm.model.ctg44.4871 Chr06 RobZIP52 360 39 542.60 5.96 59.06 -0.823 Nucleus
evm.model.ctg44.8913 Chr06 RobZIP53 279 30 131.46 5.85 27.80 -0.684  Nucleus
evm.model.ctg46.1288 Chr07 RobZIP54 220 24 638.45 5.89 63.96 -0.778  Nucleus
evm.model.ctg46.1854 Chr07 RobZIP55 120 13 632.40 9.02 37.86 —-0.770  Nucleus
evm.model.ctg46.2286.1.66f5918a Chr07 RobZIP56 372 42 180.97 7.08 58.62 -0.422  Nucleus
evm.model.ctg47.1753 Chr07 RobZIP57 780 84 396.50 5.96 44.35 -0.529  Nucleus
evm.model.ctg47.1838 Chr07 RobZIP58 388 43318.53 6.42 6.41 -0.620  Nucleus
evm.model.ctg47.2312 Chr07 RobZIP59 532 58 468.54 6.65 64.11 -0.618  Nucleus
evm.model.ctgd7.2870 Chr07 RobZIP60 76 8 858.88 9.18 81.92 -1.071 Nucleus
evm.model.ctg50.1639 Chr07 RobZIP61 236 26 033.95 5.58 30.77 -0.667 Nucleus
evm.model.ctg50.2100 Chr07 RobZIP62 144 16 554.88 5.25 60.66 —0.627  Nucleus
evm.model.ctg50.2907 Chr07 RobZIP63 406 43219.87 7.17 63.64 -0.851 Nucleus
evm.model.ctg50.3987 Chr07 RobZIP64 285 31018.98 6.02 60.29 -0.542  Nucleus
evm.model.ctg50.4279 Chr07 RobZIP65 174 19 961.57 6.23 66.94 -0.690  Nucleus
evm.model.ctg62.129 Chr09 RobZIP66 424 45043.90 8.43 53.61 -0.767  Nucleus
evm.model.ctg62.457 Chr09 RobZIP67 345 39 355.74 9.15 61.90 -0.464  Nucleus
evm.model.ctg62.772 Chr09 RobZIP68 332 37 153.79 8.63 57.10 -0.554  Nucleus
evm.model.ctg63.391.1.66£59192 Chr09 RobZIP69 201 22 829.09 8.76 54.68 -0.458  Nucleus
evm.model.ctg63.777 Chr09 RobZIP70 440 47 499.29 9.45 52.37 -0.616  Nucleus
evm.model.ctg63.1257 Chr09 RobZIP71 330 36 193.39 6.27 56.74 —-0.638  Nucleus
evm.model.ctg63.2471 Chr09 RobZIP72 422 45 603.80 6.68 58.02 -0.659  Nucleus
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Protein ~ Molecular  Isoelectric Instability Protein Subcellular
Gene ID Chromosome  Rename . . . L.
length/aa weight/Da  point (pl) index  GRAVY localization

evm.model.ctg63.3324 Chr09 RobZIP73 306 34 422.46 7.09 65.83 -0.813  Nucleus
evm.model.ctg66.99 Chrl10 RobZIP74 765 83207.94 6.06 49.59 -0.591  Nucleus
evm.model.ctg66.134 Chr10 RobZIP75 265 29 767.49 9.63 56.60 -0.781 Nucleus
evm.model.ctg66.1798 Chrl0 RobZIP76 300 33491.39 5.77 51.00 -0.898  Nucleus
evm.model.ctg66.3485 Chrl0 RobZIP77 294 32 984.04 5.86 56.53 -0.815  Nucleus
evm.model.ctg67.488 Chrl0 RobZIP78 166 19 448.64 9.84 69.80 -1.023  Nucleus
evm.model.ctg67.2722 Chr10 RobZIP79 143 16 287.31 7.83 61.11 -0.782  Nucleus
evm.model.ctg67.3556 Chrl0 RobZIP80 76 8635.21 9.66 54.09 -0.325  Nucleus
evm.model.ctg67.3756 Chrl10 RobZIP81 64 7373.24 10.71 85.45 -1.192  Nucleus
evm.model.ctg67.4173 Chr10 RobZIP82 297 33 355.60 5.04 67.48 -0.544  Nucleus
evm.model.ctg67.4181 Chrl0 RobZIP83 352 38943.43 4.87 55.35 -0.589  Nucleus
evm.model.ctg67.4510 Chrl0 RobZIP84 333 36215.92 5.46 59.88 -0.654  Nucleus
evm.model.ctg69.3590 Chrl1 RobZIP85 486 53 434.26 8.49 5531 -0.392  Nucleus
evm.model.ctg69.3753 Chrl1 RobZIP86 262 30320.23 8.53 58.87 -0.826  Nucleus
evm.model.ctg69.6109 Chrll RobZIP87 189 21959.52 9.26 53.84 -0.983  Nucleus
evm.model.ctg71.2446 Chrll RobZIP88 442 47 586.27 9.63 50.83 -0.670  Nucleus
evm.model.ctg71.2770 Chrl1 RobZIP89 159 17 375.39 9.25 56.05 -0.647  Nucleus
evm.model.ctg71.2948 Chrl1 RobZIP90 120 14 054.00 9.73 54.14 -0.880  Nucleus
evm.model.ctg71.3091 Chrll RobZIP91 117 13018.74 9.89 57.75 -0.690  Nucleus
evm.model.ctg71.3202 Chrll RobZIP92 365 39 591.66 8.72 64.31 -0.908  Nucleus
evm.model.ctg71.3223 Chrl1 RobZIP93 257 28393.70 577 65.24 -0.696  Nucleus
evm.model.ctg72.48 Chrll RobZIP9%4 387 42 282.35 5.84 55.66 -0.818  Nucleus
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Table 3 The secondary structure analysis of bZIP proteins in R. officinale

Secondary structure Secondary structure
Protein name  Alpha helix ~ Betaturn Random coil Extended strand | Protein name  Alpha helix ~ Betaturn  Random coil Extended strand

() (To) (Co) (Ee) () (Tt) (Co) (Ee)
RobZIP01 47.85 0.00 52.15 0.00 RobZIP48 35.81 0.00 63.23 0.97
RobZIP02 27.88 0.00 70.91 1.20 RobZIP49 36.29 0.00 62.94 0.76
RobZIP03 34.43 0.00 64.81 0.76 RobZIP50 33.25 0.00 66.75 0.00
RobZIP04 73.44 0.00 26.56 0.00 RobZIP51 33.43 0.00 66.57 0.00
RobZIP05 37.50 0.00 60.61 1.89 RobZIP52 31.11 0.00 67.78 1.11
RobZIP06 42.69 0.00 5731 0.00 RobZIP53 32.97 0.00 67.03 0.00
RobZIP07 28.86 0.00 69.39 1.75 RobZIP54 42.73 0.00 57.27 0.00
RobZIP08 68.07 0.00 31.93 0.00 RobZIP55 57.50 0.00 40.62 1.88
RobZIP09 29.64 0.00 68.56 1.80 RobZIP56 55.91 0.00 40.86 3.23
RobZIP10 40.00 0.00 60.00 0.00 RobZIP57 16.90 0.00 76.37 6.73
RobZIP11 49.63 0.00 48.89 1.48 RobZIP58 60.31 0.00 34.54 5.15
RobZIP12 58.60 0.00 41.40 0.00 RobZIP59 51.50 0.00 45.30 3.20
RobZIP13 52.94 0.00 45.45 1.60 RobZIP60 86.84 0.00 13.16 0.00
RobZIP14 39.41 0.00 59.32 1.27 RobZIP61 35.17 0.00 64.83 0.00
RobZIP15 61.02 0.00 37.29 1.69 RobZIP62 68.75 0.00 31.25 0.00
RobZIP16 40.96 0.00 58.30 0.74 RobZIP63 24.14 0.00 74.14 1.72
RobZIP17 63.61 0.00 33.52 2.87 RobZIP64 41.75 0.00 58.25 0.00
RobZIP18 35.37 0.00 63.66 0.98 RobZIP65 56.90 0.00 43.10 0.00
RobZIP19 25.71 0.00 74.29 0.00 RobZIP66 27.12 0.00 71.23 1.65
RobZIP20 31.72 0.00 67.74 0.54 RobZIP67 62.32 0.00 34.78 2.90
RobZIP21 59.87 0.00 40.13 0.00 RobZIP68 69.88 0.00 26.51 3.61
RobZIP22 81.25 0.00 18.75 0.00 RobZIP69 46.27 0.00 51.74 1.99
RobZIP23 31.27 0.00 67.70 1.03 RobZIP70 27.27 0.00 71.14 1.59
RobZIP24 60.21 0.00 37.40 2.39 RobZIP71 34.55 0.00 64.85 0.61
RobZIP25 87.50 0.00 12.50 0.00 RobZIP72 31.99 0.00 67.06 0.95
RobZIP26 67.65 0.00 3235 0.00 RobZIP73 42.16 0.00 55.88 1.96
RobZIP27 36.61 0.00 62.60 0.79 RobZIP74 16.08 0.00 77.12 6.80
RobZIP28 33.54 0.00 64.94 1.52 RobZIP75 40.00 0.00 60.00 0.00
RobZIP29 27.29 0.00 72.00 0.71 RobZIP76 33.03 0.00 64.83 2.14
RobZIP30 24.13 0.00 75.87 0.00 RobZIP77 35.03 0.00 62.93 2.04
RobZIP31 49.73 0.00 48.65 1.62 RobZIP78 53.01 0.00 46.39 0.60
RobZIP32 75.59 0.00 24.41 0.00 RobZIP79 60.84 0.00 39.16 0.00
RobZIP33 50.60 0.00 47.02 2.38 RobZIP80 81.58 0.00 15.79 2.63
RobZIP34 62.50 0.00 37.50 0.00 RobZIP81 84.38 0.00 12.50 3.12
RobZIP35 35.77 0.00 59.85 4.38 RobZIP82 41.75 0.00 57.58 0.67
RobZIP36 39.46 0.00 56.22 4.32 RobZIPg83 34.94 0.00 63.92 1.14
RobZIP37 54.55 0.00 45.45 0.00 RobZIP84 3333 0.00 66.07 0.60
RobZIP38 55.65 0.00 40.30 4.05 RobZIP85 53.09 0.00 44.44 2.47
RobZIP39 41.67 0.00 58.33 0.00 RobZIP86 45.42 0.00 54.20 0.38
RobZIP40 39.37 0.00 60.63 0.00 RobZIP&7 46.56 0.00 53.44 0.00
RobZIP41 28.40 0.00 68.52 3.09 RobZIP88 31.67 0.00 66.29 2.04
RobZIP42 60.14 0.00 39.86 0.00 RobZIP89 60.26 0.00 39.74 0.00
RobZIP43 54.82 0.00 45.18 0.00 RobZIP90 81.67 0.00 18.33 0.00
RobZIP44 30.09 0.00 68.72 1.18 RobZIP91 83.76 0.00 16.24 0.00
RobZIP45 62.67 0.00 37.33 0.00 RobZIP92 34.79 0.00 63.56 1.64
RobZIP46 27.03 0.00 72.97 0.00 RobZIP93 43.58 0.00 55.64 0.78
RobZIP47 32.17 0.00 67.83 0.00 RobZIP9%4 31.01 0.00 67.96 1.03
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Figure 1 Multiple sequence alignment of bZIP proteins of R. officinale
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Figure 2 Phylogenetic tree of bZIP proteins of R. officinale and Arabidopsis thaliana

Table 4 Ka/Ks analysis of duplicated bZIP genes in R. officinale. Ka represents non-synonymous mutations, while Ks represents synony-

mous mutations

Replication Replication

Ka Ks Ka/Ks ||Gene name 1 Gene name 2 Ka Ks Ka/Ks

mode mode
RobZIPOI ~ RobZIP43 segmental  0.3014 13976 02157 | RobZIP42  RobZIP79 segmental  0.3546 22714 0.1561
RobZIP02  RobZIP44 segmental 02361 0.8197 0.2880 | RobZIP47  RobZIP51 segmental  0.2104 1.1974 0.1757
RobZIPO2  RobZIP70 segmental  0.1969 0.7720 0.2551 || RobZIP49  RobZIP50 segmental  0.2238 0.7453 0.3003
RobZIP02  RobZIP8S segmental  0.1711 04751 03600 | RobZIP49  RobZIP72 segmental  0.1596 0.5220 0.3058
RobZIPOI ~ RobZIP87 segmental  0.3113 0.7679 0.4054 | RobZIP44  RobZIP70 segmental  0.1622 0.8754 0.1853
RobZIP1l  RobZIP33 segmental 03401 1.6213 0.2098 | RobZIP47  RobZIP71 segmental  0.1380 0.8500 0.1623
RobZIPO6 ~ RobZIP36 segmental  0.5312 1.3173 0.4033 | RobZIP5]  RobZIP71 segmental  0.1969 0.9309 0.2115
RobZIP13  RobZIP45 segmental 02808 0.7840 0.358 1 | RobZIP51  RobZIP91 segmental  0.1473 0.4934 0.2985
RobZIP14  RobZIP65 segmental  0.5827 1.6410 03551 || RobZIP44  RobZIPS88 segmental  0.1750 0.8430 0.207 6
RobZIP1l  RobZIP69 segmental  0.5791 1.2857 04505 | RobZIP45  RobZIP89 segmental  0.2289 1.4628 0.1565
RobZIP10  RobZIP93 segmental  0.2941 0.770 1 03819 | RobZIP47  RobZIP91 segmental  0.1168 0.8118 0.143 8
RobZIP17  RobZIP35 segmental  0.1941 1.1700 0.1659 | RobZIP52  RobZIP94 segmental  0.1065 0.6417 0.1660
RobZIP21  RobZIP54 segmental  0.3487 0.7163 0.4868 | RobZIP43  RobZIPS87 segmental  0.2027 0.9783 0.207 2
RobZIP34  RobZIP62 segmental  0.1244  0.7631 0.1630 | RobZIP65  RobZIP79 segmental  0.2934 1.0495 0.2795
RobZIP33  RobZIP69 segmental  0.5494 13719 04005 | RobZIP57  RobZIP74 segmental  0.2619 0.8570 0.3056
RobZIP42  RobZIP65 segmental 03961 1.8170 02180 | RobZIP70  RobZIP88 segmental  0.1749 0.9471 0.1846
RobZIP40  RobZIP64 segmental  0.1679 0.6317 0.2659 | RobZIP71  RobZIP91 segmental  0.1328 1.0069 0.1319
RobZIP41  RobZIP63 segmental  0.1364 0.4280 0.3186 | RobZIP75  RobZIP77 segmental  0.1946 1.0748 0.181 1

Gene name 1 Gene name 2
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Figure 3 Chromosome distribution and collinearity relationship of bZIPs in R. officinale. A: Chromosome distribution; B: Collinearity

relationship (a: Gene density; b: Gene expression level; c: Chromosome number)
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Figure 4 Motif identification, and gene structure analysis of bZIPs in R. officinale. a: Phylogenetic tree; b: Distribution of conserved

motifs; ¢: Gene structure; d: Conserved motifs
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