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Abstract: WRKY, a class of conserved transcription factors in plants, plays important roles in plant growth,
development and secondary metabolism. In the present study, 65 WRKY members were identified from de novo
transcriptome sequencing data of three different tissues (root, stems and leaves) of Baphicacanthus cusia.
BcWRKY proteins contained from 221 to 706 amino acids and the isoelectric point is from 4.68 to 9.68. Molecular
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weights range from 25 711.8 to 75 475 Da. The main secondary structures of BcWRKYs protein are random coil. A
subcellular localization prediction indicated that the putative BcWRKY proteins were enriched in the nuclear
region. Phylogenetic analysis showed that BeWRKY's could be categorized into three groups and five subgroups
(Group Ila, Group IIb, Group Ilc, Group IId and Group Ile) in Group II. Structural analysis found that all
BcWRKY proteins contained a highly conserved motif WRKYGQK. Finally, the transcriptional profiles of ten
BcWRKY genes highly expressed in root, stem and leaf tissues under abscisic acid (ABA), methyl jasmonate
(MeJA), or salicylic acid (SA) treatment were systematically investigated using qRT-PCR analysis. Results showed
that a total of ten BcWRKY genes were differentially expressed in response to ABA, MeJA, and SA treatment. This
work would be provided a basis for further elucidating the molecular mechanism of WRKY transcription factors in
the biosynthesis of indole alkaloids in B. cusia.
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Figure 1 Schematic representation of the biosynthetic pathway

for indole alkaloids
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Figure 2 Screening of key WRKY transcription factors regulating indole alkaloid biosynthesis in B. cusia by bioinformatics and expres-

sion analysis
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Table 1 Real-time PCR primer sequences

Primer Primer sequence (5'-3")
qBcWRKY2-F AAGCGCGTGGAGAGATCATA
qBcWRKY2-R TGTAGAGGTTTTGACGGGCT
qBcWRKY36-F CTCGTGCCTATTACCGTTGC
qBcWRKY36-R ACTGGGCATGGATCCTGAAA
qBcWRKY7-F AAATGGAAGAAAACGCCGCT
qBcWRKY7-R TCTTGAATTTGTGGACGGCG
qBcWRKY65-F GAGACACGGAAACATGGACG
qBcWRKY65-R CTGTTTGGTAGCAGGGCATC
qBcWRKY32-F AACTGGAGGAAATACGGGCA
qBcWRKY32-R GGATCGTGATTGTGATGCCC
qBcWRKY61-F AAGCACAGTTGTATCCCCGA
qBcWRKY61-R TGGTGTGGAAGGGATGGAAA
qBcWRKY 19-F ACCTAATTCGTTGCCGCAAA
qBcWRKY19-R CGTCTTGAAGGAGCCCATTG
qBcWRKY40-F ACAACCACTCGATTCCCACT
qBcWRKY40-R CGAAATCTTCTAACCCGGCG
qBcWRKY I-F CTTCTCTCCCGAAATTGCCG
qBcWRKY 1-R TGGGGTGGTTATGAGTTCCC
qBcWRKY47-F AGGGTGAGTGCTGAGAACAA
qBcWRKY47-R TGGCCCTGTATTGACCACAT
18S-F GCTTCCCTCCCGACAATTTC
18S-R AGTCGGGTTGTTTGGGAATG
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Table 2 The WRKY family genes in B. cusia

Numl?er Molecular Aliphatic Grand avere'lg'e of Instability Subcellular Alpha  Extended Beta Random
Gene name ID (mRNA)  of amino X K hydropathicity X Lo X R
. weight/Da index index localization helix strand turn coil
acids (GRAVY)
BcWRKYI  ¢190 gl il 539 586353 6.9 51.09 -0.874 5773 nucl: 7, pero: 3, 11.32 10.39 334 7495
chlo: 2, mito: 2
BcWRKY2  ¢1090 gl il 332 369058  6.22 46.17 -0.897 63.53  nucl: 14 24.1 8.13 1.81 6596
BcWRKY3  ¢6524 gl il 338 368815 553 52.01 -0.788 59.47  nucl: 12,chlo: 1 14.2 1124 325 713
BcWRKY4 6524 ¢l i2 338 368815 553 52.01 -0.788 59.47  nucl: 12,chlo: 1 14.2 1124 325 713
BcWRKYS  ¢13968 gl il 342 384474 646 46.55 -0.913 63.72  nucl: 13 25.44 7.89 351 63.16
BcWRKY6  ¢13968 gl i2 342 384474 646 46.55 -0.913 63.72  nucl: 13 25.44 7.89 351 63.16
BcWRKY7  ¢16804 gl il 331 35780.5  9.68 61.66 -0.618 51.3 nucl: 14 20.24 8.76 272 68.28
BcWRKYS  ¢l17876 gl il 496 542037 917 59.88 -0.659 4743 nucl: 14 31.05 13.1 423 516l
BcWRKY9  ¢27862 gl il 360 402374 517 57.25 -0.728 52.16  nucl: 13.5, 19.17 11.94 333 6556
cyto_nucl: 7.5
BcWRKYI0  ¢29172 gl i2 573 620355 7.01 57.03 -0.797 4942 nucl: 14 8.55 1326 419 74
BcWRKYII  ¢41505 gl il 440 478824  8.01 68.57 -0.585 32.65  nucl: 7.5, 28.86 9.77 341 5795
cyto nucl: 6,
cyto: 3.5, chlo: 2
BcWRKYI2  ¢41505 gl i2 476 51867 8.01 69.12 -0.528 3293 nucl 6, cyto: 4, 2941 10.08 252 5798
chlo: 2, vacu: 1
BcWRKYI3  ¢50218 gl 12 508 571448  6.71 52.24 -0.875 47.08  nucl: 14 12.4 11.61 236 73.62
BcWRKY14 62580 gl il 324 36 600.5 527 66.51 -0.822 4222 nucl: 13 27.47 1204 3.7 56.79
BcWRKYIS  ¢66932 gl 12 480 52271.8  7.25 57.33 -0.789 57.55  nucl: 14 12.29 12.92 312 7167
BcWRKY16  ¢70343 gl i2 321 34333 9.61 64.45 -0.416 3524 nucl: 14 19.94 1028 498  64.8
BcWRKYI7  ¢70386 gl il 315 35480.1  5.16 54.89 -0.709 56.74  nucl: 14 28.57 794 413 5937
BcWRKYIS  ¢72750 gl il 430 47429 7.56 61.51 -0.72 3515 nucl: 13 31.63 1442 465 493
BcWRKYI9  ¢74396 gl il 326 363712 5.68 54.17 -0.837 5578  nucl: 14 29.45 13.8 3.99 5276
BcWRKY20  ¢76584 ¢l i2 459 492283  5.63 58.52 -0.703 54.09  nucl: 13 18.3 7.84 392  69.93
BcWRKY21  ¢76584 gl i3 435 473433 52 53.68 -0.735 5435  nucl: 13 18.16 9.66 299 69.2
BcWRKY22  ¢80274 gl i2 337 377059  6.27 54.48 -0.818 67.19  nucl: 13.5, 28.49 8.01 2,67 6083
cyto_nucl: 7.5
BcWRKY23  ¢80450 gl il 333 364968 5.7 57.78 -0.808 4849  nucl: 13 21.02 9.01 4.5 65.47
BcWRKY24 80916 gl i3 264 29442.1 7.1 76.86 -0.637 56.42  nucl: 13 36.74 15.53 1.52  46.21
BcWRKY25  ¢80916 gl i5 352 39583 8.08 86.16 -0.379 44.39 32.67 14.49 256 50.28
BcWRKY26 83416 gl il 288 326447  6.39 74.1 -0.614 47.66  nucl: 7,cyto: 4,  29.86 7.64 486  57.64
plas: 1, extr: 1
BcWRKY27  ¢83416 gl 12 221 257118 6.16 63.94 -0.597 39.98  nucl: 7,cyto: 3, 2579 14.03 6.79  53.39
pero: 2, extr: |
BcWRKY28  ¢83588 gl i3 706 75 475 5.07 54.29 -0.728 49.68  nucl: 14 11.19 9.77 34 75.64
BcWRKY29  ¢86119 gl il 509 560663  6.38 59.88 -0.922 6136 nucl: 14 15.52 9.43 295 721
BcWRKY30  ¢86991 gl i3 305 34099.5  4.68 57.84 -0.943 74.88  nucl: 12, mito: 1 11.8 9.84 262 7574
BcWRKY31  ¢87043 gl i4 401 447539 575 50.07 -0.837 67.53  nucl: 12,chlo: 1 16.46 12.22 224 69.08
BcWRKY32  ¢87440 gl i2 487 53658.1  7.64 62.87 -0.729 59.71  nucl: 14 13.35 15.81 349 6735
BcWRKY33 89989 g2 i2 313 340386 7.8 4751 -0.77 55.18  nucl: 14 23 7.03 1.92  68.05
BcWRKY34  ¢89989 g2 i3 285 30892.1  7.13 4533 -0.792 5842  nucl: 14 21.05 11.23 175 6596
BcWRKY35 90764 gl il 465 506978 824 69.53 -0.556 46.95  nucl: 10, cyto: 2,  32.26 10.32 2.8 54.62
chlo: 1
BcWRKY36 91203 gl il 562 599397 715 61.55 -0.608 50.73  nucl: 11, mito: 2 29.18 11.03 427 5552
BcWRKY37  ¢91932 gl i2 499 550542 632 63.09 -0.78 61.98  nucl: 12,chlo: 1 11.02 13.63 321 7214
BcWRKY38  ¢92553 gl il 473 520409 835 55.05 -0.765 49.29  nucl: 14 26.22 9.09 1.9 62.79
BcWRKY39  ¢92742 gl i2 329 360344  6.25 58.42 -0.669 49.89  nucl: 14 34.04 9.42 1.52 55.02
BcWRKY40  ¢93652 g2 i2 320 35087 5.82 58.56 -0.692 57.68  nucl: 14 22.19 6.88 5 65.94
BcWRKY41  ¢93652 g2 i3 282 308642 591 54.08 -0.774 52.53  nucl: 14 23.05 7.8 426  64.89
BcWRKY42  ¢94067 gl il 343 38490.6  9.62 65.07 -0.786 5213 nucl: 13 22.74 9.62 466 6297
BcWRKY43  ¢94067 gl i2 351 393965 9.55 61.71 -0.829 5895  nucl: 14 27.92 13.68 427 5413
BcWRKY44  ¢94067 gl _i4 343 38490.6  9.62 65.07 -0.786 5213 nucl: 13 22.74 9.62 466 6297
BcWRKY45  ¢94386 gl il 434 474084  8.85 67.37 -0.676 51.02  nucl: 6, cyto: 5, 12.9 11.52 346 7212
chlo: 2
BcWRKY46  ¢94386 gl 12 434 474084 885 67.37 -0.676 51.02  nucl: 6, cyto: 5, 12.9 11.52 346 7212
chlo: 2
BcWRKY47  ¢95444 @2 i5 335 375102 8.06 69.52 -0.788 4791  nucl: 9, cyto: 4 217.76 11.64 149  59.1
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Continued
Num‘t.)er Molecular Aliphatic Grand averég-e of Instability Subcellular Alpha  Extended Beta Random
Genename  ID (mRNA)  of amino . . hydropathicity . L . .
. weight/Da index index localization helix strand turn coil
acids (GRAVY)
BcWRKY48  ¢96888 gl il 652 711475 55 57.33 -0.885 4871 nucl: 14 22.85 1135 245 6334
BcWRKY49  ¢96888_gl_i2 643 700234 554 58.13 -0.854 48.86  nucl: 14 24.11 11.66 2.8 61.43
BcWRKY50  ¢97318 g2 il 342 37501.1  5.19 50.76 -0.701 5524 nucl: 13 20.76 994 351 6579
BcWRKY51  ¢100352_gl il 291 32267.8 549 69.76 -0.56 46.9 nucl: 12, cyto: 1 23.37 1478 275 59.11
BcWRKY52  ¢100352_gl _i2 292 323659 558 70.51 -0.544 46.32  nucl: 10.5, 25.68 1336 24 58.56
cyto_nucl: 6.5,
cyto: 1.5

BcWRKY53  ¢100352_gl i3 291 32267.8 549 69.76 -0.56 46.9 nucl: 12, cyto: 1 23.37 1478 275  59.11
BcWRKYS54 101248 gl il 322 34890.6 6.1 58.82 -0.515 51.96  nucl: 14 16.77 10.56 559  67.08
BcWRKYSS  ¢101248 gl i2 323 350118 6.2 59.85 -0.477 50.97  nucl: 14 14.55 13 495 6749
BcWRKY56  ¢104028_g5_i3 486 529294 9.1 62.76 -0.74 58.38  nucl: 14 10.7 1337 2.67 7325
BcWRKY57  ¢105450_gl il 355 395059 539 68.99 -0.586 43.81  nucl: 14 18.87 8.45 3.66  69.01
BcWRKY58  ¢106015_gl il 626 68756.2  6.74 51.55 -1.164 5726 nucl: 14 16.61 1198 335  68.05
BcWRKY59 106804 gl il 337 37659.6  9.16 63.35 -0.727 5272 nucl: 14 23.44 1187 297 61.72
BcWRKY60 188033 gl il 278 30793.1 582 56.44 -0.851 7328 nucl: 13 13.67 14.75 5.04  66.55
BcWRKY61  c188115 gl il 343 38310.1  5.63 69.33 -0.577 49.76  nucl: 11, extr:2  21.28 8.75 35 66.47
BeWRKY62  ¢190466_gl il 239 273817 882 62.76 -0.712 49.04  nucl: 12, chlo: 1 22.59 12.13 335 6192
BcWRKY63  ¢218496_gl il 291 321885 524 52.03 -0.857 59.63  nucl: 14 17.87 10.31 3.09  68.73
BcWRKY64  ¢249596_g2 il 295 328044 6.06 46.31 -0.933 62.97  nucl: 14 30.51 576 407  59.66
BcWRKY65  ¢250035 gl il 374 40753.1  6.77 56.39 -0.676 51 nucl: 14 22.99 13.1 535  58.56

3 DI WRKY REEBZEHE

Group lIb

L 5 B 16 AT 35 A VE R 2 REVE S0 BT, R B3 P G
FIFI MEME 5.4.1 7E 25 8 fF %) 65 1 BOWRKYs & K 15~48 aa N4, WRKY 2K (4 1 i) 3 J5 %0 B 75

Figure 3 Phylogenetic tree of WRKY transcription factor family in B. cusia. BeWRKYs (blue), SmMWRKYs (red), AtWRKY's (orange)
and CrWRKYSs (green)
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Figure 4 Alignment of conserved motifs of the Be(WRKY family in B. cusia
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Figure 5 Conservation and diversity of motifs in 65 BcWRKY proteins. The bit score indicates the frequency of the amino acids at each

position in the sequences
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Figure 6 Hierarchical clustering and expression profiles of the
65 BcWRKYs in different organs/tissues in B. cusia. Blocks with
colors indicate low/down expression (blue), high/up expression

(yellow) or no expression/no change (gray)
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Figure 7 Expression verification of the selected BcWRKY genes revealed by qPCR. Expression patterns of ten selected BcWWRKY genes in

response to abscisic acid (ABA, 100 pmol-L™"), methyl jasmonate (MeJA, 100 umol-L™") and salicylic acid (SA, 100 pmol-L") treatments

after 72 h. The /8S gene was used as an internal control to normalize the data. Error bars are standard deviations of three biological

replicates. Statistical significance was determined by Student's t-test (P < 0.01; "P < 0.05). Asterisks indicate the difference between treated

and nontreated plants
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