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Genome-Wide Identification and Cold Stress Expression Analysis of the
WRKY Gene Family in Pennisetum alopecuroides
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YUAN Su-fan*, FAN Xi-feng”, MU Na*
(1. Beijing University of Agriculture, Beijing 102206, China; 2. Institute of Grassland, Flowers and Landscape Ecology, Beijing Academy of
Agriculture and Forestry Sciences, Beijing 100097, China)

Abstract: To clarify the molecular characteristics of the WRKY gene family in highly cold-resistant Pennisetum
alopecuroides and their functions in cold stress response, in this study we conducted systematic identification,
phylogenetic analysis and cold stress-related expression pattern analysis of the WRKY gene family via combined
genome-wide and transcriptome analyses. The results showed that a total of 104 PaWRKY genes with com-
plete WRKY domains were identified, which were unevenly distributed on nine chromosomes. All the encoded
proteins were hydrophilic, and most of them had poor in vitro stability and were susceptible to degradation.
Based on phylogenetic analysis, the taxa were divided into seven subtribes, and Subtribe IIc comprises the most
members, and ten core conserved motifs were predicted in total. Extensive homologous collinearity was found
between this gene family and Oryza sativa subsp. japonica. The promoter regions of P WRKY genes were
enriched with numerous cis-acting elements responsive to abiotic stresses and phytohormones. Transcriptome
data revealed that eight Pa WRKY genes were differentially expressed under cold stress, including four upregu-
lated and four downregulated genes, all of which harbored MeJA-responsive elements. This study clarified the
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molecular and evolutionary characteristics of the WRKY gene family in Pennisetum alopecuroides and screened
out key cold stress-responsive genes, which laid a theoretical foundation for cold-tolerant molecular breeding of

Pennisetum alopecuroides and evolutionary research of the WRKY gene family in Panicoideae.
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Fig.1 ¢PCR amplification curves of the reference gene
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Table 1  Physicochemical properties of proteins in the Pa WRKY
LN 4 PR A RRECR LEDS R Y WigsEE ARE R JiE 7 AR HIRMEF P
Sequence ID Number of amino acid Molecular weight Theoretical pI Instability index Aliphatic index Grand average of hydropathicity
Pal09G036140.1 504 53 486.68 8.81 61.46 55.91 —0.787
Pal09G031120.1 412 44 388.79 6.09 53.60 71.33 —0.477
Pal09G015790.1 351 37 586.29 9.81 52.23 61.45 —0.601
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G AR A R B WRKY [R5 42 A PR 41 45 508 T 30 e 38 40 A

SEIN 24 PR
Sequence ID

Pal09G014400.1
Pal09G014390.1
Pal09G009170.1
Pal09G007930.1
Pal09G007830.1
Pal09G005140.1
Pal09G000540.1
Pal08G016330.1
Pal08G012080.1
Pal08G000730.1
Pal08G000660.1
Pal07G023170.1
Pal07G022560.1
Pal07G019100.1
Pal07G013810.1
Pal07G004310.1
Pal06G021290.1
Pal06G019450.1
Pal06G012990.1
Pal06G010670.1
Pal06G008940.1
Pal06G007310.1
Pal06G007300.1
Pal05G038310.1
Pal05G037060.1
Pal05G036710.1
Pal05G036700.1
Pal05G036690.1
Pal05G036680.1
Pal05G036670.1
Pal05G032290.1
Pal05G031150.1
Pal05G030950.1
Pal05G029870.1
Pal05G026660.1
Pal05G026110.1
Pal05G024490.1
Pal05G024400.1
Pal05G021810.1
Pal05G021670.1
Pal05G014300.1
Pal05G003030.1
Pal05G003020.1
Pal05G002720.1
Pal05G000070.1
Pal04G038220.1
Pal04G032150.1
Pal04G021050.1
Pal04G020170.1
Pal04G016550.1
Pal04G015780.1

AR AR 23 hE WigsE i ARERE Ji s 7B SRR B
Number of amino acid Molecular weight Theoretical pI Instability index Aliphatic index Grand average of hydropathicity

140 14 896.60 9.51 57.10 52.43 —0.799
125 13 591.22 9.42 43.94 54.08 —0.812
397 42 595.58 9.87 49.75 70.83 —0.454
313 32 729.26 6.26 71.91 56.87 —0.526
427 44 949.64 6.09 56.31 53.63 —0.671
406 43 059.09 9.35 50.59 69.04 —0.308
424 45678.10 6.14 54.00 57.92 —0.514
860 97 778.80 7.03 38.76 105.78 —0.090
216 23363.61 9.54 39.67 42.55 —0.877
283 31 865.41 6.23 48.89 69.26 —0.810
268 30 438.80 7.11 51.41 57.95 —0.788
314 32 821.35 10.09 58.21 68.85 —0.362
472 49 238.95 5.27 50.78 57.58 —0.471
238 25838.14 8.56 37.32 57.06 —0.52

690 73 869.69 8.46 47.80 59.97 —0.669
329 34 778.08 9.65 57.11 57.90 —0.609
453 49 551.20 8.34 49.19 80.57 —0.355
704 76 756.23 5.41 62.89 61.95 —0.662
351 36 703.85 6.38 58.44 65.58 —0.358
571 61953.43 6.05 53.85 60.46 —0.780
329 33 831.31 9.96 58.77 66.69 —0.371
809 91 639.40 6.01 52.06 80.31 —0.449
795 90 156.21 6.06 46.23 85.52 —0.356
339 35619.59 5.52 64.03 59.53 —0.565
554 59 114.37 6.57 67.41 39.42 —0.840
303 32476.19 6.05 59.99 59.14 —0.499
333 35679.08 6.33 55.40 64.92 —0.446
343 36 550.50 5.77 52.57 58.95 —0.495
267 29 805.67 5.45 67.13 43.56 —0.841
237 26 668.03 6.82 52.24 66.33 —0.542
308 33 946.25 4.72 90.22 53.28 —0.938
259 27 398.72 7.71 56.33 67.80 —0.545
307 31 665.92 5.01 53.19 55.41 —0.492
234 25195.31 7.68 52.12 59.70 —0.356
427 44 978.18 9.69 68.12 51.33 —0.830
330 34 799.79 6.06 54.21 58.36 —0.482
365 39 188.47 6.54 58.67 49.23 —0.798
374 39 540.24 6.11 52.37 62.86 —0.559
329 33 554.96 8.99 39.94 73.50 —0.202
263 27 757.47 5.45 53.82 63.92 —0.506
583 60 634.39 7.83 46.74 63.36 —0.494
248 26 094.93 6.94 67.77 46.29 —0.503
502 51 626.53 6.57 45.78 68.45 —0.335
268 28 636.08 9.66 47.18 55.45 —0.610
447 46 766.37 6.83 62.82 68.08 —0.432
322 35036.74 9.47 59.43 72.24 —0.614
395 41749.29 5.83 60.98 52.71 —0.703
370 39 217.04 6.18 51.86 52.97 —0.632
619 65 023.87 7.03 48.19 58.66 —0.557
342 34 817.29 5.74 43.29 65.18 —0.267
218 23 650.08 8.78 63.14 40.00 —0.794
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SEIN 44 PR AR AEXF 23 hE WigsE i ARERE Ji s A8 SRR B
Sequence ID Number of amino acid Molecular weight Theoretical pI Instability index Aliphatic index Grand average of hydropathicity
Pal03G040200.1 339 36 236.04 9.88 60.49 61.98 —0.577
Pal03G037160.1 569 64 463.10 8.20 48.66 82.97 —0.548
Pal03G037140.1 500 56 762.76 7.91 42.59 87.16 —0.471
Pal03G035350.1 491 52 171.45 8.16 56.10 56.76 —0.757
Pal03G029700.1 416 44 355.80 7.29 55.17 65.12 —0.431
Pal03G029690.1 310 33030.45 5.94 47.56 60.94 —0.615
Pal03G029210.1 483 51 258.47 7.65 53.98 52.44 —0.727
Pal03G021890.1 563 59 315.92 5.57 53.69 48.63 —0.597
Pal03G021630.1 141 15 866.71 4.85 49.37 66.45 —0.538
Pal03G021620.1 278 30 846.39 6.34 62.30 63.60 —0.719
Pal03G021610.1 291 31 858.45 4.98 58.72 62.82 —0.565
Pal03G018450.1 225 23 831.99 9.15 43.03 74.22 —0.403
Pal03G017940.1 223 22 971.20 7.81 55.11 52.29 —0.432
Pal03G015980.1 411 43 702.26 6.22 42.94 52.21 —0.613
Pal03G015860.1 595 61 634.08 6.45 50.49 66.25 —0.424
Pal03G015540.1 295 31428.95 5.67 53.51 65.66 —0.512
Pal03G014680.1 310 33 085.60 6.22 58.59 57.48 —0.697
Pal03G014650.1 351 37 632.83 5.19 54.43 67.07 —0.554
Pal03G012660.1 207 22 120.29 6.72 57.38 47.25 —0.576
Pal03G009860.1 511 52 596.34 6.66 51.28 61.84 —0.441
Pal03G000820.1 295 32 154.36 4.97 64.37 59.90 —0.686
Pal08G000740.1 295 32 138.36 4.97 65.02 60.58 —0.676
Pal03G000810.1 289 32480.09 6.23 49.60 71.52 —0.772
Pal03G000790.1 288 32726.16 6.80 70.92 59.31 —0.957
Pal08G000710.1 288 32 683.09 6.62 69.03 59.31 —0.935
Pal03G000780.1 267 30 233.17 6.45 45.46 80.67 —0.564
Pal08G000700.1 267 30 249.19 6.30 43.82 80.67 —0.578
Pal03G000760.1 250 28 507.15 7.21 46.34 70.92 —0.647
Pal08G000690.1 250 28 563.12 7.22 47.85 69.76 —0.652
Pal03G000750.1 223 25093.74 9.22 49.52 44.66 —0.861
Pal08G000680.1 223 25093.74 9.22 49.52 44.66 —0.861
Pal03G000730.1 287 32 032.89 5.46 41.27 66.03 —0.487
Pal03G000720.1 310 33 760.06 6.12 57.78 65.23 —0.452
Pal02G044680.1 352 36 416.01 8.32 75.95 50.03 —0.511
Pal02G038630.1 598 64 024.23 6.07 52.07 62.16 —0.660
Pal02G026050.1 624 66 963.41 6.38 52.83 61.33 —0.527
Pal02G025790.1 583 62 455.95 5.85 57.87 54.77 —0.601
Pal02G021910.1 272 29 217.80 6.67 48.36 75.07 —0.442
Pal02G021890.1 296 31 657.44 8.33 54.54 64.73 —0.540
Pal02G018940.1 338 35 398.56 6.35 51.21 73.20 —0.293
Pal02G018930.1 323 34128.92 5.48 53.69 71.08 —0.315
Pal02G013330.1 337 35704.41 7.57 63.96 71.57 —0.327
Pal02G000650.1 363 38419.75 5.70 53.25 66.61 —0.439
Pal01G032930.1 569 60 321.26 5.02 56.55 54.48 —0.744
Pal01G029460.1 482 49 877.72 5.78 40.07 57.66 —0.334
Pal01G026860.1 234 26 029.49 8.00 50.76 56.28 —0.517
Pal01G015750.1 298 31622.01 9.87 57.38 47.32 —0.813
Pal01G013660.1 413 44 497.16 5.60 73.37 60.80 —0.557
Pal01G012030.1 207 22 564.63 9.42 82.85 55.22 —0.774
Pal01G006470.1 358 38 669.70 8.64 65.86 67.99 —0.659
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Table 2 Summary of 8 cold-responsive PaWRKY genes
JEHE D ¥ R4 log.FC R4 padj RT-qPCR 3% Wy AARSRERRE
Gene ID Transformed Transcriptome padj RT-qPCR primer Subfamily T1ssuefspe(31'f1c high
log,fold change expression
Pal03G000750 2.0067 P=0.032 F: TTCAACCATCACACCTGCAG II'a R Root
R: ACTGAAACCGGCTTGCATAG
Pal05G000070 2.8411 pP<10 " F: ACGGGCAGAAGGAGATACAA II'b i Root
R: GAAGCTGATGAGGCGTGAG
Pal05G003030 1.1642 P=0.048 F: ATGAGCTACGCGGACGATG e 2% Stem
R: CTGCTCTTGACCGCCTTCTT
Pal05G014300 1.6604 pP<<10 " F: CAGCAGCTTCTACAGGTCAC b it Leaf
R: CAACATCCTCAACTCCGGC
Pal01G026860 —2.5178 P=0.004 F: TGCACCTCGGTGACAAAAGT Ilc 2% Stem
R: CATCATCCAGCACATCCACG
Pal05G038310 —1.3184 P=0.003 F: CTACAGCCCGATGCATCTCG e T Seedling
R: GGAGCTCGTGCACTTGTAGT
Pal06G007300 —1.7208 P=0.011 F: ATAGAAAGACATATTCCAGCTCCAGC 1 i Root
R: TCCTGTGCTTGTTCCACTAAGG
Pal09G000540 —2.0714 P=0.007 F: CACCTACACAGCAGAGCACA e i Leaf
R: ATCGAGGTCGTTGCCACTAC
3 iTig WRKY # 5Nt A Kok E A4 ia

WRKY % H 5% AE M H W R A 1 7 5 7 K
W, HOR B B E AR R AE 5 T B A R AR REAS
] 42 b e 2 3 DR SF M R S AR BIE O 0
1044~ PaWRKY & A, H o Tle W & hy 5 K % -
AW 5T e R [R] — SV B8 53 3 P 2 A AH AL T A% I
ZIEA — 25 . W 57 2 5 2 WRKY 3t
DM 5% 1 D) B 43 1) B 45 A8 SR Ry S 1 3L R Y A7
FEAEILREAE 25 & AN TR NI L] i 2 54 K
B 50w R ) AN [ R 2 5

WRKY 450 58 5 & 98748 ik o EoKP A9
A WRKY 3 B 14 WRKY 4548 38 L 7 4 Bl 45 4%
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