Table S1 Primers used in this study
	基因名称
	上游引物序列（5'-3'）
	下游引物序列（5'-3'）

	Gene ID
	Upstream primer sequence (5'-3')
	Downstream primer sequence (5'-3')

	MhEF
	ATTCAAGTATGCCTGGGTGC
	CAGTCAGCCTGTGATGTTCC

	MhMDH
	CGTGATTGGGTACTTGGAAC
	TGGCAAGTGACTGGGAATGA

	qMhWRKYⅡa1
	CCAGTCTCAAATGCAGCGTG
	CCTTAGTGGCTTGTCGTGGT

	qMhWRKYⅡa2
	TGAAACGACTGTGGGAGAGC
	CAAAGAGCACAGCAAACGCT

	qMhWRKYⅡa3
	GTTTTCGAGCACCCCACAAC
	GGTGATGATGAGGGTGCCAA

	qMhWRKYⅡa4
	TTGATGATCCGCAAGTGGCT
	GGCTGCTTCCATTGTCTCCT

	qMhWRKYⅡa5
	TGTACGACAACGGAAAGCGA
	CGCAAGCCACCATATCAACG

	qMhWRKYⅡa6
	GAGGAAGTACGGGCAGAAGG
	GTGTGCGTTCCTCAGTGGTA

	qMhWRKYⅡa7
	ACTTGATGATCGGCGAGTGG
	CCCTGCACCAGAGTCATCAG

	qMhWRKYⅡa8
	ATCAAGAGGGAGAGGGCTGT
	CTCAAGCCGCCTTTGAGAGA

	qMhWRKYⅡb1
	AGAAGCTGGTGAGACTTGGC
	CTAGCTTTCTTGGCTGGGCT

	qMhWRKYⅡb2
	AAGAAGAAGGTGTAGGCGGC
	TGCTGCTGTTGATTCAACGC

	qMhWRKYⅡb3
	CCAGCTGCGGTTTTTCGAAA
	GGCTCCCTTGGACTTCTTCC

	qMhWRKYⅡb4
	TCCAAGCTGCCCTGTCAAAA
	TGAGCAAGGGACGGATCCTA

	qMhWRKYⅡb5
	AGGATTGCCTAACTGCCCAC
	TGAAGGGTGCTGGTTTGGTT

	qMhWRKYⅡb6
	ACCTTGGACCTCACTCGCACTC
	TGGGTTGGTTGTAAAGGGCTTGAC

	qMhWRKYⅡb7
	TTGGGCTGCAAATTTGAGCC
	GGCCATATCTCAGCCAGGTC

	qMhWRKYⅡb8
	GAGGACCCCCTTACCTCCAT
	TGGTCGAAACTGATGCGGAA

	qMhWRKYⅡb9
	GGTGTTGAAGAAGCAGCAGC
	CACCGGCTTCCGTTGTTTTT

	qMhWRKYⅡb10
	GCATCAGTCACACAGCCTCT
	TGATGAAGGGGAGGAGGAGG

	qMhWRKYⅡb11
	CAATGAGGAAGGCTCGGGTT
	AAGCACGAGGACACGGATTT

	qMhWRKYⅡc1
	TTCTTGTTACCGCCTCCACC
	CCGCTTGAGTACCACCAGAG

	qMhWRKYⅡc2
	CATGAGCCACCTCCACCATT
	GTGAGCAGTGAGAGTGCCTT

	qMhWRKYⅡc3
	TACCACCACCAACAGCAGAC
	GCTGCTGCCTCCTTGTCTAA

	qMhWRKYⅡc4
	CAGAACCCGTACGGAGATCG
	TGGCCATCAGAAGCAGTCAG

	qMhWRKYⅡc5
	CGCCGCATTCGCTAAATGAA
	GTGTCCACCGTGGGAGATTT

	qMhWRKYⅡc6
	CAGTGAGGACCCAGACACAC
	GGCTCTCTTGTGCTTCTCGT

	qMhWRKYⅡc7
	GGTGGTAGTGGTGATGGTGG
	TCAGACGTAATAGCAGGCGC

	qMhWRKYⅡc8
	CCGAGTGCAAAGCAACCAAA
	CCAATTTCGAAGCGCTGAGG

	qMhWRKY71-like
	GGGGTCAAGAAACGCGTAGA
	TGGAAGTTGGTGGTTGTGCT

	qMhWRKYⅡc10
	TGGACAGAACACGTCACGAG
	AACAACTTTGCGTGTTCCGG

	qMhWRKYⅡc11
	GGGTACCGGTGGCGAAAATA
	ATGCACCCTTGATGCGTACA

	qMhWRKYⅡc12
	TCCTTCCCTTCCACTCCGAT
	GAAACTGCTCACATGGCACG

	qMhWRKYⅡc13
	CAGCTGATCGAAACGAAGCG
	CCTTTGTCGCGGTCTTTGTG

	qMhWRKYⅡc14
	CTGACTGCTTCTAACGGCCA
	CACATGGGAAGGTTCAGGCT

	qMhWRKYⅡc15
	ACCAAAGAGCATCCGGTGAG
	CCTTCACCATCAGCAGCTCA

	qMhWRKYⅡc16
	GGCACAAGTACTCCCCCTTC
	ACTCTGAGGCCTTCCGGTAT

	qMhWRKYⅡc17
	GGCACAAGTACTCCCCCTTC
	ACTCTGAGGCCTTCCGGTAT

	qMhWRKYⅡc18
	CCGATGCACGTATCAAGGGT
	TTGTCGATGGGATGGGTGTG

	qMhWRKYⅡc19
	AAATCCCCCACATGACCCAC
	AGGCTTTCGAGAGGGTGTTG

	qMhWRKYⅡc20
	TATGGAGCTTTTGGGGGCTG
	GAGTTTGGTGTTGCAGGCTG

	qMhWRKYⅡc21
	CCGAGCTCTGCCTTTTCTCA
	CAGCTCCATGAGGCAGTTGA

	qMhWRKYⅡc22
	GGAATCTGTGCAGTCCCGAA
	TAACAACGACAGCCTGGCAT

	qMhWRKYⅡc23
	GGAGAGGGTGATGGAGGAGT
	TACCTTCAGCCGATCTCCCA

	qMhWRKYⅡc24
	ACCGTGCGATCATCTTGTGT
	TCGGCAATCATCCCCCAAAA

	qMhWRKYⅡc25
	GCTTTGACAACGCCAACTGT
	GGTTGTTGTGGCTTGTCACC

	qMhWRKYⅡc26
	TGCCAAGCATCCAAGGAACT
	AGTCTCTGCAACTGTGGGTG

	qMhWRKYⅡc27
	ACAGACGAAGGGCTTCTTGG
	TGGCCTGTAGAGACGACGTA

	qMhWRKYⅡc28
	CCTGTCGTTGAACATGGGGA
	CTCCATCTCTGACATCAGCCC

	qMhWRKYⅡc29
	AACAACAGCAGCAACAGCAATATG
	CCAGCACCACCACCGTAGG

	qMhWRKYⅡc30
	CGACAGAGAGAACACGGCTT
	CGGCCGGAGATAGCAATGAT

	qMhWRKYⅡc31
	GGGTACCGGTGGCGAAAATA
	CCCGATGCGTATGGATTCCA

	qMhWRKYⅡc32
	GCCTGCTCCTTCTTCCTTGT
	CCCATCTCTGACATCAGCCC

	qMhWRKYⅡd1
	ACCACAGTACGGTGCTTGAG
	GCTGCTTGCTATCGGAGTCT

	qMhWRKYⅡd2
	TCGTGGTATAATGACCGCCG
	TTTGTCCGCTCGGTAGACAC

	qMhWRKYⅡd3
	CCTTCCATTTGATCGGGGCT
	CTACCACTGCTACCAACGCA

	qMhWRKYⅡd4
	TGGAATCCCATCACCCTTGC
	TGGTTTCACAGTGGCCTTGT

	qMhWRKYⅡd5
	CCACCATCAACTTCTCGCCT
	AGAGATCGATTGCTCAGCGG

	qMhWRKYⅡd6
	CGTCCATCCAAAACTCCCCA
	GGATTCCCCAAACACAACGC

	qMhWRKYⅡd7
	CAGTTGAGAGCTGCCACAGA
	TGAACACTGCCACCTCAGTC

	qMhWRKYⅡd8
	GATCAGAGTGGCGGCGATTA
	CTGTGCTCTCTCCACGTGTT

	qMhWRKYⅡd9
	GGATGATCCTGCGATGCTGA
	CACGTCGACTCAGACACCAA

	qMhWRKYⅡe1
	TCTCAGCCTTCCCTCTCCTC
	TGGAGTGCTGGGTTTGTTGT

	qMhWRKYⅡe2
	TCCAAAAGGAGGAAGGTGGC
	CAAAGATCAAAAGGCGGCCC

	qMhWRKYⅡe3
	GGTGATAGGTGCAGCAGTGT
	CCGGATTCCGTGGAGATGAG

	qMhWRKYⅡe4
	CTGCGAGGAAACAAGTAGAGAGAAG
	AGAGTGGTTGTGTTCGGAGGAG

	qMhWRKYⅡe5
	GGCAGCACCAGAAGCAAGTTC
	GGATGCGGCAATATTAGGCGTAG

	qMhWRKYⅡe6
	AGTGAAATTGATCTTGTGGATGATGG
	TGAATAGGATATAAGCAGCCGAGTTG

	qMhWRKYⅡe7
	TCACCGCCACCACCACAAG
	GGAAGCCAGAGATGTTGAGACTTG

	qMhWRKYⅡe8
	CCTCATCCTCGGCTACCAACTC
	CTTCCGCCACGCCCATAAATC

	qMhWRKYⅡe9
	TCACCGCTACCGCTACATCAC
	CCGCATCATTAAACCAACCAAAGTC

	qMhWRKYⅡe10
	GTGAAGGAAGAATTTGAGGGCATTG
	TCGTTAGGCATTGATGGTCTATAAGC

	qMhWRKYⅡe11
	GCAGCAACAGCAAACAGATTATGAG
	GGAGGAGGTGGAAGTGGTGATC

	qMhCBF1
	AAAGACAAGGATTTGGCTGGGAAC
	CGCAGAGTCGGCAAAGTTGAG

	qMhICE1
	AAGATGCTCAAGACCAGGGC
	TTCGCACATTCCGCCTTTTG

	qMhCOR47
	CTCCAGCTCCGGTTGTTCAT
	GTGGCCAGGTAGCTTTTCCT

	qMhDREB1A
	CCAAGGACATTCAGACGGCT
	GAACACTTGTTGCTGCTCCG

	qMhNCED1
	AGAGCAGCATCCATGGCTTT
	AGTCGGGGATTTTTCCGGTC

	qMhOST1
	GGGCCAACAGTCTCAACCAGTATC
	TCTCCGCTGCTGTCAATGTCAATG

	MhWRKY71-like
	ATGTCTGATCATGAACCTAAGGACC
	AGGCTCTTGTTTGAGGAACATCG

	MhWRKY71-like-Anti
	TAGATGATCAACCTCACTCTTGGTCA
	TGTTCGAAAGGATCTGTGGACTATA

	pRI101-MhWRKY71-like
	CATATGCCCGTCGACCCCGGGATGTCTGATCATGAACCTAAGGACC
	TCAGAATTCGGATCCGGTACCTCAAGGCTCTTGTTTGAGGAACA

	pRI101-MhWRKY71-like-Anti
	CATATGCCCGTCGACCCCGGGTAGATGATCAACCTCACTCTTGGTCA
	TCAGAATTCGGATCCGGTACCTGTTCGAAAGGATCTGTGGACTATA

	35S::eGFP-MhWRKY71
-like
	ggacagggtacccggggatccATGTCTGATCATGAACCTAAGGACC
	caccatggtactagtgtcgacAGGCTCTTGTTTGAGGAACATCG

	2D-MhWRKY71-like
	GGGGACAAGTTTGTACAAAAAAGCAGGCTCCATGTCTGATCATGAACCTAAGGACC
	GGGGACCACTTTGTACAAGAAAGCTGGGTCAGGCTCTTGTTTGAGGAACATCG

	TRV-MhWRKY71-like
	AGAAGGCCTCCATGGGGATCCTCAATGGTGGGATGGTCAGC
	TGTCTTCGGGACATGCCCGGGGCGTCAAAGGAGTTTCACCG


Table S2 Analysis of physicochemical properties of class Ⅱ WRKY gene family members in apple
	分组
	基因登录号
	基因
	蛋白质长度
	分子量
	等电点
	不稳定指数
	亲水性
	亚细胞定位

	Group
	Gene accession No
	Gene
	Protein Length
	Molecular weight
	Lsoelectric point
	Instability index
	Hydro
-philic
	Subcellular Localization

	
	
	
	
	
	
	
	
	

	Ⅱa
	MD04G1112800
	MhWRKYⅡa1
	146
	16658.26 
	9.60 
	29.37 
	-0.523
	nucl

	
	MD06G1115200
	MhWRKYⅡa2
	924
	102781.88 
	5.33 
	46.70 
	-0.527
	plas

	
	MD07G1110400
	MhWRKYⅡa3
	236
	26784.29 
	8.17 
	48.78 
	-1.022
	nucl

	
	MD08G1067700
	MhWRKYⅡa4
	161
	18241.06 
	8.53 
	52.80 
	-1.024
	cyto

	
	MD09G1121600
	MhWRKYⅡa5
	484
	53154.16 
	5.93 
	45.06 
	-0.793
	nucl

	
	MD12G1129000
	MhWRKYⅡa6
	80
	9282.47 
	9.85 
	18.68 
	-1.284
	nucl

	
	MD15G1054000
	MhWRKYⅡa7
	161
	18178.80 
	5.65 
	38.49 
	-1.024
	nucl

	
	MD15G1337100
	MhWRKYⅡa8
	271
	30236.73 
	8.93 
	57.72 
	-0.789
	nucl

	Ⅱb
	MD06G1189100
	MhWRKYⅡb1
	683
	73465.97 
	7.23 
	53.75 
	-0.749
	nucl

	
	MD08G1227200
	MhWRKYⅡb2
	570
	62311.55 
	5.35 
	51.77 
	-0.85
	nucl

	
	MD09G1048300
	MhWRKYⅡb3
	470
	51182.97 
	7.61 
	46.30 
	-0.679
	nucl

	
	MD09G1224500
	MhWRKYⅡb4
	320
	35309.59 
	7.59 
	44.34 
	-0.709
	nucl

	
	MD10G1324500
	MhWRKYⅡb5
	611
	65654.44 
	6.61 
	46.46 
	-0.721
	nucl

	
	MD11G1213500
	MhWRKYⅡb6
	541
	58972.76 
	6.45 
	41.47 
	-0.638
	nucl

	
	MD13G1077900
	MhWRKYⅡb7
	571
	61852.99 
	5.95 
	46.15 
	-0.687
	nucl

	
	MD14G1196100
	MhWRKYⅡb8
	584
	63307.85 
	6.48 
	48.47 
	-0.7
	nucl

	
	MD15G1419600
	MhWRKYⅡb9
	582
	64167.53 
	5.10 
	55.20 
	-0.857
	nucl

	
	MD16G1077700
	MhWRKYⅡb10
	587
	64141.44 
	6.43 
	49.05 
	-0.789
	nucl

	
	MD17G1099000
	MhWRKYⅡb11
	645
	69960.43 
	6.42 
	48.48 
	-0.749
	nucl

	Ⅱc
	MD01G1071600
	MhWRKYⅡc1
	218
	24560.79 
	9.36 
	48.31 
	-0.758
	pero

	
	MD01G1078000
	MhWRKYⅡc2
	353
	39173.67 
	5.30 
	49.50 
	-0.592
	nucl

	
	MD01G1168500
	MhWRKYⅡc3
	228
	25662.99 
	7.72 
	39.78 
	-0.589
	vacu

	
	MD01G1168600
	MhWRKYⅡc4
	303
	34226.04 
	5.71 
	44.72 
	-0.759
	nucl

	
	MD01G1215300
	MhWRKYⅡc5
	347
	38710.64 
	5.93 
	60.25 
	-0.825
	nucl

	
	MD04G1131000
	MhWRKYⅡc6
	297
	33413.28 
	5.72 
	53.79 
	-0.778
	nucl

	
	MD04G1175500
	MhWRKYⅡc7
	333
	37191.56 
	5.38 
	49.80 
	-0.771
	nucl

	
	MD04G1175600
	MhWRKYⅡc8
	344
	38249.03 
	6.01 
	48.69 
	-0.717
	nucl

	
	MD05G1290300
	MhWRKYⅡc9（MhWRKY71-like）
	319
	35119.81 
	6.60 
	51.91 
	-0.855
	nucl

	
	MD06G1104100
	MhWRKYⅡc10
	351
	39416.65 
	5.72 
	68.35 
	-0.818
	nucl

	
	MD06G1138500
	MhWRKYⅡc11
	150
	17147.32 
	9.56 
	53.06 
	-0.847
	nucl

	
	MD07G1146900
	MhWRKYⅡc12
	356
	39731.16 
	5.48 
	39.98 
	-0.624
	nucl

	
	MD07G1234600
	MhWRKYⅡc13
	342
	37441.69 
	5.48 
	45.89 
	-0.547
	nucl

	
	MD07G1234700
	MhWRKYⅡc14
	302
	33972.88 
	6.38 
	49.23 
	-0.766
	nucl

	
	MD07G1261100
	MhWRKYⅡc15
	995
	113186.85 
	8.64 
	43.06 
	-0.335
	nucl

	
	MD07G1285200
	MhWRKYⅡc16
	342
	38048.86 
	5.50 
	64.84 
	-0.785
	nucl

	
	MD07G1285400
	MhWRKYⅡc17
	342
	38048.86 
	5.50 
	64.84 
	-0.785
	nucl

	Ⅱc
	MD09G1008800
	MhWRKYⅡc18
	216
	24761.38 
	9.14 
	40.35 
	-1.093
	nucl

	
	MD09G1150700
	MhWRKYⅡc19
	369
	41364.41 
	7.75 
	55.58 
	-1.022
	nucl

	
	MD09G1285400
	MhWRKYⅡc20
	350
	38393.32 
	5.85 
	61.12 
	-0.752
	nucl

	
	MD10G1266400
	MhWRKYⅡc21
	327
	35938.73 
	6.46 
	59.02 
	-0.871
	nucl

	
	MD12G1144100
	MhWRKYⅡc22
	297
	33084.78 
	5.94 
	59.05 
	-0.741
	nucl

	
	MD12G1189200
	MhWRKYⅡc23
	339
	37732.39 
	6.41 
	50.64 
	-0.787
	nucl

	
	MD12G1189600
	MhWRKYⅡc24
	369
	40597.61 
	5.69 
	47.22 
	-0.638
	nucl

	
	MD12G1189700
	MhWRKYⅡc25
	332
	37182.61 
	5.77 
	49.41 
	-0.78
	nucl

	
	MD12G1189900
	MhWRKYⅡc26
	237
	27258.08 
	8.26 
	49.67 
	-0.302
	chlo

	
	MD13G1064700
	MhWRKYⅡc27
	346
	37734.70 
	6.59 
	54.73 
	-0.712
	nucl

	
	MD13G1122100
	MhWRKYⅡc28
	190
	21714.42 
	9.74 
	42.41 
	-0.963
	nucl

	
	MD13G1150700
	MhWRKYⅡc29
	385
	42703.88 
	6.11 
	66.28 
	-0.953
	nucl

	
	MD14G1123000
	MhWRKYⅡc30
	355
	39872.02 
	5.66 
	65.16 
	-0.846
	nucl

	
	MD14G1154500
	MhWRKYⅡc31
	148
	17090.15 
	9.59 
	44.95 
	-0.847
	chlo

	
	MD16G1122400
	MhWRKYⅡc32
	161
	18041.02 
	9.08 
	49.29 
	-0.762
	nucl

	Ⅱd
	MD02G1177500
	MhWRKYⅡd1
	330
	35972.67 
	9.65 
	42.10 
	-0.539
	nucl

	
	MD04G1236400
	MhWRKYⅡd2
	596
	68310.51 
	8.49 
	45.54 
	-0.284
	chlo

	
	MD05G1204400
	MhWRKYⅡd3
	354
	39961.26 
	9.70 
	55.97 
	-0.836
	nucl

	
	MD06G1062800
	MhWRKYⅡd4
	318
	35883.94 
	9.58 
	50.92 
	-0.586
	nucl

	
	MD08G1094900
	MhWRKYⅡd5
	356
	38637.10 
	9.41 
	50.47 
	-0.428
	nucl

	
	MD10G1191400
	MhWRKYⅡd6
	355
	39953.34 
	9.68 
	58.59 
	-0.812
	nucl

	
	MD12G1243400
	MhWRKYⅡd7
	313
	35302.81 
	9.96 
	57.20 
	-0.681
	nucl

	
	MD13G1239100
	MhWRKYⅡd8
	281
	30732.72 
	9.99 
	42.63 
	-0.672
	nucl

	
	MD15G1106600
	MhWRKYⅡd9
	338
	36702.39 
	9.46 
	51.56 
	-0.557
	nucl

	Ⅱe
	MD01G1071300
	MhWRKYⅡe1
	349
	37654.85 
	8.16 
	55.64 
	-0.636
	nucl

	
	MD03G1292900
	MhWRKYⅡe2
	260
	30342.43 
	5.17 
	68.46 
	-1.152
	nucl

	
	MD05G1265200
	MhWRKYⅡe3
	492
	53777.42 
	5.85 
	56.78 
	-0.712
	nucl

	
	MD05G1295700
	MhWRKYⅡe4
	273
	30201.82 
	5.80 
	59.83 
	-0.979
	nucl

	
	MD06G1091200
	MhWRKYⅡe5
	295
	33549.62 
	5.49 
	58.03 
	-0.633
	nucl

	
	MD06G1114900
	MhWRKYⅡe6
	57
	6683.78 
	8.86 
	34.43 
	-0.168
	cyto

	
	MD07G1131400
	MhWRKYⅡe7
	348
	37658.79 
	6.75 
	56.62 
	-0.614
	nucl

	
	MD07G1280300
	MhWRKYⅡe8
	278
	31066.30 
	7.10 
	55.11 
	-1.076
	nucl

	
	MD09G1235100
	MhWRKYⅡe9
	250
	27398.47 
	5.47 
	55.07 
	-0.654
	nucl

	
	MD10G1243000
	MhWRKYⅡe10
	493
	53237.86 
	6.05 
	61.30 
	-0.671
	nucl

	
	MD10G1275800
	MhWRKYⅡe11
	266
	29502.25 
	5.10 
	52.92 
	-0.954
	nucl




[image: 基因结构+motif]
Fig. S1 Analysis of gene structure and conserved motifs of class Ⅱ WRKY genes in apple


[image: 染色体定位]
Fig. S2 Chromosomal localization of class Ⅱ WRKY gene family members in apple


[image: PCR-F1]
Fig. S3 Collinearity analysis of class Ⅱ WRKY gene family in apple.
a. Intraspecific collinearity analysis; b. Interspecific collinearity analysis.
[bookmark: _GoBack]Note:Md(Malus domestica), At(Arabidopsis thaliana), Ptr(Populus trichocarpa), Pa(Prunus avium)
In panel a, colored lines indicate connections between duplicated gene pairs. In panel b, gray lines represent all collinear gene pairs, while colored lines indicate gene pairs showing collinearity between apple and other species.
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