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Abstract: To investigate the role of the Capsicum
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VBB TATE (1997-) 50 S0 L WL By R e 5L, 1% family were comprehensively analyzed by bioinformatics

annuum L. C,H,-type zinc finger protein family in
response to waterlogging stress, the physical and chemical
properties, gene structure, chromosome localization, and

cis-acting elements of the C,H,-type zinc finger protein

T AR 5 V3 VB A 5 B 5 RS . (E-mail) wang- methods. The results showed that the Capsicum annuum L.
nanyi0202@ 163.com C,H,-type zinc finger protein family contained 91 mem-
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members could be divided into six subfamilies, and the gene structure of members in different subamilies was different. The

promoter regions of C,H,-type zinc finger protein family genes mainly included plant growth and development elements,

plant hormone response elements, and abiotic stress response elements. The transcriptome data of the waterlogging-tolerant

pepper GC41 and the waterlogging-sensitive pepper GC39 under waterlogging stress were analyzed. In GC41, CaC,H,-17 and

CaC,H,-87 were highly expressed at 3 d under waterlogging stress, while CaC,H,-17 and CaC,H,-87 were not expressed in GC39.
In this study, five transcription factors CaC,H,-16 ( Capana0lg003556), CaC,H,-32 ( Capana04g001616), CaC,H,-72
(Capanallg000176) , CaC,H,-73 ( Capanallg000178) , and CaC,H,-87 ( Capanal2g000773) were screened out, and these five
transcription factors regulated 419, 526, 566, 305, and 480 differentially expressed genes, respectively. The results of this

study provide important theoretical basis and data support for the functional analysis of C,H, family members in Capsicum

annuum L. and molecular breeding of waterlogging-tolerant pepper.
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Table 1 Physicochemical properties of C,H,-type zinc finger protein family proteins in Capsicum annuum L.

FoKbE

Vs PR S) MR e AMEREC BRI gz TAMER
CaC, H,-01 Capana00g000052 154 17 632.32 9.43 57.41 72.86 -0.495 IR
CaC,H,-02 Capana00g000692 246 28 308.53 6.99 34.60 66.10 -0.802 Eil]iab 2
CaC,H,-03 Capana00g000811 246 28 267.61 7.79 34.35 67.28 -0.785 E2l1)ak 3
CaC,H,-04 Capana00g001024 291 32 620.35 7.04 53.83 67.01 -0.765 I A%
CaC,H,-05 Capana00g001119 209 23 830.61 9.08 36.73 67.08 -0.741 Eiliab 3
CaC,H,-06 Capana00g003787 381 43 926.48 8.40 67.59 61.92 -0.815 E2l1)ak 3
CaC,H,-07 Capana00g005106 724 80 840.40 8.70 46.35 74.64 -0.635 I A%
CaC,H,-08 Capana01g000172 247 27 372.50 5.22 63.30 50.61 -0.870 A%
CaC,H,-09 Capana01g000620 407 45 715.16 6.47 53.57 57.00 -1.042 E2l1)ak 3
CaC,H,-10 Capana01g000623 284 32 327.46 8.93 50.36 52.92 -0.869 A%
CaC,H,-11 Capana01g001051 261 28 859.43 5.44 66.86 53.52 -0.881 g2l1)ak 3
CaC,H,-12 Capana01g001112 824 92 534.52 6.22 49.17 73.13 -0.438 A%
CaC,H,-13 Capana01g002196 447 50 519.80 6.94 42.78 50.81 -1.214 A A%
CaC,H,-14 Capana01g003019 322 36 381.45 5.62 46.39 89.04 -0.267 EEITN
CaC,H,-15 Capana01g003554 529 59 787.71 6.07 42.98 58.62 -1.054 21 %
CaC,H,-16 Capana01g003556 189 20 958.15 4.80 38.40 74.71 -0.603 i A%
CaC,H,-17 Capana01g004050 365 41 547.40 5.73 38.39 63.04 -0.705 gl1)ak 3
CaC,H,-18 Capana01g004312 850 96 133.52 6.36 48.68 70.31 -0.487 it
CaC,H,-19 Capana02g003306 460 51323.58 5.54 48.00 67.15 -0.614 E211)ak 3
CaC,H,-20 Capana02g003311 449 50 008.94 5.29 51.74 65.77 -0.630 21 %
CaC,H,-21 Capana02¢003457 189 20 809.90 8.96 61.76 55.71 -0.621 i ft%
CaC,H,-22 Capana03g000104 395 45 712.39 8.97 34.35 74.53 -0.792 E211)ak 3
CaC,H,-23 Capana03g000169 537 58 049.95 8.93 49.22 57.49 -0.596 Eiliiab 3
CaC,H,-24 Capana03g000849 486 54 439.38 8.53 60.02 62.96 -0.823 i A%
CaC,H,-25 Capana03g000879 573 65 420.75 5.03 49.04 52.76 -1.204 E211)ak 73
CaC,H,-26 Capana03g002681 843 96 079.31 6.54 43.25 69.41 -0.706 2 %
CaC,H,-27 Capana03g002746 352 39 742.12 8.94 45.67 75.85 -0.608 LRSI
CaC,H,-28 Capana03g003364 154 17 388.02 6.34 40.53 53.25 -0.934 YA
CaC,H,-29 Capana03g004534 186 20 517.23 8.81 53.85 63.39 -0.590 il A%
CaC,H,-30 Capana04g000658 217 22 936.50 6.85 60.64 56.64 -0.565 g1 ok 73
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CaC,H,-31 Capana04g001373 354 39 751.04 9.12 55.96 62.51 -0.717 i A%
CaC,H,-32 Capana04¢001616 516 57 630.31 6.14 48.06 63.33 -0.762 it
CaC,H,-33 Capana04g001771 391 44 720.96 6.90 31.90 79.72 -0.624 ANAER
CaC,H,-34 Capana05g000111 277 31 252.63 8.70 37.43 57.26 -0.700 I A%
CaC,H,-35 Capana05g000205 236 25 692.57 6.79 39.25 75.25 -0.352 A A%
CaC,H,-36 Capana05g000911 311 35 825.10 5.99 52.83 70.32 -0.780 AMAER%
CaC,H,-37 Capana05g000979 571 65 085.88 9.04 42.97 51.56 -1.048 4
CaC,H,-38 Capana05g001612 482 53 501.20 6.27 52.11 58.71 -0.906 MR
CaC,H,-39 Capana05g002528 359 40 209.47 6.60 58.74 51.36 -0.958 A%
CaC, H,-40 Capana06g000126 185 20 756.61 5.26 63.92 64.32 -0.888 El1)ak 3
CaC,H,-41 Capana06g000455 165 18 916.81 9.58 60.47 64.42 -0.654 A%
CaC,H,-42 Capana06g000456 163 18 592.48 9.24 38.73 70.06 -0.782 it
CaC,H,-43 Capana06g000560 334 36 289.01 6.94 52.44 55.84 -0.725 g2l1)ak 3
CaC,H,-44 Capana06g001117 206 23 557.33 8.48 56.62 61.12 -0.821 A A%
CaC,H,-45 Capana06g001392 435 48 343.34 7.62 43.04 66.85 -0.678 At
CaC,H,-46 Capana06g001549 202 22 692.93 5.31 56.35 56.98 -0.740 4%
CaC,H,-47 Capana06g001652 312 34 845.11 8.41 72.88 52.18 -0.956 I A%
CaC,H,-48 Capana06g001668 325 35 689.63 7.18 49.24 56.68 -0.855 A A%
CaC,H,-49 Capana07g000204 918 100 148.68 9.51 39.67 73.77 -0.573 4%
CaC,H,-50 Capana07g000765 315 34 727.24 9.32 27.84 62.86 -0.899 4
CaC,H,-51 Capana07g002446 331 37 123.28 5.64 43.13 64.53 -0.863 I A%
CaC,H,-52 Capana08g000101 284 31 725.10 6.46 55.41 63.17 -0.745 A%
CaC,H,-53 Capana08g000102 304 33 429.91 8.20 45.93 58.06 -0.746 E2l1)ak 3
CaC,H,-54 Capana08g001132 624 68 961.70 4.53 31.65 81.43 -0.205 A A%
CaC,H,-55 Capana08g001163 650 74 063.31 8.35 58.08 69.85 -0.951 A%
CaC,H,-56 Capana08g001377 378 41 846.41 6.60 44.27 71.98 -0.451 4%
CaC,H,-57 Capana08g001588 169 19 029.27 5.96 47.56 58.40 -0.811 R IR
CaC,H,-58 Capana08g001596 240 27 726.71 9.31 54.20 66.17 -0.918 MR
CaC,H,-59 Capana08g001666 648 69 671.43 8.99 46.31 77.36 -0.449 AN fER
CaC,H,-60 Capana08g001678 301 34 918.03 6.09 57.46 59.04 -1.150 i A%
CaC,H,-61 Capana08g002245 281 29 815.18 6.80 57.92 54.88 -0.718 izt
CaC,H,-62 Capana09g000727 455 45 857.32 7.78 34.13 71.58 -0.259 Y A%
CaC,H,-63 Capana09g001075 292 33 249.19 9.23 22.48 85.14 -0.327 i 5T
CaC,H,-64 Capana09g001347 110 12 172.36 6.37 37.07 112.36 -0.106 g0
CaC,H,-65 Capana09g001677 189 21 189.49 5.17 57.70 72.22 -0.914 A%
CaC,H,-66 Capana09g001678 276 31 437.91 7.77 69.32 57.28 -0.930 El1)ak 3
CaC,H,-67 Capana09g002265 345 38 007.49 9.94 64.50 45.91 -0.941 A%
CaC,H,-68 Capana09g002339 270 29 248.36 5.10 42.63 63.93 -0.731 A%
CaC,H,-69 Capanal0g002181 211 24 309.64 9.26 39.71 49.48 -1.028 gl1)ak 3
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CaC,H,-70 Capanal0g002230 273 30 255.37 8.79 49.20 54.95 -0.585 i A%
CaC,H,-71 Capanal 1g000174 208 23 875.18 7.35 52.33 46.54 -1.073 it
CaC,H,-72 Capanal1g000176 317 34 309.71 6.18 53.56 58.52 -0.730 ANAER
CaC,H,-73 Capanal1g000178 242 27 458.62 6.42 38.93 67.36 -0.754 I A%
CaC,H,-74 Capanal 1g000213 263 28 600.71 4.97 36.92 63.04 -0.859 A A%
CaC,H,-75 Capanal 1g000254 462 52 416.26 6.09 37.29 88.16 -0.476 4 5T
CaC,H,-76 Capanal1g000558 467 52 242.70 6.01 46.43 62.01 -1.064 4
CaC,H,-77 Capanal 1g000716 273 31 547.92 6.33 51.96 78.94 -0.584 A A%
CaC,H,-78 Capanal1g000718 153 17 355.94 9.37 56.38 69.54 -0.552 AMHERZ
CaC,H,-79 Capanal 12000739 176 20 166.26 9.23 74.62 68.75 -0.605 El1)ak 3
CaC,H,-80 Capanal 1g000748 162 18 100.94 9.34 54.86 77.10 -0.387 A%
CaC,H,-81 Capanal 1g001436 268 30 188.40 6.75 68.09 59.70 -0.899 it
CaC,H,-82 Capanal1g001906 551 61 974.49 5.97 44.00 55.88 -1.062 g2l1)ak 3
CaC,H,-83 Capanal 1g002319 215 23 148.70 7.87 41.76 59.95 -0.578 A A%
CaC,H,-84 Capanal2g000420 428 48 975.05 5.43 43.03 70.61 -0.705 A%
CaC,H,-85 Capanal2g000577 1288 14 1600.95 6.50 47.13 77.41 -0.416 ANAER
CaC,H,-86 Capanal2g000772 147 16 191.08 6.65 74.06 67.69 -0.586 il A%
CaC,H,-87 Capanal2g000773 228 24 975.91 8.98 68.21 62.50 -0.603 izt
CaC,H,-88 Capanal2g001131 127 14 226.30 9.55 18.71 60.71 -0.953 AMAERZ
CaC,H,-89 Capanal2g002116 390 44 564.54 9.33 27.89 83.92 -0.330 4
CaC,H,-90 Capanal2g002464 357 40 007.59 5.96 68.45 57.93 -0.941 I A%
CaC,H,-91 Capanal2¢002763 354 40 034.03 7.08 53.40 67.80 -1.033 A%

2.2 HWCHASHEEARGKERLEBEHEN

HERER H CaC, H, FIGAE S AR T 1 5047 AR
PBRABE R 20 1 RS, R TBrools 22311 C, H, BUBER
FEARGFEH R, WE 1 s, 84 B C,H, 2
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Fig.1 Chromosomal localization of the C,H,-type zinc finger protein family genes in Capsicum annuum L.
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Fig.2 Phylogenetic relationship of C,H,-type zinc finger protein family genes between Capsicum annuum L. and Arabidopsis thaliana
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Fig.3 Gene structure and motif analysis of C,H,-type zinc finger protein family members in Capsicum annuum L.
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Fig.4 Collinearity analysis of C,H,-type zinc finger protein family genes in Capsicum annuum L.
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Fig.8 Regulatory network diagram of C,H, transcription factor genes in Capsicum annuum L.
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