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Abstract: Plant peroxidase (POD) plays a role in plant development, hormone signaling, and stress response, but there
are few research reports on the POD gene in mango. This study used mango genome data as a reference and employed
bioinformatics methods to identify members of the POD gene family from multiple aspects, including protein charac-
teristics, phylogenetic relationships, gene structure, promoter cis acting elements, and gene expression patterns. The
expression patterns of POD gene family members under enhanced UV-B irradiation through transcriptome and quantita-
tive real-time PCR (qPCR) experiments were analyzed. The mango POD (MiPOD) gene family had a total of 77 family
members, and the genes were then mapped to 17 chromosomes and 2 scaffolds, encoding amino acids with a number of
206~500 aa, Stable proteins were accountted for the majority, most of them were hydrophilic proteins. Most MiPOD
were predicted to localize in subcellular within chloroplasts, and classified into seven subgroups using phylogenetic
analysis. The gene structure among members of the subgroup were similar. The results of collinearity analysis indicated
that the proportion of MiPOD genes involved in segmental duplication was relatively high. It was speculated that it may
be related to the expansion of the MiPOD family. The selection pressure analysis indicated that the K,/K, values of col-
linear genes were far less than 1, indicating that MiPODs may be mainly subjected to purifying selection during the
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evolutionary process. The MiPODs promoter region contained a large number of light responsive, hormone responsive,
and stress responsive elements. MiPOD had different expression patterns, which may be related to its different protein
functions. MiPOD exhibited different expression patterns during fruit growth and development under enhanced UV-B
irradiation, with only MiPOD7 showing significant differences in expression levels among the highly expressed mem-
bers. MiPOD7 expression levels were significantly higher than those of the control under UV-B stress, suggesting that it
may play an important role in the response of mango fruit to UV-B stress. In summary, members of the MiPOD gene
family may have evolved through segmental duplication and intron reduction patterns, and perform different functions
by sensing different types of signals, thus forming different expression patterns. This research would lay the foundation
for further studying the response mechanism of mango POD genes to different signals.
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Tab. 1 Primer sequences of mango MiPOD and
reference genes

L[ 4 FR WIS (5-3')  TlFgIHFES (5-37)

Forward primer Reverse primer

BUR A RNA, il Evo M-MLV % 5% FitjR A it
A (B SR B A= DR A BR A R ) 58 i %
S, PR R & Ui BT . 2xQ3 SYBR
gPCR Master mix ( Universal ) ( TOLOBIO ) F17i
[ HE S ) qTOWER3 {{ #8417 qRT-PCR ik, fiff
F 2728 e A S A R R A

2 HERESWH
21 MiPOD EREXREMREER RGiHL ST

Gene name Vo s oAy N - N
sequence (5'-3") sequence (5'-3") FIH AtPOD [ Z % I & 3L 18 )T 9 76 F- R
MiPOD4 TGGAGCTGATGCGCT AGGAGTCCTGCTG N PN \ N
GAG CGAGA HARFH R T 103 FEE) T, il
MiPOD7 GGCGATGAAGACCCG  ACTCCCGGGGTCC NCBI #t4fs FE 4T Blastp 4387, 456 PR SFA5 14 5L
N oS A~ .
MiPOD63 AGGGGGTCCAACTTG ~ GGGGCAGGCAAGC orHr, ZKBRAE PF00141 5 secretory_ peroxidase
. aaA TTGTA GEMRIG T ANG , K13 77 4 MiPOD N
Actin7 ATCTGCTGGAAGGTG CCAAGCAGCATGA T A, . .
CTGAG AGATCAA LY, A4 MiPOD1-77 (K 2 ).
%2 MiPOD ZEBREAXER
Tab. 2 Basic information of MiPOD proteins
A 2 1 2 27 B 22 # 443 4 s
Amino Instability Aliphatic TK B Subcellular
Gene Gene ID . Mw/Da pl . . o
acids lengh/aa index index GRAVY localization
MiPOD1 LOC123210304.1 332 36 686.96 9.16 32.77 83.40 -0.201 chlo
MiPOD2 LOC123192310.1 319 35234.33 9.03 36.89 86.87 —0.187 vacu
MiPOD3 LOC123205166.1 319 34 318.33 9.19 30.14 89.66 0.001 extr
MiPOD4 LOC123213782.1 316 34 590.35 5.64 34.88 77.18 -0.156 extr
MiPOD5 LOC123199508.1 298 32 410.85 9.06 47.66 83.15 -0.159 chlo
MiPOD6 LOC123218004.1 344 37 771.41 8.69 44.88 83.08 -0.128 extr
MiPOD7 LOC123195912.1 327 35 848.81 6.53 39.22 85.90 -0.098 chlo
MiPOD8 LOC123198670.1 327 36 320.70 5.22 44.27 89.11 -0.081 chlo
MiPOD9 LOC123198727.1 326 35747.82 9.49 50.35 81.41 -0.278 extr
MiPOD10 LOC123230089.1 345 37 469.95 8.34 34.65 91.33 —0.032 extr
MiPOD11 LOC123192273.1 308 33 044.47 9.42 33.14 81.72 —0.147 chlo
MiPOD12 LOC123229404.1 324 34 440.87 9.07 41.61 78.64 -0.113 chlo
MiPOD13 LOC123206033.1 319 34 372.01 8.65 37.43 86.65 -0.047 extr
MiPOD14 LOC123202461.1 319 35009.11 8.07 40.17 94.8 -0.056 extr
MiPOD15 LOC123218182.1 329 37 249.80 8.34 47.17 85.65 -0.332 extr
MiPOD16 LOC123226583.1 327 35 820.14 8.72 40.06 86.79 -0.056 mito
MiPOD17 LOC123207067.1 318 34 336.33 8.39 52.44 88.40 0.001 plas
MiPOD18 LOC123198011.1 354 39 089.83 8.67 41.66 94.52 —0.11 chlo
MiPOD19 LOC123193658.1 319 35255.27 8.35 40.70 85.92 -0.195 chlo
MiPOD20 LOC123203066.1 318 34 354.36 8.39 52.83 87.17 -0.007 plas
MiPOD21 LOC123197035.1 327 35701.97 8.96 30.63 87.98 -0.067 extr
MiPOD22 LOC123214042.1 332 36 813.30 9.47 55.56 80.84 -0.255 chlo
MiPOD23 LOC123219743.1 364 40 631.72 5.12 31.00 83.35 -0.332 extr
MiPOD24 LOC123202454.1 327 3544422 8.38 42.32 79.88 -0.133 chlo
MiPOD25 LOC123222918.1 316 33 806.12 8.81 43.60 85.03 -0.011 chlo
MiPOD26 LOC123219578.1 500 53 555.21 4.90 56.39 85.08 —0.048 chlo
MiPOD27 LOC123198397.1 331 37 024.18 8.52 40.98 82.27 -0.207 chlo
MiPOD28 LOC123206675.1 362 40 143.47 6.07 47.04 85.41 -0.235 vacu
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Tab. 2 Basic information of MiPOD proteins (continued)

I 5 BEMKE g e SRR EEREC PR WA

Gene Gene ID ~ Amino Mw/Da ol Instability Aliphatic KR E Subcellular

acids number/aa index index GRAVY localization
MiPOD29 LOC123216573.1 324 35850.02 4.87 38.94 85.46 -0.109 extr
MiPOD30 LOC123225298.1 362 40 258.65 6.22 47.11 85.41 —0.235 vacu
MiPOD31 LOC123199034.1 326 35561.02 6.31 32.47 77.82 —0.207 chlo
MiPOD32 LOC123192578.1 319 34 991.90 8.51 35.87 85.36 -0.176 chlo
MiPOD33 LOC123209793.1 317 33 970.84 4.40 38.48 89.56 -0.071 chlo
MiPOD34 LOC123227058.1 326 35 337.80 5.51 35.12 89.23 —-0.049 extr
MiPOD35 LOC123209542.1 317 33 850.52 4.25 37.28 86.47 -0.074 plas
MiPOD36 LOC123209512.1 319 34 329.40 9.51 31.87 86.58 —0.048 vacu
MiPOD37 LOC123214866.1 338 37 559.81 5.03 30.48 92.01 0.001 chlo
MiPOD38 LOC123202443.1 319 35008.01 6.99 32.45 92.66 —0.066 chlo
MiPOD39 LOC123229397.1 324 34 302.51 8.74 41.17 78.95 —0.127 chlo
MiPOD40 LOC123212289.1 331 36 322.44 5.77 37.59 84.26 -0.139 extr
MiPOD41 LOC123218050.1 320 34294.18 9.57 32.23 83.81 -0.155 chlo
MiPOD42 LOC123223873.2 333 37 489.88 6.26 42.80 94.26 -0.157 cyto
MiPOD43 LOC123209747.1 327 35 655.41 7.54 38.70 87.03 -0.116 chlo
MiPOD44 LOC123209501.1 319 34 287.31 9.26 30.98 89.97 0.009 extr
MiPOD45 LOC123206024.1 319 34 350.21 9.35 36.35 87.55 —0.066 extr
MiPOD46 LOC123199152.1 295 31997.35 9.33 47.93 83.02 -0.221 chlo
MiPODA47 LOC123205164.1 319 34 485.52 9.10 31.24 86.02 —0.01 extr
MiPOD48 LOC123229388.1 324 34 240.36 8.08 42.24 79.23 —0.095 chlo
MiPOD49 LOC123227347.1 336 35268.25 4.90 42.00 82.53 0.038 chlo
MiPOD50 LOC123209792.1 346 37 468.45 5.16 30.41 89.34 0.01 plas
MiPOD51 LOC123195865.1 326 35226.11 6.20 36.15 81.10 —-0.001 chlo
MiPOD52 LOC123194338.1 326 36 009.08 8.97 33.58 83.50 —0.185 E.R.
MiPOD53 LOC123207412.1 363 39 765.76 9.42 29.08 80.08 —-0.282 vacu
MiPOD54 LOC123208596.1 327 35713.38 6.21 42.66 85.26 —0.121 chlo
MiPOD55 LOC123228403.1 333 36 304.47 5.83 40.99 88.50 0.007 chlo
MiPOD56 LOC123204277.1 332 36 542.9 5.80 37.08 85.54 —-0.039 extr
MiPOD57 LOC123220857.1 216 24 005.27 9.64 56.46 76.30 -0.512 chlo
MiPOD58 LOC123203600.1 323 34 745.63 5.20 38.22 94.49 0.051 chlo
MiPOD59 LOC123220169.1 336 36 101.69 4.50 45.24 92.08 —0.009 extr
MiPOD60 LOC123201256.1 319 35120.13 7.03 3291 92.66 —0.087 chlo
MiPOD61 LOC123200207.1 319 343233 9.26 29.18 87.84 —-0.009 extr
MiPOD62 LOC123224408.1 324 35 668.16 9.14 32.63 86.14 -0.113 extr
MiPOD63 LOC123209320.1 313 34 095.8 9.07 42.49 81.98 -0.18 extr
MiPOD64 LOC123198833.1 332 36 254.84 5.59 33.94 80.78 -0.162 extr
MiPODG65 LOC123217588.1 330 36 050.65 5.83 31.90 103.73 0.212 extr
MiPOD66 LOC123196052.1 326 35493.48 5.69 38.04 84.69 —0.002 plas
MiPOD67 LOC123220530.1 322 35430.7 8.78 38.93 86.02 —0.089 chlo
MiPODG68 LOC123221202.1 258 28 599.13 5.63 34.30 79.73 —0.416 nucl
MiPOD69 LOC123209791.1 346 36 809.02 433 27.21 88.53 0.008 vacu
MiPOD70 LOC123200306.2 332 35716.64 5.45 38.08 90.72 0.133 chlo
MiPOD71 LOC123193664.1 328 37 120.65 8.33 46.66 88.29 -0.331 cyto
MiPOD72 LOC123217656.1 338 37121.3 5.54 33.75 89.44 0.033 chlo
MiPOD73 LOC123208597.1 333 37 293.84 9.13 35.91 83.42 -0.295 chlo
MiPOD74 LOC123216867.1 324 34 362.67 8.74 46.07 78.64 -0.102 chlo
MiPOD75 LOC123202551.1 370 40 646.18 5.73 45.03 87.57 -0.173 E.R.
MiPOD76 LOC123210958.1 328 36 885.5 5.31 40.05 82.59 -0.362 chlo
MiPOD77 LOC123216420.1 337 36 331.72 8.96 34.00 87.42 —0.025 chlo
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Tab. 2 K, and K; analysis of POD replication gene pairs in M. indica L.
[ 5 35 PR % [ 5 35 PR %
Homologous Ka Ks Ka/Ks Homologous Ka Ks Ka/Ks
gene pairs gene pairs
MiPOD1-MiPOD64 0.110 485696 0.396 608 790 0.278 576 015 | MiPOD62-MiPOD21 0.177 426 929 0.867 003 815  0.204 643 770
MiPOD29-MiPOD8 0.062 280 782  0.446 430 781 0.139 508 261 |MiPOD71-MiPOD21 0.678 326 907 3.459458 093 0.196 078 949
MiPOD22-MiPOD9 0.059 334456 0.501 415705 0.118 333 860 | MiPOD40-MiPOD27 0.403 654 055 2.424 788 844  0.166 469 776
MiPOD10-MiPOD9 0.280094 078 2.698917 612 0.103 780 151 | MiPOD30-MiPOD28 0.003 627 577 0.007 822 757  0.463 721 005

MiPOD22-MiPOD10
MiPOD74-MiPOD11
MiPOD41-MiPOD11
MiPOD34-MiPOD11
MiPOD15-MiPOD71
MiPOD43-MiPOD16
MiPOD16-MiPOD49
MiPOD20-MiPOD17
MiPOD63-MiPOD20

0.296 061 575
0.307 184 882
0.207 223 874
0.335617 419
0.020 716 319
0.118 546 668
0.427 998 985
0.001 375 201
0.236 277 571

2.333 449 192
1.814 371 518
0.211 246 521
0.372 057 251
2.465 920939

2.819 182 529

0.131 644 127
0.114 212 482
0.098 067 029
0.318 624 802
0.173 565 575

0.083 810 668

MiPOD55-MiPOD31
MiPOD32-MiPOD38
MiPOD74-MiPOD34
MiPOD41-MiPOD34
MiPOD37-MiPOD72
MiPOD40-MiPOD56
MiPOD74-MiPOD41
MiPOD43-MiPOD49
MiPOD62-MiPOD71

0.265 556 568
0.099 218 297
0.314 930 444
0.318 098 426
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0.128 669 061
0.291 442 294
0.414 263 453
0.706 101 134

1.557 210910
0.419 437 768
3.253 800 002
0.345009 416
0.677 209 451
3.461 702 532
2.213 947238

0.170 533 463
0.236 550 697
0.097 762 132
0.218 032 690
0.189 998 915
0.119 670 437
0.318933 135
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