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Zn-SOD FZ35 5 b 3 i S S ool - S e A
S R ma RO [FRE AN R M KRR AR [ Haloxylon
ammodendron (C. A. Mey.) Bunge JSOD Mg i 4 it T
P B AL FR) AL BN T AN T 52 v s Ll A A )
T 22 Lt S A ) B RE 0T AR e R DR AL e T
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A » 200 JE 5% B BRI, A B Bt R e M. A
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B, 0 G0 B A5 1 S8 RIS R o FEAEG T B
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T B8 I A S AL B, SOD BEE R 2 2 b
P, B AR I o S 200, B 1 e RE UM 4
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ZIHIAHEL , SOD FIL B E T, BEis Mt 2 # 5d v, Bt
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FEMAER THAR, FRERBEREEK
TN, B R IE CSD 14 2 K 25 -1 (Prunus salicina
Lindl) 8 S 30 2810 a8 i mn i sz v £ 0k
PaSOD (¥ 3 K UL I rb 1 52 B0UAH R g R 20

- R (Mangifera indica 1..) N #H Ft (Anacar-
diaceae R. Br) Al R J& (Mangifera L) F# , 2 H 7t
e EE AR R, AR AT A A XA
HERFEALAER . BT R RS EY e
FEE L AR RS W, HAT, AR
TE AL SR SOD F: B, v AACHIE 708 FH A= 015 2.5 07
25 DA SR 4 5 TR A v 5 5 AT R SOD 5 TR SRR 1
L Z KRN R G R R IR G 8
)7 AE FH oA A ik B4 22 AN T T BEAT 20
M, AT R PTIEA PR 5 BT Rk B SE AT
BLE HA

1 #MR57EE

1.1 #R SEGHh R R R S T X A
P e, A2 K 220 1 700 mm, S5 P35S
Z125 C, feld H AR . B 10 E KR
T 16 S5 28 S & R 157 AT BB A58 A1
Blo SHAEASZIGA, T B 6 30 em = B Ab 2]
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B HE 5 B8 96 Jem - d! (13 5% UV-B H& 4T 4b
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IEER IR AL B, 3X 5 K BH B AR5 5 FF B2 I 8] 7 4% —
B, MM A B RS B )5 90 d (2024 4 1 H 6 HD o
2023 4 1E)5 30 d,50 d, 91 d BEATHURE , 7E AR
WY F e 8 A DY R e 45 5 A DR/ — 3 Hod i 2R
SEAE R SR, BCSE R T I TRON R 280 o o i
(7] S 56 = T RB AR UK A6 (=80 “CO A7 % -

AR FE DRI S R T 3T NCBL & 4 ot

Chttps : //www. ncbi. nlm. nih. gov/datasets/taxonomy/
29780/ , $L i 7 [Arabidopsis thaliana (1..) Heynh. ]
SOD(AtSOD) « K 5[ Glycine max (1..) Merr. |2£ K 5
7 H R BT NCBI LS 2 (https : //www.ncbi.nlm.
nih.gov/) o
12 &
121 ZRSODEBRARRER LLASOD %
PR R M i B R B4 9225, R TBrools B A
IBAT A Blast, SR E AP AT 1538 11 56 &
H P51, AR AL RS S AP g (MiSOD) 1% 3% 7 811 «
& 3% NCBI, F| F] 7£ 28 T H. NCBI blastp Chttps://
blast.ncbi.nlm.nih. gov/Blast.cgi) , PA Swiss-Prot £ #&
J Chttp : //www.gpmaw.com/html/swissprot.html) /£ /y
2%, X MiSOD 16 3% J7* 5 BEAT B, 2Bk 2 &
A

F] H InterPro Chttps ://www.ebi.ac.uk/interpro/)
5 CUR1 SOD 57 25 K48, (PF 00080 PF 00081 1 PF
02777) » &5 & £ 2 73 #t I F NCBI batch wab CD-
search tool Chitps ://www. ncbi. nlm. nih. gov/Structure/
bwrpsh/bwrpsb.cgi) , 5l B OR 57 45 1) 3 AN AH 77 1) =
» T SR AZ 0 52 1) MiSOD FE IR Z 0 1 7 5 58 i
Xf LG Y R R HEAT F i 44
122 ZEaRBEES#  FHAEL T H ProtParam
(http://web.expasy.org/protparam/) Tl MiSOD 5 [
Rtk AR & E R E 70 18 (MWD L &8 L AR (pD
&, F F WoLF PSORT Chttps : //wolfpsort. hgc. jp/) it
A7 S B T
123 R SOD RA A B &M FRF LM B
A CREiE 5 MiSOD & H 7 511 $2 22 £ NCBI batch
wab CD-search tool Chttps ://www. nchi. nlm. nih. gov/
Structure/bwrpsb/bwrpsb.cgi) 347 {7 57 45 #4135 70 H7
TE F 4% 25 A SO 22 2 MEME Chttps : /meme-suite.
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org/meme/tools/meme) , 1% B 7 BT motif ZLEH N 6, 73
Bt MiSOD & H F £/ 55 3 F7 5 A1 thtools B A 3EAT
ATARAL A B

124 MiSODEZEAZLAAXFTAGME (FH
MEGA 11, PA neighbor-joining(NJ) J57% , # Bootstrap
{E %A 1000, 817 MiSOD & [ 58I R G0 B #
FHHIH GmSOD AtSOD MiSOD #4J 7 Z M Ah AL .
1.2.5 MiSOD % B F#% & 3 -F 0 XA B A5 47
Ay Re AR 4E A AR R E S R
TBtools $i& B MiSOD & [ 5 Jx Fr %) L i &K 2
2 000 bp B )3 21+ 741, FKs H E A% F] PlantCARE
(Chttp : //bioinformatics. psb. ugent. be/webtools/plant-
care/html/) 2E 4T T 7 A7 , 18 3 TBrools 2 4T 7]
A .

12,6 FERGHAi R LR REEH
18 FH TBtools HEAT AT SR W Ad N ILZ 20 #r o F FHAT:
A BE DR R RS B R U A B R % FE A BN
MiSOD F R AE Gt E AL &, 16 A 5 R 4H 42 17 41
SO TR R EAR CCAE S gap A7 & 5 FH B AABRFE
(natural gradient descent, NG) % 1 5[] 5 2 K] X}
(1) Ka F1 Ks L , BEAT 1B K 7047

127 MiSOD Kk R 89 & A X441 MR SL
55 H A6 PB4 AE VRS I A A R =) B
DR AT SR 3G 58 UV-B HRURH RS SR 2 120 s 2 2 Ak
H5 0B AE S5 30 d250 d\91 d S A RNA 3247 5%

SR, FARHE 3N AE S . RNA 2240
W IFEREIE A K J5 B2 L cDNA XU, ER S48 )5
AR ST 2 I H AR T HLEHE B 4T pooling, Y Mlu-
mina P G AT o KON A I )5 46 2 HE Raw
Data i i€ J5 13 | Clean reads, 55 2 75 3 [K] 41 X} b
Ji 5 BEAT 3 PRI 2 0K R B T 5 72 S5 R DR D 0k 2% 1F
Hllog, Fold Changel>=1, H. FDR < 0.05. M 1 $2H
MiSOD %5 [A ] FPKM (Fragments Per Kilobase of
exon model per Million mapped fragments) & , 7| F
TB-tools £ fill 2 [AIAEAN [F 42 P R R A FA A

TR AT KR Alphonso” i 4 54 41 , ¥
SKHAHE T “Alphonso” #1758 Bl A Fr o B BT R
Toft = R A AR M BRI ) R B
NCBI #iL 59 PRINA487154 , fii fi] Salmon % {41
35 1H 5 TPM (transcripts per kilobase million){H ,
T 2L o

2 FBRE5HR

21 MiSODERERERARAEERRGHMNLS
o FIFH ASOD 5= K R M 2 B2 R 7 FIAE AT R R
14 7 41 i 5 0k Y 11 254508 51, 38 3 NCBI
4 E FEAT Blastp 20 M7, &5 & IR 57 45 #3809 BT 5 &%
B A& PFO0080. PFO008 1 PF02777 45 #4)42K [ |7 1
J& » B FRAF 104 MiSOD R Kl 01, i %4 N
MiCDSI-5 MiFSDI-3 .MiMSD1-2(5£ 1),

#*1 MiSOD ZEREKER
Tab.1 Basic information of MiSOD proteins

e T SR K TR T%E%éﬁz EEEE??SZ FEEROK IARE AL
Cone Gene ID Numberof —\ ol Instability  Aliphatic 2 Subcellular
amino acids index index GRAVY  localization

MiCSDI  LOC123209764.3 153 15334.96  5.47 14.73 75.75 -0.194 cyto
MiCSD2  LOC123196601.1 222 2264551 595 30.2 90.99 0.049 chlo
MiCSD3  LOC123209427.1 163 16622.62  7.19 12.8 87.36 -0.21 cyto
MiCSD4  LOC123220973.4 152 1545123 5.61 15.71 79.47 -0.207 cyto
MiCSD5  LOC123224726.1 222 22631.65  6.02 25.22 94.41 0.118 chlo
MiFSD1  LOC123214561.6 270 31106.51 827 34.82 76.19 -0.415 chlo
MiFSD2  LOC123207201.1 304 34764.17 524 44.13 69.97 -0.653 chlo
MiFSD3  LOC123222383.1 304 34764.17 524 44.13 69.97 -0.653 chlo
MiMSDI  LOC123228203.1 230 2574333 6.3 33.02 89.87 -0.363 mito
MiMSD2  LOC123193421.1 230 25913.63  7.19 30.81 88.57 -0.362 mito
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PR AT R B (3R 1D, MiSOD & A K
FE oy VSR AR E REONIE T R % )
16152 ~ 304 MR LR L 15 451.23 ~ 34 764.17
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Ho, HAR M R EE A KR &R R
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T
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SOD & A & 5 (2 A AtMSD. 2 4> MiMSD. 2
GmMSD) ZH %, B 41 /1 11 N2 A & 52 (34 AtFSD.
3/ MiFSD. 5/ GmFSD) 41 %, C ZH i 14 Al R 41
B (3 AN AtCSDL 5 4> MiCSD+ 6 4> GmCSD) ; MSD 2
HPEAT MREASUETFNRAKE LR
B oN% 4], FSD 1, MiFSD1 5 GmFSD4 R4 K & %
RECNEY], HoA MIFSD % 52 5 AtFSD2 24K &
KRB NEY], CSD KA, MiCSD % 7 5 GmCSD

W4 Subgroup

PR Species
© K5 Glycine max
MR Mangifera indica
A SRS Arabidopsis thaliana

E1 RSODERFERFLEN
Fig. 1 Phylogenetic tree of Mangifera indica L. SOD gene family
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TR ST S5 RIS A N ER R = 5 W ) S A 45 4
AL, VR R B DR i B G, 2R AU SOD (1)
Rk IR ST S5 i S e 7 AN R B B L D g, IR
S G5 R4 BT 2 9 (18 2-B) , MiCSD & 135 5 4 %
5F 45 #4935 PFO0080, MiMSD . MiFSD & H ¥ & &
PF02777, MiMSD 7 A 5§ 7k 45 #4385 PF00081 , MiFSD
B RER A F IR 102809, RELK B R R, 3
SF SR IRA AT
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R 48 A 57 3 7 20 W (1R 2-C) , MiSOD 2 [ A 3t
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Fig. 2 Analysis of SOD gene structure in Mangifera indica L.
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S&GEARE 1RW A B R U B
MiSOD AL 5K 1) 2 BEOKH) . Nk 2 Fiow , [R)J8
52 IR 8] 1) Ka/Ks (B 357328 /5T 1, Ui B gk Ak o fE v 3=
g e Iaalio AR

2.5 RRAERTTHSHT X MiSOD JEDR 5k ik 5t
J& B WA O R P i R R e A

I=A
52

F TG AT TG 2 BT, 5 SR B 4 B
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8 S A AN [\ #C B 1 O B T (TCCC-motif
TCT-motifv GATA-motifs GA-motifs AE-box. chs-
CMA1la.GT1-motif. I-box - Box 4+ G-Box+AAAC-motif+
chs-CMA2b. L-box~ MRE. ATCT-motif+ Box II. chs-
CMA2a.3-AF1 binding site . CAG-motif \AT1-moti) o

MiCSD2.3.4.5,MiFSD2.3, MiMSD 1 J3 &1
J7 5 & A7 AE Wi V& B2 e 3% 76 A4 CABRED , MiMSD1 J3
B 7P A FAFAE K R R I AF (TGA-element)
MiCSDI,MiFSD1.2.3,MiMSD2 J3 &l 75 L7 4E
75 5% 2 B 7644 (GARE-motif« P-box TATC-box) ,
MiCSD2 ,MiFSD1.2.3,MiMSD1.2 2 T %) FA%
7E 56 F B2 B 18 e B G A (CGTCA-motif TGACG-

R2 FLRSOD EFERIH Ka Ks 24
Tab. 2 Ka and Ks analysis of SOD replication gene pairs in Mangifera indica L.

Seq_1 Seq_2 Ka Ks Ka_Ks
MiCSD2 MiCSD5 0.063 619 894 0.233 922 248 0.271 970 258
MiMSD1 MiMSD2 0.038 402 245 0.314 402 023 0.122 143 759
MiFSD3 MiFSD2 0 0
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3 LR SOD M TR
Fig. 3 Collinearity analysis of SOD in Mangifera indica L.
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Fig. 4 Analysis of cis acting elements of Mangifera indica L. SOD promoter
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Fig. 6 Expression patterns of SOD genes in Mangifera indica L. under enhanced UV-B irradiation
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Fig. 5 Expression patterns of SOD genes in Mangifera indica L. at different tissues
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Identification and bioinformatics analysis of superoxide

dismutase gene in Mangifera indica
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Abstract: Superoxide dismutase (SOD) is an important enzyme in the plant antioxidant system, playing a crucial
role in plant growth and development. An attempt was made to analyze the gene function of MiSOD and its
expression patterns in different tissues and under enhanced UV-B irradiation. Members of the MiSOD gene
family from multiple aspects such as protein characteristics, phylogenetic relationships, gene structure, and
promoter cis acting elements were identified by using the mango genome and bioinformatics methods, and the
expression patterns of MiSOD gene family members were identified by using the transcriptome analysis. A total of
10 SOD genes were identified in the mango fruit, and most of the MiSOD proteins belong to stable proteins and
acidic proteins. The phylogenetic analysis of multiple species SOD proteins showed that SOD was clustered into
three subgroups according to protein types. Gene structure analysis shows that the SOD gene contains 5 — 8
introns, and genes from the same evolutionary branch have more similar structures. The conserved motifs and
domains of their proteins are also the same. Ten MiSOD are distributed on 7 chromosomes and 1 fragment,
containing 3 segmental duplication genes. The analysis of cis acting elements showed that the promoters of
MiSOD members contain growth and development elements, hormone response elements, and stress response
related elements. The expression pattern of MiSOD genes varies in different tissues of ‘Alphonso’ mango.
MiCSD3, MiFSD1, 2, 3 have low expression levels in different tissues; the expression level of MiCSD4 is highest
in the flesh, leaves, bark, and peel; the expression level of MiMSD1 is highest in the seeds, and the expression
level of MiCSD1 is highest in the roots and flowers. Compared with the control, there was no significant difference
in the MiSOD genes in the flesh of “Tainong-1"" mango under enhanced UV-B irradiation. In summary, members
of the MiSOD gene family may exert different functions by sensing different types of signals, thereby forming
different expression patterns. SOD may not play a key role in the response of ‘Tainong-1" mango to UV-B stress.
This study lays the foundation for further investigating the response mechanism of MiSOD genes to different
signals.

Keywords: mango; superoxide dismutase (SOD); gene family; expression pattern
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