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WE: 2 \REBELFHRARTRAETARAS T. 58 A4LEE (PPO, polyphenol oxidase)% A LBy £ it fm 5| 4248
T oy K48, R, 3838 2N AF R TR AT T IFN I R A9 PPO AR FART A RFAB LA TE A AR AR TR,
AFFRRT 158 A B8 2 NAP R TR IR T aMEMB TR0, SRtk 2022 5 2023 §44 69 % 148 L 248 E SEAY R R &
1 4. £EBLNALBERFELTE T4 PPO LB EH%AR (LcPPOI~T7) , 42T 6 5 &4k, Z5HKH M ; LcPPOI~T
HETFRREIRRZES, Rl Fertsik, En R ZHERT. 3 LcPPOI~7 AR XX 5B & a"E#4T
RS, L LcPPO3 5 " BEMBFEARX, HASHBEMRATREEFH AL, I, EFTBEMA YN-20 5BE
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Identification and Evaluation of Fruit Browning and Analysis of the PPO Gene
Family in Luffa cylindrica
CHAI Yaqian, GAO Luyao, DONG Wengqi, SHI Yujie, ZHANG Peng, ZHOU Shengjun, ZHU Yugiang,
WANG Xin, SUN Yuyan
(Institute of Vegetables, Zhejiang Academy of Agricultural Sciences, Hangzhou 310021)

Abstract: The fruit browning of Luffa cylindrica can lead to deterioration in their sensory and nutritional qualities. Polyphenol
oxidase (PPO) is a key enzyme oxidizing phenolic compounds and responsible for the browning process. Therefore, evaluating the
fruit browning of Luffa cylindrica germplasm resources and systematically analyzing the PPO gene family can provide material basis
and genetic resources for browning research. In this study, the fruit browning evaluation was conducted on 158 Luffa cylindrica
germplasm resources based on the @ value in both 2022 and 2023, which identified 11 highly browning-resistant and 11
browning-sensitive germplasm resources. At the whole-genome level of Luffa cylindrica, seven PPO gene family members
(LcPPOI1~7) were identified, which located on chromosome 6 and showed a cluster distribution. LcPPO1~7 are all hydrophobic
unstable proteins, located in the chloroplast and highly conserved. Correlation analysis was conducted between the gene expression
of LcPPOI~7 and the browning degree a* value. Only LcPPO3 showed significantly positive correlation with a* value, and it was

highly expressed in the browning-sensitive germplasm resources. In addition, in the highly browning-resistant material YN-20 and the
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browning-sensitive material Z-37, the gene expression of LcPPO3 and PPO activity showed significant differences, and compared
with YN-20, the relative expression level of LcPPO3 and PPO activity in Z-37 significantly increased with the extension of fresh-cut
time, indicating that LecPPO3 is a key gene in the fruit browning of Luffa cylindrica. These results provide important material basis and
theoretical basis for the study of Luffa cylindrica fruit browning and breeding of browning resistant varicties.

Key words: Luffa cylindrica; polyphenol oxidase; germplasm resources; browning; gene expression

22 ]\ (2n=2x=26) RJE#HiFl (Cucurbitaceae) 22JNJ& (Luffa) , A—F EZERMETAREY), EIHT
TRy SR X D2, 22 N S A, 4R BEdgnfE R, RERENERNMED, 1t
A, ELE R (et (B IE T . RSS 2 o™, 22 E A HE 9 AR, Hrp kb A il 2 K (Luffa
cylindrica (L.) Roem.) FIE 22K (Luffa acutangula (L.) Roxb.) Bl RSB R KA T HiEL )N, &
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P, CEHGER B PPO J& 5122 AR 1 S HERE, RERETE 0. IS5 P X R AR, FEUR
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1.1 i IE

FH T S 72 25 52 VRN (19 158 47538 22 JTUR 5 B2 95 B v 28 Al B2 e 3 22 JIUE it 70 = A i 41
WA IEARAE (FEDL https: //doi.org/ 10.13430/j.cnki.jpgr.20250916003, [f# 1) . 2022 12023 EHZE, &
B 5 A T WL LR B 0E B G IS R EMIR = N, FRFE 40 cm, 17FE CHFVE) 150 cm. #%87
J5 10d, BRI EIRER 9 ANAREIE] . Tk B H U 05 ) R s, ELEPE AT AR R AL e T
fr o 2025 FEFHFZE, Bk H A AR BB AN [F) O FR 5 ZEJR YN-204 Z-12. SP41-2 FHXF. ZJ-1. SP59-1. ZJ-14.
SP20-2. ZJ-16. SP10-1. SP14-2. Z-107. 2011C-S13. Z-102. ZJ-20. Z-37 Pl T-#iiT & KRB Bi i T
B QGET R, M5 10d (2025 F 6 H 15 H) , B FFUEER 9 NMEARIY ST Joi B H eI 11
sz, HIEE, BHRBRRIR T em® BPIE, E T-80°CUksH, TG54 LePPO3 Tkt 5 2 Wy
A D 5E o

1.2 EBLMHRFFEERBLETETMN

VA 158 478 22 IR 5T B 5 S SE R AE AR AR B2, 4 3 NSRS 1 B2 B AT, Il 25 R (49 1 mm),
DI BCR I (K2 5 em) , RIS SRS 2515, 1 5224 (HunterLab ColorFlex, [ il R A
S L DA Gl 3RAEWFEE . BT L b ER A ARBNE o 854873858 FE R I H BRI A T
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i CRRAR 4.3.1) XF 158 43383 22 P B IR A AL o (B AT HR Ve Ge vk BRI 704, R REREE (A
4.3.D LA = .
1.3 EiBL]K LePPOs BEEFEREMEEF N
1.3.1 LcPPOs BEERKIERMRRLEE Ei - BFHEY LR A EHE % (http://cucurbitgenomics.org/v2/) N %L iH 22
JRSHFEK A (http://cucurbitgenomics.org/v2/organism/33) . 7E Pfam %45 % (https://pfam.xfam.org/) FKHL
PPO HIFE S /KB KA (HMM, hidden markov model) 3L (PF00264. PF12142. PF12143) , |} HMMER
3.0 i AF & HMM B [ 8 H 7 9030 (B-value <0.001) .
1.3.2 LePPOs FYRBAENM S RG A B 5 MRAE W22 TR R AERAE S, A TBtools v2.309 H1[#) Gene
Location Visualize T 21T LePPOs Gtk @ fifs BTk, FHAKHE % LePPOs fEG-tafk ERIAI BN



LcPPOI~7.
1.3.3 #ARMEY PPO BEEREN RS LB /M FIHH &1 7 B &K 2H #4045 72 (http://cucurbitgenomics.org/v2/)
TEHROAERTR, IR, #RL B 515K AR PPO Kk E U741, H MEGA 11 5 ERIAS
KUK Clustal W 538 22 N AR YA ) PPO 22 A R AIEEAT EUXT, SRITImEE MR Z VMt RSB, FIH
H AL, Bootstrap A B E N 1000,
1.3.4 LcPPOs FIERIBU MRS T4 ENM 24 JET LePPOs I A F41, FIH ExPASy H' [ protparam
(https://web.expasy.org/protparam/) 3R157% 5 7 18R HERAL R (IR AN AFeE 250, PRk &
RE# %0 5 FIH WoLF PSORT (https://wolfpsort.hge.jp/) 3RAF % ik i3 1740 f sE 45 S o
1.3.5 LcPPO EBERRGMIETUN KA MEME 7££8 T A (https://meme-suite.org/meme/tools/meme ) X iH
22K\ LePPO FEPR Z M i A BB FE IR 7 B BEAT DR A7 e 0 M, € DR AT 2 i B0 9 12 A, B J5 48] TBtools v
2.309 FATHRAL . FIFH GSDS 7E4k T..H (https:/gsds.gao-lab.org/Gsds_help.php) 4T LcPPOs I3[R 45 1)
3T
1.3.6 LcPPO EEHH RS ZREMTN A HMEL MY SOPMA  Chttp:/www.ibep.fi/pre-dict.html ) X
LcPPO1~7 B H 2k &5/ AT 70l FIF Swiss-Model M3 Chttps://swissmodel.expasy.org/) *§ LcPPO1~7 £
FI ) = R S M BEAT T
1.3.7 PPO EFEFRZHI LM 7347 14 H TBtools v2.309 H Advanced Circos Fl Multiple Synteny Plot 43 H7 &
FHEY) (http://cucurbitgenomics.org/v2/) HFiE L2 NG AR 22N, BN PEJIN. B, &GS TR Fh R )
LMK R
1.3.8 LcPPOs BENFIRNAER T 4347 FIH TBtool v2.309 H1 1) Gtf/Gff3 Sequences Extract 1. E3&HL LcPPOs
IR % 5 B 2000 bp HIRZ H R P AUAE N A ) TR A, KRB R A BN PlantCARE ¥ ki
(https://bioinformatics.psb.ugent.be/webtools/plantcare/html/) 15 2% 1% 51 BN =CAE F o, 3R A R Th g 4
2 J5#)F TBtools v2.309 H ] BioSequence Structurelllustrator-Basic Biosequence View L. E#EAT ] 414k, .
1.4 LcPPOs K& 34
MAEYS RNA =BGAHIE bt eXeEMHEARARAFD 730 5l5EH8 YN-20. Z-12. SP41-2 E¥f.
ZJ-1. SP59-1. ZJ-14. SP20-2. ZJ-16. SP10-1. SP14-2. Z-107. 2011C-S13. Z-102. ZJ-20. Z-37 KIRA
(BF )5 10 A LUK YN-20 (R #738) 5 Z-37 CR7R U0 M. 22 ih, 12, 45580 RNA. {1 4] PrimeScript
FAST RT reagent Kit with gDNA Eraser (F HEAMHAR (b)) ARAFD FEEH&##17T cDNA F%
%o KM TB Green® Premix Ex Taq™ II FAST qPCR (5% HEAMHA (dbnt) AMRAF) ##4T qRT-PCR,
25 uL [ %ifAk %&: TB Green Premix Ex Taq 1l FastgPCR (2X) N 12.5uL, ERHFSI% 1 ul, cDNA KN
2 uL, B°KH ddH,O % 25 uL. qRT-PCR F£/7: 95°CTARME 30 55 95°CHAEYE 5's, 60°CiR K5 HEH 30s, 40
MEIR; 95°C 155, 60C 1 min, 95C 15s. WSIEPIN 18 S rRNA, R 28T ik 3 D (K AR R L B

SIYIFF SR 1. FIF Origin 2024 8142 il 46 2k B A A
#* 1 AW5FTA qRT-PCR 514
Table 1 qRT-PCR primers used in this study

FEPR AR Em5 (5°-37) KRG8 (53

Gene name Forward primer (5°-3”) Reverse primer  (5°-3")




LcPPOI GCTCGAGATCCCTTGTTCTATG CCAGGATGGGTCTGTGTAATC

LcPPO2 GAGCAGGTCAAGAGGCTTATAG CCATGTCCTCACGATACTTCTG
LcPPO3 GAGAAAGAGGAGGAAGAGGAGA GCTCCCAGCAAACTCAGTATTA
LcPPO4 GAAGGAGAAAGACGACGAAGAG CTCAGTGTTATCCGCTCTAATCTC
LcPPOS CGCAAGAGACCCAATCTTCTAC GAGGAAGGAGGTGTTGAGAAAG
LcPPO6 CAACGCCTCCTTCATCTTCTAC TAGACGTAGCCGAGGTTTCT
LcPPO7 CTCGGACTTGGAGGCATTTAT TCGTCTACTATTGTGGCAATCTC
185 rRNA GTGTTCTTCGGAATGACTGG ATCGTTTACGGCATGGACTA

1.5 PPO EMMES LePPOs HIEEBRFFIEL 3 434

T2025 4F 6 H 15 HKHE YN-20 5 Z-37 REFEUIBOP R, AT 2R, FRI0.1 g, 22
By Al (PPO) A& (ER) (IR MBHEEMRARAIR AR X PPO FEVEEATINE, 3 IRAED
FEE, M R (WA 4.3.1) #EATRERTTZ5H IR A Origin 2024 HAFZHIFRRE . TR A K
R %5 1€ B AU AL LR (LePPODD 1) NCBI % 3% 5 2 1% 5: PR 2 5 £ 2 191 52 7 #1500, 1| | DNAMAN V6
RN FL 5 I 9 4 5 B I 2 B 1 B T SR T X 40 BT
2 BREDH
2.1 BEF MEX 158 HEBLNMEREERNRLBTIFMN

2022 5 2023 4F, Xf 158 #3822 JIOM 5T 2 U5 R A A8 R R EEAT S5 1P, St oA on AR 1) o ME IS 2
IERSA (E 1D o 2022 4 oMEIFMEN -6.01, briEZN 1.34, HKR(EN -3.05, HMEN -9.66, &
R RBAHE N 22.27%, WEFEN -0.27, (WA -0.0024; 2023 4F o MEHKTMEA -6.32, FrifEZEN 1.12,
KAEN 332, H/MER -9.81, R REAMEN 17.79%, WeEH 0.16, ffEH 0.12. ZRFH, Hid
22 JIP 5 55 U5 R SEAR AR PEARAAAE T 2 B A S

1158 MEBLLNMEEIR « BT

Fig. 1 Distribution of a* values of 158 Luffa cylindrica germplasm resources
FIUHREARSME-FREZE I I0E, FET o ME PR 158 43808 22 IR i BRI AR50 3 M54k i
WA P HE AR KA AR . 2022 4F, AR (a'<-7.35) FHBTREUR 24 4y, AMEN -8.07, AR R



XHER 7.00%; FIHAE (-7.35<a"<-4.67) FTGTIE 108 47, ¥IMEA -6.05, 57 RELXER 12.00%:;
WARUK (a">-4.67) FPRTHIR 26 13, ¥IMEAN -3.96, A7 RELAEFHEN 12.00% (K 3) . 2023 F, =il
WAL (a"<-7.44) FHBTE 25 43, MEN -8.01, B 5F REAIEN 6.00%: HiNtEE (-7.44<a"<-5.20)
TR BEU 108 173, HIMEH N -6.34, B RBLAIHE N 9.00%; #HAEBUK (a"> -5.20) FPRGE 25 4, HMH
N -452, BRZHON -11.00% (K2) .

44 2022 5 2023 FHGLFRAL, GRIVE B RS (AR AR s AR U 22 3, ELHE e A AR RS U 11
#it (YN-20. 2010q-S43. SP20-2. SP41-2 (4f. SP42-3 Fi¥F. SP59-1. SP73. Z-2-3. ZJ-1. ZJ-64 I SF-5)
B A FURAN RV 11 4 (2011C-S13. Z-37. Z-64. Z-94. Z-102. ZJ-3. ZIJ-30 ZIJ-39. ZJ-51. ZJ-56

7J-63) (E2, £3) .
FT 2 158 MEBLNMMRBZRERLET HRER

Table 2 Grading description of fruit browning in 158 Luffa cylindrica germplasm resources

4 g EIARAE T R R 8 PRI FRE I 52 721l ol
Year Fruit browning grading Material number Average Standard Deviation Coefficient of Variation Numerical range
2022 TR AL 24 -8.07 0.57 7.00% a'<-1735
P AR A 108 -6.05 0.73 12.00% -735<da"<-4.67
ey Bk 26 -3.96 0.49 12.00% a’>-4.67
2023 TR AL 25 -8.01 0.50 5.00% a’<-17.40
EATEISE'S 108 —-6.34 0.57 9.00% ~740<a’<-520
P AL U 25 —-4.52 0.51 11.00% a’>-520

LR TFIRFOR I T AR A R AR O AR PP IR AN B 4 R R M AR SRR o B U

Green indicates high browning-resistant germplasm resources; black indicates moderate browning-resistant germplasm resources; red indicates

browning-sensitive germplasm resources
B2 158 P EBLNFMHRZFEREBLE SR
Fig. 2 Fruit browning grading of 158 Luffa cylindrica germplasm resources
% 32022 52023 FifikHOHBHERIRMRTRIED

Table 3 The information on extreme quality resources with browning characteristics that were selected in 2022 and 2023

oy 38 AR 52 3] 5 iz ) s 3
RIARAE I B IR 05 4 7 - RS R YR TR VIR 448 -
. . 5 R G el . . Rt
Fruit browning Germplasm resource Fruit browning Germplasm Germplasm
. Germplasm resource ID Area of source . Area of source
grading name grading resource ID resource name
A S HR YN-20 Hik e K i) HAEHURK S 2011C-813 #JK WL
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2.2 LcPPOs E¥)E R E

Rl

2.2.1 LcPPOs R&ED T RAGHL S 3T Pfam. HMMER i Bl R 3 24 & ) 7 A PPO 3
FKIER R, 43N Ley06g007090 < Ley06g007100 « Ley06g007110 < Ley06g007140 «  Ley06g007150
Ley06g007170 J Ley06g007180, "ZEHEHITF 6 S tfk (B 3A) , KIEHAEG 0k LA E 7l N

LcPPOI1~7.

NG LePPOs [ITEAEIhRE, M mez) . 20, PR, #R. B, B8R AEANF ) PPO R %
IR G . 45 RFH, S RIASFEIYIR R PPO FERI 54y N 3 AN TERE,  Horh i 22 I 5 74 TR 22 [A]
MR AL B B T LePPOs 7304 T WIS WA , A LePPO3 5 LePPOS WiistfEfE il (K 3B) &

A: LePPOs IRBFST; B: HARIM PPO ERRRLE ST

A: Chromosomal localization of LcPPOs; B: Phylogenetic analysis of PPO protein in cucurbitaceae

[ 3 LePPOs HIR BN REEFAREY PPO BB AR L BT

Fig. 3 Chromosomal localization of LcPPOs and phylogenetic analysis of PPO protein in cucurbitaceae



2.2.2 LcPPOs BB RO R I RAENMTN 5+ PPO & R 5k (I FRAL P B AT 407 » 45 SR 7R LePPO1~7
MRS H N 570~736, FIEMREH 5/ KN LePPOL, HZ KN LePPO2; Z5HL AN 5.82~6.97, /K]
N LcPPO2, H KA LePPO6; AFasE REN 47.21~59.25, ¥IAARREEA; TREHEN T 72.98~80.37
Z 8], Mt LePPOS IIIRIETRHURAK, LePPO3 MIlEVAE R SR & PSR KE R /N T 0, BRsRKIEE
Hs B4, LePPOL~7 ¥EN T-rtaiEk (R 4)

3 4 LcPPOs UL RS

Table 4 Physicochemical properties analysis of LcPPOs

RHAAR JLp 1D i SR AH AL e 2 TR N E 4 5
Protein_name Gene_ID Amino acid number pl Instability index Grand average of hydropathicity Aliphatic index Subcellular localization
LcPPO1 Ley06g007090 570 6.51 55.94 ~0.539 75.02 [LEE 22
LcPPO2 Ley06g007100 736 5.82 4721 —0.490 75.92 LN
LcPPO3 Lcy06g007110 598 6.66 52.36 —0.419 80.37 UEZIEN
LcPPO4 Ley06g007140 586 6.26 48.37 ~ 0477 78.87 [LEE 22
LcPPOS Ley06g007150 608 6.31 50.42 —0.476 72.98 LN
LcPPO6 Lcy06g007170 593 6.97 59.25 —0.474 76.02 URZIEN
LcPPO7 Ley06g007180 578 6.17 48.54 ~0.566 74.50 [LEE 22

2.2.3 LcPPOs EREZEHS LePPOs RTFEF DM Hil LN PPO PR Z05 i A 2 R 45 44 73 B 45 SR 2o
LcPPOI~7 FERHIAMNE T 1~4 Z 08 Hrh, LePPO2 (& 1 AMMET, LePPO3. LePPO4 HI LePPOG6 Y85
A 4MET, HALTR—IEEKE PPO AN FHEM Y (K 4A) . LePPOs FIGRRLIA R 5: 7 7 B 4h
BN, Bk LePPO1 A 11 MERSFIET (motif) 4 (B> motif 12) , H4R LePPOs R EABIEA 12 FRsF
R, HEHST—8 (F4B. C©) . Z5H KW, LcPPOs Bl m R

A: LcPPOs #:EZE#); B: LcPPOs 1RSFEFF; C: LcPPOs EFIFE
A: The genetic structure of LcPPOs; B: Conserved motifs of LcPPOs; C: The Logo of 12 motifs in LcPPOs
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Fig. 4 Conserved motifs and gene structure analysis of LcPPOs
2.2.4 LcPPOs MIEBRGHISHT X PPO EEAM R o (K5 , SR ER, LePPOI~T FEH -l
JiE (21.25%~24.41%) MG (54.74%~58.36%) FR, FH, LcPPO3 (1) a-#ZiE 5 Jo N4 i34
tbae =i, LePPOG6 (1) a-B2J5E o L i {K, LePPO1 WG HLNIAE il o i (k. ZEfhEE (14.55%~18.12%) 5 B-#fr
B (2.68%~3.86%) i LLAHNTEL/N, Hordr, LePPO2 MAEAEE (5 L i =, LePPO1 [ B-#1 & it % PPO
EAZRER T (E 5, G557 ER, LePPOL. LcPPO2. LcPPO4 f LcPPOS WM 4 %%, 1fii LcPPO3.

LcPPO6 [ LePPO7 FRHL H A S oA 6 i SE MBI A RF A, AT REXT VAR 5 k. S X S5 SRR A5 1 o
% 5 LcPPOs EH ZREGHINIT
Table 5 Analysis of the secondary structure of LcPPOs protein

45K (%) Secondary structure

& 4T RAGRT
Protein name Protein locus ID o~ e TEAE B-Hr TR i
a-helix Extended strand B-turn Random coil
LcPPO1 Lcy06g007090.1 23.86 17.54 3.86 54.74
LcPPO2 Lcy06g007100.1 22.65 18.12 331 55.92
LcPPO3 Lcy06g007110.1 24.41 14.55 2.68 58.36
LcPPO4 Lcy06g007140.1 22.18 17.41 3.41 57.00
LcPPOS5 Lcy06g007150.1 22.86 16.78 3.45 5591
LcPPO6 Lcy06g007170.1 21.25 16.69 3.71 58.35
LcPPO7 Lcy06g007180.1 21.45 17.47 3.63 57.44

5 LcPPOs EEI =R 451
Fig. 5 The tertiary structure of LcPPOs protein

2.2.5 LcPPOs RO o34 Yol L2ttt a5 R Bos, il a2 N5 E K22 N, wK, 7R, §RE K
I 1 H IR, 54N A 2 HILEMERERI X . KB PPO R SR # 7 RHI G Fh ]
RIORSFPR AR, 2200 1 B ARy e Atk i AL, HAZI R A BE A KO B R R ) L 2k 5 D Re A (&1 6D
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Fig. 6 Collinearity analysis of PPOs among species of Cucurbitaceae

2.2.6 LcPPOs BENFIRKAERA TTH 247 FIF Plantcare 34 ZEXt 7 A~ LePPOs 123 2000 bp AT IR 1E A 7T
ot CB 7D, RIS T S EE I R TG E LePPOs W T2 A7 4E . Horfr, RN AR o4 T e 52
WA, Wi 75 L (Abscisic acid responsiveness) . 42K (Auxin responsiveness) 77 % % (Gibberellin-responsive
element) . KFEL IS (MeJA-responsiveness) M/K#E (Salicylic acid responsiveness) , ARG, 4
iR (Low-temperature responsiveness) ~ {7 [N yoff (Wound-responsiveness) , K455 (Anaerobic
induction) « % BN TTHAE LePPOs H BN 5] 73 AT BAFAE , BRI 35 3 W BT AL 0 A6 T LePPOI
5 LePPOS W8T X, 45 D0 RLICHHXAFLE T LePPO2 &5 LePPO7 WA BT IX . Ah, & LePPOs FFAFAE
Kt MYB 45 &0
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Fig. 7 Analysis of cis-acting elements in the promoter of LcPPOs
2.3 LcPPOs BEERIESBT 54T
2.3.1 LcPPOs MM FRIZE 5B o« EMHEX M NEE LePPOs AN 15 8 588 22 IR S4B A2 11 56
Fy P AIGE 15 434878 BURME A FIFR 5 R UR I o8 (Bl 8A) 5 LePPOs WIAHXRIE R, J-4% o (55 LcPPOs
FAR R FARAIRNE ST, RIUL LePPO3 AN RIE RS o (H 2R BF IEMHX (r=0.82, P<0.00D) ,
HAR LePPOs WAHM RIA RS o EMHMIAREE (K 8B) , RUEIELZ RSB RS LePPO3 3R
BIKPEEYIRE K

A: MRFIFIGEE «ME; B: o"{ES LcPPOs RILERIEXME ST
A: The browning degree a” values of germplasm resources; B: Correlation analysis of a” values and and LcPPOs expression
B 8 TRMREZRBLE « BRS LcPPOs RiEEMHEX M S

Fig. 8 Correlation analysis of browning degree a values and LcPPOs expression
2.3.2 LcPPOs TERTRumM B A EE R RIXRR o4 Jyitk— 0 011 5 3500 22 JTUR SEA B AH G 1K) LePPOs,
I P VR BZE R AR H ) YN-20 (R8s ) 5 Z-37 GBASBURO MM, ZE. . 8. 41X LePPOs #
17 qRT-PCR 43 #1, KBl LcPPO2 55 LcPPO3 #E YN-20 5 7-37 S A IRIEEZRBAR, HAEGRhRIL
R o, LePPO3 TEARAR IR Z-37 4 R b (AN 208 B2 i i AR A8 YN-20 2 SR R i) 3.94 £5 (& 9D
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Fig. 9 The expression patterns of LePPOs in different tissues
2.3.3 LcPPO3 EEFRIER PPO FEM S it — LB LcPPO3 1588 22 N R SEM AR AE T, 233l 8
YN-20 (i #878) 5 Z-37 (7 BUgO ANFEEEINE (0. 12, 24 h) (1) PPO W&tk LePPO3 [EERIERIES,
S5 R RI Z-37 AE & SEY)IS 8] 501 PPO VMRS 22 & T YN-20; 7E8£] 24 h, Z-37 [¥) PPO %14 YN-20 ()
2.98 1% (F 10A) o MeAh, FEZEEDIRTIA] A, 2-37 " LePPO3 FIMIN RIA B B 2 & T YN-20; 7E6£]) 24 h,
Z-37 ] LcPPO3 FX R IA & /& YN-20 (1) 384.85 1% (K 10B) o DL 455K, LePPO3 {E¥ i 22 IV 54

AR A E AR

av b fl ¢ £I/R YN-20 TEARRISEYII (] S0 22 5 B0, T a's bl o 3RoR Z-37 EA R BEDT I [A] 2500 22 57 4
a, b, and c indicate differences in YN-20 at different time points, whereas a’, b’, and c'represent differences in Z-37
& 10 YN-20 5 7-37 A& IR 8 S PPO 7&K LePPO3 BEREFRIE
Fig. 10 The PPO activity and relative expression of LcPPO3 between YN-20 and Z-37 at different fresh-cut time points.

2.4 LcPPO3 R EER FFIRIRM 534

P AL E BIF) LePPO3 SHEEA KBS € 2S5 5 22 R SL AR K d FE K] LePPO1 (NCBI &3k
S KM506756) BOEILEFHEAHHT N (B 1), —FRFEH— 8k 95.82%. Hi, LePPO3
] CuA/B 454 45 K7 A T 58 190~207 f 346~357 i, #Z OG5 M TE 2 7, 1 41 22 57 R AEAE 552~553,

|

555~557 559~576 f 578~579 fii, #— LU LePPO3 /&35 22 JIN B Sk 248 1) e g L [K] .



SHEOHEN MR RIRTF VRN RN, LD EOHEA R EEIR T 1478 CuA 5 CuB &5 545135
The amino acid sequence within the green box represents the tyrosine ; the amino acid sequences within the red boxes respectively represent the binding domains
of CuA and CuB
11 SEEBFHILERLER

Fig. 11 The amino acid sequence alignment results
3 g

ol o0 5% U P e 20 Y 58 5 PPN AT B T AR AR AT RHIR B e, BRI & A AR 10 22 TR R B4l R,
LA KR S A T AR R AR BN RN 22 T AR GG 0 g 5 MY, (B 7 5 58 e 78 IR R S e 22 T i
AR, S5, AR AR G EENE) BISIR AR 123 422 R 5 5205 5 A 3 7150
FEFF BRI AR A B NVF A Fabs s AR FEREATME SR 40 0, K% 38 A 22 JIURR R B5 U5 73 5 9. Luo &1
BT HAR S MATLAB B4 (i #748 W 77 VA VP il 3 B S EER R h 1i&E R, RO o H 58 TR EER
DL SRR AR, FRH o MER EIEEY)E L3 AR febr . AWFALE S 2022 5 2023 4F 158 3%
T2 NS LRSI SK N o™, 33— DR R bR 22 00 7 AT SR 6 VPN 0 4, i AR 1 &
TR 453 2 % A6 78 SRR B R R A5 11 4785 b, YN-20 55 Z-37 75 2 45 (0 1o i 46 28 A8 28 BUBH R 544 8T S,
VBN J5 B8 22 TR SERG AT ST IR L o

HAT, Z MR PPO JEH IR OIS 8 ok, SO0 BRSO RIIM T 5, 1755 B2 R 20K/ TG B
SIS, bR 7+ A SE S e RHE Y Bk PPO SERRT) F A 10 A PPO FER SR R 7 4 BT
4 SO ARDT, SERLAE 16 S PPO BEH IR/ ELT 24 40 54 10 S5k ik BB, BEER) 17 4> PPO 2
BIEBEA S BALT 22 3. 4. 7. 8. 95 6 kY tfk BT HHIRT 18 > PPO FEPR SRR 70 A T 13 Al
21 SYEAERY, XECYIF) PPO FER KRR G BT AR Qe A b, R SR AR, AR DKE)
PPO BRI/ R B IR E) /) o B FEAE S @ 22 )N 558 B 7 /> LePPOs, YR 6 Sitfk, Bk
LcPPOL H A 11 FRSFEEFFAL, HAR LePPO SHAMISH 12 MRFHE)T, LB LePPOs W figilid HR K E &
BEACTE RREE R, SE R T R i 4 3 22 SR AR OR B B AR AR

.2 0 5 A3 TR 2 B LePPOs FMR A AL T Sdd, 53 #ER7L M), 5§ B9 g JALE84 ppO
V200 it 5 Ao 25 R — 5, R E PPO S M DD REARN LR~ o i X 30 43 AT (B 18 52 tH By R A7 T-70E . PPO
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AL, AT ST AR A0 L 5 A T 45 SRt — AR IR E T Ty DR A AR
AHFFERI 15 43 hi A8 SRR AN () Ao 308 22 SRR T BH IR ) o B 5 SR 5K LePPOs ARX R IK B AT AR 7y

B, KIUX LePPO3 FEFFRIE S o A BB F B, BEAh, FIF YN-20 (Eifif#E) 5 Z-37 RARHUED

M. 250 iy fE. &RIEAT qRT-PCR 2007, KB 7 A LePPOs 1A 3 MR KRR (LePPO4 LePPOS

5 LePPO7) EHA MY P RIEEIBIR, R 5%MAEEEY. AP Rot RS RMEE. LePPO2 5

LcPPO3 1E 2-37 RSErRe s ik, Jot, LePPO3 15 Z-37 4h R HIAR RN AL B/ YN-20 4R A (11 3.94

fio NiE—BIAE LePPO3 SRS ZMIRAR, ST YN-20 55 Z-37 fE6£D) 0 hy 12 h & 24 h [f] PPO ¥%

kL2 LePPO3 IS KK, KB Z-37 HH K PPOEVE S LePPO3 IFRIK BB )i (5] 56 i &2 2% _E T+,

il YN-20 # PPO it 5 LePPO3 HIFGEBANX BARE, Lh b LePPO3 HIZRIERS PPO I TERI (S 5

PR FT Y R R A SLIR 45 R — 02, M T Wu SFNSH IR 2 BIH LePPO3 R FEIR T S dA

RBHE %58 B2 5 22 TR SR AR ) RAERE K LePPOI (NCBI %35 KM506756) BO & 1 /3 Bl AL

15 95.82%, BLAh, ZE 5 INEILIRIF A AL T IR IR Mg A 2 T S e A M b (B 1) o BAESREEW, LePPO3
Xf LePPOs EJiE 2000 bp #EATREAE FH T4, &I LePPOI 5 LePPOS JE 3+ X A7 AEAR IR 175 5 i

Jofk, KW LePPOIL 5 LePPOS AT REN R I8 22 R IR BB BN LePPO2 5 LePPO7 JA 8§ X A7 AE A

MW NG, R LePPO2 5 LePPO7 R REAE N I8 22 )i M & sp R IEE BRI o FEABEFLN LePPOs HINIR

AR I, % LePPOs RS T IXAAEKE MYB 460, HAroAa KED IRV MYB #

FH TS E5REWRAE, W PuMYB4 5 PuMYB86 JHIL LI PuPPOI HIZIK, TG RELR B s Az,

R2R3MYB #3537 ATy T B R4 A2 3 ) (StPPO1-3) I IE P 7101, J5 i id 30 iE 22 R MYB

s K 7XF LePPOs W sIEAER], 3t — D IR Tl 22 IR SR A 7 T LB
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