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Abstract: [ Objective ] The study is presented to obtain the sequence information of polyphenol oxidase gene
family in Volvariella volvacea, and identify their characteristics and expression patterns. [ Method ] The genes containing
tyrosinase domains were found out through transcriptome sequencing, and their primers were designed according to the
obtained sequences. By using the tissues at different developmental stages of the v26 strain, as well as the outer membrane,
cap, and stipe of the egg—shaped stage as materials, RNA was extracted and reversely transcribed into cDNA. The ¢cDNAs

were used as the template to amplify the polyphenol oxidase gene sequences. The online bhioinformatics website was used
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to predict the physicochemical properties of V. volvacea polyphenol oxidase. The RT-PCR method was used to detect the

expression patterns of polyphenol oxidase in different developmental stages and different tissues. [ Result ] A total of four
CDS sequences of PPO genes were cloned from V. volvacea, named as VvPPOI, VvPPO2, VvPPO3 and VvPPO4. The
VwPPOI1, VvPPO2, V'vPPO3 and VvPPO4 CDSs were 1 596 bp, 2 685 bp, 1 593 bp and 2 067 bp in length and encoded 531,

894, 530 and 688 amino acids, respectively. Bioinformatics analysis showed that the proteins encoded by the four genes were

hydrophilic proteins. VvPPOs had typical characteristics of PPO protein, holding a tyrosinase central domain which could bind

two copper ions. RT-PCR results showed that the 4 genes were expressed in the hyphae, primordium, egg—shaped and mature
stages. The expression of VvPPOI1, VvPPO3 and VvPPO4 in the fruiting body were higher than that in the hyphae. In the
egg—shaped stage, the expression of V'wPPOI and VvPPO4 in the outer membrane were higher than that in the stipe and cap.

[ Conclusion ] A total of four V'vPPO genes were obtained in V. volvacea, all of which contained a tyrosinase central domain

and two copper—binding sites, and VvPPO genes were expressed in all developmental stages.
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[ WF9E 2 X )] 54k ( Volvariella volvacea )
WAL LA RIS o s A, 2
— AR TG WX AR R, AT
7SR EE sy N v/ s S EN IR ¥ s A S Wi R
Sy 2 BN, LR TR 2 A R A P A s
G5, KRG 1~2d FARESHSE, IMEDER
1K, B g R () D 58 R 378 1 5 32 i S
BT, R, kR AR F RS A A
fii (Polyphenol oxidase, PPO ) 4. 4EH= 2 C J
S E A . 7E PPO AERTF B RS AL TE 1
BORMIHEY T, (RRLgh g B, fris
L R b A2 BIHUARE 7 R RE IR, Rk A AU SR 2%
FEMRISIY) S PPO Hfih, MTTINEEE AR w4
YEREIT M HL g PPO JE R R0 R i 22 i
WE MM RAEESEMNE. [ GTAR R ]
PPO & —F ) IZAA7E TAEY) . 3. 2R R IR
RS . PPO A AR IR Y RE S AN 454 0k
% 2 B2 i (EC 1.14.18.1) . JLA M AL (EC
1.10.3.1) FIEEE (EC 1.103.2) ), 7R HE+
UNXAEE4E ( Agaricus bisporus ) . 4 ( Lentinula
edodes ) . 15 T4k ( Pholiota nameko ) . -4 ( Pleurotus
ostreatus ) . EARE- (Auricularia cornea ) 255
EZNZ WA, Hh EEth s 1 2
M S A S R, R IR 5 AT e I DR A TR 22 1
AN FIRE BT, EREDE S Rk &
REAR, B AT RE 5 H s G o o7 FEXT
T HERAFIE HR B ) 14 42 ku 19 B S AL,
ZEGLATEPERTIAR I AR IL, FEER AR AE TR
VIR C st P 0 0 A AT 15 T A A T8 e
B R 1A 75 ku MBS AR, X EA B
PGy, AT Tk Y R R ARHh R R
12y A AR, AR 22 3 3 08 2 IR A 758
RSk e Rem 10 . AR T e 6

A~ PPO LK 11, I F] CRISPR—Cas9 3t [K 4 4 5
G RUAEL B 4 JE PR 2 1 A 22 B R ALl DR R A T
ik, (1115 PPO BTEFEAK 30%, ARONZE T WA
BEE ARG L2

[ ARWFFTUIA S ] 2 L P 200 5 1) 58 Joxsf
TR IE R DI RE ST B T AR KSR HEE L3
ABFGE I R A YE B o, LG Hh i A v
FE3RTS PPO JER FIERL L, AT ST 9 RHIE
IR F A K T B R S 7 1 e ik 22
5, R e RS [ Rk
SRR ] 3 iFFE R b PPO SER % Y 45
PR SR FRIAES, DU A AT R 4 AR pIL AR
SRR, MRS . T A S R SRR
XL
1 #R5AEE
1.1 RIEwA

PR 4 TR VR v26, PRAFT T RAE R B
Bt gk S5 i 2 R T A ORI o o TR 2235 97K
FH PDA K 3R 3, #3230 50% RE# . 50%
FFFFE, F7KE 65%.
1.2 RIEAHE

WA T 2021 4F 3 AT RAERREBE
By A 2~ i L b b AT, TR 22, R
BV A 4 SASFEIHIEEE, 5546, R
TSI FIN RIS | BRI | BRI 5E 3 NSRS A T EURE
MR ER R, SRIET 80 CIAfE, &H.
1.2.1 VwPPO AR R4 53054 BT ARE5
SEFTH AR TR S S 2015 AENAS (Y B T 227 5%
N5 (PRINA4OSIO1 ) FIAAN A 1) 4 3 [ 4L A5
& (NCBI %535 GCA_000349905) , fifiikis 3|
DIRETERE A PPO 11 4 MR KT, 4544
1 VwPPOI1 (MZ322862) . VvPPO2 (MZ440853) .



VwPPO3 (MZ440854) . VwPPO4 (MZ440855) .
¥ Bt B it eps & K 51 ¥, B it wPPOL,
VwPPO2. VvPPO3 Fil Y'vPPO4 3 [H J¥ 51l 51 ) A
CDS 514, SIEEME 1.

FRHAETAY TR () BOrABRA RS
RNA $2HGAT E R HUR s R 22 RNA, SRAIFERE
A B2 T AR 7 Y 3 SR & i eDNA, SR
CTAB % F2 R4 DNA . DA 25 18 22 <DNA Ik
[KIZH DNA SHBAR A T9 15 . PCR Y 1™ W 4ifb )=
55 pMD18-T 8 HEA T, PR SEREE T e o
122 AWz &F 50 HEAB—REH IR
A ProtParam ( https://web.expasy.org/protparam/ )
TR P, = g 4As # o) B Rl SWISSMODEL

( https://swissmodel.expasy.org/interactive/ ) ; %5 [
50 AR L 43 M1 iz F LALIGN  (https://www.ebi.ac.
uk/Tools/psa/lalign/ ) 5 AR Hris Simple

93

Modular Architecture Research Tool ( http://smart.
embl-heidelberg.de/ ) -

123 #tferdadr FIAT Clustal W AREZE | X038
BERE . Aah . CVVAEEGE (Agaricus blazei ) | MK
F( Aspergillus fumigatus ) HMLRE KA F( Neurospora
crassa ) 1) PPO ZEEMR ¥ 5 k4T 2 5 7 51 LT,
IAE MEGAT H i ISR 2 AHZE ¥ ( Neighbor—
joining ) FEEHEALHY 14T, FFFEFT 1 000 YAl
A

124 VPPO KB Fik R E oA DLE G K
I R SIS [R] ZH 2L cDNA SRR
VA WIUBa ANZ S, OW 510 1. RH
BBl 2 x TS Fast qPCRMix (SYBRGreen) iz 5] &1,
PCR SRR : 95 CHULNE 3055 95 CAMES s
58 CIRK 30s, 40 DME; FARIER 3K,
SR 24 A LR AR Rk i L1

x1 #k5MER

Table 1 Information of tested primer sequences
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A: PwPPO1 ZERY 147y, M: Marker DLS000, JKiB 1: PwPPOI 3£ CDS, kil 2: W'wPPOI JEH 44 B: YwPPO2 SEPIY 1474, M: Marker DL5000,
VKIE 1: YwPPO2 3K CDS, kil 2: YwPPO2 BN 2 C: YwPPO3 BENY 47, M: Marker DL5000, kil 1: wPPO3 JE[H CDS, Vi
2: WwPPO3 JEH 4 K5 D: 'wPPO4 JERY 14774, M: Marker DL5000, 3Kl 1: ¥wPPO4 3L CDS, ¥Kiti 2: Y'wPPO4 HEH 4K
A: Amplified product of V'wPPO1, M: Marker DL5000, lanel: CDS of V'vPPOI, lane 2: Full-length of VvPPO1; B: Amplified product of VvPPO2,
M: Marker DL5000, lanel: CDS of VvPPOI, lane 2: Full-length of VY'vPPO2; C: Amplified product of Y'vPPO3, M: Marker D1.5000, lanel: CDS of VvPPOI, lane
2: Full-length of VvPPO3; D: Amplified product of V'vPPO4, M: Marker DL5000, lanel: CDS of P'vPPOI, lane 2: Full-length of V'vPPO4

Bl 1 VvPPO EEZKTk PCR # =4
Fig. 1 Amplified product of VvPPO gene family by PCR
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Table 2 Prediction of physical and chemical properties of VvPPO gene family
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vene cleculat formuia HmbET o Mo acic weight (u) isoelectric point index (%) index (%) of hydropathicity
wpPOI  C, H, N0, S 531 59350.18 5.75 72.37 49.15 -0.486
WPPO2  C, Heo N .0 .S, 894 100679.29 5.9 75.13 42.02 -0.488
ywPPO3  C, H, N 0. .S, 530 59827.27 5.95 73.75 46.48 -0.477
WwPPO4  C, H (N0 .S, 688 77423.95 5.34 74.04 46.16 -0.393
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Fig. 2 Conventional domains prediction for VvPPO protein
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Fig.3 Comparism of VvPPO protein sequence
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Dark area represents the copper ion binding area
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Fig. 4 Three—dimensional structure prediction
for VVPPO proteins
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Table 3 Sequence similarity of VVPPO Proteins

B HELE Similarity (%)

Protein VvPPO2 VvPPO3 VvPPO4
VVPPOL 48.1 63.1 55.7
VVvPPO2 529 735
VvPPO3 52.8

[Agaricus bisporus AbPPO1 (X85113.1)
Agaricus blazeiPPO (AB215107)
Lentinula edodes LeTyr (AB027512)
VvPPO1 (MZ322862)
VvPPO3 (MZ440854)
Agaricus bisporus AbPPO6 (XM 007332519)
Agaricus bisporus AbPPO2 (AJ223816)
Agaricus bisporus AbPPO4 (GQ354802)
Agaricus bisporus AbPPO3 (GQ354801)
Agaricus bisporus AbPPOS (XM 006459653)
VvPP0O4 (MZ440855)
1 Agaricus fumigatusTyrl (AJ293806)
Neurospora crassa Tyrosinase (M32843)

VvPPO2 (MZ440853)
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Fig. 5 Phylogenetic tree analysis of VVPPO proteins
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