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F LB B4R £ 2 B (Prupe. 7G163100)f2 % 52 & F AT 40 £ & S A B | K, 9MR4S R %) A45 B & A, PPOAR % 4
E 40 RE1E B R K, 4545 518 i B &) 4% Prupe.4G041400F= Prupe.4G041800, B_#) 4% Prupe.4G041500.
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‘HEIEAE> (Prunus persica cv. ‘Feicheng’){EH
L AR5k R, 78 L AR T AR 6 000 hm®. I
PR AP SR S i ™ EE T B (P 4E452012), L
TGS AR ) A, 7 ) 2 AR IRk
ML R FE (5K 55 452008) . WA E TR TR Ek =,
AT bk R S B G 2 AL, H R RN T A IR
RS A BAL R BN (N B R AE2006) . 1 F
B SR (2016) 7T A I, W8Tt A [F] R 288 [ AR Y85 v A
R fe NE IO it JoT I Bt 1) . R S 4 A B B A AR
P v el AU SR SR AT S B, 0 24 R R - A R
53 B B il B AH DG TG 1, 8 v SR SR B (B R &
2014), MWi4h 0] AR S (Citrus sinensis) 1K 1 45
ARAR, P R SE R A PR (2R IE[E 552006) . (HZ, T
AMNIRES R RS e AR S R B 5T
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2005); 7 — T E N B G E S SIERTE =
{518 (Reddy%52011), L 45(5 55 5 R 1%
B PR 3 35 R0 4 i AR BE B, 2R I AR K OK
Ho CAFFRI, SR AL 2 Mo BE 1) B i 2
PIMHZE, B-F-F M (B-galactosidase, B-Gal)fE A
— P2 R R I, SR AN ARk B O AR R RE
T 5t 0 (7 25 1) AH 5% (Wallner M Walker 1975). i
PRAR A 2t 2 H s 22 52 ) i R SR SIEAB AR 1) o

Utz —, HOCHE R 3R 2 52 2 JE DR R 15 1) 2 W 8 Ak
fif(polyphenol oxidase, PPO), Newman%$(1993) k&
PAETE AT AFAE 2 /D6 L EPPOJER, 3L, AL
EREP I AIAAELOR . 8Fh. 6MPPORH I A (E) it
HEE2017).

T NSRS (I 9 22 4R WP 7E R i AR 3 T,
ARG XF 4N B B Bl K PPOYE 14 4 T #2518 12 5 1H
WD . A SEES DLLTAR AR JEdobk Aialbt, il
R4S 10 S FL A Ca® -CaM S P A 85 45 5 ]
7l = % 7 2 (trifluoperazine, TFP)¥& i (CorpasAll
Barroso 2018)4b3E, DLV /K A%t e, #R 7T AN M5 7E
EfR Rk Bl . 4R I @ ) /R FH A 5 07 3K,
REF AR NESAk it BT T P2 1) R SRR 2 A4

1 HR57E

1.1 RIEH R AL TR

IS T-20174F4 H 76 1L R 48 RSBk AT 78 Bl (36°
18'N, 116°74'E)HAT, [y BEACAE BT R 47 i b 33
Jo R B33 ) Bl J943.50 mg-kg . EAKRE N
35.62 mg-kg'. LM A289.91 mg-kg', HHLFR N
23.72 gkg'o AEHRMIRE R SO K 114 2R < BRI
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Bk (Prunus persica L. cv. ‘Feicheng’), fii A NEHk
1.2 LIGALIE

SEISE3AMAEBE: 157K(CK) 0.5% Ca(NOs) 7AW
(145 ~NCa). 0.5% Ca(NO,),+500 pumol-L" TFP (f&
5 NCa+TFP), FEANALPESERM, 3k EE . 1E4IH
LUICVEE DN TS 73 C(CYEE I DN YN (NS EIDY 115
PG 1IR, T _E4-10:00 BT, B 0
S, DL TR KON FR, 7EACER6 hpy A B T it 17K

SATES R IAG A AV
KT A BCEHA® H A1) AR A 91) 35
AN S AT BORE, 75 B PR R AR (] 38 467 Bl AL 3k HY
10~20/ A K — B 92 (PRAE % b PEAE Il iz A B Y
FE)o — 8B FF i BRI, 47 [0 S50 % -80°C PR
17, FT005E & R8s, 55— 20 B Rl R i,
ARG 73, 105°CAR T, T5°CHET, IlE R Al
VB B R SRR b LR BB A S 7 R Ab 3
AT 5E -
1.3 MEmMB R E
1.3.1 BEURAIMEE St

Z M FL(2010) 77728, BEA 0k, AN A4S b
J < BRI SR SR 5 SR AT d, HRE AEdbk 4%
HEATIE, MRS N TS S I TR .
132 RABESRENE

MR AR (2013) 73k, BE A ootk fEH
TA.XT plus i #)4% (3 [E Stable Micro Systems’\ ),
FH 58 B 1 < RE3pkopk SR Sk AT 28 i, Pk X
GG 2 SO T 2AN BB EAT I 5, A5 Ab B BB AL EX
S5NRSE, A X H £ B Texture Exponent 32#K
HATHAR T
1.3.3 245HINZE

KR AR (4 F AN i 5L 1982): A TR
HY0.5 ghtF#¥ 1250 mL&EMr, MHNO,-HCIO, (4:1,
V/VIREGE25 mL, #5320 M. 78 HL R B n#Afx
K2R, TEFIR1~2 mLEARRS, BURAE. H20
g LSRR, e AL, FIET 66 it
M5E .
1.3.4 B-GalfgiE MM E

sz ep B-2f 7 bl 7 ¥ (B-galactosidase, B-Gal)
T VES % WeisE (2010) 7 iR BEAT I E « B-F-FLHE
HFREEPELLL hpy 2421 pmoL il 3 M sk 27 14 il
TEERAL(U),

1.3.5 SEEENE

Sy & B E 2 IR A5 (2013) 1 5 vk
7o TRIURAISIH2.5 g, FIFI60%11 L BF1E40°C ok
PR A EIR IR h, 12 000xg I B Lo B
EIEBUE AR 225 mLEET TR . B LR
mL, JIAS mLZ&1#/KFI0.5 mLARAR-, #8251, 30 s
JE A3 mL Na,CO,, 25 mL5E %, #%1 h, 756 nm
R o
1.3.6 SEELEREMENE

Z W EAEE(PPONE I E TT1ES % (RiRR
SRR IR T (BEREAR2011), IR 2.
1.3.7 B-GalBgFl % iy E (L EE B F AT RIA ENE

TER A B R ST B 32 2), FHRNAprep Pure
Plant Kit (DP441, TIANGEN)$2HUF: i 5ARNA, Pri-me
Script™ RT Reagent Kit with gDNA Eraser (Perfect
Real Time, TaKaRa) 2 %% 5% i 71 &5 S #% 5 cDNA
T 7E A I R 4H LU X e U Prupe. 4G 041400 Prupe.
4G041500. Prupe.4G041700 Prupe.4G041800F
Prupe.4G041900, 3535 1PPOH <L A A11~B-Gal
AHIFER . ) I Primer 3.0 Inputié i AH ¢ 5E &= 5l
YI(#1). 1%HESYBR® Pre-mix Ex Tag™ (Tli RNase
H Plus) il /) & AH R B AEHEAT € EBPCR I . [ B
RS A. BTV EIRIAREL ., %
St BPCR N 25 95°CTIAE 30 s; 95°CAE S
s, 60°CiR k30 s, 39IRTEIN; 45 5 iHEAT Rl e ith £
R BT K2R T HER 5.
1.4 BIRALIES S it o

FIFHSPSS 20.0%1 44347 45 B 53 #T1, Excel 2007
BAHERE.

2 LR

2.1 AEEECIERT AR SRUCHAR LI E
Gt AS [F)E5 AL R ) BRI S5 S AR = IRAT TS
dJE AT, R WE1FTR, Calb B ) H s
FHIE N HR(50% 76 457 ) Sz Ca+TFPAb BE [ #5248 15 1. 458
B2 A% K. CatTFPALER 15 5290% L
KA, BT, B e e kg HME.
2.2 E4EAFBRT AR SRUCHA SR SE R AF (LAY
S0
B 55 5 i B AN RE VP SR SE AL AR T, B2
PR AN B B B AR bR o X BRI S Sk AT
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Table 1 Information of primer sequences in this study

ClE/EA S ST FI(5'—3") &
Prupe.4G041700F TCCTCCTCCATCACAACCTC JE
Prupe.4G041700R TGAGCATGTTCCTTCTGTCG JE
Prupe.4G041900F GCATGGTGCAACAAGCTAAA JE
Prupe.4G041900R CTGCTGGAGAGTCCCAGTTC JE
Prupe.4G041400F GTCTATATGGCGTGGCTGGT JE
Prupe.4G041400R AGCTCGATGGCTTTGGAGTA JE
Prupe.4G041500F GCGTGAAAGTTCGAGACTCC JE
Prupe.4G041500R GGCCTTCTTCTGCGTACTTG JE
Prupe.4G041800F TACAGGCAGATGGTGTCCAA JE
Prupe.4G041800R CTCAAAATTTGGCTGGGTGT SE B
Prupe.7G163100F GCAGGAACAAACAGAATCGC JE
Prupe.7G163100R GCCTAAACCCTCCAGCATAA JE
P-actin-sybrF CTTATTCTTCATCGGCGTCTTCG S
P-actin-sybrR CTTCACCATTCCAGTTCCCATTGTC S

1 ARV AL 2R BRIk SR S AR A 10
Fig.1 Browning of ‘Feicheng’ peach treated with different treatments
A: XFHE; B: CakbBE; C: CatTFPALEE
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Fig.2 Changes of hardness (A) and crispness (B) of ‘Feicheng

s

peach fruit with different treatments

ARVNG FRERIR R 35 (P<0.05), T EF .

HE AL FR ) ISR FE A Z 8, TR EZ R, R
(1) i FEE 5 8 P A A R) (0 8 Ak 94, Cadh B g SR 5k
IfE B L BB AR 7 7 70%, Ca+TEP AL 5 %) FE A B
e B A T 2913%

2.3 RIS BRI RUTEAR S RSS2/
=AU

HEIAE HEAT A A IR RO AL B ), xR




GRS SN T  JEIBBk P K48 3 A D% g LR 2R AA R 1823

IR S R WA S 20 e . g5 R W E3pr
N, FHECXT R, Cakb 38 SR ES & 2428 M 1724%, BAH
3% 755, CatTFPAREE (1) F A B 45 7 & 5 Cakb B
DAL/ TE RPN

2.4 T[E4EGIE ST ABIE & BHEA R SCB-GalfgiE
jid:ofA10)

PEIRAE SR 5 % IS B2 FUBE i (B-Gal) i
PRI 45 A AP, R R AT E PR 3,
TR RS Mk B oK 3Fh AL 3% B-Gal By V4
RO 25 AR, Cakb B 5 %o RRAH L is 1 A, 1T
Ca+TFPAbIE 7 75 By 1A 1) i v 12 30 v 1 0 B A 3L
2.5 FEEIERT PR p-GalEERIAET K
op=Al

Xof A AL B (1 Rk SR 5 2 B A A R I, Prupe.
7G16310052 4 2 ST a FEGE S, RSk G
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Fig.3 Changes of total calcium contents of ‘Feicheng’ peach
with different treatments
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Fig.4 Changes of B-Gal enzyme activities of ‘Feicheng’ peach

in different stages with different treatments
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1E % B B AT 65 0 ) 0 #8  Ab BE S, 7R
WCHAGE — BURE, 0 5 A ()48 Ak 2 S S By 1 = 11
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Fig.5 Changes of B-Gal-related genes expression in ‘Feicheng’
peach fruits at different fruit development stages (A) and with
different treatment (B)
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Fig.6 Changes of total phenolic contents (A) and polyphenol
oxidase activities (B) of ‘Feicheng’ peach fruit
with different treatment
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KR E B 552018), SMJEES X RMAE I
w5 A RE D SHRED, YT
A —Fh EEZ W 5P o, e —FE 55
SV, FEEEE S5EEE RS S HITE T
S ORI ABRIEFE2015) . LEAE AN L P9 A7 75 3Tl 45
R E: PSR/ A (CaM/CML). 451 RR
Al B ALl t 1 (CBL) LA KA Al 1 £ 1 A (CDPK)
(Pandey®$2013), v, 451 22 fm S i i
BAM—REBETEEEA, Pro RTINS 2
FHiEid Ca® -CaM 5 55 T KRG I B L & & xR
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Lo M m [

M QQ NN Q“
X A° y° Ab a9
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Fig.7 Changes of polyphenol oxidase genes in ‘Feicheng’
peach fruits at different fruit development stages (A)

and different treatment stages (B)

S AR A A ) B EE RS R
S, AMHETFPIRF o] A RN A Y4k P9 Ca® -CaM {5
i R G IE W AR T (R 122006) . A< 56 DA
P25 A 2 AT Ca® -CaM S B AE A (K30 1) 77 TF Py ddb
50k IEAR HE & B, Cakh 3 AT ARG  AESBk 1)
S AR (BN, JF B e TS e A
(E12), X 5K IRAE(2008) B 7045 ] — 2. {H
Ca+TFPAb 3 5 Cakb 3 45 FEAH Jz, X AN [R]85 Ak
P ) AT I E R I, Cat+TFPALIELE
Cafb HAH LU TE 5 35 M 22 5, Cadtb ¥ 5 % JEAH LL 24
FEE24% A& &, BA RENEER, i CatTFP
Ak B R 5 1) SR PR AMIRAS IR U, A R Cafy i
()2 53 FHCa+TFPAL FE 5 Calb FE 45 S AR [ .
PEAI500 pmoL L I TFPYA VN H] T 4MEE5 A 5
Ca’'-CaM 15 1 2 58 25 fif TSPk S A A5 2% 1 1
BN 5 SR S T B R 3R, O
AN 25 5] e S S 1) S5k, BE PR E L) T R
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A I S0 T A T 7T R B4 R Y A
I8 AR SR A I 2 [R5 (Fischer FllBennett 1991),
T — R FI AR B 2 P 4 B 5 g Il 3 [R] 4
F 51 ) (Brummell 2006), AliZ5(1995) A7ET=5H
HHE 7T R B B-Gal i M 5 S S hE B 1 B 2% DI AH
9K, Jin%5(2006) 8} 75 K I B-Gal 55 Bk S S i B4 2%
PIARSE, L e 0 0t ILAE RS AR . B
HEREE Q01T R AR L h ZIGaL B R ) R IK
& 5B-GaliF e R IR IHT I B8 B FR&E
P, TELNAR I AL B g 3 o AR 0 0 A 4 bk
RSN B-Gal Fg v PR AT I 2 K B 3 Ak B
B-Galli s 35 e Tt mi e T e s, 7R K
IS T A v e o X AR A B A T Ak R S A M
R Prupe.7G1631003E K A5 4k ita 34 55 B-Gal il i 14
AR —B, TERSLK B TR A EL R R,
X5 AL R 3. ASFAS AR (R A L, Ca
AbFRAE — e FE B B4 T B-GalliE 1, CatTFPAL
PR T R B-GalfgiE P . 1 Prupe. 7G163100
FEDRITE S SR AT 6T AN [R]85 Ak 2 g g o7 A8 20
B-Gallif i FE A — 5, B4 EAS 8 it Ca® -CaM 15
5 RSV Prupe. 7G 16310035 R F ik, Wi il 4s
B-Galig 1197 P i 42 R SE R4k

ey AR A Ry ) SR S P R R,
2T RPN RE, %52 W T R (N
2:2002). AR R AR — AN R IE %L
AR AL R IR A I 8 ik R, R AR 2L £
JEADFA A3 S5, e i 2 ot 3 ki A A 2 g {1
W8 1 S NLJR A, 5 e 1) i (R 5 SR S 70
IAH 2 (Z B8 75 %51999), T M A0 48 A8 I 7 f) il 3 2
FPPO (1,22 5%52004) . AS2i6dr, M3FhAbH (1K)
RS EORE, FrCab B A& &R N,
CatTFPARH S5XTHEMH L C R E M Z R, X5 TH
(2015)fF T &5 S — 2, 15 W Cakb HAS 255 AR bk 2R
SEZ Wy B IE R R . X PPOYE M HEAT I
J5 RN, Cakb % B Sz PPOYE M BA 2 2 4]
£, Ca+TFPALFE J5 PPOYH PEAH Lb 3 HE B i T3 1
i, UL Ca” -CaM{5 57 T R G PPORYIE 1 AT
HEAEER .

PPOYE Ry —Fh 2 FE R # il (I B 25, VG 1 2
BRI 2%, W ARACEL ) &R B W ARk SR sk
PPOMH R HE [ & & 0 Hr K I, 5NPPOAHCEE K TR

RN IE K18 B fe K, Ui WS S AE 2 2R T
UHA FPPO; AN [H) 85 b 22 1) RE 3k SR st 47
BRI, Prupe.4G041400F1Prupe.4G041800%+
O AE 5 (e REAH R, Cakb PR IE [n) 4% H Rk, Ca+t
TFP &b 35 5, 25 $0 1) S M 0 328 (R ()5 B AL
AR 3 2 DT A e S ASE 2T, Cakh B R 25 PRI Ak [A]
Fiki, CatTFPALBRAE — @R AL B 1AM %
PPORIHMNHIVER, Ui BHPPOAH R FIX 515 5 B
AN [ e AR o S PPOAH DG 2k DRI 6o 485 Ak 24 1y o 17
A S PPOTEME AR WAFAE — 8 22 5, HIRIR—TJ7TH
55 90 i o8 5 9 BE B AR A TR RSB 5 1 Tk
BEMMA K, 57— 7 PPOZ —Fl & i & J& iy
Z(Mayer 2006), B id P52 44 8 4 55728 AL R 72
HK,

gi b, 7R IR RSk F IATEO0. 5% 1) Y R
5 K0 T4 v R SR S R, W PR AGCE
Wk B AR ANJEAES — 5 @ A Ca”'-CaM
155 RGANH| Prupe. 7G 163 1005 K Fe ik, 75 B-Gal
Bty e, oA 4 i B A A SR SR ) o i ol 2
EPPO L JE A 1) By B AR 25 75 LA A 5 177 AR A1 SR S 11
WA, A — 5 A A G Ca’'-CaM A5 5 RELIE A
4% Prupe.4G041400F1 Prupe.4G041800. [ )
2 Prupe.4G041500. Prupe.4G041700F1 Prupe.
4G04190055 KPR 2k, FEALPPO RV P KA i«
WRk H A
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Effects of exogenous calcium on the softening and browning related
enzyme genes expression of ‘Feicheng’ peach

ZHANG Ze-Jie, FU Xi-Ling, SONG Wen-Liang, XIAO Wei, GAO Dong-Sheng, CHEN Xiu-De',
LI Ling"
College of Horticulture Science and Engineering, Shandong Agricultural University, State Key Laboratory of Crop Biology,

Shandong Collaborative Innovation Center for Fruit and Vegetable Production with High Quality and Efficiency, Taian,
Shandong 271018, China

Abstract: The 11-year-old ‘Feicheng’ peach (Prunus persica cv. ‘Feicheng’) was used as a test material to
study the effects of calcium nitrate solution (Ca) and calcium nitrate solution+trifluoperazine (Ca+TFP) on the
hardness, the activties of B-Gal, PPO and related gene expression levels, in order to investigate the way of ex-
ogenous calcium alleviating the softening browning of ‘Feicheng’ peach. The results showed that spraying Ca
treatment could significantly improve the hardness of peach fruit, reduce the occurrence of fruit browning, and
significantly increase the total calcium content of the fruit. The Ca+TFP treatment could significantly promote
the activity of B-galactosidase (B-Gal), significantly increase polyphenol oxidase (PPO) activity. The expression
of B-Gal related gene (Prupe.7G163100) reached the maximum in the early stage of fruit development, and ex-
ogenous Calcium treatment reversely regulated its expression. And the expression of PPO related genes reached
the maximum at young fruit stage, the calcium signal regulated PPO activity through positive regulation of
Prupe.4G041400 and Prupe.4G041800, reverse regulation of Prupe.4G041500, Prupe.4G041700 and Prupe.
4G041900 gene expression. In summary, exogenous calcium inhibited the expression of Prupe.7G163100
through the Ca’’-CaM signaling system, regulated the p-Gal enzyme activity and increased the fruit firmness;
on the other hand, it reduced the ‘Feicheng’ peach browning rate by regulating the expression of PPO-related
genes and changing the enzyme activity.

Key words: peach; calcium; calcium signal inhibitor; $-Gal; PPO
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