2 % MW 2012, 39 (7): 1235-1242 http: // www. ahs. ac. cn
Acta Horticulturae Sinica E-mail: yuanyixuebao@126.com

BRERTEEHREEERXEEER CHE
Rz [8] By < £

Aol #ELL ELL, R oL BFT, EEEL RERY
AN P R TS, AR5 271018: 2 R AT B OB, AT 252500)

B B ERKREPMEMAEOARF R AR RINEE () fGOR ERED IR,
WFoE RS A KR B R B A6 155 A PAL. CHI. UFGT 351, AN 2R R (AR A . 45
me OFERLRELR T, ‘RIDFE BHFTRERNARMEAN (PAL. A/RE S (CHD.
FERI BT IS (UFGT) YWEME W Ea T IR . @A 3G AR RICHT I A SR e
I H 2R T e e B T AR AR AR 25 Wil 1-MCP J5 SR SE ) L BTG R A%, &b 2
FIRD: VL L5 )3 B P R ACE R e S AR . @) IR R E R Y R UFGT
W R E DG, L T RS 5 UFGT W35 M SR E 46 75 1 1 & B

KEIF: FA: R e RNRRMAEN: ARE RN E P U R

hESHES: S66l.1 XEAFRINED: A XEHS: 0513-353X (2012) 07-1235-08

The Relationships Between the Enzyme Activity of Anthocyanin
Biosynthesis, Ethylene Release and Anthocyanin Accumulation in Fruits of
Precocious Apple Cultivars
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Abstract: Fruits of precocious red ‘Taishan Zaoxia’ and green ‘Liaofu’ apple cultivars demand for
the same growth period before ripening were investigated. The results indicated that: (DThe content of
anthocyanin and the activities of PAL, CHI and UFGT in ‘Taishan Zaoxia’ were higher than those in

‘Liaofu’ (P <0.05) . @The release of ethylene in both cultivars peaked before harvesting and the rapid
accumulation of anthocyanin. The ethylene release of the fruit reduced after the application of 1-MCP, and
followed by the significant decrease of the anthocyanin release; The ethylene promoted and affected the
accumulation of anthocyanin at the ripening stage of precocious apples. & The content of anthocyanin was
positively correlated with the activities of UFGT in ‘ Taishan Zaoxia’ during fruits ripening. The production

of ethylene is closely related to the synthesis of anthocyanin by mediating the activity of UFGT.
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B FEHE P02 AR R SR B A A A R B R — IR SE, 2009).
TRl R (R4 CREERDD RITUEEE R R, R EFMA N 75 d, Bt R
EGIIE 95%UL L, Ze@fftEIRILR (CREBE 5%, 2007a, 2007b; FRoggk 55, 2008), fHiE
KJa HAVRAS N RS A A4 G 45, 2011 XI5EHE 4%, 2012).

XSS (2011) WU AR RICIEAELE ) 70 d THAWIR P&, 2 75d 500K H
WA, T HAE 75 d 17— NI SHERE B = I N 2 BRI IR G (PG Wh Tt o gF—
RIS R B, TENIFE (AUEE (AL 172 B2 L VB SRAE A 1 R TR S J@ 45 1-MCP J5
75 18 h, A RGPH I SR S (G R R PG OERVE PRI LA R SRR TSGR B N, FF HAREE S 1)
P25 I S AT FE Xl , 201D, i B 2t BB R S8 b AR 4k 15 TR ) A Qi 38 52 05 %8
A, HRRHRIAEFT NGRS CHRREY], LIHESOIHE PR et R SEe T A
4 h% (Blanpied et al., 1975; Faragher & Brohier, 1984). X34 (Wang & Dilley, 2001; Mohamed
& Anton, 2002). %! (MacLean etal., 2007). 7% (Golding et al., 1998). #i%i§ (Chervin et al.,
2004). #%E (Jiang et al., 2001). /1% (Palapol et al., 2009) 2555 JT] 2474017 1-MCP,
W AEIR T AR AR R, 4 74675 115 B

DAL, ASHIEFE H DL S B AR (AN G B R RIS (2B A IO (SR
A, AR KB G O S A6 TR S ARG S P 2 [ R OG &R, TR RS
HRESS =Y ING I S E7 =B ST e A Y e (R T

1 MRS A

1.1 ey

R T 2009—2011 H7E 11 ZR AR MY K A AW AR )24 1] 5 TR A S 36 = 10T o kb o0 2R Kk B AR T
{HA O AR ) L BGE R R ZRI R E (20t L R (S0, R AL R eE L <R
IR EE” TRVESEH . KA SIRRRAE, B ARG E S FIFEREE, &7 d R 1IR, A
P PR A KR 10 ~ 20 A CHAREE R SRS/ g ), JRONUK &, IRGEs [l set s, L HTEE T
AT,

FERWCHT 12 d IR PRI TARE AR, Wit (L 478 FR R & s R A BR A &) 28 7= AR 1-MCP, it
FHHRE A 150 L - L, DABEE KAE 0, B8 2 d B 1K, &K 10 4. FPERES TN JIF T 3
S B 0.5 mm 240 HIWE D A, RAEE] - 80 CUKFEfFH o H B R e 48 1 AR TN &
WA B (PAL). Ar/REH A0 (CHID. RN 8 (UFGT) BEuG T .

12 REEFEEENE

Z W Pirie 1 Mullins (1976) #1775, HL 0.5 g FEfh, JIA 10 mL FivA 14 1% 8 fR—H R,
W IR 2 ho U266 T JEHURAE 530 nm Al 600 nm ALFIWOGAY, — % 2 2R N1
(AR B ZE(EAENE N 0.01 58 S — AN AT Us WP S 3 ~5 k.
13 ZHBRRUEEBINE

BOPE RS TR A A, B R =W T 6 ~ 16 h, HhEL 10 mL. ZMREBOHE 2 LA
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RS TR LR B INHE) N I A R SR R, BAALE ul b g FW
1.4 BRE PAL. CHIEFEMHEMNE
H R S IR U B I, HERF PR B T g #9 A, N 10 mL $2H0# [0.05 mol - L™'Na,HPO/KH,PO,

(pH 7.0), 0.05 mol - L™ HIIRIME, 0.018 mol- L' B - FHFIELEE], VKIS, 4 CF 12000 x g B0
30 min, _VEVECOEEMHIEWE, P TR PAL. CHI EEVEME (Lister & Lancaster, 1996) .

1.5 B UFGT iEMME

7 UFGT 35140 %2 22| Lister 1 Lancaster (1996) 71, FFEEAEE S, BUR BRI
RIS, MERGFREL 1 g B, N 8.0 mL #2504 [0.2 mol - L™ (pH 8.8) HIERZE ¥, 0.005 mol - L™
B- I LML, 0.001 mol- L' EDTA, 0.001 mol - L' DTT, 5% PVP], UK#4AIH, 4 ‘CF 12000 x g
S50 30 min.

HY 1398 200 pL, BN 200 uL 50 mmol - L™ H 2B M (pH 8.5, 30 pL 2 mg - mL™ 12
ZEMA 20 uL 15 mg - mL™" f UDP 2E3UBE, 7E 30 ‘C/K¥ &Y 20 min. A1 150 pL 20% =5 Z
T VA2 1RO o 6 500 x g B0 5 min J5 BB ARAE T - 20 °C, A7,

K R (VAR I UFGT MIBEIE . A IUScPE: CighE, WRBIAH A 4 10% CARFILL) S
WKW, B NS, A:B=85:15. Wi A 1 mL - min", ¥Ei 20 min, FP=HE 25 - 3 - L3R
HAE 350 nm 27 8 min IS N K FRbE i 3 - 3 - LB (quercetin-3-galactoside ), UFGT
B DARE S P i 22 - 3 - 2R LB S RO

2 R

21 TREERPAERAEIRTRIAETHIENTL
AN RSER R SOR B AR R B A

. = N N —o— % () L8 Taishan Zaoxia
TR ES R 1, LA N, Piff S S0F e ik Lisos
B0, R 2GS AT 1 IR B A7 A B 35 22 Tg 40
= - E
FFo =] 3 307
L) AR SR RS fE T S A e
WIS SR o e, 2 R, e £3 w0
S5 9 JH 4R LRI FE CTH oG, RN A6 7 5 o
A o] ‘
T RIS 40220 - g FW, T e 7 5 o 10 u
Maktan) IR SERET TS BN T AR R/ Week
RINRE ERIREWHNEBLAKR, FR Wocksafter ull bloom
WA SRR, iR 13 U - g | FAEERRERENEHIEARE
FW /ifi. LETSETL
Fig. 1 Changes of anthocyanin content in different
22 AEEBBRAERRRKPAL.CHI.UFGT coloured precocious apple cultivars during
[ Iy fruit development
7 =

P 2 WTRAA PSR R SR R R I PALL CHIL UFGT Ml P22 b etk
AE rharany ALRET SR 3 FIEEE TR I R R T A R R, AR S
Tt 2~ 3 1.
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‘RIRE R PAL. CHI RS TE SRR N s, ah R s, B RSk 1 B,
BRI AT A ME T FRINREE ¥R UFGT B PEE AL 5 5 8 IR RIEAR,  BOAm K
SINCESTAE Uk S o

—o— % () L8 Taishan Zaoxia

a a —e— JIfk Liaofu L
200 | §\% 20
- = 75
Z 10| be B
oo B 60
- L c -
Z 120 o cd = sk
o) a d a
g | = 30°f
j 80 ab  ab b b b b H
~ E o L
40 L 1 1 1 I 1 1 15 1 Il
5 6 7 8 9 10 11
105 b BIEJS FEIEL/ Week

—_ Weeks after full bloom
B 9
B~
T 75
on
g 60 -
5 45t
2 30 -

BRIEJSEIEL ) Week
Weeks after full bloom

E 2 TREREHAERENREIERRE PAL. CHI. UFGT E4MERK
Fig. 2 Changes of PAL, CHI, UFGT enzyme activity in different coloured precocious
apple cultivars during fruit development

23 FRECRAERRRESFHEES5 PAL. CHI. UFGT EgE R XD T

% 1 TLLEH, WRSERABANRE LR S5 5~ 11 B P, 5 ES5ENA1L S PAL.
CHI. UFGT Bv5 AR A ST AN, (H R OAE 5 9 ~ 11 JBIFaR), MoerEie R, I
RN EREHE TS E Y CHI. UFGT MAHSCREL (n = 3) 20514 099, 1.00, 1A% EE
FIAK B2 K.

%1 FREGRRRCERRREEHRESLEHFSRIAXHIEXERY
Table 1 The correlation coefficient of anthocyanin content and the enzyme activity of anthocyanin biosynthesis in fruits
of different coloured precocious apple cultivars

L 16717 Anthocyanin
Wit i . - .

- HEA IR Total (5~ 11 weeks) % Ripening (9 ~ 11 weeks)
Enzyme activity - - . - - .

Z 5. #5 Taishan Zaoxia AR Liaofu ZZ 5L ES Taishan Zaoxia AR Liaofu

PAL -0.34 0.20 0.72 0.64
CHI -0.26 -0.12 0.99" 0.71
UFGT 0.44 0.54 1.00™ 0.87

e * KRR 5% ZER BE KT R 1%L E KT

Note: * means the significant level of 5% and ** means the significant level of 1%.
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24 TREBREAERCHEBRMERMNTN

I 3 ATLLA th, PR R 00 FURR T e
8 o —_ —— JT{k Liaofu
R Y CIRRETBOE ARG, MEEAEESH 8 ~ 9 = 807 = b
FFEA TS, R PR CRRIOE 220t
RELEIA 87,500 - b g FW, 1] AR SR SE L.
A 9.6 nL - b - g FW, b
N 20 -
25 MWikE 1-MCP 341t ‘RILEE FRZ ok >
HRMERRIETERENTMN 5.6 7 8 9 101
BRIEJS FEIEL/ Week

R LR RS 1-MCP S 4 Weeks after full bloom
WO B, e HIMREERD. (1 @ FRAaIneRESR TR ZSRERENEL
SRARE TR 2B TN 6 F 28 H FF 4G 1T i 1 Fig.3 Changes of ethylene release in different coloured

precocious apple cultivars during fruit development

s A H H R PESERR RNZ M 7 H 2 HIF.
W 1-MCP 5 R SEH) LM REisis, B2 7 H 2 HAH/ME LT, EEHRRBEEFEER, /£4
TR T AR 5 e 5 T AR R gtk (& 4, &5,

—o— % ([J 5LE; Taishan Zaoxia ,
120

—e— JTfk Liaofu 10

S 100 |
= —_
g 80 z g 07
o2 W 8
=SE 6ot T s
o m =) é 20 +
= 40 = z
“«® o 10 -
N] 20 Hér f

0 r 0 r f d

06-24 06-28 07-02 07-06 06-24 06-28 07-02 07-06
H#/(M-D) Date H#1/(M-D) Date

B4 ERTEER ‘RUSW B I-MCP RREZHEBHELEREEFTLENTL

Fig. 4 Changes of ethylene release and anthocyanin content in red precocious ‘Taishan Zaoxia’ treatment with 1-MCP

B5 PROBFE ‘KURE BKEL-MCPLdRE (F) 53R (L) RLBHGME
Fig. 5 The coloration difference between the control (up) and the treated (down) fruits of ‘Taishan Zaoxia’
10 d after the application of 1-MCP
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31 BEHRERRILLEHEPHESHEINES PAL. CHI. UFGT E§iEEZ BB X%

P T 5 A e R B IS 1) 3= B ot P RS o B e S ) 4 5T (Holton &
Cornish, 1995) . fEH T ARG T RNARNW, RNARLZEM (PAL) &R RICHIZTT
BN (Juetal, 1995). JuE (1995) 48X “d” SERMIBIIUKIL, PAL AL T 4675 H 5
BARTH A B AE R, HS AT TR RIFLEEC R HEHESE (20060 BFFT KA RS
HH MRS PAL WAL . B/RE 0 (CHD AR 6T 1 & o4 o 1) 3 20,
TE RSV B AP EEREH . XIBREE (2009 BF7URIL: CHI MgydtEde < EDE’
2I A oF AR L e B T R A TAE (2008) FEXTRS AL ST B CHI Bl s Pk 5 34 (1 e
HHSGENEDIMC, REMEAP SN (UFGT) 2AeHTHA G EY s — N, %
AT AL T R SHESE & s e (I1E T 1. UFGT /&% R e TR OGRS (Paul et al.,
1996), 52 (b ALK Jo IAE T H AL B % UIAHOC (GBS T 45, 2008). Ju 45 (1995) 7EXf “[H
M e SERFIIR AL, RSB RE T, UFGT &M 5AE H A BAEG, HIEA
S ME— 1 G B

AT R, AR EERES, R EREF T EEICT RN RER, AN 3 Fp
PEPER I BAC T R R IR, Ul M R EAN A ()5 RGBT W 2
1X 5 Lister 1 Lancaster (1996) HIHHFTE5 KAHIA; 11 PAL FI CHI B 2k 1 5 i B 3 A AT 40 SR 14,
HHHF TG AT —EL YO ETETER PAL A1 CHI B 5 5200 R TEE A
K, T H R AR T T A e A T e 2 IR, DR B o e iy M BRI S A 7 K
ROTLURE S ‘RINFEE SERAES R AN UFGT A W s e mg, 5 RIEH W)
TR 3w VR 11 R G A — B0 LA P S I P 2 0 BRI S 3 AH DG, Ui B UFGT Wi (13 M 5 R S 5 1 1A
REVIFIK.

32 RAERRIABUERZCHERSHEEHFRNEZBHXAR

TEVFZ WS R B R GG e, Al 2] T 2 CE Z 1) /EH (Cornelius & James, 2007) o
Mohamed H Anton (2002) X} “Frgi<:’ PR TURINAET A R L HAb AT Ol I G0 24 ik 3
(RN EARVE 2, JF Bt SRR IG N 1 675 T m A e R s AR . HARRET,
RS ORISR T AR R R AR A — 3, 4 RS2 B F I R B b IR e T R N i 22
EAEH I T OB R GBI 25, 1995) « 2754945 (1998) fEXt ‘4 &+ SERMHFFH
HIRIUR S SR A B G A AR S, DRI 2R S 0 1 A2 /e RS e i PR R g fE b A
RBEEFIRZ . 1-MCP 2 S AE DGR, vl G 83 AT 45 B8 A U8 £ I BUR A (Sisler
& Serek, 1997) .

TEAF SRR, R R SR K O G HE A N B R A
B M AR SER MBI QIR AE GRS, AR I A R 6 ZILREE i 1-MCP 5 &
I ROV AR, A6 T IR R IR sz, W] 200 B3 IF R RGE R AR RLER il
EH AR SR . W Bk S AR S 3 RS PRI AR A H RS, e Q8 2 E B e
B RS AE T U BB 40 UFGT Bk 2l iz ARSfe it AR R0, it 2 5+ J7 1
st — AT
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