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The Preliminary Study on the Enzymes Activity Related to Fruit Texture of
the Fruit of Soft/Crisp Strains from the Cross Progenies of ‘Fuji’ and Malus
sieversii

GAO Li-ping, JI Xiao-hao, ZHANG Yan-min, SONG Jun, LI Min, LIU Da-liang, ZHANG Rui, and
CHEN Xue-sen"
(State Key Laboratory of Crop Biology, Shandong Agricultural University, Tai’an, Shandong 271018, China)

Abstract: Using the two soft strains ‘Mianrou 1’ and ‘Mianrou 2’ and two crisp strains ‘Cuirou 1’
and ‘Cuirou 2’ selected from the F; cross progenies of ‘Fuji’ and Malus sieversii as the experimental
materials, we measured the fruit firmness, fracturability, ethylene release and cell wall degrading enzymes
and analyzed their correlation. The results indicated that: 1) The firmness and fracturability of two crisp
strains were extremely significantly higher than that of two soft strains during various period; 2) The
ethylene production rate was low and there is no obvious difference between the soft and crisp strains in

the young fruit and fruit enlargement period, but the ethylene release rate in the fruit of two soft strains is
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ten times of that of two crisp ones in 130 days after blossom, which the fruit reached the mature period;

3) Activity of pectinase and B-galactosidase in two soft strains were higher than that of two crisp strains in
the most fruit growing period. But for the activity of a-L-arabinofuranosidase, B-xylosidase, amylase and
lipoxygenase, the difference between that in the two crisp and soft strains was little in the early fruit
development period, while the activity of them in the two soft stains were significantly higher than that of
two crisp strains in the later fruit growing period; 4) The correlation analysis showed that the soft/crisp
flesh character was closely related to the enzyme activities of polygalacturonase, o-L-arabinofuranosidase
and amylase.

Key words: Malus sieversii; F; progenies; soft/crisp flesh; enzyme activity

BromESE R [ ZE 132, Malus sieversii (Lebed.) Roem.]F&: tH A 1535 R 4H 6 R, AsAEL
R, PURESR, SRR, AR Ca SR, S H AR N BRI 2 R K
4 (ZEHA, 20015 53 2%, 20065 Chen et al., 2007; 5K/NHE 25, 2008). 3 %0F] F 7o iy 3 1
TP GRS B R4 e Rk ZFEE . B G DR A R E R AR @S. ik, iR foloR
H 2006 FELIK, #ET B SRR BrEE Ll A L [M. sieversii f. neidzwetzkyana (Dieck)
Langen] (F 4 MMM, SB04500) MZ2%F 0 Bl 10 A, @A RISEAE T 2 TRk VP IWEoT
R, ZeFh a4 130 MR RIS/ BHRE . HaRE LA nl e e . S ARty i BcE &
A 19 MRIEFRAR 7 REOYLE 10% L0 L, FFHBLT 20/ R K2 RGN S IR 2 FER 3, ol
DR, B A IR AR TR

R SIS AS AN 5 6 5 T 1) B B DR 2% [R) I A2 i3 5 ) EE VP AN Fi A - Ben 25 (1993)
K2 B FUBHIE TR (PG 2 5 R AL S A0 K 2 R R o B 55 (1994) BIF TN R T K i CAMD
SEBRIERE R S AL B S5 . T Brummell 25 (2004) W50 )5 KB, £F4E &0 5807 BEAR S2 40 s
ARAR B RS . AESER E, SRS (2009) WFF0RIL, &L FESeflifE i R 5 I BAR T A
MR e’ PIR AT PG B - BB (B-Gal) K& o-L - Bl AFmmpl i Co-L-Af) 4540
IR R 62 il S DR 1) 308 Tt AR S I M I kA, 0l BB AT R R XIS (2011)
WA R LW, REKRE G OHBBE SIS 2R ES IR LR ¥R PG SEME T &)
HE, TG AT SR S R Z T B A2 SR A

AN 5] SRS B[] — SRR AN R ol DG T T 1 T8 R 3 AP A — o 25 o 30 JLAR 1) VP 0 R,
“EET SRR AR AR RAR R, ER SR E BTG I O AR 4, X R
B RINRE ORE GBI (7~ 10 d) JE ARG LU R B RE <A KR (60
d BL B SRR SRR, 1T Fy AR R RIRE R AE S S B I S DL AR G A ORI
VR, TR R BN A A R TS R .

AW L 8 7 SRRl S R AR Fy AR R4 ARG AR R AN [ A 8 B ) SR 5 kiR
PRI IR SRR . LRIt 5 40 M B A Wi S5 TS AR S M G R, BAE B RIE & 5 I
PEAERE AR, I E R TR E S R R HIEA TR

1 ARSI

1.1 RIesrel
REGT 2010—2012 AFAE L ZR AN R A ED A W) 27 18 5K TR RS0 = Ml R 48 22 TR SR
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PR EAT, (EMREN w7 (BEA) SHsma R ER (A 2458 Fy BT SR8k & 113t
AL M ZERHER AR 1S, AR5 MRS M K25 S4MRR.
BRI X R, b,

R R 2006 FEZRAS, 2007 4ESERL, 2009—2010 FFAEAR R, SR EMN 130 d 4. T
2011 4F 5 HEAE )G 30 d FFURRAE, 65 20 d SKFE 1 IR, 00 ;10 d SRFE 1R, BiF 8 k. H
AT — R B RA F o 1E . TO0 U BRI I S 15 ~ 254, rabiissr, —ia
BN E IR SO L . MR S5 40AR, 5 L Z V) BN B R BLS , 75 - 80 C
VKA DRAT- £ T BETE PR DU 7
1.2 REWEER CEBRBUERENE

R S P R S 5 SR B BRAESE (2011) (17735, HI9EHE Stable Micro Systems 2 ] 2™ 1)
TAXT plus JFiR4%, KM P2 EPR#E:L (HA2 2 mm), JFHEE 2mm s, BIAHEE 1mm-s™',
JEE S mm - s, FRIREE N 8 mm, H/NEEN SN 10 go BRI EBENLEL 5 AN FESZ, LR N FH A
W, POFME.

LATFETROHE ZEM 58 K ) SAR O REAGE, T HE GC-9A S (A iEACI & o 45 5 ARSI
BN, 25 CEE 3 h Ja AN S IBUARATINE . (50 [HE M GDX-502, #U N, #l H,
Wi 40 mL - min”, SKIAE TR, BRI 70 C, SALEAKIGHEE 120 'C, AR
HFEREAN T mL. TR 3K, BCOPHMHE.

1.3 RERESFOMEE B E M E

IR IS Zhou %5 (2000). Brummell %5 (2004) FIZLEAE (2009) 1777208 hnckadk . BUR
IR BT B JE HER PR 3 @, I 6 mL 0.2% WERR RNV VRS, 4 °C, 12000 1 - min™ B0y, BUUTTE
B 100 mmol - L™ (BSR4 22 i [NaCl 100 mmol - L™, 1% (AR EL) $i 5k 2.1%, 1.5% PVP (K-30) ]
15 mL, UKAETREATE, B0 b, B3SO RSN E . PG I E 2 ] Gross (1982) Al
By (20090 L, IRV Z R RR (Sigma AF]D, LU D - (+) IR N AREE,
PA 37 C N RSO EERERE o B o= A2 1 g Wi 25 P FURERE R O 1 ANES ) B (UD o SRR H S (PME)
I5E 2 [ Brummell 28 (2004) (¥1759%, B2 mL BRI 8 mL 10 g - L™ (W, ] NaOH i pH
7.4 FFYERE 10 min, DASAZERFTREFE S E 1 min PIYSFENR NaOH 1537 I FF G G 1 o s )
ERTE 3 IR

B-Gal. o-L-Af I B - ARG (B-Xyl) HIEEIE M 2 2 Brummell %5 (2004) Fil Abel 45 (2011)
(735, LIS ARl 2, 0 5ot LIS A SR 1 1 LB XA 55 1 o] o A D R i 56 1y A Bl
1 (Sigma A#])) MR, IIANBEEAE 37 C &MY 30 min J5 T 400 nm FI5E, CUBSBOHI FE A9 1)
BRNEHETE, b B-Gal A1 B-Xyl [MEEEYEN pmol - min” - g'FW ¥R, a-L-Af (KRS LM
nmol - min™ - g'FW £/R.

B IS P & A 3 IR
1.4 BESSEEFEMESTE N E

NRAGHE (LOXD V&S R AL (2003) )77 R RIS S FREX 2.0 g, A\ 6 mL 50
mmol - L BRZEMIE (pH 7.0), 4 CEL, FISWOVHEER . 76 R NAART IR NEY (10
mmol - L™ Wih#Hh) 25 uL, 100 mmol - L FF B FE— IR ZE M (pH 6.0) 2.775 mL, 30 CiH,
INBER 0.2 mL J& 15 s JFUAHERF, i85% 1 min 4 ODys, 284k, BHELAOD,;, - min- g FW %o, &
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TEREE CAMD JEVENE S CEYMGZE R BOR IR BRI VLY CEZERE, 2002) Hr i J7 VAR N
et o HUSR PRI B S ARE 5.0 g, I 25 mL &, HEZKMBEEZIE, BCE 5 ~20 min )5,
4000 r- min" B0 5 min, U RRRE 20 1540 o DITERHABUN VY, 40 CIENR KT H R B
S, AN 3,5 - TAEHEK BRI (G, 7F 520 nm AMIOGRE . DUR AR AE 2k, VTR
WM. HAH 3 K.

1.5 RS
K SPASS BEATEHm AH I 43 B AL 2 M Ay o

2 HEREHT

21 ‘Bt x RARERRRER 4 MARRLEEMEEMTL

CE T EHRLL AR 4 ADPRR RSB AR, R M AR R B, H
2 MG ARR ARSI  R SAE R RIERE X W 2w T 2 DERIARR R (B 1D I PIRR AR ISR S 7
FEJ5 90 d TFARJRIZL TR, T4n AR R MAEST 70 d AT B 81 . 4 DMRRRISENERE T Fadh He i
—HG RE YRR B

—e— 4715 Mianrou 1 —8— 4§28 Mianrou 2 —a— fEH15 Cuiroul —o— 525 Cuirou 2

45 - A 30 r B
~ 40 r N 25 +
= 35 4 -
2 ' oz 20
s 30 g 20 r
2 ¢ 2=
g B = o1s
oS 20 | w3
2 5 | £ E 10 |
2 =
10 +
= 0.5 r
0 L L L L L I 0
30 50 70 90 110 130 30 50 70 90 110 130
1EJGKE Days after blooming 1EJGKE Days after blooming

BH1 ‘Bl < IBLAERREER 4 MHRRREN L BHRTEERRENT L
ANF FBER AR B AR P = 0.05 KV LA Bz, .
Fig. 1 Changes in firmness and fracturability of four apple strains of the progenies of the cross of ‘Fuji’ and
Malus sieversii during the whole development period
Values with the different letters have significant differences at P = 0.05 level

among four apple strains at the same period. The same below.

22 ‘Bt x HBRAAERRRIER 4 MR CHEBREREN

HIE 2 rTLAE Y, 4 ADERAR R SEAE L RIYIANR S K LI RE TG AN, BRAR ) 2257 AN,
)5 100 d Ji MR B ETE, BIE)S 130 d IR, 2 DR R I SR TBOE 5 2 DI
WK R AR 2E 10 54
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Fig. 2 Changes in ethylene production rate of four apple strains of the progenies of the cross of ‘Fuji’ and

Malus sieversii during the whole development period
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23.1 RIxMfg i

HIE 3 ATLEH, 4 MERZ R LI IREE (PG) BRI YA Rk il fih BRI &k
Fri&a#h, 5 2 MR RSB S B T 2 DS R . 4 AR SRR RS (PME)
TWEPERIEIE S S0 d HANRE, ARG R, RN ETE, H2 MRARREL ST 2 MERER.
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3 ‘BE x SBELAERRZRR 4 MERRIEMN A EHS Ry ERRMRKLPERBEENEL
Fig.3 Changes in PG and PME activity of four apple strains of the progenies of the cross of
‘Fuji’ and Malus sieversii during the whole development period

232 AEHEE

HE 4 WTUUE L, 4 DERER P - EIUBEEE (B-Gal) 3EPERAK S 56 PG LIRS, RE
WA Y] 2 N ARE R B T 2 MERMK R . a-L - BTRAAIRIEH RS (a-L-AD 3EHEMAR H
AR 2%, fide)a 90 d 2 ETHES, 2 AN RIS 90 d G s T 2 MERE R .
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—e— 4715 Mianrou 1 —8— 4§28 Mianrou 2 —a— fEH15 Cuiroul —o— 525 Cuirou 2
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Fig. 4 Changes in B-Gal and a-L-Alf activity of four apple strains of the progenies of the cross of
‘Fuji’ and Malus sieversii during the whole development period
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Fig.5 Changes in amylase, LOX and B-Xyl activity of four apple strains of the progenies of the cross of
‘Fuji’ and Malus sieversii during the whole development period
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24 REEE. REMCEHEBRIRERES RIKE. HEIE. THBMESSIEEMEXES

“ELT SHERA AR AR By A 4 AR RS R RS L R A SRR R
F RIS A OCHE A M s R 1. SESURE R S ST AR EAROG, 5 B-Gal BB EEUK
WEIEAK, 5 PG, o-L-Af K& AM 55 3 PPl IE L2 B W sl i 2 SAAHOC, 5 B-Xyl 76 ‘4B 2
5OBRRT R EE ARG, TEHAL 3 MRRPA AR, 5 PME R LOX AHGHEA W2 .

RSEHERE S PG R4 AR R AL B B2 O, TEME AR R A SEh B B2 7 OG, 5 B-Gal
TEMRR R AN 3, MR RT 2R E ARG, 5 B-Xyl 7 ‘4l 1 %5 MARTEEE
TG, Al 3 MR RFHHEAE S, 5 PG, a-L-Af fl AM 2 B F s B4 A, 5
PME Fl LOX HKEHEA B3

LIRRE TR S RS AR AR AR R RSP OO AN 2, AR R R B AL, 5 PG,
o-L-Af, B-Xyl M AM %5 4 PR yG 1 AR 52 0 2 bl 2 3 1IEAH O, 5 LOX ZE4R AR R S b i 3
FAHDC, 78 “BER 157 SRR R E ARG, 78 MR 2 57 BRRTAH A B2, 5 PME fil B-Gal
EPSENTE N

IRAROC AT A R AR, E T SR AR R AR Fy BEARAR AR AREE S PG a-L-Af K&
AM Z5EEEETE U E . PGy a-L-Af. B-Xyl J2 AM 5 Z KB IEAH ¢

®1 BL x FRARERRAZER 4 ARTEE . REMZHEFENES SRS, BHE. ENBNESSEEENEXRY
Table 1 The correlation coefficient of firmness, fracturability, ethylene production and related enzymes activity

of four apple strains of the progenies of the cross of ‘Fuji’ and Malus sieversii

ML izt fili E a1
Material Item Firmness  Fracturability PME p-Gal o-L-AT p-Xy1 Lox AM
1S ¥ Firmness 1 0946~  -0.683 0.540 0.797° -0.856"  -0679 -0392 -0932"
Mianrou 1 i 0946~ 1 -0.735" 0.353 0.622 -0.829 -0.766"  -0.461  -0.930"
Fracturability
Z4f% Ethylene - 0.699  -0.747 0.947" 0.008  -0.183 0.857" 0.948" 0928  0.754"
425 ¥ Firmness 1 09237  -0.865" 0.510 0.836" -0.945"  -0740" -0314 -0.925"
Mianrou?2  Jig/% 0923 1 -0.775" 0.364 0.682 -0.864"  -0669 -0233 -0.939"
Fracturability
% Ethylene - 0.639 - 0.640 0.875"  -0.053 -0273 0.816" 0.958™ 0887 0818
Wapd 15 fifii Firmness 1 09357  -0915" 0.197 0.796" -0.898"  -0516 -0517 -0.901"
Cuirou 1 ifi g 0.935" 1 -0.892" 0.135 0.848"" -0.848"  -0447 -0280 -0.904"
Fracturability
ZJ#% Ethylene - 0.807° -0.768" 0.784" 0200 -0.376 0.912" 0.781° 0.756" 0.717°
Wi 2% 4@ Firmness 1 08717  -0817" 0.507 0.764" -0.840"  -0.587 -0.177 -0.895"
Cuirou2 g% 08717 1 -0.848"" 0.494 08517 -0.751"  -0.508 0217  -0.655
Fracturability
Z % Ethylene - 0.811"  -0.697 0919”  -0.048 -0338 0.874" 0.875" 0457 0.768"

e PROREFREE, CORREFWEY.

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

3 e

RS 3 AL R ) R S R AR A A R AR R SR B G — ROV E A B A o AR, A
[ Al CREDRIARD) TR R AL ER A7 B s 22 . B, 19915 B %%, 20065 Luis etal., 2007; Jamil
etal.,, 2012). Ftl, BE—PERITA ] St P S S O AL 22 e () A SR04 T AL, 0SSR S S0 kb ot Jo i
BERAEEZ Y. M7 (2009) Eil LERAEE Ze SERATFRER, JIETRES S TR
SR AH DG G B g 5 DR PR E B0, AT (i 0 00 PR R Il (0 Vi 1 He R 4 SR SEE 1 R R 4K s Ross
(2011) LA R SERONEM, B E] PG BEKERIE, KL PG AU RSk B A
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FEAEN], B AT RS RSB 22 . XISEHEAE (20120 BFFURIL, SRR SR AT B PG,
PME. B-Gal. o-L-Af Jt LOX ZEZFIER[EID . BhlalE FH ) 45

TEAWIFEH, & SFTHRAL A SRS FyREAE 2 AN NG AR 28 251 I 0T P SR S st 2 R ff 82 3
W M T 2 NMRNAR R, AR o, ASEREE B ARSI B SR R IR AR O, AR K ) SR sk
e FEZN R AR SN K R S MR TiCR, INRR R S AR R R 2 AU, (HIR
SCREFE R T R, HATWMK AR SARRILE, TRGHEYE, SRS, tiimm 2 4
KR PGy PME Ml B-Gal S5REINGVE D% = T 2 BRIEAIRE R, BT DAHENITE 2 LSRN SR S g X
R SR SRR M G P )R B, AT RE Rl T IR SEAN I AR IR, S dh, A AR 2R 46 v ) RV At il
B-Gal WAl g H R WL 40 A IR — R &R, IE ] BEICAFAE S b — R L], AR —
AT

EREREE, BE OB BT, SRR B ek A T 45 e A
PEZ L ETE, SRR EANE e — 0 TR, ANMRAR IR SE A B T e AR R, RS E
FP S I AR R TEOH 28 ) PRI TT i 7] B8 5 RS SRV AR Il T I A e A Wl A5 2 Tl R AT 1) 3R
K SILPFEAEHT, DN 32 35047 AR SR A AR 43 1 S A

B, R SRR AR Fy AR 4R AR AR — T T R fie g LS E T 4 i
AR AT R e e R o P T PO BE PR AT 0%, 5 5 0] 0 5 3 R ) 22 ol R S AR S 1 T 9% A
WA KELRKE, 5L 5L AR Fy BEARAE WG A RE 1 5 OIR R % (PG a-L-Af
Jo AM SIS R B UIAHOC . [RIG, BE— PRI A0 AR 2R 3 I SR 15 5 A% B R 40 i B [ A Pl
SESLD TR M 2%, 24 ST T RN i
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