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Changes of Firmness, Aroma, Cell Wall-modifying Enzyme Activities and

Analysis of Related-gene Expression in 2 Red Flesh Apple Strains During
Fruit Storage
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(State Key Laboratory of Crop Biology, Shandong Agricultural University, Tai’an, Shandong 271018, China)

Abstract: Using 2 red flesh apple strains ‘Hongxin 7’ and ‘Hongxin 9’ as experimental materials,
we investigated volatile components, firmness, cell wall-modifying enzyme activities and gene expression
related to aroma and firmness. The results showed that during fruit storage, the firmness in ‘Hongxin 9’
was significantly lower than in ‘Hongxin 7° while the ethylene production rate in ‘Hongxin 9’ was
significantly higher than in ‘Hongxin 7’ . The contents of ester and total aroma as well as the expression of
AATI, AAT2, LOXin ‘Hongxin 9’ were significantly higher than in ‘Hongxin 7’ during fruit storage,
however, in the later period of storage (90 - 120 d) , the contents of alcohols and aldehydes and the
expression of HPL and ADH in ‘Hongxin 9’ were significantly lower than in ‘Hongxin 7” . The cell
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wall-modifying enzyme activities and related-gene expression of PG, XET, PME, AM, a-L-Af and S-Gal
in ‘Hongxin 9’ were significantly higher than in ‘Hongxin 7’ during fruit storage. All results indicated
that the main reason causing the firmness in ‘Hongxin 9’ was lower than in ‘Hongxin 7’ during fruit
storage was of a high level in the ethylene production rate and ester content and the up-regulated
expression of ester biosynthesis related genes and cell wall related genes. Meanwhile, the change, types,
content of aroma compounds can be used as one of the evaluation indicators of fruit quality during
storage.

Keywords: apple; red flesh; volatile component; firmness; gene expression; enzyme activity

SRR LS HREZ M NRE G WIS 28, EPUEA S T O i 10822 9 B o g 55 7 Thl
BIRARMFIER (RS 55, 2010; VRigIE %5, 2016).

W E RS F R RKIE R A ORE, BETAES B ERRaSE aE LT, A
70%, AF1E PR — J AR 7 AR i 51 2 1) A, S SR 7 PR e TR P 4 R AR 6 2 BRI B Rl S (R
TR G, 2015 FREEHRMEENI, 2016).

Velasco % (2010). Steven %5 (2012) KPBRFHRE (2014a) W3 FEFHAM T 7 HE A
3000 42 {7 21 RIS S B IR RO JE (R B 55 5 5 43 25 DA KB BB AT PRI S SR 4 5 AR T8 4% A8 St O A 45 1
R, IR SE R N AT AR (Malus sieversii f. neidzwetzkyana) 72 th S8 55 I 21 A SE S A S A
AMUBEZ R, MHERTEMMERERE. K, 200 3758 5 0 R T R Thag i
SERG M, XPE R SR BRI SR REE B R R R . SRR R R g R e N
R A EER YL, FERPEAR. FIHBER. BIHERMREIS (F¥Ek 2, 2015). A0
HE MR, ARRBHGNE T = E PR R, IS DRI AR E 1) )5 ARk R o0 ilet, ik
178 R ERVEN O B L, OIS T 2 EEE, NS BH e & 7 R 7R 2E K
i (ESCEE %5, 2014 5Ky 5%, 2015; VREIE 4%, 2016).

B SN LRSS B B AR D e 2 3 S SR S XU T ) B A BRI R, (R T R R S
iR IEAN 48 FR 2 — (Dixon & Hewett, 2000; Oshita et al., 2000). & Ef%E (2001) #FFEEH,
BRERRR o MRS B2 fr B, 2 B SRANEE R oo b 1 iR AN AN B R 5559 0 Bellincontro
% (2005) DAZSAN 1-MCP 4b#E ‘Royal Gem” BERSIMIAF FLLE K, BRRSLE SR G KA
B2 I, HAREEKB R, B OB, XAMERPEIE WRERE PR
e R (KIS, 2005; Zhangetal., 2011); 1-MCP 4b ¥ B B 40| 7 7 A5 A1 SE 5 B sz rp 2 47 Afig 2k
VRTINS SR B AN K, Ul B R SR I ) A6 Z LR AR (Golding et al., 1998
Mattheis et al., 2005), X57EFL (J&7E, 2015). &K (FH, 2012). FH (Lalel etal.,, 2003) %
I R AR SR SE 1493 3 ) 4 R — 3
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1.1 R 5418

WRIET 2014—2016 HELE 1L AR AR KA VED) A=) 2 [ 5K .yt S8 5 A 11 e B SR A & b i
(N 36°29", E115°27 ) #47, R AybHit, Hh#A-PE, FEr—2.

MR EB L ASER (Malus sieversii f. neidzwetzkyana) 5 &1 « ‘G’ Hrel R i JE
B OERF AR BRI RIBEAE S TR SER M AR S AR A 2 A B bk
F—— 75 M A0 95 o WM EIREEIN 5 g, ARKEGERIER. T 2014 47
H 28 HEP R SZRBSHRI, KRG LR E Fseit =, BbiEmaG, Pk ReimE, KAh—8, T
dUE NIRRT (0£0.5) CAET I .

KM R E M AR AR, W IE] 30 d BURE 10k, BRREL 9 MRS, @3 REMEESR, AT
M. LM BFAEE RS SRR RA RN E .

1.2 REEESZHEBHENNE
i H <& Stable MicroSystems 2 @) 2 P2 H TA.XT plus B4 A4 78 S SLE R, P/2 HOIRIER L
(B2 mm), WHETEZ N2 mm - s, MWEEEN 1 mm - s, WEEZEHNSmm-s", FHEEZ
910 mm, dR/ANEFTIH 10 g Hdhs K H BT AL E 7 34 Texture Exponent 32 H 373 #r it 5.
KA i GC-9A B A AIE SO & LM BR8P &8, 2013).

1.3 BFSYRRESEN

SR FAERESE (2013) 595, {55 Supelco 24 &) 4R 77 I [l A A 2K B 28 T4 [ SPME 4] 4
#H2k 50/30 pum DVB/CAR/PDMS AT 2L . SESLURFUIRE f5 #ERFREL 20 g TR 50 mL #EJEHH,
INAFRY 3 - F8 (0.1 mg - mL™" ) 5 pL, Is6s D5 P4 10 min, FiHAFLZIFL 43
BCKAEEL 35 min, #E(T GC - MS #&3

S W KA Shimadzu GC/MS-QP2010 S AH (i — B g BE A . et id: RS
ZI5 NISTOS il EMICHC, 456 N L EIVEMAT & 50R i e A S F SR R Ay 8 7V
WBIREN 0.1 mg - mL" {9 3 - TENARS, HARBUN 5 ul, £ SIM GEEE RN 7 EE.
HEARN: BERWREHASNERE (ug - ') = [BA M/ N ARG < AARIKE
(mg-mL™") x 1000]/FEfE ().

1.4 RLEHEXREREMERINE

BRI = Zhou %5 (20000 K177k

R HERE (PME) &M € S IREE I (1996) BIJ56E, JEMEF (AM) JEHIE SR (4
WIS B H R TR BRI 5 90) (EZEEE, 2002) FI7:.

RAVANEERE (PG) WEMENIE S ] Gross (1982) K17,

o =L = BTRiAE PRI AR H B Co-L-AD WEVENE R B - - FLEE R (B-Gal) i 14l %€ 21 Brummell
2 (2004) HIJ5ik.

HIRPE N R E (XET) PR 2 2 M Sulova 55 (1995) 11771k
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1.5 HXEENERKAEESH

RAHZ L RNA HREBCR A CWBIO A w47 ] OmniPlant RNA Kit (DNase [ ) {7 & H2HL,
K H] TransGen Biotech /A & 4 7 [f] TransScript One-Step gDNA Removal and ¢cDNA Synthesis Super
Mix IR &K BT RNA A1 cDNA, - 20 CIRTE.

i [} iCycler iQ5 SEM) & & PCR {X#% (Bio-Rad, USA) #47 Real-time PCR #:ill, {7} Fast
Start Universal SYBR Green Master (Rox). XMAKZA 20 pL, 7 SYBR Green Mix 10 uL, c¢DNA #%
# (50ng- L") 2 uL, ddH,0 6 uL, ER#ESH (5 pmol - L) % 1 uL. BITFEFN: 95 CHIAL
P30 s; 95 CAEMES s, 55~60 CiBK 10s, 72 ‘CHEMH 30 s, 3L 40 MEIR, 65 CHEHE 20s, IAf#E
IEM 55 CE 95 CHTFE 0.5 CHREF 1 min. FMERMBCFATER 3 K.

B RESI (R D, I LSRN E (EB Actin 1E91 5.

KR 2722€T A (Kenneth &

Thomas, 2001) FATEIE I,

1 ¥RBELHLIEALEE B Real-time 3% EE PCR 31493% T

Table 1 Primers of softening-related enzyme genes in apple fruit for the PCR amplification

R4 FK Gene name

5|97 %] Primer sequence (5'-3")

PG (NM_001293928.1)
PME (AY530907.1)
XET (NM_001302275.1)
AM (XM _008352993.2)
a-L-Af (NM_001294121.1)
B-Gal (L29451.1)

ADH (NM _001328893.1)
HPL (XM_008348495.2)
LOX (D88434.1)

AAT, (AY707098.2)
AAT, (AY517491.1)
Actin

GGCTTATCCTTCATACACG TGATGTTGCTATCCCACC
GCTGCCGCCGTGTTCCAAAAC CCGAGGGAGAACGCCTGTCG
CACACGCGGCGGACTTGTGAA GGAAATCCTTGCGGGAAGCGC
ACGAACATCAGCCACAGGAC CCGAACAAACTCAGAAAACG
AGAAACGCCTATCCTGAC CACGGCATACTCGCTCAC
AAGAACGGAAAGTCCCCAC TCCAATGACCCATACACGG
CCACCACAAGCAAATGAA ACCAACACTCTCCACAAT
TAGGAGGGAAGTGAGAGG AGAGAAACAAAGCGAGGT
GATGGTCTCCTCGTATGG CTTCGTGTCCCTTATTCTTG
GCTGGATTGCTCTTGTTC TGGTTACTGGATGCGTAT
GGATTACTCAGGAACCTAA GACACAACTCTACATTGC
TGACCGAATGAGCAAGGAAATTACT TACTCAGCTTTGGCAATCCACATC

1.6 HUEEST

X REAT A IR F A .

2 RS0

21 ‘4I078 OO 98 ERMEEEEEMTL

HE 1 AT, ‘a7 s’
TFE; ‘7S MEEREEST ‘4095,

RS E R 2 R A, HAE 0~30d Pk
TEN 5 120 d B, HS2iEE N 0.406 kg, 151R

SR ARV R

FERERGRRE s 400 9 5 ZEIHH 120 d I, BEEE(CH 0.295 kg, TR 4

22 ‘2757 FfA ‘4095
HE 2 ATLLE W, 5 30 ~120d, ‘400957

FERIE B BBEBUE RN T
SRR OB CE R IR =T L0 T

57, FHEAE 120d B NHEMRBAGSE, 40757 18150 d A B E .
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3 Wi

30 RIBETUSCHBRERIRUEXERREEN KR

WEFRIL, TERSLIT A, ‘&l M Wi SERGEE FREER, W ' TRERE
s BHE R K, AR 3 AR R SR B N, H w E—-EH&S, B
N RENE, N ORI, T CerE” AIER BRI, B2 LIE )RR
(BREEME 2%, 2008; ZREEMEAIIEERE, 2009) . FREEMRZE (2014b) HIWFFELEREY, RLKE G
W ZIEEE IR ACO. ACS 1 PG PME. B-Gal. a-L-Af. XET 5855 FiA#RA RS Trah
& ERL SRR B ECT N R R BB (2011 MR, Rk EEN
CIRRETR = e 1) Bk & 2 B AUBEIE TR (PG WEMEM BRI REE BRIl E SERRELKE G
B PR N P R B s XISEHISE (2012) HIBFFUREL, 1-MCP AHR B ZH0H] 7 ‘FILHE ¢
BRIRLLIHBI S PG PME. B-Gal. a-L-Af } LOX 52 FhFE R FFRIE, T 1€ 2% H R s ik B
AR AN 1 Zhang %5 (2015) #F—# KM SSH $i A & qRT-PCR B8 AA o0 Hr 20, 21l
R FERBLFHRE . HHEESEGRIIZ R, B OmWEURS . FRw s R,
BRI RS ik R B M52 205 %, EAE SR ZE R EUSHE AR 2R, ik
ALK G AR SR R R SE R R N QIR (F 1) LJRRURE (SR RS K L4
BURAY (FRILFER) 45 3 PR,

SERF, HE MdACST 1 MdACS3a TESE R R SR R RIA 5 R LA HEX R (il 4,
2012) o M ‘e’ SEHRIERIAE S E T B ) MAACSI-1 R MdACSI-2 T MdACSI F25ER R,
MdACSI-2 R JE B X 5% 6 e SINE WIAFAE T30 MdACS1-2 % s 1% R KA (Sunako et
al., 1999) ; H— LM AR, MdACSI 5RENIEOIGAEREMIG, MdACSI-2/-2 247 5
TEN S E] 20 A BB K, MAACSI-1/-1 &R A A i e i, F AR B4 &
T REMEFNE (Harada et al., 2000; Oraguzie et al., 2004) . BwE KM, ‘FTILFEE R ACSI
BN ACSI-1/-1 2i5+, T ‘&L M @ 53008 ACS1-2/-2 4G ACSI-1/-2 Z-&F,
N RN ESE R R S BUR R TR AR A T TR (RORE, 2016) .

KPS (2015) DUTSEA ASER A AR ‘a4 257 A ‘i 2 5 ANE KB IR R s
NEM AT ORI, 404525 KEEWE — RN OEBRGEE, TR 206 e & sk
B ALFE ) 34 NI, 4 PL. AFI. EG2 J XETI %% 15 N FER ¥ BE Bse R F i A%
15, H ACSI. ACOI f1 ACO2 . PG F1 XET2 %5 § MK FEAERLAR B R LRRE, X5 &
REE AR, (HRERTHHCERMN LARES ‘RILEE WEAF (Zhang etal., 2015) .
Kk, Br 7 OS5 T4, AIReIeH RIN &AM F T2 53 RS, Afrdt—
i CHEE, 2013) .

‘7S 5ot 95 RS EEAEIC AT A R R B, XS ER SRR
thiass RN 55, 2008) JEA—E; ‘40 957 SRS A R (G FE IR B E T a7 ST,
M ONFEREE R . PGy XET. PME. AM. o-L-Af 1 f-Gal %5 6 A RS 3RA0AH  3E [K] 22 0k 1 K ol
R R E ST a0 757, RIRBEARSGRERW, MEZERSERA (BC) HREBER
O 2R BB ZE L TN IR 5 M B A A R R &R
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32 RIWESESRDSEREVERBARERRLIENXR

B WL B AN S XU it o ) B R R 2, T R R SR PR VA () B AR
PRz — (Oshita et al., 20000 . WFFLE, Wtk ZER FRILEE BLRE SR HIETL
IR UABESON T, AW RIS RER A RE U 1 3.5 5 (B 5%, 2008);
e RETRRA G RIS & B RN AR 1.5 A 1.2 £, MEESEAE K
HEVE RS ORI R M 15.1%M 14.3% (FR2ER 55, 2014b); fEHRE. MREER FikTm
RIS, 1-MCP AbERR Z ) T 5 SE IR L0 107 A4 KB R YR (& % (Golding et al., 1998;
Bellincontro et al., 2005; Mattheis et al., 2005) ; L ‘TE&" A ‘FILFEEH SER M HITH
WHFLRE, 1-MCP L35G 20 T 5 A 5] 5 5 205 R i A B R IR & 10 R B LR R & =1
S0, AT AERRRF g B (AT 48, 20100,

KEZHHEYESD R R E B BiREs, BRI RRTE LOX 1EM TIEMRE
A, S EATE HPL IER MR el O, E7E ADH IIYER TR M B Y, 7
16 AAT WI{EFH T RAH R IEE (Schwab et al., 20085 J& MG %%, 2013). WAL, AFEFZE
Rt ADH FERFRIX B AP RN ZER, fE¥R (Schaffer et al., 2007) F#k (Zhang et al., 2010)
o, JERIRIB KRR G ot 2 3R T R, M AH (Longhurst etal., 1994) . #lfJI\ (Manriquez
etal., 2006) FI# (Gonzéalez-Agiiero et al., 2009) AFIEFEFFEAIRKIAIE 5, Schaffer 55 (2007)
e RIS SERGHRE T 11 A LOX B 5 15 A 44T £, Hrh 2@t s 44T R %
AT IR RS S A % (Defilippil et al., 2005a, 2005b; El-Sharkawy et al., 2005); MdLOXIa Al
MdLOX5e Z: 5 RS &SN 4, IF HAE R SEIE U E KL (Vogt et al,, 2013). Zhang %
(2010) [IRFFEERW], BEEBERICKIGNIAGEL, HPL FERNEIEKTFAW T, FFHEE C6 B
BRERD . ERFTH, 0957 RSLEEIHE K ESREERT ‘a0 TS, HEY
[ B RmAEE RS B K AATI AAT2 M LOX BRI BB Z =T ‘40 757, WiEEH (90 ~
120 d) RELEER S5WER S E N HPL Ml ADH R RE N B EMILT ‘40757, KU 409
5OSERC A RS BT a0 7S WRE S IR B AR A A BRI R SR A A
KERW EHEIEAR, XEOHMPIRLSREARA . KL, FBFE, &8 AR
A 9 FESE S T VPAN PR AR 2 —

B30 DL S A7 7E B S5 22 S (A RSE SR ROV, IR A (S S TR T SEE R A k
AT Hh R B A S 3 R E R (1 — 2R (ORI AR [ —DNA S5 R [R] JZ2 1 1 BAF 26 R R LR 4%, B AR [H] 3
SR ZR ARSI M 22 R A LB, RS S BT S
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