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Comparison Analysis on Volatle Compound and Related Gene
Expression in Yali Pear During Cellar and Cold Storage Condition
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Abstract: [ Objective] The aim of this study was to compare the differences of fruit quality, respiration rate, ethylene production rate,

electronic nose characteristics, volatile compounds and related gene expression in Yali pear between cold and cellar storage. and to
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further analyze the effects of two storage methods on the formation of aroma substances and its mechanism. [Method] Postharvest
Yali pear was stored in cold and cellar condition, and the fruit firmness, soluble solids content (SSC), titratable acid (TA) content,
respiration rate and ethylene production rate were measured. The changes of volatile compounds during storage were measured by
electronic nose, and the components and contents of volatile substances were determined by GC-MS. The expression of genes related
to ethylene biosynthesis (PhACS! and PhACO2), signal transduction (PhETRI, PhETR2, PhERSIa, PhERSIH, PHEIN3 and PhERF)
and volatile compound synthesis (PbAATI, PbADH2, PbADH3, PhADHS, PbHPL, PhLOX]I and PHLOXE) was analyzed by real-time
PCR. [Result] During cold storage of Yali pear fruit, the firmness had no obvious variation, and the SSC increased, while the TA
content decreased. During cellar storage, there was a remarkable decrement in firmness and increment in TA content, but there was
no obvious variation in SSC. Compared with cold storage, the respiration rate was higher and the peak of ethylene production rate
appeared one month earlier under cellar storage. The results showed that the electronic nose could effectively distinguish the volatile
compounds of Yali pear in different storage methods. Four sensors, including W1W, W55, W2W and W15, played the critical role in
the identification of volatile compounds, and there were more volatile substances in cellar storage. The volatile compounds, such as
aldehydes, esters, alcohols, terpenes, alkanes, ete, were found in the peel and flesh of Yali pear, and which contents were higher in
peel than that in flesh. 36, 33 and 28, 24 kinds of volatile compounds were detected in peel and flesh of fruit under celler, cold
storage, respectively. There were more ester compounds in cellar storage than those in cold one, among which, ethyl caproate, ethyl
octanoate, ethyl butyrate, (E, Z) 2,4-decadiene ester were the main aroma substances in the peel, ethyl caproate and ethyl butyrate
were the main aroma substances in flesh. The analysis on expression of genes related to ethylene and aroma compound synthesis
showed that the expression of ACC oxidase (Ph4CO2), lipoxygenase (PhLOXT) and alcohol acyltransferase (PhAATI) genes were
significantly increased, and the expression of ethylene insensitive transcriptional regulator gene (PHEIN3) was down regulated in
cellar storage in contrast to cold storage. [Conclusion] Compared with cold storage, cellar storage condition promoted ethylene
production and the expression of genes related to ethylene biosynthesis (PhACO2) and aroma compound synthesis (PALOX]T and
PbAATI), thus, made more kinds and contents of aroma substances, and exhibited more rich aroma in Yali pear.

Key words: Yali pear; quality; volatile compound; electronic nose; ethylene; gene expression
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AL (79.4724.16) %) FIM FHEAE (FEFEE: %1 poompFrRaemsEs

150 t: LBE M AFERIHANY 20°CHEHT FRRE 12 HIY
7C, FIRKE (78.7048.35) %) o EWRGEIM] (A
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B EREAT S TR BRI, T BRI 4
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1.2 AHiE

1.2.1 BE . fEEEEMATREBREENE X
FH GY-4 BURSCEEAE o IR TGS a8 PR 24w il
SE SR TE A 2 . R, RH PAL-1 B
FHECF B (ORI A REM) BlE Rn
P o (SSC) o W i o 300 o v 3 o
% (TA) &k, H¥EMIE&ER. BIKEN 3K,
HEE S5 MR,

1.2.2 FRAFALHBERARNE HRLET
WA, ®H 30 min HHE T4 10 mL, F HWF-1

CO, e, S loda, J9edH 3 h 5, A
UM 1 mL, H GCI790 11 A o i CATYLFRSL M4
(AR A W LI, B h LIRFEUES .,
GRS 3 W, HEY 10 PR,

1.2.3 ETERN FHREE TEARSD, g2
h B, i PEN3 (850 150 (5 Airsense 2y 7))
AT SE" 0 e 1) 5 4 A AU A 400 mL-min”',
R 60 s, REEEN 5 s, HESREIN S s, WEH
@] 100 s, ZEHL97—99 s 3 7~ s i 2R T 2503l 4047
SRR 3k, RN 10 PMRE.

1.2.4 ExMHAeENE  HEMRIULEMSH
BrREEFE, IAGERMURSUR Y, BELHERE, 40T
PRI 30 min )5, ZE[EATAEIUE (PDMS/DVB,
65 pm? WL 30 min, FH] TQ-8040 B “UAH {0 3% 1%
HEH (GC-MS)  CHTAK W] ) W 4 A e i e
P9, GC % fF: SH-Rxi-5Sil MS BAEH (30 mX
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2Cmin” FHEE 100°C, f#4F 2 min; 5C-min” FHEE
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H, HEEE 1 mLomin'. MS &fF: @R A00
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Table 1 PEN3 type electronic nose sensor array
FAS  EEEH kA
Order Sensor Sensitive compound
number name
I WIC & Aromatic components
2 W5s s, S5UES Y Broad range, oxynitride
3 WiC  Ed. A FYr Ammeonia, aromalic components
4 was  Eik Hydrogen
5 WSC  RiRELUAE. J7 A
Short chain alkanes, aromatic components
6 WIS i Methane
7 WIW i fhd. f555 Sulphur-organic compound, terpencs
§ W28 FE. AR Alcohol, aldehyde ketone
9 W2w  fidllifkdh. W F RS Oreanic sulfur
compounds, aromatic components
10 W3is [LRELEdT Long chain alkanes

arfv. EE 3.
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JEHLE RNA. &2 RNA £ DNase §ii6% DNA J5, MR
i ik ) £ Primescript TM RT Reagent Kit (548 T
) AR HEfT R, &l & PCR R
[k ) &5 TB Green™ Premix Ex Taq I (5040 T4
(E) HMRAT) HU T E &5 . =it PCR
{43 M Applied Biosystems™ ABI 7500 %, ZH
Genbank il )7 %, {#/{] Primer Premier 5.0 % {F% 11
1%, Frfisldn (R 2) FiE LW THRAERAR
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o UL RAR R ek B
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F2 TEEPCRSIHEN
Table 2 Real-time PCR primer sequence

#FE Gene F51% Genbank ID FI4FF5 Primer sequence
PhACS] XM_018643584.] SGGGCACCACAATGACCAGA-3'
SYGTGAACTCGCTGCCAAAC-Y
PhaCo2 Il XM 009337643.1 SGGTTCAAGGAAATGGTGGC-3'
S-AGCCTTCTTTAGATAGCCCTTC-3'
PhETRIa XM 0093679682 5%AGTCTAAGCAGCCTTTTGCACC-3
SUTGUTGACCCCATTATCATCC-3
PHETRID XM 0093503252 SSGATCCTGGAGAATCATCAGAGC-3
SYGCAGTTACAATGCAACCAAGC-Y
PhERS! XM_009380469.1 SSCGTTGCATTCATCGTCAAACTG-3"
5.TCGATGAACTTGCGCCAAATCG-3'
PHERS2 KF188466.1 SSCGTTGCATTCATCGTCCAACTA-3'
SCTTCGACGAAGTTACTCCGAAAC-Y
PHEIN3 XM _009340977.2 [ SCCCOTGACATCTTCTTOCTG-3
S-TGACTTTCTTTCGGCTCCC-3"
PhERF T XM 0093807202 SUTTOAAAGAGTCCGCAAATCG-3'
SCCAAGTAATCCGTTCOCCAAA-S
PhAATI XM _018649523.1 SRTGGTGCCAAGGAGATGAGAGTC-Y
SSTTGTGGTGCTTTIOCCOGTG-3"
PbADH2 KUS0T3R0.] S-COGAAACTACAAGACTCGAA-3
SUWCGGATTATGCAACGAAGAC-3'
PhADH3 XM 0093624491 S-TGTGACCTCCTCAGGATAAA-Y
SGCCAAGGGATTGATCTTAG-3'
PhADHS XM _009379426.2 SCGCOCGACATCAACAAAGCAT-3"
5TGCAATACCCTCAAAATCCATGT-3'
PhHPL XM 0093488622 SUWCGGTGTTCOGCACAAATASY
5-AAGCGCAGGTCCTCAAGTC-Y
PhLOX] XM 0093783882 SCTGAGCCATTTGTGATAGCGG-3
S-TGTGAGAACTTGTCGTGOGG-3°
PhLOXS XM _009378384.2 5GCCACAAACAGGCAACTAA-3
SCTCGOTGAAATTCCAATCC-3
PbAcitinl I GUB30959 SSGGACATTCAACCCCTCGTCT-3

CATCCTTCTGACCCATACCAACC-3

2.2 MIEENZEBHURETH

PRp R ST, AL LSO e A ) e L i
B Las, AR SRR B T, &
S LIRBRBCEEL S BTG T Rk, g
S 1 A AETIE ) s, FLOGRAR R S T I 10 A e
Rz, Rl 2 A~ H A RIER: P63 S HE,

—HM MR EERARE (FH D .
2.3 BTFEENER

PCA &5 e, W7 SR Hcis v P e e pl 43
1 (PC1) M E R4 2(PC2) . Horf PCL BIRRAE 97.75%.,
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AP, e, iR T PCI (S
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Table 3 Changes of firmmess, SSC and TA content of Yali pear during cellar and cold storage condition
et (R WA Firmness (kgrem™) Al FE E Y S8C (%) AMEE TA (%)
Storage time e R e bes B il
(Month) Cellar storage Cold storage Cellar storage Cold storage Cellar storage Cold storage
0 6.25+0.28be 6.2520.28b¢ 12810404 12.81+0.40d 1.32+£0.03¢ 1,32+0.03¢
1 G.81£0.05a 6.2120.24bc 13.7340.22abe 13.35£0.09bed 1.504:0.02a 1 14:20,02d
2 6 .49+0.13ab 6.1720.26bc 1315403 1ed 13 Bok0_37ab 1.38:0.01b 1. 10=0.02de
3 5.75+0.25¢ 6.530.12ab 13.80:£0.52abc 14.24+£0.31a 1. 490,03 1.0920.03F
AR ST R R B (P<005). T
Different lowercase letters indicate significant difference (P <20.03). The same as below
6T =Ml Celle dorag: ==l Cold g 140
- b 120
(I "T‘: 2 - -
L BZ 4l S W8
55 HEE
& = e = 25 Kb
= E d"l 3 % E_' =
E R -
A f NEZ
o= E‘ =, 2 4ol
g | £
I jT¥ Wl
o i | i L "
0 1 3 a0 0 1 2 3
MO T Ve lorsh MM @ T Time &longdd

AR R R R BE (P<005) . F[A

Different lowercase letters indicate significant diffevence (£<20.05). The same as below

B 1 MERERFS M e R R L BRI R

Fig. | Changes of respiration rate and ethylene production rate of Yali pear during cellar and cold storage
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L PR P R B 248 R [ R I A 2 T R
WL, RO AR I R, RN E . R
B, BRAERRYIBE R A : SR RE (8.696—
16.336 mg-kg') >S5 F AL (1.188—6.149 mgke™")
=40 F IR (0.148—0.308 mgkg') =Wl FRA
(0.015—0.039 mg-kg') (F 4. £5) .



4640 ook ok RO 54 %
35t "y
]
= [ ﬂ
£ 30t i
b -3
B 25k y Celtar storage-3
i -3
g -~ old storage-3
- 207 ’ ¥ L
® [ P |
f 151 s -2 + h—.’h_-jCei]ar storage-1
H f‘w\ ' Cold storage-2  ~— g2
= 10 [____;' i1 Cellar storage-2
= 07 Cold storage-1
® (5
oF
2 4 & b 1m0 12 14 16 8 20

TR Main axis (Variance: 97.75%)

VP12, PR3 SRR ML 2 ML 3 H -, WD, W3 R EE A, 2R 3T HL 0 e, IR
Cold storage-1, cold storage-2 and cold storage-3 indicate 1, 2 and 3 months after cold storage, respectively; Cellar storage-1, cellar storage-2 and cellar
storage-3 indicate 1, 2 and 3 months after cellar storage, respectively. 0 indicates initial storage, The same as below

2 BETHRTROBWHERLEBILERER S POA BR

Fig. 2 PCA result of volatile components based on elec

11304 10 .@)ﬂ
-1

-1.135 [ ‘Cold storage-1

11404 L]
W
-1.145

N
i3
Cold storage-3

-1.150

& -2
o Cold storage-2
-1.155

2 Mg s |V anasce 1906%)

<160

F R

-1 165

=1.170 1 L

tronic nose in Yali pear during cellar and cold storage

-2
Cellar storage-2

e )
HHi-1
Cellar storage-1

-3
Cellar storage-3

<

440

=430

3
=420 =414 =400 =3

EREAH Main axis (Variance: 63.40%)

3 ETAFEREMRAEISREL MM S LA S4

Fig. 3 LDA analysis of volatile components based on electronic nose in Yali pear during cellar and cold storage condition
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Table 5 Changes of volatile components in the flesh of Yali pear during cellar and cold storage (ug-kg™)

FiE k&4 [ad" Eiph-t] E@ptE (H) Cellar storage time (Month)  MBIET[A] (A) Cold storage time (Month)
Kind Compound name Initial storage i 2 3 1 2 3
L CUAE Hexanal 13.77+4.63a - = = 174340660 15827130 9.59+0.608
Aldehydes 5 Fys# 2 Hexenal 0.60+0.20c - . . 648:0.182 2431006  348+093b

(EV-2-9458 (F)-2-Octenal 0.5940.02¢  3.2740.75h 5.9540.63a 6.0340.12a 293024 2.38:0.56b 3.0940.38b

TA¥ Nonanal 2.72:0 34 7.76+1.73be 12.26+5.68a 9.27+0.47h 8.1720.7%ab  5.50£057bc  4.14£0.66be

(EV2-EMGEE (EF2-Nonenal 0.47+0.10d  3.5941.19bc 5.75+1.57a 5.8140.52a 45560, 14ab 34140, 79bc  1.97£0.30cd

%W Decanal (.78£0.05d  2.60+0.53bcd  B72+£2.97a 5.61+0.81b 4.26+0.63bc  3.04£058bcd  2.49£0.99cd

(E}2-550% (E)-2-Decenal  0.12£0.02¢  247+022a - - 0.5240.07Th  0.48+0.05h 0.48+0.11b

(E, E}-24-T _1HME(E, - - - - 0,120,010 = -

E)-2.4-Nonadienal

Ut Heptanal - - - - 0.54:0.06 - -

2-HEARE 2-Heptenal 5 = 2 2 185011 5 !

At Total 19.04 19.78 32,69 26.72 46.84 13,05 2523
e TR ZHR - 345.70£150,45b  1164.28+476.33a 33946281350 - = :
Esters Butanoic acid ethyl ester

L8| - - - - 2 695200 1.95+0.48

Acetic acid butyl ester

AT RZRE - SR.71£21.63h  179.79258.74a  70.37£13.25h - - =

2-Methyl-hutanoic acid

ethyl ester

(E)-2-FdL2-TIGME 2/ - 9.67+1.11ab 15.98+£5.21a 6.500.23¢ - - -

(E)-2-Methyl-2-butenoic

acid ethyl ester

TS 20 - 7.64+2.13b 29 5667 90 14.31£236b - = 3

Pentanoic acid ethyl ester

C 28 = 5611011348 3681 454480 260 2763.89496.90b - = g

Hexanoic acid ethy] ester

2- R 2 - 18,8543 80c 2123.67+1045a  143.88+527h - z i

2-Hexenoic acid ethyl ester

s 2 = 8.7540.36h 62.2046.15a 59.06+1.56a = = =

Heptanoic acid ethyl ester

ERE LM 17004 b 7.50£1.55b 13559234420 1599558232 0.24=0.04b - =

Octanoic acid ethyl ester

(E)»-2-3 it £k - 3.5340.93b 120,23431.97a 134064549 - - -

( F}-2-Octenoate-ethyl ester

4- A 2B E - 3.33+1.00 6.30:0.43 = = -

4-0Octenoic acid ethyl ester

(EZ)24-5 M2 - 2424032 142.47+7.18h 186.42+13.75a - = -

(E.£)-2 4-Decadienoic acid

ethyl ester

RO R - - 17, B4£5.00 17,98+0.83 = = :

J-Hydroxy-hexanoic acid

ethyl ester

I-Higi-2- NS E - 25.46:£0.69¢ 80,4246 86a 32.55£3.56b - - .

3-(Methylthio)-(£)-2-propen

oate :l.‘r_lyﬁter

e 2L 2 = 0.6140.03¢ 1.9440.13h 2.5940.24a = = =

Henzeneacetic acid ethy] ester
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£ 5  Continued table 3

ke AL g 2k EEERHE (H) Cellar storage time (Month)  $RERTA (A) Cold storage time (Month)
Kind Compound name Initial storage 1 2 3 1 2 3
CLAG TR = 5 1.87+0.57 1.47+0.06 - - -
Hexanoic acid propyl ester
LA 302+0. 018 104.95£7.55h 202,304 8la IROBL2 12 RB152026ef 24.26+149d  12.82:0.67¢
Acetic acid hexyl ester
SR - 4.3341.022 6.0141.35a 1.2140.20h - 0,41 £0.09h -
Acetic acid hepiyl ester
EBET - 19,35:£4.09h 48.95£12,59 11924093 - = +
Acetic acid octyl ester
224- = B 3T 01150040 948+1.17he 27,5548 56a 196561323 ab 66621 80be 7165412 he  423+0.87c
TR
2,2 4-Trimethyl-1 3-pentane
diol diisabutyrate
CER R - - 3.5141.56a 3.7542.61a 04040190 - -
Hexanedioie acid
di-isobuty| ester
1 Total 1.3 118805 6149.01 4014.39 1544 3877 19.00
o ey bt Decane 91.53+75.84a - o o 11R.7947 39 164.08+67.550 86.19+24.54a
Alkanes ke Tetradecanc 0326004 - % % . . 3
f7uf Hexadecane 0.13£0.03 - 2 z = = =
LAt Total 91,97 0.00 0.00 118,79 164.08 86,19
L6 2-Z 0B 2-Fthyl hexanol  0.09£0,08b (09840373 - - 10320232 101059 0,560, 18%ab
Aleohols s Octanc] 00960064 9.56+1.73h 26,2941 453 6.6340.75¢ 02820040 095£0.06d  0.2540.08d
1E3EE Decanol 5 2.62+0.10¢ 79,545,923 19.52+2.12b - 5 =
(Z)4- 5545 (Z)4-Decenol - 3.7540.15¢ 45.83+1.36a 278641266 - - ,
2,43 IR 24-Decadienol - 1.85+0.20 2.07+0.23 = = = :
B Total 0.28 18.76 153,73 54.01 1.31 1.96 0.1
ik (Z.E)- 5 A - 5.6840.60¢ 348347470 18.5044.74b  0.1520.05¢  1.36£048c  0.4940.14¢
Terpenoids (Z,E)-3,7,11-Trimethy1-1.3,
6, | -Dodecateiraene
=ik |24 a-Famesene : 1923029.900  513.13£117.75a 47072494192 3.90=20.76c  32.67=14.62c  14.34=4.48¢
HAk Total 0.00 197.99 547,96 489,22 4,05 34.03 14.83
Al L2 - - - - = - 0,19:0.01
Others HYA T
Acetate-2-methoxy-4-(2-pro
penyl}-phenol
WS 2-Allylphenol - 5 = < = 112+0.12 0.41+0.04
(Z)-6,10- - FAL50-+—  0,17£003 - - - 0,230,010 0.46+0,22a 0,460,193
B —45-2-A
{Z)-6.10-Dimethyl-5,9-Unde
cadien-2-one
e FFY B 5 -2 - 1.14+0.24b 3.50+1.28a 4.45+0.27a 3 = .
6-Methyl-5-Hepten-2-one
LAk Total 0.17 1.14 3.59 445 0.23 1.57 1.06
PER LR o 8 Bt 114.77 142571 6RE6.97 4588.78 186,63 273.46 147.12

Total amount of volatile
companents
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