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Analysis and Evaluation of Fruit Quality and Volatile Composition of F1 Hybrids between ‘Yuluxiang’ and ‘Shinseiki’ Pear
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Abstract: In order to explore the genetic variation between hybrid fruits and their parents and conduct comprehensive
evaluation of hybrid fruits, seven promising F1 hybrids (7-93, 8-44, 8-176, 9-188, 9-193, 10-101 and 10-173) between
“Yuluxiang’ and ‘Shinseiki’ pears, the female parent ‘Yuluxiang’ and the popular cultivar ‘Akizuki’ were evaluated for
quality indicators such as single fruit mass, fruit shape index, hardness, soluble solid content, soluble sugar content,
titratable acid content, sugar/acid ratio, vitamin C content, and aroma composition. Meanwhile, the differences in aroma
among different cultivars were evaluated using orthogonal partial least squares-discriminant analysis (OPLS-DA). The
results showed that there was a significant difference in fruit quality among the seven F1 hybrids, with 8-44 having a fruit
shape index equal to 1 and the highest soluble solids and sugar content. Altogether, 83 volatile components were detected
from the nine cultivars, of which 10-173 and 8-44 had the highest total amount of volatile components, and 10-173 and
10-101 contained the highest number of volatile compounds. The major aroma components in pears were alcohols, esters,
and aldehydes. The OPLS-DA results showed that the aroma components of 10-101 and 10-173 were significantly different

from those of the other strains. Fruit quality traits of 10-101 had a significantly positive correlation with ethyl acetate and
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hexyl acetate; fruit quality traits of 10-173 had a significantly positive correlation with ethyl octanoate and a-farnesene
and frans-2-hexenal, and their contents were significantly higher than those in the other strains, making the flavor more
prominent. According to variable importance in the projection (VIP) results, we predicted 42 aroma markers that differed
among varieties, and through odor activity value (OAV) analysis, we identified key volatile compounds that contributed to
the characteristic odor of each strain. Through correlation analysis, we identified the association between pear quality traits
and characteristic aromas. Principal component analysis (PCA) showed that the comprehensive scores of 8-44, 10-173 and
10-101 had the highest ranking, indicating that they had better fruit quality than the other strains. In summary, 8-44, 10-101,

and 10-173 can be regarded as potential pear strains. This study can provide a reference for the breeding and promotion of
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new pear varieties.
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“Yuluxiang’ and ‘Akizuki’
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Table2  Comparative analysis of volatile components of seven pear F1 hybrids, ¢ Yuluxiang’ and ‘AKizuki’fruits
.o s GBI (ngp)
ikl Rt QY YLX 7:93 8-44 8176 9-188 9-193 10-101 10173
BE
il TR ND ND ND 4$58£0.7 10.7720.66° ND ND ND ND
V2 T ND ND ND ND 1974008 ND ND ND 1084003
V3 FOE 67166041433 17991242798 23122242100°  6217724136.1"  1683.04£1004° 1418625598 20959646582 2036077977 43266719268
V4 |-pi= 3056137 ND 12340.1° ND ND ND 0.724029" ND ND
s 1,255 2= A+ ND ND ND 18.09£1.1° ND ND ND ND ND
V6 13- ND ND ND ND 44540.44° ND ND ND ND
V7 R-24-0 -1 ND ND ND ND ND ND 10.67£0.69° ND ND
V8 47 ND ND ND ND ND ND 134017 ND ND
V9 (81,275~ fiex ND ND ND ND ND ND 548,194 14.34" ND ND
V10 VIR LR ND ND ND ND ND ND ND 7.58+0.2° ND
Vil WAl ND ND ND ND ND ND ND 192£0.11° ND
V12 3B 996744 12.64° ND ND ND ND ND ND ND ND
VI3 pRIE SN 37.09£0.88° ND ND ND ND ND ND ND ND
VI4 fe-3-CH-1-8 919.3146.55° ND ND ND ND ND ND ND ND
VIS 2341 \D 8770.18° ND ND ND ND ND ND ND
23
Vi6 LR 6557681 7674106 108.154:4.06° 4854901 19074494 I18497H150F 36904765 406948395 STI3E14408
V17 LRCE 9.78+0.71° ND 3574273 14754097 13804174 ND 4302055° 120134367 5124157
VI8 LT ND ND 1.620.1° 3034042 24340.13° 4614033 ND 17.6940.68° 4374044°
V19 LR TR ND ND 8914073 ND 146541° ND ND 164610.5° 14.024021°
V20 LRSI ND ND 17.18£0.22° ND 8434049 15524056 ND ND 836:+0.46°
V2l LT ND ND ND ND 69£0.58° 177£1.39° ND ND 5172016
V22 LR TH ND ND ND ND ND 5484038 ND 16.8441° ND
V23 [%-2-CHf-CBig ND ND 1240.19° ND ND ND ND ND ND
V4 TR R ND 0609411857 2764611602 413854724 55.0842.15¢ 87.1612.15" 121.6246.64° ND 371.76£16.5T
V25 R TRLE ND ND 177403 ND 1.15£0.09° ND ND 414003 141£0.35°
V26 B LE ND ND 1494042 ND ND ND ND ND 1124002
V27 CRZE ND ND 164514314 194474518 ND ND 84734277 2857426 112042111
V28 LRETRCE ND ND 11774034 3281£0.98° 467405 1221£16 8354056 2136£05" 276£1.12°
V29 FHROR ND ND 7864039 1734046 5871037 711402 1092+0.79° 5604129 18.74£0.28°
V30 SV ND ND ND 2.9740.09° ND ND ND 094£005° 0894009
V3l PR ND ND ND 4384048 3784052 534£041° ND 5240.11° 294031°
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L Rt QY YLX 793 8-44 8-176 9-188 9-193 10-101 10-173
V3 KRR R ND ND ND ND ND 1281£085° ND ND 11064114
V33 il R ND ND ND \D ND ND 1862025 \D ND
V34 - TIRIR LS ND ND ND ND ND ND ND ND 5.68+0.28°
V35 THRR TR ND ND ND ND ND ND ND 154848,09° ND
V36 sl ND ND ND ND ND ND ND 1.66:£0.09° ND
V37 TR TR 7884095 ND ND ND ND ND ND ND ND
V38 R ND 8244022 ND ND ND ND ND ND ND
[z
V39 = ND ND ND ND ND ND ND ND 6994048'
V40 Dl ND 401£036' 4454041 109740.19 6.094045" 5.641073" 7854135 1299404 4014164
Va4l RN ND 35.0942.00 ND 45264134 ND 54.7743.61° 0456228 ND 113794139
) (+)-a-KH-iRA ND ND ND ND ND ND ND ND 5624099°
V43 1,5-Z SR ND ND ND ND ND ND ND 6.67£08 ND
V44 125 4+ ND 6.154024° 2794026° ND ND ND ND ND ND
V45 HE=H ND ND ND 200405 ND ND ND ND 277H031°
V46 6,6-~ AR ND ND ND ND 60.6240.89" ND ND ND ND
2
V47 o 2306541914 53453715300 35889542795 532695EISLT 2169.5146246"  SHI0IEISES 62356311012 6144555192 5269.884£2203
vag I® ND 08520.16" 17412 2031047 5424029" 6230.17¢ 12874153 6.56+1.14" JAVEIAES
V49 K ND 0880.1° ND \D ND ND ND ND \D
V30 JR-2-C AR 01004948462° 326024783 895467EIILE  97RLELEITSA 323868430610 8388TNEITY SI6AI2E1N02° 4235I8L1ISE 1183725476
Vsl LY ND ND ND ND 141£0.11° ND ND ND ND
V52 24Tl ND ND ND ND ND 12594109 7454002 ND 31+049°
V53 (EE)24-C - Hifs 8.8540.19° ND ND ND ND ND 1444127 ND ND
V54 3R ND ND ND ND ND ND ND 260.7945.48' ND
V35 6~ -3 2065+ 1.18° ND ND ND ND ND ND ND ND
A%
V36 PR BT ND ND 148£021° ND ND ND 089%0.1° ND ND
V37 3R ND 151£031° 131£0.13 ND ND ND ND ND ND
V58 A B 46.4820.81° 27.83+0.96° 5362026° ND ND ND ND ND 2334105
V59 4RI TR ND ND ND ND 4684009 3754017 ND ND ND
V60 3R ND ND ND ND ND ND ND 213844205 ND
V6l 3,6- R0 ND ND ND ND ND ND ND ND 1.484£0.06'
V62 EE ND ND ND ND ND ND ND 3274022 ND
B
V63 2N 9357133 2336+221° BNLr 6824+181° ND 16512124 ND 924249° ND
V64 -k ND ND ND ND 8.93+0.51° ND ND ND ND
ez
V65 24T T E A 3084148° ND ND 5.884095" ND 21TH147 ND 7614109 ND
V66 25 R T H A ND 15.8841.03° ND ND ND ND ND ND ND
V67 26~ T B ND ND ND ND 576407 ND ND ND ND
V68 35-ZHT AR ND ND ND ND ND ND ND 8192034 ND
V69 CHEER ND ND ND ND ND ND ND 786+ 113 2474021°
V70 P ND ND ND ND ND ND ND 543504 ND
! LA 41714258 65,84 1.06° 11.954051° 0831294 3524126 474815 ND 4394065 10.75£0.75°
VI R _E ND ND ND ND ND ND 8204034 ND ND
V73 LI 674025 ND 253,630 ND 4334026 15.6840.91° TBITH0S ND ND
V74 o 18.0942.03° 23314044 58.29+46" 30734095 16834096 5454099" 23.36+2.25° 27874088 58224057
V75 A HH 21514203 7194031° 36£0.78" 18814226 34844 106" BHLLIT 31444053 21584183 3584185
V76 [P S ND ND ND ND 14841 78840.89° ND ND ND
V771 150k ND ND ND ND ND ND ND ND 15320.11°
V78 15 ND ND 2881+091° ND ND ND ND 115954488 266.145.52°
V79 |- % ND 21964097 ND \D ND ND ND 5924021 ND
V80 B8 ND ND 1243£1° \D ND ND ND ND ND
V8l 1\ gt ND ND 116£1.09 ND ND ND ND ND ND
V82 35 ND ND ND ND 834039 ND ND ND ND
V83 R 133644352 B4TTHLT 121034844" 20496413 175964367 2384+459° 173134403 1585147.00° 224144072
B 17634691 073.13" 116624216833 1610351473975 2253067223447 7799.09+155.09° 1605911121967 15273.0948651 14444986585 22890.224541.26"

VE: NDAKIME]; 2R HEEVERS (variable importance in the projection, VIP) > 1 FEE R MR BEAME AV AR BR DL W T RS T A6 & &
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YLX>8-176; MIERVANELEF, H 2 2 DKIKN
10-173>10-101>8-176>7-93>9-188>9-193>8-44>
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squares-discrimination analysis, OPLS-DA)
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AREZER: PR ‘EEE . B DALS-176391E 5
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Fig.1  OPLS-DA plot of volatile components in seven pear F1 hybrids,
‘Yuluxiang’ and ‘Akizuki’
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Fig.2  Biplot analysis of volatile components in seven pear F1 hybrids,

‘Yuluxiang’ and ‘AKkizuki’
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Table3  Number and proportion of aroma categories in seven pear F1 hybrids, ‘Yuluxiang’ and ‘Akizuki’
- QY YLX 7-93 8-44 8-176 9-188 9-193 10-101 10-173
Mo M wer M mer B mer MO wer B mer S wer MR men BE mr B
2 5 49.34 2 15.50 2 1437 3 27.85 4 21.80 1 8.83 5 17.40 3 14.16 2 1891
fis 2k 3 047 3 647 12 395 9 325 11 3.94 10 220 7 3.93 13 7.06 16 280
L0 0.00 3 039 2 0.04 3 0.26 2 0.86 2 038 2 047 2 0.14 5058
[y 4 4793 4 73.80 3 78.00 3 67.03 4 69.43 4 86.23 5 76.16 4 73.71 4 7490
e | 026 2 0.25 3 0.05 0 0 1 0.06 1 0.02 | 0.01 2 150 2019
URES 1 0.53 1 0.20 1 027 1 0.30 1 0.1 1 0.10 0 0 1 0.64 0 0
Rk 6 147 6 339 8 331 5 131 8 3.80 7 223 5 203 10 279 7262
A 20 100 21 100 31 100 24 100 31 100 26 100 25 100 35 100 36 100
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Fig. 3  VIP analysis of volatile components in seven pear F1 hybrids,

‘Yuluxiang’ and ‘Akizuki’
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OAY analysis of volatile components in seven F1 hybrids,
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Table 5  Correlation analysis between fruit quality traits and characteristic

components of seven pear F1 hybrids, ‘Yuluxiang’ and ‘Akizuki’
AR TV WTE R WL

= \(&

il

FEM&EE &8 e

ECRE 0.669+ 0.352 0.580 0.290 —0.249
ZIR TR —0.762%  —0307 —0232  —0.087 0242

A Ll —0.528 0.060 —0342  —0430 0.444
LR —0.509  0.185 —0319  —0364 0424
TR B 0.130 0.352 0.084 0.658 —0.560
2-HETRAEE  —0069  0.679% 0.366 0413 —0.362
KRR T —0.478 0.135 —0.499 0.180 —0.111
25 0.102 —0.104  —0.042 0321 —0317
(EE)24-C W8 0597 —0.418  —0.189  0.028 —0.182
SR s 0.095 —0.226 —0242  —0.156  —0.005
3- 0.032 —0.141  —0.054  0.028 —0.106
FBE B 0.228 —0330  —0.164 0.433 —0.359
2- [ S —0419  —0.061 0.024 —0485  0.756*

T« AE0.05K ARG 3
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KHISPSSHIT7 MR GZFIMLL N “KFEH M
RO RMCRAR ST R R R R RB R R
E. AR S R AIEMERE AR T E R
B, VCEE. BRI, HRWE R AN R Rl E
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Table 6  Eigenvalues, contribution rates and cumulative contribution
rates of principal components
PC RAAL Lk % ST IO %
1 3.311 36.79 36.79
2 2.050 22.78 59.57
3 1.762 19.58 79.15

HIZR TR, PCLITHR R BOR M N5 R & B AR Y
8% PC2H AT MR & BoTiki ok, HROWRERR L ATR]
TR & & PCIH LRI R [ A & A L AR i R 1 R
MM RIS Tk, RS, REHE
. TVATERE S R MR, TRER SR, TATERETE
Y. SR SRR RN A S ARSI SRR R AR -

BT FMRARRPCERAT IR

Table7  PC loading matrix of quality indexes

Eiztun PCI PC2 PC3
HRYE &= 0.800 —0.166 —0.128
ESIZIEE 0.784 —0.001 0.321
A E R & —0.717 0.599 0.154
PEIR L —0.69%4 0.593 0.361
LB PEE T = 0.648 0.422 0.400
AR & 0.491 0.831 0.091
VC&E & 0.399 0.450 —0.748
JESAE 0.059 0.458 —0.708
R 0.488 0.176 0.510

PR HEAL b BE S PR FE AR B N YL Y, YR
3IAPCIF U R, BRI AR

Y,=0.268X,+0.43X,+0.032X,+0.356X,+0.27.X,—
0.394X,+0.219X,—0.381.X,+0.44X,

Y,=0.123X, — X, +0.32X,40.295X,40.58X;+0.419X,+
0.315X,+0.415X,—0.116X,

Y,=—0.383X,+0.241.X,—0.532X,+0.3X,40.068X,+
0.116X,—0.562X,+0.271.X,—0.096.X,

LA DLIRTET NELR R FIRLL K ‘KEE M
R IR SZI3 MPCA L, LR A TR R DL
F BB BT ZE DT R R O E AT R R, A AL R s
RS TEM AL ¥=0.01 X (36.793Y,+22.777Y,+
19.577Y) , WEMT MEZFIRKR. ‘EEE M
G GEEONHL, 8- AN BRI, HIRA
10-173, 10-101 =#H o BmT ‘EHE 5 K
A (&8

8 TAMEFIUREE “EHEF MK REMRGA G

Table 8  Comprehensive evaluation of fruit quality of seven F1 hybrids,
‘Yuluxiang’ and ‘Akizuki’
=Y

s} P e L

QY —0.29 1.61 —2.42 —0.215 5
YLX 0.47 —0.07 —0.74 0.013 4
7-93 —0.76 0.02 0.26 —0.224 6
8-44 3.69 1.88 0.73 1.930 1
8-176 —2.74 0.56 1.74 —0.538 8
9-188 —1.02 —0.01 0.51 —0.278 7
9-193 —0.95 —1.36 —1.58 —0.971 9
10-101 0.02 —0.44 0.92 0.087 3
10-173 1.58 —2.20 0.59 0.196 2
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