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Genetic diversity analysis of fruit quality traits using electronic nose

and electronic tongue in apricot

MA Xiaoxue, ZHANG Qiuping*, ZHAO Haijuan, ZHANG Yuping, XU Ming, LIU Weisheng,
LIU Shuo, LIU Ning, ZHANG Yujun, LIU Jiacheng, WANG Bijun

(Liaoning Institute of Pomolgy, Xiongyue 115009, Liaoning, China)

Abstract: [Objective] For a long time, the evaluation of fresh apricot fruit quality has been
limited to the limited traits with limited materials, while the evaluation methods are limited to
chemical and instrumental methods. The overall and rapid evaluation of apricot fruit quality traits
from different groups is lacking. Therefore, we study the genetic variation of aroma, taste and
other fruit quality traits of a large group of apricot using rapid evaluation methods to select
specific germplasm and provide theoretical basis for genetic improvement of fresh apricot.

[ Methods] In this study, 119 samples of apricot germplasm resources, which were sampled for
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two consecutive years, were used to measure fruit weight, soluble solid content (SSC) and fruit
firmness, the components of soluble sugar and organic acids, aroma and taste. The soluble sugars
and organic acids were evaluated by High Performance Liquid Chromatography (HPLC). The
aroma of apricot germplasm resources was evaluated by electronic nose technique (PEN3,
AIRSENSE, Germany). The fruit taste of apricot was evaluated by electronic tongue technique
(SA-402B, INSENT, Japan). The variation coefficient analysis, principal component analysis,
correlation analysis and cluster analysis were carried out using Origin 2019 and SPSS 26 software.

[ Results] The coefficient of variation (CV) of 11 phenotypic traits ranged from 15.81 to 91.23%.
The traits included fruit weight (FW), soluble solid content (SSC), fruit firmness (F), soluble sugar
contents including sucrose (SUC), glucose (GLU), fructose (FRU) and sorbitol (SOR) and organic
acid components, including citric acid (CIT), malic acid (MAL), quinic acid (QUI) and shikimic
acid (SHI). The CV of CIT content was the largest, and that of SSC was the smallest. The results
of electronic nose measurement showed that the volatile substances of apricot germplasm were
sensitive to W5S, W1S, W1W and W2W sensors, which indicated that the aroma substances of
apricot mainly included sulfide, terpenes and alkanes. The results of electronic tongue
determination of flavor substances in apricot germplasm resources showed that sour and sweet
taste were the main tastes in apricot fruits. Through correlation analysis, it was found that firmness
was significantly correlated with the content of sugar components, but not with the content of
soluble solid and the content of acid components. The sweetness value was positively correlated
with soluble solids content, GLU content, FRU content and SOR content, while negatively
correlated with QUI, MAL and CIT content. Through principal component analysis (PCA), the
contribution rate of the first 7 principal components reached 79.86%. The first principal
component (PC1) represented the aroma character of apricot, the second principal component
(PC2) represents fruit taste related traits, and the third principal component (PC3) represents acid
component content and fruit weight. The contribution rates of PC1, PC2 and PC3 are 28.36%,
17.36% and 12.33%, separately, and the cumulative contribution ratio of them is 58.05%.
According to the principal component score table of each apricot variety, the varieties with high
PCL1 score have higher aroma response value and special fragrance, and Caotanmeixing, Shizixing,
Kezilang and Baisaimaiti belong to this group. A high PC2 score indicates varieties with high
firmness, high sugar content, high sweetness, high umami and low acidity, including Harlayne,
Ribenxing, Soganci, Maolaxiao, Kezikeximixi etc. A high PC3 score indicates a high content of
acid components and a small fruit weight, belonging to this group are Huaxianchibangzi, Yingtiao,
Sundrop, Betinka and Wangshizhong. According to the cluster analysis, when the genetic distance
was 60, the remaining varieties except Caotanmeixing could be divided into two groups: the first
group mainly included North China varieties, and the second group included other ecological
group varieties. When the genetic distance was 40, group I was further divided into 2 subgroups.
The group Il could be further divided into four subgroups. Germplasm screening by

comprehensive score of principal factors is an important method for objective evaluation of



excellent germplasm. According to the proportion weight and contribution rate of different traits
in each principal component, the score of each principal component and the comprehensive factor
score of different varieties were calculated. Among 119 apricot germplasm resources, the top 10
germplasm materials were Caotanmeixing, Kumanti, Guantingerhuang, Tuohutikudayouxi,
Mokeyouxi, Stela, Hacihaliloglu, Kezikeximisi, Kalayulvke and Soganci. [ Conclusion]There are
abundant genetic variations in apricot fruit quality traits such as aroma and taste. Electronic nose
and electronic tongue can be used as a rapid evaluation method to identify aroma and taste
characters of apricot. Eight excellent germplasm resources, including Caotan Meixing,
Tuohutikudayouxi, Mokeyouxi, Stela, Hacihaliloglu, Kezikeximixi, Kalayulvke and Soganci,

were selected to be used as parental materials for genetic improvement of fresh apricot.

Key words: apricot; germplasm resources; electronic nose; electronic tongue; genetic diversity
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Table 1  Basic information of 119 accessions of apricot
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No. Name Origin No. Name Origin No. Name Origin
1 EACTE Hofr M 4 Hili -4 B (A2 81 AN US4
Jinmama Lanzhou, Shizixing Guangzong, Kurenxiaohongpao Beizhen,
Gansu Hebei Liaoning
2 KR HRr =M 42 PR R[S/ 3 82 ML A5 LT AR
Zhupishui Lanzhou, Huailaimaihuang Huailai, Hebei Gaxing Donggang,
Gansu Liaoning
3 2PN KB M 43 PR AL R[S 3 83 PR A5 At LT AR
Lanzhoudajiexing Lanzhou, Huailaihaitanghong Huailai, Hebei GuShaanxingmei Donggang,
Gansu Liaoning
4 ok THE 44 BT ALk 84 AN LT R
Xinshuixing Ningxia Guantingerhuang Huailai, Hebei Shajinhong Donggang,
Liaoning
5 BN ER TEAR) 45 fiR¥E Rl 7SS 85 RPERA Lk
Yinchuanjidanxing Yinchuan, Shipianhuang Huailai, Hebei Fakuyinbai Faku, Liaoning
Ningxia
6 A TEAR) 46 AR IaE[rs=s 86 PRt 5545 i L i
Yinchuantaoxing Yinchuan, Momoxing Jingxian, Hebei Chentunguanyelian Gaizhou,
Ningxia Liaoning
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Fig. 1 Box plots of aroma and taste perception attributes of 119 accessions of apricot
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Table 2 Analysis of coefficient of variation of fruit quality related traits in 119 accessions of apricot
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Traits Mean SD Skewness Kurtosis Min. Max. CV/%
P Fruit mass (FW)/g 77.24 30.40 0.28 -0.74 19.20 153.20 39.36
w (AT VA EETE4))  Soluble solid content (SSC)/% — 14.09 2.23 0.54 0.09 9.70 20.32 15.81
JSZMFSE Firmness (F)/ (kg-em™) 2.07 0.88 1.02 1.23 0.73 5.27 42.43
w (FEHE)  Sucrose content (SUC)/ (mg-g!) 38.48 14.56 -0.04 1.15 1.23 91.43 37.83
w (Ei%BE)  Glucose content (GLU)/ (mg-g™) 2451 10.74 0.69 0.30 3.50 58.98 43.82
w (%) Fructose content (FRU)/ (mg-g!) 14.16 7.10 0.99 0.42 2.63 33.62 50.15
w C1hZEE)  Sorbitol content (SOR)/ (mg-g™) 7.51 6.28 157 253 0.91 34.15 83.62
w CGESRLER)  Malic acid content (MAL)/ (mg-g')  7.96 4.16 0.85 0.80 141 20.90 52.34
w (FF##R)  Citric acid content (CIT) (mg-g')  7.24 6.61 1.64 2.98 1.15 32.55 91.23
w (ZEJE#R) Quinic acid content (QUI)/ (mg-g')  1.04 0.48 1.30 3.52 0.26 3.21 45.88
w(ZEH %) Shikimic acid content (SHI)/ (mg-g')  0.02 0.01 0.94 0.64 0.00 0.06 51.49
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Fig. 2 A heat map of fruit quality traits in 119 accessions of apricot
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Table 3 Total variance of indicators

N2 ix RHEME TR FRRATTR A

Principal Component  Eigenvalue  Contribution/%  Cumulative contribution ratio/%

1 8.508 28.358 28.358

2 5.207 17.355 45.714

3 3.699 12.331 58.044

4 2.223 7.410 65.454

5 1.818 6.061 71.515

6 1.269 4.230 75.746

7 1.235 4.116 79.862

8 0.953 3.176 83.038

9 0.923 3.078 86.116

10 0.692 2.308 88.424

11 0.619 2.062 90.486

12 0.545 1.815 92.301

13 0.397 1.324 93.625

14 0.357 1.190 94.815

15 0.315 1.050 95.865

16 0.252 0.840 96.704

17 0.242 0.806 97.510

18 0.164 0.546 98.056

19 0.156 0.520 98.576

20 0.134 0.446 99.022

21 0.079 0.263 99.285

22 0.075 0.249 99.534

23 0.050 0.166 99.700

24 0.039 0.131 99.831

25 0.020 0.066 99.897

26 0.012 0.039 99.936

27 0.011 0.036 99.971

28 0.005 0.016 99.988

29 0.003 0.010 99.997

30 0.001 0.003 100.000

& 4 HREEXEREOERS S
Table 4 Principal component analysis of fruit quality traits of apricot

ERIN EHgr 1 ERGr 2 FERG 3
Traits PC1 PC2 PC3
R FW -0.113 -0.108 -0.337
A ERE Y SSC 0.131 0.230 0.131
TR F 0.073 0.203 0.074
HEHE SuC 0.037 -0.097 -0.126
MRS GLU 0.104 0.314 0.123
RHE FRU 0.119 0.275 0.186
I%LEE SOR 0.140 0.261 0.125
ZJER QUI 0.056 0.055 0.325
R MAL -0.065 -0.074 -0.134

FEEER SHI 0.076 -0.011 0.253



&R CIT -0.032 -0.133 0.407

EAk Sourness -0.175 -0.320 0.180
TR Bitterness 0.051 0.145 -0.321
Wk Astringency -0.148 -0.267 0.057
R ER Aftertaste-B 0.023 0.072 0.174
TEREER Aftertaste-A 0.033 0.016 0.152
Ik Umami 0.183 0.320 -0.100
ik 4= & B Richness 0.140 0.184 -0.069
B Saltiness 0.088 -0.025 0.382
#itnk Sweetness 0.128 0.281 -0.227
wic -0.272 0.143 -0.003
WS5S 0.306 -0.140 -0.048
w3cC -0.314 0.155 0.037
W6S 0.259 -0.157 0.040
W5C -0.180 0.111 -0.049
WwWi1s 0.275 -0.158 -0.085
wWiw 0.313 -0.128 -0.035
W2s 0.287 -0.167 -0.081
W2wW 0.314 -0.139 -0.046
w33 0.225 -0.105 0.035
FEEH Eigenvalue 8.508 5.207 3.699
TFiik% Contribution/ % 28.358 17.355 12.331

ZATTHRZE Cumulative contribution ratio/%  28.358 45.714 58.044

TE: MRRGES W2,

Note: Abbreviations of characters are shown in Table 2.

HIRYE 'S W# 2. 3. Abbreviations of characters are shown in Table 2 and Table 3.
E3 ET0MmBEMERNIMGEMREFRERS THTE (PCA)

Fig. 3 Segregation of 119 accessions of apricot according to their quality traits determined by principal

component analysis (PCA)
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Table 5 PCA scores of 119 accessions of apricot

%5 o MG ET) Zane G5 Zoa N ETRS S G
No. Scores No. Scores No. Scores No. Scores
1 45.67 31 66.06 61 47.49 91 60.01
2 53.52 32 63.70 62 42.29 92 72.22
3 42.64 33 60.32 63 62.01 93 64.40
4 79.33 34 43.91 64 53.28 94 46.06
5 64.34 35 54.92 65 64.48 95 42.64
6 54.06 36 61.38 66 40.09 96 55.99
7 44,93 37 60.07 67 57.21 97 63.41
8 58.40 38 49.88 68 70.36 98 45.37
9 96.75 39 64.00 69 85.81 99 62.89
10 56.33 40 51.71 70 55.03 100 63.91
11 44.60 41 65.10 71 44.21 101 63.28
12 48.36 42 49.22 72 61.60 102 93.66
13 54.10 43 48.57 73 48.01 103 69.74
14 66.58 44 88.20 74 62.01 104 75.72
15 60.11 45 68.63 75 80.15 105 62.87
16 49.98 46 52.19 76 85.81 106 64.70




17 78.17 47 49.92 7 57.13 107 83.04
18 47.87 48 60.81 78 58.79 108 64.97
19 53.35 49 65.29 79 57.51 109 67.60
20 50.00 50 53.45 80 74.88 110 86.44
21 50.06 51 50.20 81 67.24 111 64.68
22 51.25 52 72.56 82 52.06 112 72.58
23 41.18 53 51.12 83 44.05 113 68.86
24 41.70 54 47.90 84 49.72 114 87.21
25 61.35 55 58.26 85 58.82 115 80.69
26 68.67 56 63.61 86 53.23 116 66.12
27 66.09 57 57.20 87 51.21 117 54.61
28 49.40 58 53.56 88 59.49 118 74.72
29 49.92 59 57.67 89 60.28 119 46.16
30 57.85 60 66.93 90 48.44
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Fig.4 Dendrogram of cluster analysis based on the phenotype characters in apricot
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