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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 instru-
mental methods. The overall and rapid evaluation of apricot fruit quality traits from different groups is
lacking. Therefore, we studied the genetic variation of aroma, taste and other fruit quality traits of a
large population of apricot using rapid evaluation methods to select specific germplasm resources and
provide theoretical basis for genetic improvement of fresh apricot. [Methods] In this study, 119 sam-
ples of apricot germplasm resources, which were sampled for two consecutive years, were used to mea-
sure fruit weight, soluble solid content, fruit firmness, the components of soluble sugar and organic ac-
ids, 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. [Re-
sults] The coefficients 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
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including sucrose (SUC), glucose (GLU), fructose (FRU) and sorbitol (SOR) and organic acid compo-
nents, 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 mea-
surement showed that the volatile substances of apricot germplasm resources were sensitive to WSS,
WIS, WIW 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 apri-
cot 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 soluble solid content and the acid components content. The sweet-
ness 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 prin-
cipal component (PC1) represented the aroma characteristic of apricot, the second principal component
(PC2) represented fruit taste related traits, and the third principal component (PC3) represented acid
component content and fruit weight. The contribution rates of PC1, PC2 and PC3 were 28.36%, 17.36%
and 12.33%, separately, and the cumulative contribution ratio of them was 58.05%. According to the
principal component score table of each apricot variety, the varieties with high PC1 score had higher
aroma response value and special fragrance, and Caotanmeixing, Shizixing, Kezilang and Baisaimaiti
belonged to this group. A high PC2 score indicated 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 indicated a high content of acid components and a small fruit
weight, and Huaxianchibangzi, Yingtiao, Sundrop, Betinka and Wangshizhong belonged to this group.
According to the cluster analysis, when the genetic distance was 60, the remaining varieties except Cao-
tanmeixing 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 II could be further divided into four sub-
groups. Germplasm screening by comprehensive score of principal factors was an important method for
objective evaluation on excellent germplasm resources. According to the proportion weight and contri-
bution 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 re-
sources, the top 10 germplasm materials were Caotanmeixing, Kumanti, Guantingerhuang, Tuohutiku-
dayouxi, Mokeyouxi, Stela, Hacihaliloglu, Kezikeximixi, Kalayuliike 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 characteris-
tics of apricot. Eight excellent germplasm resources, including Caotanmeixing, Tuohutikudayouxi,
Mokeyouxi, Stela, Hacihaliloglu, Kezikeximixi, Kalayuliikke and Soganci, were selected to be used as
parental materials for genetic improvement for fresh apricot.
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Table 1 Basic information of 119 accessions of apricot
%5 AR R G5 AR KR BT AR N
No. Name Origin No. Name Origin No. Name Origin
1 &g HR =N 28 iy Bl Y= 55 hEEA LR i &
Jinmama Lanzhou, Gansu Shanhuangxing Changping, Beijing Qufubaixing Qufu, Shandong
2 Rk e 22 29 B JEseR L 56 TR W %%
Zhupishui Lanzhou, Gansu Huangjianzui Fangshan, Beijing Pingduhaitanghong Tai’an, Shandong
3 EpREE HM = 30 iRy sl =yl 57 RE&w® IR %%
Lanzhoudajiexing Lanzhou, Gansu Fangshandahongxing Fangshan, Beijing Zaomaihuang Tai’an, Shandong
4 SHKRA TH 31 ik A5 L 58 #dkoc IR %
Xinshuixing Ningxia Fangshanbaitao Fangshan, Beijing Yangjiyuan Tai’an, Shandong
5 RN EA TEAR) 32 KRAELER JentifvE 59 B ARG
Yinchuanjidanxing Yinchuan, Ningxia Dabaiyubada Haidian, Beijing Bairen Yantai, Shandong
6 HRNIBA TER) 33 bR E Jentifgve 60 Wi IS il=)
Yinchuantaoxing  Yinchuan, Ningxia Beianhepingguobai  Haidian, Beijing Guanyinlian Yantai, Shandong
7 WEA ] 34 WEIRAHE JERHELR 61 HTp ARG
Yinxiangbai Shaanxi Yanqgingmaihuang  Yanqing, Beijing Yanziban Yantai, Shandong
8 KA 1ok G 35 HEHIE A Jemtie 62 ERA ARG
Zhanggongyuan  Caotan, Shaanxi Guajiayukuhebai Yangqing, Beijing Pingguoxing Yantai, Shandong
9 FMEAGA ok P 36 FEPRVD AL JEHTHERR 63 KIbEL L pgRAy
Caotanmeixing Caotan, Shaanxi Yangingshajinhong  Yanqing, Beijing Taigushajinhong Taigu, Shanxi
10 TR Ay ok 74 37 BEKH JEE[A=F = 64 KA iyt
Caotancaoxing Caotan, Shaanxi Changlishuibai Changli, Hebei Taigubaishui Taigu, Shanxi
11 KL PPN 38 H ERIA=E 65 HILHAH R B
Dalimaihong Dali, Shaanxi Huangtianhe Changli, Hebei Jixianxiangbai Jixian, Tianjin
12 3kps KA RPN 39 ik HEA=ES 66 A BB
Touwodajiexing ~ Dali, Shaanxi Honghuajie Changli, Hebei Zhongbai Youyi Farm, Hei-
5 8 longjian
13 D e 40 W DELEES ‘ nenme
Machuanling Dali, Shaanxi Yingtiao Changli, Hebei 67 EIKEA i ARAE I
. . L . o Yanbiandabaixing Yanbian, Jilin
14 Rz PPN 41 MiFA PCI AR s .
Dalitaoxing Dali, Shaanxi Shizixing Guangzong, Hebei 68 EﬁL/J\ ’J;@ JI.?:“:%E o
o G S R Tianrenxiaohongpao  Beizhen, Liaoning
15 G2t PN 42 Pk TGRS o o
R P
Jinsitianren Dali, Shaanxi Huailaimaihuang Huailai, Hebei 69 i _,I?@ Jl.?:[t%‘ N
Kurenxiaohongpao Beizhen, Liaoning
4T A & T £ RS2 N FRS .
16 EIEHEIVI =} ) @%ﬁ—fﬁg ) 43 W%/&KVI /ﬂ:”: Wﬂ% . 70 "E/I{:l\ E?;J:\I%
Yanzhihongxing  Huaxian, Shaanxi Huailaihaitanghong  Huailai, Hebei . .
Gaxing Donggang, Liaoning
IR 4 BIT— EIRYS: NEUNRUN
17 RRIEAE  BRRR 44 BT FLEYR g st e
Huaxianchibangzi Huaxian, Shaanxi Guantingerhuang Huailai, Hebei X . —
Gushanxingmei Donggang, Liaoning
o e s y PR NEUN N
18 %¥ﬁ‘§ @%ﬁ”m@Sh ' 45 g}ﬁ“ﬁl‘h /EHI:.&W?E e R TR
Maizihuang Lintong, Shaanxi ipianhuang Huailai, Hebei Shajinhong Donggang, Liaoning
19 WWIERE Bl | 46 B MERE | o s T
Lintongyinxing Lintong, Shaanxi Momoxing Jingxian, Hebei Fakuyinbai Faku, Liaoning
20 ek Ik 1 s 47 HEREA bR 74 PRl LM
Lintongcaizihuang Lintong, Shaanxi Yuxiandajiexing Yuxian, Hebei Chentunguanyelian Gaizhou, Liaoning
21 R RS 48 L KAMgT T JBIE IR 75 KEZ LB
Haidongxing Chang’an, Shaanxi Honghuomeizi Yanqing, Hebei Shuizhenhe Heishan, Liaoning
22 A RIS 49 RFE1%5 TR R 76 WP LTHr 5
Niujiaohuang Chang’an, Shaanxi Lingbaolhao Lingbao, Henan Jinxilizixing Huludao, Liaoning
23 WRA kvl 50 HHIAKHA TR KB M 77 KA pU
Baotianxing Shaanxi Zhengzhoushuibai ~ Zhengzhou, Henan Shuilixing Jinxi, Liaoning
24 B)\ik Jemt 51 &z e 78 A LTI
Tiebada Beijing Jingangquan Huabei Boxing Liaoyang, Liaoning
25 JLRUKG B[y 52 & e 79 KETA LTI
Beijingshuijing Beijing Jinxing Inner Mongo Shuilizixing Liaoyang, Liaoning
26 4)\ik B[ 53 XU S 80 ILPHZETA LIl
Hongbada Beijing Shuangren Inner Mongo Liaoyanglizixing Liaoyang, Liaoning
27 BEZ AU i R 7R B 81 ERA-AY L7 v
Yingtiaojingxing  Beijing Qufuerhuang Qufu, Shandong Lourenxing Lingyuan, Liaoning
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%1 (4) Tablel (Continued)
G AR U T AR R T AR K
No. Name Origin No. Name Origin No. Name Origin

82 IEf IL T MR 95 ALK WriEi G 108 HEHEA i
Xiaoquanxing Liishun, Liaoning Kezikeximixi Luntai, Xinjiang Huiyangbaixing North Korea

83 KA LRI SIS Hramse & 109 @EEEA L] a8
Daquanxing Liishun, Liaoning Jianali Luntai, Xinjiang Chaoxianbaixing North Korea

84 #ilIxHA U A1 97 5.9 SHTEE Ik 110  Harlayne JIIEVN
Panshanyunbai Panshan, Liaoning Wu-9 Yecheng, Xinjiang Canada

85 Mtk L7 RedE 98 FflFR HraE 111 Stela e
Hebaozhen Xiongyue, Liaoning Mokeyouxi Yecheng, Xinjiang Czech

86 B I ] 99 K4 EE LR 112 4KP KIH
Xiemaxing Zhuanghe, Liaoning Dahu’anna Yecheng, Xinjiang Sungold USA

87 Zhimk R AN 100 K/ L3R PRI 113 Katy ESE
Anjiana Hotan, Xinjiang Dakumaiti Yecheng, Xinjiang USA

88 REL IR HrsEeE AL 101 FI%ELIE SHTEE Ik 114 Sundrop EH
Kabakeximixi Kashgar, Xinjiang Baisaimaiti Yecheng, Xinjiang USA

89 T HraE 102 FETREBMAR  FraEmn 115 fFilik HA
Kezilang Keping, Xinjiang Tuohutikudayouxi  Yecheng, Xinjiang Xinshanwan Japan

90 &R M 103 FHEAR Hram Ay e HALA FA
Kumanti Keping, Xinjiang Kalayuliike 1li, Xinjiang Ribenxing Japan

91 EBHLH SHTEE AT 104 KR hyb SN BRH 117  Soganci THIH
Maolaxiao Keping, Xinjiang Dahongzhongsha Guiyang, Guizhou Turkey

92 FEFE1Y R R 105 Fitkrp Yy E 118  Hacihaliloglu THH
Kuche No.1 Kuche, Xinjiang Wangshizhong Luding, Sichuan Turkey

93 FEE3G a7 106 WA =i 119 Betinka T
Kuche No.3 Kuche, Xinjiang Wantianxing Yunnan Czech

94 SEHFTIG o 4 107 JEARA WL
Keziaqia Kuche, Xinjiang Yuandongxing Jinhua, Zhejiang
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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
KRN FEME heiEZE T e W i B/ ME = ON=1 A R A
Trait Mean SD Skewness  Kurtosis Min. Max. CVI%
B & Fruit mass (FW)/g 77.24 30.40 0.28 -0.74 19.20 153.20 39.36
wCEPEETEY)) Soluble solid content (SSC)/% 14.09 2.23 0.54 0.09 9.70 20.32 15.81
RS R Firmness (F)/(kg-em™) 2.07 0.88 1.02 1.23 0.73 5.27 42.43
wERE) Sucrose content (SUC)/(mg-g™") 38.48 14.56 -0.04 1.15 1.23 91.43 37.83
w(HI & %) Glucose content (GLU)/(mg-g") 24.51 10.74 0.69 0.30 3.50 58.98 43.82
w(HHE) Fructose content (FRU)/(mg-g™") 14.16 7.10 0.99 0.42 2.63 33.62 50.15
w124 Sorbitol content (SOR)/(mg-g") 7.51 6.28 1.57 2.53 0.91 34.15 83.62
wGERER) Malic acid content (MAL)/(mg-g™") 7.96 4.16 0.85 0.80 1.41 20.90 52.34
w(FFIEER) Citric acid content (CIT)/(mg-g™) 7.24 6.61 1.64 2.98 1.15 32.55 91.23
w(ZEJEMZ) Quinic acid content (QUD)/(mg-g") 1.04 0.48 1.30 3.52 0.26 3.21 45.88
w(ZEH L) Shikimic acid content (SHD/(mg-g™") 0.02 0.01 0.94 0.64 0.00 0.06 51.49
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15.81%~91.23%2 ], 2HLH B KL FIRE . f7
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Fig.2 A heat map of fruit quality traits in 119 accessions of apricot
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Fig. 3 Segregation of 119 accessions of apricot according to their quality traits determined by principal

component analysis (PCA)
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