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Inheritance of sugar and acid contents in the fruits of triploid hybrids
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Abstract: [Objective] To uncover the inheritance of sugar and acid contents in the fruits of citrus trip-
loid hybrids, we determined the components and contents of soluble sugars and organic acids in the
fruit pulp of triploid hybrids and their parents from two citrus triploid hybrid populations by Gas Chro-
matography (GC). Citrus is one of the most important fruit crops worldwide. Seedlessness is an increas-
ingly important trait in relation to citrus fruit quality. And the triploid breeding strategy has been proved
to be an efficient way to create seedless citrus. In the past 20 years, Huazhong Agricultural University
has produced a large number of citrus triploid hybrid populations based on the hybridization between
diploid and tetraploid. However, less attention has been focused on the genetic trend of sugar and acid
components in triploid citrus. Therefore, exploring the inheritance of sugar and acid contents in the fruit

of citrus triploid hybrids is necessary to provide a basis for selecting parents in citrus triploid breeding.
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[Methods] Two triploid hybrid populations, previously obtained from interploidy crosses with diploid
Nadorcott tangor as female parent and two allotetraploid somatic hybrids Nova tangor + Succari sweet
orange (abbreviated as NS) and Succari sweet orange + Dancy red tangerine (abbreviated as SD) as
male parents, were used as materials. And the two triploid hybrid populations were named as MNS and
MSD, respectively. Fully ripening fruits were collected in 2018 and 2019 for fruit quality analysis.
Twelve fruits from each tree were sampled and pooled for three technical replicates. One part of the
fruit pulp was used for the determination of total soluble solid (TSS) and titratable acid (TA) contents
and the other part was immediately frozen in liquid nitrogen and stored at —80 ‘C. The contents of TSS
and TA in the fruit pulp of citrus triploid hybrids and their parents were measured using a refractometer.
Additionally, the contents of sucrose, glucose, fructose, malic acid and citric acid of the fruits of two
parents and their progenies were further determined by Gas Chromatography (GC). The genetic varia-
tion of fruit traits was evaluated by coefficient variation (CV), genetic transmitting ability (Ta) and trans-
gression rate, and the normal distribution map was used to reflect the genetic tendency of the progeny.
The data were processed by using Microsoft excel. [Results] Sucrose, fructose and glucose were the
major components of sugar, while citric acid and malic acid were the major components of organic acid
in the fruit pulp of citrus triploid hybrids. The triploid hybrid populations exhibited a wide phenotypic
variation in sucrose, fructose, glucose, total sugar, citric acid, malic acid and total acid contents, where
the average coefficient of variation (CV) of sugar and acid contents was more than 15% and 30%, re-
spectively, and the range of acid contents was higher than that of sugar contents, indicating that there
was a bigger selecting potential for acid contents. Additionally, the genetic transmitting ability (Ta) of
sucrose, fructose, glucose, total sugar, citric acid, malic acid and total acid contents was ranged from
65.50% to 184.85% , among which the highest was citric acid (with an average of 177.18% and
176.46% in the MNS and MSD triploid hybrid populations, respectively), indicating that the variations
of these traits mainly resulted from inheritance. The total sugar contents of triploid hybrid populations
inclined to low-sugar parent value, where the average ratio lower than low parent (LL) was more than
50% , showing a tendency of depression. However, the total organic acid contents were higher than
those of the mid-parental value, where the average ratio higher than high parent (/H) was more than
70%, displaying obvious heterosis performance. The total sugar content was close to the normal distri-
bution, indicating that it was a quantitative trait controlled by multiple genes. Nevertheless, the content
of citric acid displayed a skewed distribution, implying that acid contents might be controlled by the ma-
jor gene. [Conclusion] Our observations indicated that interploidy hybridization between diploid and
tetraploid did not change the contents of sugar and acid components in the fruit pulp of citrus, where su-
crose, fructose and glucose were the main components of soluble sugars, while citric acid and malic ac-
id were the major components of organic acids. The sugar content was normally distributed, and there-
fore likely to be controlled by multiple genes, whereas the organic acid content may be under the con-
trol of major gene for displaying a skewed distribution. The contents of sugar and acid in the fruit pulp
of citrus triploid hybrids were closer to the parent with high-acid and low-sugar content, and were prone
to be affected by the male parent.

Key words: Citrus; Triploid hybrid; Soluble sugar; Organic acid; Inheritance
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Fig.1 The frequency distribution of TSS and TA contents in the fruits of two triploid hybrid populations.
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Table 1 Variation and inheritance of TSS and TA contents in the fruits of two triploid hybrid populations
b fo PN N - SR —

fiibr Ale Fhy JERERE P/%  PJ/%  P%  Fl% WREZE Cpior e HEYG LL%G HMI%

Index Crosses  Year No. of progeny SD

MRS R MNS 2018 24 1134 1257 11.96 1081 162 1499 9042 1250  70.83 20.83

Total soluble solids  \iNg 2019 27 1371 1342 1357 943 LI3 1238 6730 0.00 100.00  0.00
MSD 2018 29 1134 1294 1214  10.09 155 1536  83.08 345 7586 10.34
MSD 2019 34 1371 1398 1384 1010 1.07 1059 7295 0.00 100.00  0.00

AT E IR MNS 2018 24 126 2.08 1.67 1.67 072 4311 100.17 2083  29.17 54.17

Titratable acid MNS 2019 27 139 193 1.66 155 054 3484 9340 2593 4444 3333
MSD 2018 29 126 095 1.10 132 052 3939 11958 5517  37.93 5517
MSD 2019 34 139 108 1.23 163 0.67 41.10 13216 5294  23.53 70.59

T PACERRIA S B P AURSOAE B PARSE P FARR =R AR M OV AR S 28 Ta AR %A% 18 ) s HH AAFRE R
Fe s LL RFARARSE L E . HM B PRI, T,

Note: P, represents the value in female parent; P, represents the value in male parent; P represents the median parent value; F represents the aver-

age value of triploid hybrids; CV represents the variation of coefficient; 7a represents the genetic transmitting ability; HH represents the ratio of high-

er than high parent; LL represents the ratio of lower than low parent; HM represents the ratio of higher than mid-parent. The same below.
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Fig. 2 The frequency distribution of the contents of sucrose, fructose, glucose and total sugar in the fruits
of two triploid hybrid population
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Table 2 Inheritance and variation of the contents of sucrose, fructose, glucose and total sugar in the fruits
of two triploid hybrid populations

Py N o s ] 3
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i MNS 2018 17 387.78  303.12 34545 33246 9652 29.03 9624 2353  29.41 3529
Sucrose MNS 2019 26 457.82 27121 36451 27584 8796 3189 7567 000  53.85 1538

MSD 2018 22 387.78 40125 39452 32140 9381 29.19 8147 13.64  81.82 18.18

MSD 2019 33 457.82 53297 49539 32449  87.57 2699 6550 0.00 100.00 4848
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Fig. 3 The frequency distribution of the contents of citric acid, malic acid and total organic acid in the fruits
of two triploid hybrid populations
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Table 3 Inheritance and variation of the contents of citric acid, malic acid and total organic acid

in two triploid hybrid populations

Ry gie )I\?(j.tj? Hey LRl P F RREE e e mpe L HMI%
Acid component Crosses  Year (mg-g" (mg-g") (mg-g") (mg-g" SD
progeny
IR MNS 2018 17 89.03  72.78 80.90 149.54 7593 50.77 184.85 8235 17.65 8235
Citric acid MNS 2019 26 89.34  68.73 79.04 13397 67.85 50.65 169.50 73.08 11.54 88.46
MSD 2018 22 89.03  57.97 73.50 128.07 59.85 4673 17426  63.64  9.09 72.73
MSD 2019 33 89.34  58.48 7391 132.05 8143 61.67 178.66 69.70 1515  78.79
WRR S E MNS 2018 17 2295 2267 2281 3492 964 2762 153.08 8824 1176 88.24
Malic acid MNS 2019 26 21.88  15.78 18.83 2688 11,52 4285 14270 57.69  7.69  73.08
MSD 2018 22 2295 25.09 2402 2859 11.02 3857 119.03 59.09 3636 63.64
MSD 2019 33 21.88  27.11 2450  27.66 10.02 3623 112.93 4848 2727 63.64
BREE MNS 2018 17 111.97 9545  103.71 183.09 75.61 4129 17654 8235 588 88.24
Total organic MNS 2019 26 11123 84.52 9787 160.84 66.85 41.56 16434 80.77  3.85 84.62
acid MSD 2018 22 111.97  83.05 97.51 15536 57.83 3722 15933 68.18 455 7727

MSD 2019 33 111.23 85.59 98.41 159.71 80.78 50.58 16229 72.73 9.09 84.85
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