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Abstract: [Objective] In order to investigate the genetic variation characteristics of fruit sugar and acid
in the triploid jujube offsprings, we determined the sugar and acid contents of triploid hybrids and their
parents by HPLC. Jujube is a characteristic economic fruit tree species native to China. With the increas-
ing diversification of consumer preferences for fruit flavor, polyploid breeding has become an important
approach for creating new varieties. In previous studies, the tetraploid cultivar Chenguang was used as
the male parent and diploid Dongzao as the female parent to generate a triploid hybrid progeny popula-
tion through interspecific hybridization. However, the genetic patterns of sugar and acid components in
triploid jujube have not yet been reported. Therefore, this study aimed to elucidate the inheritance mech-
anisms of fruit sugar and acid contents in triploid jujube offsprings and provide a theoretical basis for
ploidy hybridization in jujube breeding programs. [Methods] The tetraploid Chenguang (CG, 2n=48)
was used as the male parent and diploid Dongzao (DZ, 2n=24) as the female parent. A total of 41 trip-
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loid progeny populations were generated through controlled hybridization under net- covered condi-
tions, along with fruits from both parents serving as test materials. In 2023, 30 fruits were collected
from each tree for sugar and acid composition analysis. The samples were freeze-dried for 48 hours us-
ing a vacuum freeze dryer, weighed, and ground into powder using a grinder. Each sample was then
thoroughly mixed to form three technical replicates and stored in a =80 °C freezer for subsequent experi-
ments. Sugar and acid components were quantified using high- performance liquid chromatography
(HPLC). Genetic variation in fruit traits was assessed based on the coefficient of variation (CV), trans-
gressive segregation, and genetic transmission rates. Pie charts and box plots were employed to illus-
trate the distribution and content levels among the progeny, while normal distribution plots were used to
depict the overall genetic trends. Data analysis was conducted using Excel 2016, and graphing was per-
formed using Origin 2024. [Results] The sugar composition in the triploid hybrids fruit primarily con-
sisted of sucrose, fructose, and glucose. Among these components, sucrose exhibited the highest con-
tent, accounting for 67.18% of total sugars, with a range from 98.76 mg- g"' to 222.60 mg- g"' and an av-
erage of 153.62 mg- g"'. Fructose and glucose followed, representing 16.09% and 16.73%, respectively.
The average contents of fructose, glucose, and total sugar were higher than those observed in the mid-
parents. The variation coefficients among sugar components in the hybrid progeny ranged from 18.40%
to 52.45%. The genetic transmission rates of fructose, glucose, and sucrose in the triploid hybrids were
174.96%, 193.25%, and 94.83%, respectively, indicating that the variation in sugar components was pre-
dominantly influenced by genetic factors. Furthermore, the proportions of total sugar, fructose, and glu-
cose were 78.05%, 80.49%, and 78.05%, respectively. However, the sucrose content in the hybrid proge-
ny fruits was lower than that of the parents, with only 65.85% similarity to the low parent, suggesting a
tendency for fructose and glucose levels to increase while sucrose levels tend to decrease in the proge-
ny. The acid composition in the fruit of triploid hybrids was ranked as follows: citric acid>ascorbic ac-
id>malic acid>quinic acid>tartaric acid>>oxalic acid>fumaric acid. Citric acid (1.41-5.98 mg-g")
and ascorbic acid (0.93-5.68 mg - g'') were the predominant organic acids, accounting for 36.62% and
29.28%, with average contents of 3.32 mg-g"' and 2.54 mg- g, respectively. The total organic acid con-
tents ranged from 3.84 to 15.78 mg- g, with an average of 9.07 mg- g'. Citric acid, ascorbic acid, malic
acid, fumaric acid, and total acid exhibited a normal distribution, whereas the frequency distributions of
oxalic acid, quinic acid, and tartaric acid showed skewed patterns. The coefficient of variation among
acid components ranged from 34.04% to 67.57%. On average, the acid content of triploid-hybrid fruits
was higher than that of the midparent value. The midparent heterosis rate varied between 31.94% and
166.78%, with the heterosis rate for total acid being 67.68%. The proportion of individuals exhibiting
superior performance over the high parent was 87.80%. The results indicated a genetic predisposition to-
ward the accumulation of organic acids beyond that observed in the parental lines. Fructose and glucose
showed an extremely significant positive correlation with each other; fructose and glucose showed an
extremely significant positive correlation with total sugar; both fructose and glucose showed an ex-
tremely significant negative correlation with sucrose. Citric acid was positively correlated with oxalic
acid, quinic acid, and malic acid. Quinic acid demonstrated positive correlations with malic acid, citric
acid, ascorbic acid, and total sugar, while showing a negative correlation with tartaric acid. Total acidity
was positively associated with quinic acid, malic acid, citric acid, and ascorbic acid. The total sugar con-
tent across the tested samples ranged from 268.03 mg- g to 282.00 mg - g''. Among the four high-acid
genotypes, the total acid contents ranged from 12.10 to 15.78 mg - g''. Two genotypes with total sugar

content = 274.95 mg - g’ and total acid content = 12.72 mg - g"' were identified as superior germplasm
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resources with high sugar and acid content. [Conclusion] Sucrose, fructose, and glucose were identi-

fied as the primary components of soluble sugars, whereas citric acid and ascorbic acid were the main

organic acids present in the triploid hybrid progeny. Fructose, glucose, sucrose, citric acid, and ascorbic

acid are quantitative traits that are regulated by polygenes. The contents of fructose, glucose and acid

components show a tendency of high heredity, while the content of sucrose shows a tendency of low he-

redity. Four superior lines exhibiting high sugar content, four lines with high acidity, and two lines char-

acterized by both high sugar and acid contents were successfully selected within the triploid hybrid

progeny.
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The upper section displays the fruits of the maternal Dongzao and the paternal Chenguang; The lower section show the fruits of several hybrid off-

spring. Bar is 20 mm.
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Fig.1 The fruits of male, female parent and several hybrid offspring
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Fig.2 Proportions of various carbohydrate components in parental and hybrid populations
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The box represents the concentrated distribution range of the data,
with the upper edge indicating the maximum value and the lower edge
to indicating the minimum value. The upper quartile refers to 75% of
the data, obtained after arranging a dataset from the smallest to the
largest value. The median corresponds to the middle value of the datas-
et, representing the 50th percentile. Similarly, the lower quartile de-
notes the 25th percentile of the data. The same below.
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Fig. 3 Distribution of sugar components, total sugar

content in triploid hybrid population

I UL A R REAS RSB & 2 22 R ROR.

2.1.2 R EASIRBARE A 5 MK A R A 4
F 22 S AR TR S 1 SR R A R R R A R
5B IE S AL (B 4) , I = 5k 5458
Je AR SR S Ao 4L Gy B B A A A 2 S TR 4 ) B B2
R, IX G ET AR — 3. B 7E SRR
A5 5 B BTE N 18.40%~52.45% (£ 1), &R ¥
W zmnsE. MEmesELR /7&K, H
52.45%, PEIR S B BN 2. S ET R R/
7N, R 18.40% , it BH REBE A5 2% 22 J5 AR (138 S A B

TR A, WAL A R . R = AR A2 5 R
SR AT 27 A N IRE B T8 A A 3 28 40 A 174.96%
193.25% H194.83% , 2 W] B 2H 73 1) 15 A% R0 2 55 i
F A Je AR Hp B (1) 6 1 1 U AR 78.05% » SR A
ap e L () Ay N e b S (Y R = S A e 1 Bl
4 80.49%F11 78.05% ; FE HE -~ M W BAR T 5% 4E
RAR S E A5 M 65.85% » i B 8 = % 1 S AR e A SR ik
MEE RS EEGESZ R, S 2N £
i MR R %

22 EXREREBEATEETRESH

221 ZRBRBRESPALASSHH BT
= AE AR R SZ IRy O RE 5T, SL 45 7 R L
. S nl e =k e e R R A 7 2 s
ZARMKUONFT IR > PUdp R > 3 R > 2 7% >
BWAMR>HER>E5R. rERLGHH &SN
36.62%, B & T HAMBR 4 4y o BREARL BRI RXA R
J6 A 2 DL I R 5 B, 4 Gl O 45.32% F
47.61% . fEAFE R 2 2 2 Ja R AT R o5 HAR
T X3E 5 PUIR I ER (28.03% ) 5 & TR 5
(16.52%) )= T XoE . WA S E&E o (Bl6)k
B, S E VLR S BV N 3.84~15.78 mg - g, “FH41H
N9.07 mg-g's MRS & (1.41~5.98 mg- g ) FPL
RIS &5 5 (0.93~5.68 mg- g N =R AR sz rh )
FEHHER, FIMESHIN3.32 mg-g' FI2.54 mg-g';
Wi 2 A R 64.65% . S RAL 4> & & K s A AL
R S MU o B )i, HE MR 443 ()84 A2 3 gk
PR S M 9 K o A 2 P R 7 22 ok 2R HE IO 21 Wi o 4L
Ut B JE AR T TR AL BB AR 2R 1 B, 3X AT RE A2 HR
TGN AN G A A 1) 5

222 R EAZREFEARER L MR A R AE 4 R
B 7 mp 0, = AR R 8 SR AUR SERIAT R IR L 3 R
B2 & DR K AR ZYLIES DA RHE , HER PR ML



262 I I S 435
8r — 8 r
£ 6l 5 6l —
= 5
9] o
Be cg 4
o o L
oo 4r — T e 4
W e o
& 2 % £
E 2k = 2 L
=] IDZ Z
z (-c | :
0 - ) 0 |_ I )
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100 110
wCRHD wCH D
Fructose content/(mg-g™) Glucose content/(mg-g")
10F 101 —

A JE AL
Number of progenies

A RARM
Number of progenies

i

0 L L L L Il
80 100 120 140 160 180 200 220 240 150 175 200 225 250 275 300
w( R wCE B
Sucrose content/(mg-g"') Total sugar content/(mg-g")

DZ NBIALACG ARARN . T,
DZ represents the female parent Dongzao; CG represents the male parent Chenguang. The same below.
El4 F=ZFHERIEEIIERITERE

Fig. 4 Histogram frequency distribution of sugar component in triploids hybrid fruit

R1 REBEESMDEEROEEZR S0

Table 1 Genetic variation analysis of sugar components and total sugar content in triploids hybrid fruit

7K Parents TREER Progeny population
PR T+ Ay % i# FAESE IR
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Fig.5 Proportion of acid components in parental and hybrid populations
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Fig. 6 Acid components, total acid content and their distribution in triploid hybrids fruits
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Fig. 7 Histogram of frequency distribution of acid components in triploid hybrids fruits

B Bk AL - 75 50 & 1390 3 BRI SRWE M6 ) B
FrIBRIEAN R, T HE 1 2S5 PR L o1 2 25 1, X
— AT RE 5 R SE L R TP AL (INVD
FENE G e (SSOAE BB TE VE 2 3 DA ™ ASH)T

FONS 42 21 A = (5 R R SCRE 2 3 D 5 KB, 28 A8 )
ARREHE 7 b AN 25 58 30 2 B R80T SR A
T E I B AR, SR W A O 38 A AL
2o RERE T B AP A I oC . — . T



5234

SRR 55+ ZARIE =5 e AR SRR A 0 1% A2 57 7 A 265

#*x2 RIMEANSFBBREROBETZSW

Table 2 Genetic variation analysis of fruit acid components and total acid characters

SEA Parents TFARIEK Progeny population
PR o M . L A PR ot ArncE KR

Mean+SD CVI% MPH/% Ta/%  RH/% RL/%
w(H ) Oxalic acid content/(mg-g™") 0.11 0.23  0.17 0.23+0.15 0.01 0.85 67.57 32.60 132.61 39.02 17.07
wl AR ) Tartaric acid content/(mg-g™) 0.23 0.28 0.26 0.44+0.28 0.23 1.92 6245 7267 172.67 87.80 243
w(ZE 7)) Quinic acid content/(mg-g") 0.62 0.51 0.56 1.50+£0.76  0.17 3.64 5044 166.78 266.78 87.80 9.76
wERER ) Malic acid content/(mg-g™) 0.49 0.65 0.57 1.01+0.42 0.41 2.08 41.06 77.23 177.23 80.49 4.89
wOkBER) Citric acid content/(mg-g") 229 275 252 3324113 142 598 3404 3194 13194 6829 21.95
w( IR IR ) Ascorbic acid content/(mg-g')  1.29 1.34 131 2.54+£0.96 0.93 5.68 37.88 9333 193.33 92.68 4.89
w( & ) Fumaric acid content/(mg-g") 0.02 0.02 0.02 0.02+0.01 0.01 0.05 36.81 54.77 15477 8293 17.07
w2 Total acid content/(mg-g") 5.04 577 541 9.07+£2.73 3.84 15.78 30.07 67.68 167.68 87.80 7.31
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B Total sugar | @ @ - 0.4

R Oxalic acid ® 057 L 02

A 1 Tartaric acid

% 7 Quinic acid| # ™ 0.56 | 0.65 | 0.61 ost || [0

W 5ER Malic acid * = 0.70 0.71 02

¥R Citric acid * % ® @ 0.52 0.90 -0.4

PUAR MR Ascorbic acid E-) £ ; 175 0.78 0.6
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4% Total acid * ® © @O © i
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* indicates significant correlation at P<<0.05; ** indicates extremely significant correlation at P<<0.01.
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Fig. 8 Correlation analysis of sugar and acid components in triploid hybrids fruits
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Table 3 Selected superior lines with high sugar, high acid and high sugar-acid content
it} 1= h# High sugar =i High acid =T TR High sugar acid
Type Q1 Q140 Q123 Q138 Q129 Q5 Q11 Q102 Ql64 Q184
wCE R 282.00 276.89 269.14  268.03 244.20 230.15 259.18 210.92 286.17 274.95
Total sugar content/(mg-g")
wCURER) 6.62 10.41 7.75 8.52 1578 1388 13.12 12.10 12.72 15.00
Total acid content/(mg-g")
wCRFE 82.10 51.87 25.73 62.86 48.04 3932 3122 24.00 88.24 25.45
Fructose content/(mg-g")
wCEEIRD 101.14 50.23 2639 6451 50.39 3754 3071  22.00 93.77 26.90
Glucose content/(mg-g")
wHERE) 98.76 174.79 217.01  140.66 145.78 153.29 197.25 164.93 104.16 222.60
Sucrose content/(mg-g"')
w(HLR) 0.15 0.15 0.25 0.15 0.33 0.33 0.22 0.85 0.23 0.05
Oxalic acid content/(mg-g™")
wCE SR 0.01 0.02 0.04 0.02 0.02 0.03 0.03 0.05 0.01 0.02
Fumaric acid content/(mg-g™)
wOF AR 0.28 0.46 0.47 0.43 0.38 0.45 0.32 0.36 0.38 0.36
Tartaric acid content/(mg-g™")
w(E TR 1.37 1.83 1.48 1.60 3.64 267 234 187 2.90 2.55
Qunic acid content/(mg-g™)
wCGERERD 0.85 1.17 0.91 0.82 1.54 2.08 1.88 1.35 1.70 0.98
Malic acid content/(mg-g")
wUTHEIR) 2.22 428 3.13 3.19 444 496 486 598 4.60 5.39
Citric acid content/(mg-g™")
wHLIA MR 1.73 2.49 1.47 2.31 5.41 3.38 3.47 1.64 2.90 5.65

Ascorbic acid content/(mg- g ")
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