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Abstract: The experiment aimed to explore the genetic variation at traits of sugar and acid components in F; generation of the
jujube hybrid, which might offer further support for selecting the parents and quality germplasm selection in breeding. The contents of
sugar and acid components in fruit of the 140 hybrid plants of 'TMS2' x 'Jiaocheng 5' and both parents were determined by high
performance liquid chromatography (HPLC). The results showed that the sugars in fruit of the hybrid progenies were mainly
composed of sucrose, fructose and glucose, of which sucrose accounted for 52.5 %. The variation coefficient of sugar components
ranged from 26.74% to 35.45%, with the highest variation coefficient of glucose and the lowest variation coefficient of sucrose. The
average value of fructose and glucose in F; plants were higher than the median value of both parents, while sucrose was lower than the
median value. The main acids were malic acid, quinic acid and citric acid, of which malic acid accounted for 35.10 %. The coefficient
of variation of acid components ranged from 29.67% to 42.86%. The mean value of malic acid in Fi was lower than the median value
of both parents, and the mean value of oxalic acid and fumaric acid was higher than the median value. The other acid components were
largely environment-dependent. Both sugar and acid components showed normal distribution characteristics and were quantitative

characters controlled by multiple genes. Finally, the optimal hybrid lines J17 and J70 with higher sugar content were identified.
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The box represents the concentrated distribution range of the data, with the upper edge representing the maximum value and the lower edge to representing the
minimum value. The upper quartile is the 75% of the data after arranging a set of data from smallest to largest. The median is the data that resides in the middle,
which is the 50% data. The lower quartile is the 25th percentile of data. the same below
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Figure 1 Fruit sugar constituent, total sugar and its distribution range of ‘Jms2’ X 'Jiaocheng5’ F; progenies
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Figure 2 Acid constituents, total acid, vitamin C content and their distribution range in the F; generation population
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Figure 3 Normal distribution of sugar constitution and total sugar in fruit
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Figure 4 Normal distribution of acid distribution and total acid in fruit
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Tablel Genetic variation analysis of sugar constitutions and acid constituents in fruit

A TR
Epy [EEN Parents Offspring
Year Traits BN RA e FEME NG RAME RKRME R RH ORI % AL F1/% T 5 3
Female Male MPV Mean. SD. Max. Min. CV. RHb Ta Skewness Kurtosis
B /(mg/g)
54.76 45.34 50.05 66.28 23.09 24.63 127.14 34.85 32.43 132.43 0.63 -0.37
Fructose/(mg/g)
W% BE/(mg/g)
50.54 77.12 63.83 67.95 24.09 21.53 138.35 35.45 6.46 106.46 0.64 -0.15
Glucose/(mg/g)
TEME/(mg/g)
136.19 135.47 135.83 149.10 48.88 62.56 260.62 32.78 9.77 109.77 0.52 -0.61
Sucrose/(mg/g)
S /(mg/g)
241.49 257.93 249.71 284.07 80.99 139.57 482.19 28.51 13.76 113.76 0.52 -0.59
Total sugar/(mg/g)
T/(mg/g)
o 0.08 0.06 0.07 0.09 0.03 0.03 0.20 33.33 32.00 132.00 0.88 0.91
Oxalic acid/(mg/g)
2020 NS
WA (mg/g)
. 0.94 0.82 0.88 1.40 0.55 0.35 3.19 39.29 59.41 159.41 0.81 0.63
Tartaric acid/(mg/g)
ZTR/(mg/g)
. 4.32 2.89 3.60 4.28 1.43 1.91 8.97 33.41 18.85 118.85 0.71 0.69
Qunic acid/(mg/g)
SRR /(mg/g)
o 5.23 5.40 5.32 4.55 1.48 1.28 9.49 32.53 -14.40 85.60 0.46 0.99
Malic acid/(mg/g)
FrEIR/(mg/g)
L 1.60 2.35 1.97 2.62 0.91 0.99 6.12 34.73 32.87 132.87 0.88 1.66
Citric acid/(mg/g)
& 5 R/(mg/100g)
o 1.47 0.99 1.23 1.40 0.60 0.41 3.60 42.86 13.82 113.82 1.18 2.88
Fumaric acid(mg/100g)
44K C/(mg/g)
4.30 3.82 4.06 4.64 1.19 1.97 9.13 25.65 14.30 114.30 0.75 1.38
VC/(mg/g)
S BR/(mg/g)
12.17 11.53 11.85 12.96 3.33 2.81 21.62 25.69 9.37 109.37 0.43 1.13

Total acid/(mg/g)



FEIR Lt/(mg/g)
Sugar to acid ratio/(mg/g)
SH/(mg/g)
Fructose/(mg/g)
W% BE/(mg/g)
Glucose/(mg/g)
TEME/(mg/g)
Sucrose/(mg/g)

S /(mg/g)
Total sugar/(mg/g)
IR /(mg/g)
Oxalic acid/(mg/g)

AR (mg/g)
Tartaric acid/(mg/g)
Z T R/(mg/g)
Qunic acid/(mg/g)
R/ (mg/g)
Malic acid/(mg/g)
FrEIR/(mg/g)
Citric acid/(mg/g)

& 5 R/(mg/100g)
Fumaric acid(mg/100g)
4 Cl(mglg)
VC/(mg/g)
JBBR/(mg/g)
Total acid/(mg/g)
FERZ LL/(mg/g)
Sugar to acid ratio/(mg/g)

2021

19.85

57.02

60.12

165.89

283.03

0.09

1.54

4.84

6.62

232

2.29

6.48

15.42

18.35

22.38

58.22

56.48

143.95

258.65

0.07

3.62

7.24

3.22

1.69

6.40

15.75

16.41

21.12

57.62

58.30

154.92

270.84

1.99

6.44

15.58

17.38

22.43

70.01

78.12

144.68

292.82

4.08

5.09

2.48

2.10

4.89

13.28

23.56

21.85

24.27

38.69

61.40

8.64

32.97

34.01

64.05

147.55

0.03

0.95

0.66

2.40

5.95

9.91

36.77

131.95

148.00

278.26

404.27

0.20

3.42

9.15

9.50

21.39

50.65

30.00

31.21

31.32

26.74

20.97

40.00

41.18

38.96

29.67

35.89

38.57

27.20

25.88

37.48

6.23

21.50

34.00

-6.61

25.00

-1.92

-3.55

-26.55

-10.47

5.53

-24.07

-14.70

35.56

106.23

121.50

134.00

93.39

108.12

125.00

98.08

96.45

73.45

89.53

105.53

75.93

85.30

135.56

0.42

0.40

-0.16

0.63

-0.77

-0.05

1.04

-0.85
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Table2 Correlation analysis of sugar fraction and acid fraction

JERTN SR W 5 hE KB BT el AR ETHR FRER FrR IR HIR PR L
Traits Fructose Sucrose Glucose Total Oxalic acid Fum.a ne Tartgrlc Qunic acid  Malicacid  Citric acid Total acid G!ycoh.c
Sugar acid acid acid ratio
o 1 0.90** 0.14 0.61** -0.06 -0.13 0.08 -0.13 -0.07 -0.01 -0.09 0.14
Fructose
0.91 1 0.13 0.60 -0.05 -0.13 0.07 -0.14 -0.08 -0.01 -0.1 0.14

Sucrose
W 0.29" 0.29" 1 0.53" 0.01 -0.03 -0.02 0.12 0.11 -0.04 0.11 -0.11
Glucose
‘i\‘
B 0.63" 0.63" 0.65™ 1 -0.07 -0.08 0.02 -0.06 -0.01 -0.07 -0.02 0.04
Total Sugar
%‘E&A\ Aok * ek ek * ok Aok

L 0.03 0.03 -0.14 -0.08 1 0.29 0.17 0.34 0.34 0.15 0.37 -0.27
Oxalic acid
= E’& . 0.02 0 -0.1 -0.08 0.11 1 0 0.23" 0.21™ -0.01 0.21" -0.12
Fumaric acid
@E& . 0.07 0.06 -0.12 -0.04 0.29" 0.11 1 0.22" 0.29" 0.11 0.34" -0.16
Tartaric acid
%TE& . 0.05 0.02 -0.03 -0.03 0.05 0.13 0.06 1 0.53" 0.11 0.68™ -0.39"
Qunic acid
$%@z . 0.11 0.12 0.01 0.06 0.04 0.07 0.32" 017" 1 0.18" 0.74" -0.29™
Malic acid
*ﬂ%@z . -0.07 -0.06 -0.03 -0.06 0.09 0.15 0.12 0.1 0.13 1 0.29" -0.19™
Citric acid
P TS
A . 0.05 0.04 -0.06 -0.03 0.14 0.19" 0.37" 0.48" 0.57" 0.35" 1 -0.40™
Total acid
*EERH: . 0.07 0.07 0.1 0.14 -0.12 -0.19" -0.12 -0.37" -0.11 -0.19™ -0.33" 1
Glycolic acid

E: RN 2020 SEAHRME, A BN 2021 FEAASRMEFRIRREEM I RN IEE R,

Note:* Indicates a significant correlation at the 0.05 level. ** indicates a significant correlation at the 0.01 level. correlation.
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TE140 4438 JE AR Pk ik th B 4232 1 2R84, iR A4 A R 64, MM IR L 22 52 f R 64 (5
3) o SAEREL RPN TS R, N425.6 mg/g, BT OEAT0.44 %, BRIGLIIHELL S
AR S B mdh, KRR RN & 2w, MEEETERL, RS ERIK.
R R PO R B e A e, SRR FURO A A 5 S TR R P T64 . 3113, J61. J135
MRS ERE NI myg, SERREENTIIme/e, WEETHMATELIER. R
B EARONI161, HE & N43.3 me/g, FEIR AR ENI23, HE & N27.53 mg/g. &
PR LS A 708 & s, FLTURTRER AR ISR S R, FUBMRIR . 3J109 A7 AR
FRm, FHIZERR O S RN R AR i m, N425.66 mg/g, JRT
W RIRA SRR

H
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Table 3 Superior lines of high-sugar and high-acid in progenies

T BhE/(mg/g) BER/(mgg) HHEi/(mgg) HEPE(mg/g)  HERE/(mg/g) R w5 R /(mg/g) el I AR frin BERZ L/(mg/g)
/(mg/g) (mg/g) Amg/g) Amg/g) /(mg/g)
Number  Total sugar Total acid Fructose Glucose Sucrose Oxalic acid Fumaric acid Tartaric acid Qunic acid Malic acid Citric acid Glycolic acid ratio

J17 425.6 14.83 107.9 117.67 200.04 0.1 0.01 2.07 3.54 5.51 3.59 28.66
3)21 387.38 18.19 90.74 96.68 199.96 0.11 0.02 2.38 5.98 7.39 2.32 21.32
J64 387.19 12.11 97.51 98.6 191.08 0.06 0.01 1.16 3.44 5.14 2.29 32.05
b 3J13 379.22 12.12 91.67 96.74 190.8 0.07 0.02 1.32 4.46 4.65 1.59 31.56
High Jol1 377.07 11.39 121.2 130.82 125.06 0.09 0.02 1.65 2.05 5.07 2.51 33.13
sugar J143 362.63 12.17 81.97 85.13 195.53 0.07 0.01 1.17 3.13 6.08 1.71 30.83
J137 359.3 13.07 74.9 84.29 200.13 0.09 0.01 1.36 4.68 4.65 2.28 27.68
197 350.2 11.03 55.78 57.05 237.46 0.08 0.02 0.78 4.62 39 1.63 32.28
J135 387.38 18.19 90.74 96.68 199.96 0.11 0.02 2.38 5.98 7.39 2.32 21.32
3J10 425.66 14.83 107.9 117.67 200.04 0.1 0.01 2.07 3.54 5.51 3.59 28.66
=4 J159 389.4 13.22 101.03 109.57 178.8 0.07 0.01 1.57 3.41 5.15 3 29.69
High acid 108 362.63 12.17 81.97 85.13 195.53 0.07 0.01 1.17 3.13 6.08 1.71 30.83
J129 377.07 11.39 121.2 130.82 125.06 0.09 0.02 1.65 2.05 5.07 2.51 33.13
J10 350.28 11.03 55.78 57.05 237.46 0.08 0.02 0.78 4.62 39 1.63 32.28
J161 275.8 6.45 57.25 62.4 156.15 0.05 0.01 0.95 1.87 2.25 1.32 433
B RR EL J13 311.72 9.02 91.55 98.05 122.12 0.08 0.02 1 224 3.54 2.14 34.54
High 170 307.1 8.96 84.15 85.8 137.16 0.11 0.01 1.35 2.45 3.44 1.59 34.47
glycolic J59 299.49 10.18 83.94 86.64 128.91 0.09 0.04 1.19 3.25 3.41 2.2 29.91
acid J138 262.07 9.13 70.36 68.92 122.79 0.09 0.02 1.16 3.91 2.22 1.74 29.24

123 249.94 9.13 65.86 71.26 112.82 0.08 0.01 1.21 2.75 2.98 2.1 27.53
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A BRI A Sy B o A R S RS SR I AR AR . i HEDONE A
() R P SRS B T R I, T R R P oG S A e, AR AR I A [ i
VR IR R I, TERE S EARLTE N 15.73 %-66.87 %AH Eb T F 08 . F6 4 & 2 5
XA« kA7 18OV AN [ 2 it P RO BB 2H 7 2 b AT A, 38 R I RE W & AR MR L S b 5
FHLAT . Roth Z5EPONE I Ry OB S 364 47 3 5 LS rb ) AT A R B b SRR
B o KA A A IR o0 A % 22 JE AR SR S R R R MR AT 0 W 15, SR sz e SRR RO A
EINERFERSY, MR A RN EZA MR 7y« S0 5% 55 220a 1 A 7 I A Bk o 2R
R8T 267 0 o B A v, S SRR B B A v o AN TR FH AR 26 B B 2H 2 LA R S W B sl AT T
B AT TN B o SR AR A 5 5 B I E A, HERR IR SRR S H R )5 . BT
RIVEFAZ AR L8 TR R A st S EaE A U & ERE, (H 52.5%,
HUCHHEEIRE, RS ERK.

KT A F A S Fh SRS R 2H 2 I 9T, PVGE 55 A5 R R SE R 4 7 2 AT IR IR . 3F
RIE. ETR, RERIFAI. S RE X 3 P 4R A R S R 2H 73
WIFFE I, P SRR 1 A e o (7 17 S 1253 o 0 A S s (R 9 R B SRR e e T IR 19.21
mg/g A A EFON 219 PR BRI IT, SRR EP AV LERIR . ZE TR, 1
BT, 205 BRI 47.27 % 33.38 %A 11.87 %. FHESRNE N 3 FhAS F B 2
BRI 9 AR B LRI, A BRERRA 4y IERE . AN SRR SRR, FERR. 380
PR o X 15 B S5 28006) g R AT 7 R I 21 A HLER AT IR IR « AR SERIR A R BT .
ARV SR AL RN R R SL SRR & B . ARIS AT FIXT 140 PRARAC ST
RRAH 7y e, &5 AR WA 2R A8 Ja AR S A HLIRR & B my BRI S R > 2 T > i 1>
WA RS ERE>E De, 5 pe R B0k I sz R4 43 1R & B 0 A A — 3.

32 X ERBEEREMEET RS

FESESR Bh MRS B FUR A, RS & 22 th 2 LR | g E R,
PERSUNLAE A% SO 5 E LR B35 i S ORI 9 i I b Rl VA VE RS LA LR Y B IR 73 AT,
BT 2 HE R AR . BRFEEPEL N 20 PA A FARR L P oA EERR . S
R\ B K AL AR A FE R B It N . AR VLA DS B R R SE R R S B AR T
LR RI N 22 PR AR (Rl ] . 1 2 AR PO i it 78 R B B AN AL 24 58 JE AR SR S A 3
RRAFTER RIOESAR T . RO FORIL, FEA sy CRBE. FERE. HARD DU SRS
FEYENH ESDAARE, FERRSTER. BRYEMBBIESOMARIE, 2R, &
g, WAR. E2TRFHTEEIHLIMIESSA, N2 REEESEEMR.
TSP PR R R LSS A S TR A, R EsRLES . IR
oy HSE SRR S h s, A REREE BN, TR ST SRR AR N A R 41 43 E AR R IR 40
MERE /N BEIR . B SRS T o, B P AP A o B A AN LE NI RN, A7
E—E WA RLN, 2 SRR . SERBPIEE TR E, EERYNERE
PR, EELHAR R B AL . PR IR 18 ) 22 Rk, RFERZ G AT ERAH 77
2 IR BRI ARES 1 e s e K

AT TR I RNE S RENE . 000 S AR e IR 3 TR ARG, U0 B o o SR 1 R
RGN . X SR NLER A4S B AR RE—E 081, B 5 R I R S 3 R R AN 4 T R I
BEIEAR, FRRE DR XREE K, X 5FHRRAFEM TSR -8 BRRED
N ARG RRIAR S Z TR REE K, ETREFRREMRZEN TS, S
BIR 2R E FAHG. AR, & SRE5ETR. VRREIAEZE FIEAX, WARKR



5% 7. SERREIREZENEHX. HaREHEAR. ETRENEE ML, %
VAT ARR . ETRR. SRR, B S SRR 22 B

3.3 B ARIFIE

M FUR A HAE JE AR FIRRAH 7 B VR B8 )02, FHEZE R, BA — e HERNHE
BRI, JROREAS . R DL R R LU AL &R o I () R R BB R AR E AR
BRREH 36%-71%. Hrh J17 SRS & B, Jv425.6mg/g, miToRA 7044 %, MR & T
FREDK 15 121.88 mg/gl*), ik T B & EN 11.03 mg/g-18.19 mg/g M= RIL R K
R 17 AMUBERR LA s, HAAWE S B, o a TURIRE R . RTIEE A 31 7 %
TRPER LL AT A5, AR SRERREL N 7.0-44.8 2 Ja], Hh Ry R, TE AR, RE
KAWERR LR . AW Fas B, Pk B3t 20 ML RFER LU AE 21.32-43.30 2 [], BHE
T AR

4 2518

B OOMS2T X RS 5T PSR TREMEAR R AL S, Hh RS B A
ERE, 0k 52.5 %, FLUCONEIENE S SN 23.92 %, RS ERIKN 23.33 %. AR
B i BMRAR UONSE R RS> TR AT > T A > RS> & DR, VISERIR. 2T RAT
BE N EE Ny, HAsERER 5 RER 35.10%. M. R4 08 SO EAOARRE,
MR Z LR R MR . BbE . &b, R b S e P Y s T, BR.
B YR TES TR E, BABmEEES . X 20 REbl,. SRR & EER R E AR
IrHT, B ATRE R IR S &R J17 A D70,
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