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Genetic Variation Analysis of Sugar-acid Fraction in F, Hybrids
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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
JMS2 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 F, 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
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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.

Key words: jujube; F, progeny;sugar fraction;acid fraction; genetic variation
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Fig.1 Fruit sugar constituent, total sugar and its distribution range of JMS2x Jiaocheng5S F, progenies

212 RIBEAFSERSTH  FAFARLH
R 20 43 % 5 1 AR O SRR > 28 T R >y
B> A TR > W R > 5 SR (K2) . SRS &
I R, 2020 4R 2021 4 (5 EVRR F A543 5 R 19.04%
125.00%, % 130 Fl 73 91 24 3.63~5.43 mg/g.4.16~
5.87 mg/g, V- A T ) X, SR EE AT,
PIAES AL B — B AP R PR AF 1Y & & 40 0l o
1.99~3.04 mg/g . 1.82~2.90 mg/g, MR P AE 5 273 5]
M 11.33~14.14 mg/g . 10.77~15.57 mg/g, Pi4EAY 14

il

St T X, RIESSN . ERCE D
M PG AR ZE TR T34 i S I A I S A
05 ] TR A R . AR [R) AT A R 25 TR
FEIRR SRR AR 22 5N 6 PR AL 4 D A
iR 3575 A A M B, 100 B 2% 52 e AR S PRk A
. 20204F Ve &1 3.88~5.29 mg/g, HEH &
S 5—3k, B IES A RHIE. 2021 4F Ve
&N 4.07~5.65 mg/g, FHOF B & B B H A R OE
AT AR AR FAREA P AL LA

N

&



770 GEUE /B S N G S S 24 %

25

20204F Br o
2020 Year 2021 Year
+
- 0.20 . < 020 T
05 018 . ol EoTs
i : B
FEL T 2ih
i3 2008 = 0,08
Sir il 2ol S ~
| o — S & 00 —
> R EOR % B YR
g Oxalic acid Fumaric acid Y Oxalic Fumaric
=10 F g 10} acid acid
i . b4 . et . *
4 N I8 * o
L 4o
* —
sE sk
* *

O = e % 1 1 1 1 1 0 e B — % 1 1 1 1 1
R SO AR S TR R AR AR A RC HR WS NATR TR VRR iR SR EERC
Oxalic Fumaric Tartaric Quinjc Malic Lemon Total VC Oxalic FumaricTartaric Quinic Malic Lemon Total VC
acid  acid aci acid acid acid acid acl acl acid acid acid acid acid

&2

ARERREIRAS BB EEZCESERESH

Fig.2 Acid constituents, total acid, vitamin C content and their distribution range in the F, generation population
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Fig.3 Normal distribution of sugar constitution and total sugar in fruit
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Fig.4 Normal distribution of acid distribution and total acid in fruit
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Table 1 Genetic variation analysis of sugar constitutions and acid constituents in fruit
A TR
Parents Offspring
. .. 2E }L* 3=
o ik Pk s TR e
. N e . - “n . . S © \
Year Traits BA AR Mid- CEEIME bREZE BoME BORE R . ik )1(%) Wi R
1
Female Male parent Mean SD  Max. Min. (%) . Genetic  Skewness Kurtosis
=paren
value cv P anmissibility
heterosis
2020 B (mg/g) 5476 4534 5005 6628 23.09 24.63 127.14 34.85 32.43 132.43 0.63  —0.37
WA (mg/g) 5054 7712 63.83  67.95 24.09 21.53 13835 3545 6.46 106.46 0.64  -0.15
RERE S i (mg/g)  136.19 13547 13583 149.10 48.88  62.56 260.62 32.78 9.77 109.77 052 0.6l
BAES i (mg/g) 24149 257.93 249.71 284.07 80.99 139.57 482.19 28.51 13.76 113.76 052  -0.59
RS (mg/g) 008 006 007 009 003 003 020 3333 32.00 132.00 0.88 0.91
WA E(mg/g) 094 082 088 140 055 035  3.19 3929 59.41 159.41 0.81 0.63
TR AR (mg/g) 432 289 360 428 143 191 897 3341 18.85 118.85 0.71 0.69
B AR (mg/g) 523 540 532 455 148 128 949 3253  -14.40 85.60 0.46 0.99
FERE®(mg/g) 160 235 197 262 091 099  6.12 34.73 32.87 132.87 0.88 1.66
ORGSR (mg/g) 147 099 123 140 060 041  3.60 42.86 13.82 113.82 1.18 2.88
AEECH R (mgg) 430 382 406 464 119 197  9.13 25.65 14.30 114.30 0.75 1.38
MR e (mg/lg) 1217 1153 1185 1296 333 281 21.62 25.69 9.37 109.37 0.43 1.13
BHER L 19.85 2238 21.12 2243 6.73 8.64 36.77 30.00 6.23 106.23 042  -0.77
2021 it (mg/g)  57.02 5822 57.62  70.01 21.85 3297 131.95 31.21 21.50 121.50 040 -0.2
WERS R (mg/g)  60.12 5648 5830 7812 2427  34.01 148.00 31.32 34.00 134.00 0.50  —0.05
TR (mg/g)  165.89 143.95 15492 14468 38.69  64.05 27826 26.74 -6.61 93.39 0.79 1.04
BB (mg/g)  283.03 258.65 270.84 292.82 61.40 147.55 40427 20.97 8.12 108.12 -0.16  -0.85
RS (mg/g) 009 007 008 010 0.04 003 020 40.00 25.00 125.00 0.63 0.06
WA SR (mg/lg) 154 158 156 153 0.63 0.58 342 41.18 -1.92 98.08 0.86 0.32
TR (ng/g) 484  3.62 423 408 157 149  9.15 38.96 -3.55 96.45 0.91 0.62
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F1(4)
A ERA AN
Parents Offspring
Ey PR APEEN A5 LHC(ZZ?”% %
Year Traits BEA AR Mid- CFIME BRMERE R/ME RRE REL S &b I1(%)  WEE R
Female Male parent Mean SD  Max. Min. (%) parent Genetic ~ Skewness Kurtosis
value cv heterosis transmissibility

SRR ik (mg/g) 6.62 724 693 509 151 1.85 856 29.67  -26.55 73.45 0.01 045
FPEERR & 1k (mg/g) 232 322 277 248 089 095 494 3589  -10.47 89.53 0.83 0.56
R i (mg/g) 229 169 199 210 081 066 502 3857 5.53 105.53 1.24 1.58
AR CHRH(mg/g) 648 640 644 489 133 240 950 2720  -24.07 75.93 0.72 0.83
SR (mglg) 1542 1575 1558 1328 344 595 2139 2588  -14.70 85.30 -0.16  -0.85
Wiz L 1835 1641 17.38 2356 883 991 50.65 37.48 35.56 135.56 0.92 0.74
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2SS S TOE R R AL 4y SRR O R
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TEFT A 2258 5 otk & b 1135 MR & e, N
18.19 mg/g, SERER & 1A 7.39 mg/g, B i = T HAth
FARJETCMER . ETA 2258 J5 To ik & i e i
R T161, 2 43.3 BER LE eAIR 2 023, 2 27.53,
PR BE R EU A AR R 370 M B, R R R A
J59 PR m e, FBRIR . 3310 AT IR %
e, I HiZ 28 a8 otk R B B AE 6 43S

Tolk R iR, 425.66 mg/g, JB T bl m R e AL
Ja ot % .
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R o T AT AE T A XA [ O 2 43 5
KR, HERE S AR VI N 15.73%~66.87% , M EL T
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FERRE A3 5 = S0 . Ma 252050 5 = A
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Table 2 Correlation analysis of sugar fraction and acid fraction

Traits

Total acid ~ Sugar acid

Citric acid

Malic acid

Qunic acid

Fumaric acid  Tartaric acid

Sucrose Glucose Total sugar  Oxalic acid

Fructose

ratio
0.14

content
-0.09
-0.10

0.1

content
-0.01
-0.01
-0.04
-0.07

content

-0.07

-0.08
0.11

content
-0.13
-0.14"
0.12
-0.06

content

content
-0.13
-0.13
-0.03
-0.08

content content content
-0.06
-0.05
0.01
-0.07

content

content

0.08
0.07
-0.02
0.02

0.14 0.61**

0.13

0.90%*

SUpE-S 1 Fructose content

0.14
-0.11
0.04
-0.27"
-0.12
-0.16"
-0.39"
-0.29"
-0.19™
-0.40™

60"
0.53"

0.91"

BEEHE 1 Sucrose content

1

0.29"

0.29"

%9 HE 2 Glucose content

-0.02

-0.01

0.65™
-0.14
-0.10
-0.12
-0.03

0.63"

0.03

0.63"
0.03

0.

S B Total sugar content

0.37"
0217

-0.08 0.29™ 0.17" 0.34™ 0.34™ 0.15"
-0.08 -0.01

-0.04
-0.03

RS & Oxalic acid content

021"

0.23™

0.11

02

i5

e

J% & 5+ Fumaric acid content
AT B2 % & Tartaric acid content

h

L

i

0.34™

0.11

0.29"

0.22"

0.11

0.29"
0.05
0.04
0.09
0.14
-0.12

0.06

0.07
0.05
0.11

-0.07

0.68™
0.74™

0.11

0.53"

0.06

0.13
0.07
0.15

0.02
0.12
-0.06

Z5 TR & Qunic acid content

0.18"

0.17"
0.10

0.32"
0.12

0.06
-0.06
-0.03

0.01
-0.03
-0.06

SPEHLR &y Malic acid content

HIMS2x 38 545 F ABHBR 41 535t (%738 543 #r 775
TR TiA 19.21 mg/g. X E IR TEONS 219 B
Al PP R ZH A3 BT, 5 R AR I A LR LUSE SRR

0.29"

0.13

FPEERR & & Citric acid content

0.35"
-0.19™

0.57"
-0.11

0.48"
-0.37"

0.37"
-0.12

0.19"
-0.19"

TE P<0.01 K- 4%t &A1

0.04
0.07

1E P<0.05 K i B M54 =3k

The lower left is the 2020 correlation, and the upper right is the 2021 correlation. * indicates a significant correlation at the P<0.05 level; ** indicates a significant correlation at the P<0.01 level

0.05
0.07

RS Total acid content

W% Lt Sugar acid ratio

-0.33™

0.14

0.10

N

JIN

iR 2020 4FAHSENE , A7 E R 2021 AFAHSCE 53R

TR ATEIR N E 5 SR 47.27% .33.38%
1 11.87%, T2=F F A58 1 XF 3 FpoA [a) A A 22 7
(19 9 AL S RIS R B, L S BH IR 20 53 R T A
ABE CRBE SRR TR BRI . X5 PR
Xof HE TR A 9Y 2 BT v 21 R LR v AR A
R SESRIR N FE Ny . FAEWFSY & BUAE KA
PR AR S S IR R B i e iy o AN 140 B4 52
Ja R TRRAL I | 25 R R 22 s G AR L A
BLRR & i oh o BIMIRAR YR SRR > 28 T IR > A >
WA TR> T R> 5 SR, AR A S0 R AR S
R 431 1t o A R — B
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Btk o BRIEER D8 i X A 4258 A AR 43
BrAS SR SR | BB B g AL 2 Bl L R
AR o 2% 3 VAR Sl s W9 R B IR IR 1%
TR FRCER A2 S E AL R . 2
S AR &I BRI AL () 24 28 JE AR SR S R
R AT IR R BLE LA S . AW R B, B
Ay CHRME RRERE R 2400 ) DL e BB A rh S B
PR IE A AR AL, SRR S AT IR | SR A S
BT IE SRR, R VR SR AR BT
MR V-34S I A D L A o3 A, ol 22 R DR T 7
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T S AR I LB A B R A S F
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Table 3 Superior lines of high-sugar and high-acid in progenies

SR M N R Al Ea/\f&f’i @AEEHE QEATEM $A%E@£ WA%;@E -

‘ (mgle) &R FbEO S 4R (mgly) o ot i o fri MR

2y Hs Total  (mge) (mg/g) (mgg) (mglg) Ol (mg/g-) (mg/g) (mg{g) (mg/.g) (n?g/‘g) Sugar

Type No. sugar  Total acid Fructose Glucose Sucrose aci Fum.arlc TaIT(’.iHC Qur-nc Ma.llc Cltf’lc a01.d

content content content content content content acid acid acid acid acid ratio
content content content content content

=i JI7 42560 14.83  107.90 117.67 200.04  0.10 0.01 2.07 3.54 5.51 3.59  28.66

High sugar 3)21 38738 18.19 90.74  96.68 199.96  0.11 0.02 2.38 5.98 7.39 232 2132
Je4  387.19 1211 97.51  98.60 191.08  0.06 0.01 1.16 3.44 5.14 229 3205
3013 37922 1212 91.67  96.74 190.80  0.07 0.02 1.32 4.46 4.65 159 31.56
Jo1  377.07 1139 12120 130.82 125.06  0.09 0.02 1.65 2.05 5.07 251 3313
J143 362,63 12.17 81.97 8513 19553  0.07 0.01 1.17 3.13 6.08 171 30.83
JI37 35930  13.07 7490 8429 200.13  0.09 0.01 1.36 4.68 4.65 228 2768
J97 3502 11.03 5578  57.05 237.46  0.08 0.02 0.78 4.62 3.90 1.63 3228

IR JI35 38738 18.19 90.74  96.68 199.96  0.11 0.02 2.38 5.98 7.39 232 2132

High acid 3710 425.66  14.83  107.90 117.67 200.04  0.10 0.01 2.07 3.54 5.51 359  28.66
J159 38940 1322 101.03 109.57 178.80  0.07 0.01 1.57 3.41 5.15 3.00  29.69
108 362.63  12.17 81.97 8513 19553  0.07 0.01 1.17 3.13 6.08 171 30.83
J129  377.07 1139 12120 130.82 125.06  0.09 0.02 1.65 2.05 5.07 251 3313
JI0 35028  11.03 5578 57.05 237.46  0.08 0.02 0.78 4.62 3.90 1.63 3228

R Ji61  275.80 6.45 5725 6240 15615  0.05 0.01 0.95 1.87 225 132 4330

High glycolicacid ~ j13  311.72 9.02 91.55  98.05 122.12  0.08 0.02 1.00 2.24 3.54 214 3454
J70  307.10 8.96 84.15 8580 137.16  0.11 0.01 1.35 2.45 3.44 159 3447
J59 29949  10.18 83.94  86.64 12891  0.09 0.04 1.19 3.25 3.41 220 2991
J138  262.07 9.13 7036 68.92 12279  0.09 0.02 1.16 3.91 222 174 29.24
J23 249.94 9.13 65.86 7126 11282  0.08 0.01 121 2.75 2.98 2,10 2753

3.3 ZEZMRMMIE 4 B

BT F WA (UL 4 TR AL 445 AR e
GYETZ RHIEZE S B — B i A IMS2x A8 55 F AUUR T RERE R R AL 5L

PRI, 0 A5 o L R DA R R R R L £
R o O Y R B 2R M R R A A A S AR
FRR B 36%~70% , Forb 117 S E s . N
425.6 mg/g, & T3 A 70.44% , W] i &5 THEEmk 1 &
121.88 mg/g*' o i 3% 1 /& R 0 &R LR 7 & %7
11.03~18.19 mg/g. It F J17 ASAUHERR i, HL

/|_p

WS B ey, HE TR . S5 %) 31
Py U ARG L EA T A o SR SR L A

7.0~44.8 Z [6] , HiA gy [ AT R RA R T RH
WIS HeAs i o ASHIFSE Bk 10 20 AN MR L AR
21.32~43.30 2 [a], B i = - HARAG 2R 5L A

HrpRERE S e AL R S i e, o ik 52.5%,
FLVR N A AR BB 23.929%, OBE S R AR N
23.33%. A ML i W BRI R R R >4 T
> B> T A > SR> SO IR, ISR IR (& T
R AT A IR Ry 32 2 1, o R R SR
35.10%. WAL 5 (R LH 5335 S I 1E AR A AT R
I Ay 22 35 DA A B PRtk . SR AP
Wi B S Y S TR E, R E SR
SERE S R, B s L . xTzo/\
R BE R R S R B R HE 4R 58 5 A BT, B AT 1k

o

RS 2R J17 A1T70.
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