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Construction of Ziziphus jujuba var. spinosa Core Collection Based
on Phenotypic Traits
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Abstract: In order to better preserve and study the germplasm of Ziziphus jujuba var. spinosa and improve the utilization
efficiency, 211 Z. jujuba var. spinosa germplasms were used as test materials in this study. Based on the phenotypic trait
data, all germplasms were systematically clustered step by step at 25% sampling ratio. The best sampling strategy of Z.
Juuba var. spinosa core collection was discussed from four aspects: genetic distance method, sampling method, clustering
method and sampling ratio. According to the best sampling strategy and three grouping sampling methods, grouping
sampling was carried out and compared with non—grouping sampling. The results showed that: Based on the 25% sampling
ratio, the core collection constructed by the priority sampling method, Euclidean distance and variable class average method
was the best. The overall sampling ratio was screened under the optimal construction strategy, and the results showed that

the optimal overall sampling ratio was 25%. The variance difference percentage (VD), change rate of variation coefficient
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(VR) and range compliance rate (CR) of the core collection Pcore constructed by non—group sampling were higher than
those of the core collection Core-L constructed by group sampling, and the construction effect was better. Qualitative
description of trait retention ratio, t—test, coincidence rate test, principal component analysis and three—dimensional
distribution of samples showed that the constructed core collections could eliminate genetic redundancy and represent the
initial collection. The best construction strategy based on phenotypic traits was ‘Euclidean distance + variable class
average method + priority sampling method + 25% sampling ratio’. After supplement and improvement, 58 core collections
were finally obtained, which were highly representative. This study successfully established the core collection that
represented the phenotypic genetic diversity of initial Z. jujuba var. spinosa germplasm. This achievement contributes to
scientific and effective collection and preservation of Z. jujuba var. spinosa germplasm resources, providing a scientific basis
for exploring and utilizing Z. jujuba var. spinosa germplasm resources. Simultaneously, it lays the foundation for breeding Z.
Jwuba var. spinosa cultivar.
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Table 1 The source and sampling of the tested Ziziphus jujuba var. spinosa germplasm

A AR 5T 45
Provenance Sample number Germplasm number
TTWEL 40 3,14,15,16,21,23,24,25,26,27,28,30,31,32,33,34,36,38,41,42,43,45,61,73,74,
Kazuo, Liaoning 75,77,78,79,80,81,84,85,86,87,88,112,113,114,115
‘T"* 7
LT%q: L 3 153,154,155
Jianping, Liaoning
UJWE% . 6 530,531,532,533,534,535
Xiaxian, Shanxi
l 7.
l‘lﬁq:ﬁ‘ﬁ . 11 550,551,552,553,554,555,556,557,558,560,561
Pinglu, Shanxi
@Eﬁ{%ﬁ- . 13 600,601,602,603,604,605,606,607,608,610,611,612,613
Jiaxian, Shaanxi
5z PG 2 i
IQEFE/KLH . 9 620,621,622,623,624,625,626,627,628
Suide, Shaanxi
B PE ) 1]
. 19 630,631,632,633,634,635,636,637,638,639,640,641,642,643,644,645,646,647,648

Yanchuan, Shaanxi
vt E)1|
Yichuan, Shaani 5 650,651,652,653,654
N W
(EJ—”.:EA . 12 700,701,702,703,704,705,706,707,708,709,710,711
Fuxing, Hebei
RS . 4 720,721,722,723
Wuan, Hebei
Yﬁ‘,[jIS{aﬁs . 14 730,731,732,733,734,735,736,737,738,739,740,741,742,743
Xindou, Hebei
WAL

4 750,751,752,753
Neiqiu, Hebei
7B I 3k

,771,772
Lincheng, Hebei 3 770,771,717
| !
. 16 780,781,782,783,784,785,786,787,788,789,790,791,792,793,794,795

Zanhuang, Hebei
{EHI:JD,E& . 9 800,801,802,803,804,805,806,807,808
Yuanshi, Hebei
ERY 4 820,821,822,823
Fuping, Hebei
v i S
{EI:“:”},H: . 12 830,831,832,833,834,835,836,837,838,839,840,841
Shunping, Hebei
IJ_]}E{:‘.{JH‘ 12 850,851,852,853,854,856,857,858,859,860,861,862
Changqing, Shandong
NS ITLE L 15 900,901,902,903,904,905,906,907,909,910,911,912,913,914,915

Yuanbaoshan, Inner Mongolia
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Table 2 Comparison of evaluation parameters of 42 core collections

Bobmln  SEZERADR% TTEERADRI G WMEMFER% L5 REBEER%  FRRE LOI% R

Core collection MD VD CR VR RPR H'
DIS1C1 3.45 17.24 88.21 114.12 89.57 1.88
D1S1C2 0.00 31.03 91.64 115.26 93.64 1.88
D1SI1C3 0.00 10.34 85.56 106.98 92.10 1.89
D1S1C4 0.00 3.45 90.19 109.75 92.84 1.89
DI1SICS 0.00 13.79 91.67 111.78 92.53 1.87
D1S1C6 0.00 17.24 92.09 112.74 89.96 1.86
D1S1C7 0.00 20.69 87.90 112.58 91.75 1.89
D1S2C1 0.00 41.38 100.00 122.59 93.77 1.88
D1S2C2 0.00 51.72 100.00 122.37 92.32 1.87
D1S2C3 0.00 41.38 100.00 120.37 94.24 1.86
D1S2C4 0.00 51.72 100.00 121.23 92.10 1.87
D1S2C5 0.00 41.38 100.00 120.57 95.00 1.89
D1S2C6 0.00 48.28 100.00 121.56 93.17 1.87
D1S2C7 0.00 58.62 100.00 123.45 93.29 1.86
D1S3C1 0.00 55.17 96.79 122.19 91.80 1.86
D1S3C2 0.00 34.48 95.21 119.15 92.45 1.85
D1S3C3 0.00 27.59 91.79 115.35 91.02 1.86
D1S3C4 0.00 37.93 95.09 119.90 89.87 1.83
D1S3C5 0.00 41.38 94.44 119.43 91.75 1.86
D1S3C6 0.00 51.72 95.30 121.17 91.76 1.85
D1S3C7 0.00 37.93 94.45 119.64 88.89 1.83
D2SIC1 6.90 27.59 96.19 117.32 93.60 1.88
D2S1C2 0.00 6.90 92.84 112.11 92.78 1.88
D2S1C3 13.79 10.34 92.19 109.72 94.67 1.90
D2S1C4 0.00 13.79 91.50 110.89 93.26 1.87
D2S1C5 0.00 13.79 87.77 104.03 93.56 1.90
D2S1C6 0.00 3.45 88.70 106.83 90.77 1.86
D2S1C7 0.00 3.45 84.57 103.05 93.56 1.88
D2S2C1 0.00 41.38 100.00 119.83 95.10 1.89
D252C2 0.00 51.72 100.00 122.04 92.39 1.87
D2S2C3 0.00 41.38 100.00 120.51 93.90 1.88
D2S2C4 0.00 44.83 100.00 119.84 94.16 1.88
D2S2C5 0.00 37.93 100.00 121.02 92.17 1.87
D2S2C6 0.00 41.38 100.00 120.88 94.20 1.88
D282C7 0.00 41.38 100.00 119.80 92.83 1.86
D2S3C1 6.90 51.72 96.96 119.03 92.49 1.86
D2S3C2 0.00 37.93 94.23 118.30 91.42 1.87
D2S3C3 0.00 44.83 95.84 118.86 91.80 2.09
D2S3C4 3.45 41.38 95.73 118.81 92.07 1.89
D2S3C5 0.00 48.28 94.46 117.01 89.91 1.86
D2S3C6 0.00 44.83 94.41 118.46 92.18 1.87
D2S3C7 0.00 41.38 94.27 115.75 89.91 1.86

FE DL ERICHE 29 D2. D [GEE 5 5 S1. B HLIRRE 1 5 S2. AL Se URE v 5 S3. 0 126 B2 JRURE 5 5 C1. S BB B9 1 G2 e I B G v 5 C3. ] B s ks
CAAIMALIE T35 5 C5. AT AR 5 C6. B8 25°F- 7 Rl ; C7. AT AR S - 343k

Note: D1. Euclidean distance; D2. Mahalanobis distance; S1. Random sampling method; S2. Preferred sampling method; S3. Deviation sam-
pling method; C1. Single linkage method; C2. Complete linkage method; C3. Middle distance clustering; C4. Unweighted class average method;
C5. Variable method; C6. Ward’ s method; C7. Flexible—beta method.
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Table 3 Comparison of core collections evaluation parameters under different sampling ratios

BORELLBl/%  WEZESADRI% TRERODHRI% WENERI% Z5REENR%  FARRE LH/% FIZHVEIRE

Sampling size MD VD CR VR RPR H'
10 0.00 55.17 85.95 126.93 80.28 1.78
15 0.00 58.62 96.02 131.25 87.88 1.81
20 0.00 55.17 99.74 125.86 91.32 1.86
25 0.00 58.62 100.00 123.45 93.29 1.86
30 0.00 37.93 100.00 119.24 94.24 1.89
35 0.00 10.34 100.00 116.04 94.63 1.88
40 0.00 10.34 100.00 113.61 96.48 1.92

x4 DEASRSEBETROH BTN SH LR

Table 4 Comparison of core collections evaluation parameters under grouped and non-grouped sampling

Boomit MEZEST % TTEESADRI% WENGHR% LRFBAAMR %  RIMER L% RUZHEIEREE

Core collection MD VD CR VR RPR H
Core-P 0.00 17.24 91.00 111.07 9291 1.88
Core-L 0.00 24.14 90.90 114.08 93.48 1.90
Core-G 0.00 13.79 91.71 113.12 93.60 1.89

Pcore 0.00 58.62 100.00 123.45 93.29 1.86

i : Core—P  Core-L . Core—G 43 1| 2 7% 2R FH 177 B b A5 B0 HL B3] | 3 A 22 Pk e A A )AL 1B s PCore. SRR O AT

Note: Core—P, Core-L, Core—G indicated the core collection constructed by simple ratio, logarithmic ratio, and genetic diversity method, re-

spectively; PCore. Phenotypic Core Collection.

O B FJE Core collection

8 r W JFUAFP T Original collection

EABHH
Number of phenotypes
&~

SBBD TH LC LS 1LBS LTS LMS LS FS FIS KA NS SP
SEREA TR

Quantitative traits

SBBD. —UECES [ EE ; TH. AH 3 LC. M B LS. M)y JEAR ; LBS. MG AR LTS, HEARFEAR s LMS. BHGIEAR s LFS. M RS FS. RSB AR FTS R TBUE MR 5
KA BZJE s NS S0 SP. il e . TR
SBBD. Secondary branch bending degree; TH. Thorn; LC. Leaf color; LS. Leaf shape; LBS. Leaf base shape; LTS. Leaf tip shape; LMS. Leaf margin shape; LFS.
Leaf state; FS. Fruit shape; FTS. Fruit top shape; KA. karyomorphism; NS. Nuclear striation; SP. Seed plumpness. The same below

Bl RoloMBRSREMEE R K RERE LR

Figure 1 Comparison of the phenotype reservations of the core and the initial collection in quantitative traits
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Table 5 Basic eigenvalues and #-test in traits of the initial and core collection

FE AR i wmARE  HME O YE BRRE ZEMERK oL
Quantitative traits Germplasms Max Min Mean CV H’ I—test
A B /mm ICore 10.15 5342 26.77 33.40 2.02 0.638
Leaf length (LL) PCore 10.15 53.42 2745 38.40 2.02
A 96 % /mm ICore 6.55 2673 13.73 29.64 1.98 0.503
Wild leaf blade(WLB) PCore 6.55 2673 14.17 34.19 2.00
LB ICore 1.03 3.55 1.98 21.05 2.00 0.774
Leaf shape index (LSI) PCore 1.03 3.55 1.96 23.48 1.85
AR B /mm ICore 1.07 6.19 2.37 33.34 1.96 0.578
Petiole length(PL) PCore 1.07 6.19 244 38.91 1.88
4 58 B /mm ICore 0.43 1.06 0.70 16.00 2.04 0.658
Leafstalk width(LW) PCore 0.43 1.06 0.71 16.89 2.01
ZUAE K em ICore 9.68 3460 17.77 22.48 2.00 0.982
Length of secondary shoot (LSS) PCore 9.68 34.60 17.75 27.87 1.91
IR ICore 4.00 16.67 8.35 21.14 2.02 0.982
Number of secondary shoot node (NSSN) PCore 4.00 16.67 8.34 27.85 1.86
LK em ICore 5.22 26.60 12.62 27.36 2.00 0.875
Length of bearing shoot(LOBS) PCore 5.22 26.60 12.53 29.39 1.84
EIEE ICore 6.14 2233 12.68 27.10 1.96 0.625
Number of leaf on bearing shoot(NLBS) PCore 6.14 22.33 12.42 28.17 1.88
BRI B /mm ICore 438 38.85  17.01 33.94 2.06 0.731
Straight thorn length (STL) PCore 4.38 38.85 16.69 42.55 1.93
FEHIH 2 /mm ICore 1.34 7.87 3.67 32.77 2.00 0.647
Bend length(BL) PCore 1.34 7.87 3.58 36.52 1.93
HIL i /g ICore 0.33 4.64 1.43 57.59 1.84 0.417
Single fruit mass(SFM) PCore 0.33 4.64 1.55 65.22 1.89
RSP R /mm ICore 8.85 23.66  14.28 21.22 1.99 0.619
Fruit vertical length(FVL) PCore 8.85 23.66 14.57 27.05 1.89
RAHETR /mm ICore 7.28 2023 13.02 21.10 2.04 0.894
Fruit horizontal diameter(FHD) PCore 7.28 20.23 13.09 24.65 2.00
P SIZ L ICore 0.82 1.71 1.11 12.65 2.00 0.338
Fruit shape index(FSI) PCore 0.82 1.71 1.13 15.15 1.94
%R % ICore 6.24 5537  20.08 44.29 1.91 0.961
Nutlet rate(NR) PCore 6.24 5537  20.16 56.27 1.83
PR ST B g ICore 0.09 0.45 0.23 25.93 2.05 0.717
Single nutlet mass(SNM) PCore 0.09 0.45 0.23 32.81 2.01
R L /mm ICore 6.91 16.58  10.20 17.58 2.00 0.596
Nutlet vertical diameter(NVD) PCore 6.91 16.58 10.38 22.62 1.92
SR HEAR /mm ICore 5.52 9.75 6.97 9.68 2.05 0.586
Nutlet horizontal diameter(NHD) PCore 5.52 9.75 7.04 12.53 1.93
13| %1k ICore 0.76 2.53 1.48 18.62 1.96 0.735
Nucleation index(NI) PCore 0.76 2.53 1.49 23.87 1.91
AR % ICore 3.75 31.03  16.39 25.00 2.05 0.644
Kernel rate (KR ) PCore 3.75 31.03 16.04 32.04 2.00
A iR g ICore 0.01 0.07 0.04 29.44 2.05 0.788
Single kernel mass(SKM) PCore 0.01 0.07 0.04 38.90 1.94
R /mm ICore 491 8.19 6.50 10.36 2.09 0.472
Kernel vertical diameter(KVD) PCore 491 8.19 6.59 12.58 2.00
R HE1E/mm ICore 3.67 6.36 5.08 8.69 2.04 0.671
Kernel horizontal diameter(KHD) PCore 3.67 6.36 5.11 11.41 2.02
{5 ICore 0.93 1.65 1.28 9.91 2.08 0.601
Kernel-form index (K1) PCore 0.93 1.65 1.29 12.31 1.83
AR /mm ICore 1.38 3.47 2.50 13.91 1.99 0.513
Kernel side diameter(KSD) PCore 1.38 3.47 2.53 15.83 1.96
TR % ICore 60.00  100.00  99.10 4.57 0.24 0.059
The Kernel content(TKC) PCore 60.00 100.00 96.73 8.86 0.62
WA= 1% ICore 0.00 90.00 24.41 85.46 1.92 0.247
Dual kernel rate( DFR) PCore 0.00 90.00 20.58 111.97 1.45
AR/ % ICore 44.63 93.76  79.92 11.13 1.95 0.956
Edible rate(ER) PCore 44.63 93.76  79.84 14.21 1.80

3E :1Core. JE UG RN 5T ; PCore. 7% 00 FI i o

Note:ICore. Initial collection; PCore. Core collection.
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Table 6 Coincidence rate test of phenotypic traits between core collection and initial collection

ESINERIN WEFFEHI% I RAEAF A 51% I/ MEAF 31% ZRE BT 5%
Phenotypic trait ~ Mean coincidence rate Max coincidence rate Min coincidence rate Coincidence rate of diversity index
LL 97.53 100.00 100.00 99.99
WLB 96.90 100.00 100.00 99.26
LSI 99.06 100.00 100.00 92.23
PL 97.12 100.00 100.00 96.27
LW 98.94 100.00 100.00 98.51
LSS 99.92 100.00 100.00 95.65
NSSN 99.92 100.00 100.00 92.41
LOBS 99.32 100.00 100.00 92.13
NLBS 97.94 100.00 100.00 95.53
STL 98.10 100.00 100.00 93.93
BL 97.64 100.00 100.00 96.61
SFM 92.08 100.00 100.00 97.25
FVL 97.99 100.00 100.00 95.09
FHD 99.50 100.00 100.00 97.81
FSI 98.04 100.00 100.00 96.89
NR 99.59 100.00 100.00 95.71
SNM 97.95 100.00 100.00 98.10
NVD 98.21 100.00 100.00 96.19
NHD 99.00 100.00 100.00 93.79
NI 98.80 100.00 100.00 97.26
KR 97.83 100.00 100.00 97.45
SKM 98.38 100.00 100.00 94.50
KVD 98.65 100.00 100.00 95.68
KHD 99.29 100.00 100.00 98.97
KI 99.04 100.00 100.00 87.89
KSD 98.58 100.00 100.00 98.24
TKC 97.61 100.00 100.00 38.36
DFR 84.32 100.00 100.00 75.62
ER 99.90 100.00 100.00 92.30

2.5 BRAEROHRS RGBT REHEIA

ER I BT AR R (R T) , LURFAE(E R T 1 o bn ofe, I s M BAEE O A Eal sy, BRIT 5Tk
79.74% A% Lo FP BT L 84 TSy, Rt TTRREA 80.12% , HLERHS 5 T3 Ah A% Rl BT 45 3218057 DTk
AREY LR A TR, SR oM R RE RS TH BRI AL U . Rk A IR (18] 2) , st i S oA G o, Ao
JR A R S, A m BB A U o A O FP A B 3 50, AR ) B R 3, LB
IO, B AR B D R i 5 B 23 A1 AR AIE
2.6 BFEZOMBEMMENTE

AT FEAE B R R AL O R 3L 52 03, 3 5 AN FIAGLEG: , REAS Aty st AU 3R JAL AR i o ) S L 2 R
(BRI R A —E R 2R o AP BRI & , 1L T PR Jb RSP Rl IR A R BT A AL,
2 AT B ol o KR (A 3 003 R 4473, I 2 A e 2 S BEATLAT B 1 1 b B A o 7 13458 PR i 4
ARHBRE 6B, Or B AP, A0 T8 AR BRI AN AR 2R I SR BB ANAT 1 43 b
L7350 904 5 F1 601 5, I 2 3 Pl Bt BLEE A EAZ AP BT o AT 1 5[] b /2 SRE B MR g R
LR FIAZIE “ [ SEIE ™ A 2 DL, Sl B2 b oA Ao 0I5, A 7 03 o S 6 2 S TR O ™ g e B
T BEALAHIRC 10y b B AR 5, 2 00 o A2 I IRIE R B ™ (1 2 B2 , BEHILAIBC 1 0 b St A
BobMsi(£8) . 25 L, Gt #hseodsh , LG 2 58 (LRl
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Table 7 Principal component analysis between core collection and initial collection

R B
. Initial collection Core collection
A TR PRERE » TR s e
Component FFIEE . . FAE(E . .
Figen value Pr‘0p01.rt10n Cu.mul.allve Figen value Pr.opm.rtlon Cu.mul.atlve
contribution rate contribution rate contribution rate contribution rate
1 8.18 28.19 28.19 8.41 28.99 28.99
2 3.55 12.23 40.42 4.37 15.06 44.05
3 2.49 8.57 49.00 2.70 9.30 53.35
4 2.15 7.40 56.39 2.10 7.24 60.59
5 1.88 6.49 62.88 1.67 5.76 66.35
6 1.43 4.93 67.81 1.51 5.22 71.57
7 1.26 4.34 72.15 1.29 4.45 76.02
8 1.16 3.99 76.14 1.19 4.10 80.12
9 1.04 3.60 79.74 0.92 3.18 83.30
H% L F T Core collection B A ST Total collection
/ o\
2 r ho © o
L o ©°° 0%3 o0
o o 9
of @, o
1] “T oo Og & § %OO ° 5 é
o~ Q [e]
-1 F o
o
_2 =
,3 |-
-2 o 17
P(Ol 2 3 : PC2
B2 ETHELF2MEIETMSHERSHE
Figure 2 Sample distribution based on principal components 1, 2 and 3
R8O TR B G R R B0 L B
Table 8 The proportion of core collection to initial collection
ol b J A 5073 % AN TRy i RO R BT o /%
Provenance Number of initial collection ~ Number of core collection ~ The proportion of core collection
1T 7% /¢ Kazuo, Liaoning 40 10 25.00
0T E Jianping, Liaoning 3 0 0.00
L 75 & B Xiaxian, Shanxi 6 4 66.67
L PG il Pinglu, Shanxi 11 2 18.18
Bk P £ B Jiaxian, Shaanxi 13 3 23.08
B PG 2278 Suide, Shaanxi 9 2 22.22
B PG 4E)1] Yanchuan, Shaanxi 19 4 21.05
B E0)1] Yichuan, Shaanxi 5 2 40.00
A4t 4 2% Fuxing, Hebei 12 4 33.33
LR % Wuan, Hebei 4 3 75.00
L5 #B Xindou, Hebei 14 2 14.29
46 N T Neiqiu, Hebei 4 1 25.00
JTHLIGE I Lincheng, Hebei 3 2 66.67
[ JL#E & Zanhuang, Hebei 16 3 18.75
W[AtIC S Yuanshi, Hebei 9 2 22.22
T[] B Fuping, Hebei 0 0.00
T JLMESE Shunping, Hebei 12 2 16.67
11145 3% Changqing, Shandong 12 5 41.67
M52 IG5 L Yuanbaoshan, Inner Mongolia 15 1 6.67




%24 M A 5 T R RN IR 69 BR RO AR R M 2 -185—

3 WiEER

FETUB AR FAZ O TR I LB I O VR TR A IS gl T A o R AR T A G
SHEER AT 5 A3 1 URE i , R B R B ALIBORE v O e HURE I R 255 HURE I 3 b vk . Finéith
ZEE0R T R ARUMEAR X 200 13 AR A 342 0 B SRS A 5 4 B0, SR ) v 225 US40 JRARKAZ: 0o o B
FHA 2 F 5 KA AAZ O Fh AR R e o SRR AR T 161 43 7K 75 A% 11 1 2 AP R BN 1%
FOK T PO B TR RIS , & B SRR V5 B8 A R R A K 5 W A o R B GE R . ARIF 54T 3
i BRURE 7 vk 0047 0 1 , & BRE S BORE 24 2 A% o F BT VD L CR VR e K, TUARR FEAIG , $2 i A 0o
ARSI,

iy R 305 BT 14 BBURE 91 e A O TR 75 A R A EE L BR YT, BURE LU 3] e A1, e A O R SR A TUAY
TR ARERMAZ RN 5% w5 0 B IR 0 DR AE SR BFSRRBH , 2 BORAS i A% O ol B ) U
1 R 10%~45% o Bk I8 S5 EE AR R b B O BT 4G 2 SR M A9 v e B, DA 259% BRURE L4514 i v
B R AR Ao TR e . WANG S5 309% IR EL A , L 780 103 2 B A8 1) 2 TR B4l 49 A%
P . XUE 520 FH 252 03 TEARRH 5k b R4 8 S RUAZ O 5T, BURE L 31 30% 0 ARHIFSE 36T 7 4N L
FE L A1) 5 32 B AR BRURE LU A8, 22 3 25% UK LU 45148 28 Y A% .00 F ST VD R CR e K, R AR B LE Il KT
90% , AT A Ay ) S I A, 0o P G A9 5 A BRURE L 451

YA B 1 T 00 o SRR P AR D A2 2 A A A A O o T A T 4R , 38t B 2 T 08 o A b o o ) A
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