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Genetic diversity analysis and core collection construction of Phyllanthus

emblica based on SSR markers

WANG Jianchao, ZHANG Xiaoyan, ZHANG Lijie, LI Tao, XIE Lixue’
(Fruit Research Institute, Fujian Academy of Agricultural Sciences, Fuzhou 350013, Fujian, China)

Abstract: [Objective] The genetic diversity and core collection construction of Phyllanthus emblica
were investigated using SSR molecular markers, in order to provide a scientific basis for preservation,
genetic breeding and efficient utilization of the germplasm resources. [Methods] The experimental ma-
terials were collected from P. emblica Germplasm Resource Sub-Center, National Tropical Plants Germ-
plasm Resource Center. The genetic diversity and genetic relationship among 192 accessions of P. em-
blica and a related species P. reticulatus were analyzed using the previously developed SSR molecular
markers. The primers used were 10 pairs of highly polymorphic primers screened in the previous study.
Subsequently, based on the SSR molecular marker data, the best scheme for constructing the core collec-
tion of P. emblica was selected. The SM genetic distance, Jaccard genetic distance, and Nei & Li genet-
ic distance were used to select the appropriate clustering method. The priority sampling strategy and ran-
dom sampling strategy were evaluated. The core collection was constructed based on the sampling ra-
tios of 10%, 15%, 20%, 25%, 30%, 35% and 40%, and the optimal sampling ratio was screened. After
the core collection was constructed, the differences of the genetic diversity parameters between the core

collection and original collection were analyzed. Additionally, the principal component analysis was car-
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ried out to evaluate the representativeness and heterogeneity of the core collection. [Results] A total of
85 polymorphic bands were detected in 193 samples by 10 pairs of SSR primers. The effective number
of alleles (Ne) was 1.321 6, the heterozygosity (4) was 0.194 6, the Shannon's information index (/) was
0.325 7, the polymorphic information content (P/C) was 0.77, and the genetic distance of P. emblica
ranged from 0 to 0.958 3, indicating a high level of genetic differentiation among P. emblica germplasm
resources, significant genetic differences, and substantial genetic diversity. The genetic distance be-
tween No. 107 and No. 108 was 0, while the distances between No. 116 and No. 115 was 0.001, and the
distance between No. 20 and No. 19 was 0.006, indicating that the genetic relationships among these
groups were very similar, and the genetic variation were small. They might represent the same or simi-
lar germplasm, which could be further judged by the phenotypic analysis. The cluster analysis revealed
that the 192 accessions of P. emblica were categorized into three groups. The first group, comprising
170 resources, was primarily sourced from Fujian, Guangdong and Guangxi. The second group includ-
ed 21 resources from Yunnan and abroad, indicating that the germplasms in different ecological distribu-
tion areas were separated from each other, and the germplasms in the same ecological distribution area
had relatively close genetic relationships. The third group was No. 158, a wild resource from Fujian,
which was far from other resources. It could be used as a potential experimental material for the study
of the origin and genetic evolution of P. emblica. The results of the PCA principal component analysis
and UPGMA cluster analysis were consistent. The resources from different ecological distribution areas
were separated from each other, and the genetic relationship of the resources in the same ecological dis-
tribution area was relatively close. The core collection of P. emblica was constructed using the optimal
scheme of Jaccard genetic distance, class average method, and priority sampling strategy. The effective
alleles (1.339 6), Nei's gene diversity index (0.2238) and Shannon's information index (0.363 7) of the
core collection were the highest at a sampling ratio of 10 %, indicating that the genetic diversity of the
core collection was well preserved at this ratio. The primary core collection containing 20 resources
was constructed. The retention rates of polymorphic loci, percentage of polymorphic loci, alleles, effec-
tive alleles, Nei's gene diversity index and Shannon's information index were 95.25%, 95.29%, 97.65%,
102.70%, 112.41% and 110.48%, respectively, shown by inspecting the primary core collection. The ef-
fective alleles, Nei's gene diversity index and Shannon’s information index were higher than those of
the original germplasms and the reserved germplasms. The PCA score scatter plot, performed on the
SSR molecular data of 20 core germplasms and 192 original germplasms of P. emblica, showed that the
scatter distribution area and shape of the core germplasm had a high degree of coincidence with the scat-
ter distribution area and shape of the original germplasms. The peripheral individuals were also selected
into the core germplasms. This finding indicated that the core germplasm effectively eliminated genetic
redundancy, thereby ensuring the representativeness and heterogeneity of the original germplasms.
[ Conclusion] The level of genetic differentiation among P. emblica germplasm resources was high, ex-
hibiting a wide range of genetic variation and rich genetic diversity. The developed SSR molecular
marker technology effectively captured the genetic differences and relationships within P. emblica,
which would offer reliable tools and foundational data for the identification of P. emblica germplasm re-
sources, core germplasm construction, and genetic breeding. The optimal scheme for constructing the
core collection of P. emblica was determined to be the combination of Jaccard genetic distance, UPG-
MA clustering, a priority sampling strategy, and a 10% sampling ratio. Consequently, a core collection
of 20 P. emblica was constructed to provide scientific basis for the collection, preservation and innova-
tive utilization of germplasm resources.
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Fig. 1 Phyllanthus emblica Germplasm Resource Sub-Center, National Tropical Plants Germplasm Resource Center top view

and plant growth situation
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Table 1 The sample information
75 No. i % #K Germplasm name SKJF Origin J7%5 No.  Ff1Jii % #% Germplasm name >K¥E Origin
1 924 01 Qingpi seeding 01 J” < Guangdong 50 J7 AR BF 4 16 Guangdong wild 16 ] %< Guangdong
2 # % 01 Qingpi 01 ] %< Guangdong 51 J” 7B 17 Guangdong wild 17 ] %< Guangdong
3 I~ 7R 4 01 Guangdong wild 01 ]~ 7k Guangdong 52 AR B4 13 Fujian wild 13 &%k Fujian
4 7SI 02 Qingpi seeding 02 i  Fujian 53 a7 2E 14 Fujian wild 14 a4 Fujian
5 JEFEM 01 Jiexizhong 01 I 7% Guangdong 54 #a 4 15 Fujian wild 15 a4 Fujian
6 ] 7R 4 02 Guangdong wild 02 ]~ 7k Guangdong 55 A A B4 16 Fujian wild 16 #i £ Fujian
7 ] 4 7/E 03 Guangdong wild 03 ] %< Guangdong 56 7Bk 18 Guangdong wild 18 ] %< Guangdong
8 "R ¥7E 04 Guangdong wild 04 ] %< Guangdong 57 J" 3¢ H 05 Guangbogan 05 ]~ 78 Guangdong
9 ] ZRBF 4 05 Guangdong wild 05 ] %< Guangdong 58 A B4 Fuzhao wild i 4 Fujian
10 I~ %4 06 Guangdong wild 06 ] 7% Guangdong 59 AR 4E 17 Fujian wild 17 a2 Fujian
11 ]85 H 01 Guangbogan 01 ]~ 7k Guangdong 60 A A B 4= 18 Fujian wild 18 #i £ Fujian
12 I E72E 07 Guangdong wild 07 ] %< Guangdong 61 FitH5i22E 02 Tiangan seeding 02 a2 Fujian
13 7R 4 08 Guangdong wild 08 ]~ 7k Guangdong 62 #HH 524 03 Tiangan seeding 03 %%k Fujian
14 1A 2B 01 Fujian wild 01 1 2 Fujian 63 i £ BF 4= 19 Fujian wild 19 #i 2 Fujian
15 i H Tiangan ] %< Guangdong 64 JU B 542 01 Guangbogan seeding 01 487 Fujian
16 filtF101 Tianzhong 01 ] %< Guangdong 65 filt#1 03 Tianzhong 03 ]~ 7% Guangdong
17 BtH 05 Binggan 05 7% Guangdong 66 7 A HT£E 20 Fujian wild 20 #fi 2 Fujian
18 I~ ZR 4 09 Guangdong wild 09 ]~ 7k Guangdong 67 AR A 21 Fujian wild 21 &%k Fujian
19 i B 4E 02 Fujian wild 02 i Fujian 68 Hi A B 2E 22 Fujian wild 22 #i 2 Fujian
20 @ 2 4E 03 Fujian wild 03 1 & Fujian 69 T35 H 06 Guangbogan 06 '~ 7R Guangdong
21 ] /R ¥F2E 10 Guangdong wild 10 J” < Guangdong 70 I8 H S22E 02 Guangbogan seeding 02 48 # Fujian
22 EHH 5242 01 Tiangan seeding 01 #a# Fujian 71 #3874 23 Fujian wild 23 a2 Fujian
23 I 4874 11 Guangdong wild 11 7% Guangdong 72 AR EF A 24 Fujian wild 24 87 Fujian
24 I % E72E 12 Guangdong wild 12 ] %< Guangdong 73 I 4 E74E 19 Guangdong wild 19 ] 7% Guangdong
25 Y924 01 Binggan seeding 01 A% Fujian 74 HEYF 55 Fubing 5 hao i Fujian
26 ]85 H 02 Guangbogan 02 ] 78 Guangdong 75 ]85 H 07 Guangbogan 07 ] %X Guangdong
27 I 3% H 03 Guangbogan 03 ] 7% Guangdong 76 J B H 5242 03 Guangbogan seeding 03 48 % Fujian
28 17 21 2 04 Fujian wild 04 1 2 Fujian 77 H#H 02 Binggan 02 I~ 7% Guangdong
29 BtH 01 Binggan 01 7% Guangdong 78 A B AL 25 Fujian wild 25 ##i 2 Fujian
30 F7 % Chipi 7% Guangdong 79 AR EF 4 26 Fujian wild 26 8% Fujian
31 % 02 Qingpi 02 J” < Guangdong 80 Ha i ¥F 2 27 Fujian wild 27 a4 Fujian
32 HFET Tetian I 7% Guangdong 81 Jii<k 01 Shitou 01 ]~ 7% Guangdong
33 & A5 2E 05 Fujian wild 05 & 2 Fujian 82 fR 3 HF 2E 28 Fujian wild 28 & Fujian
34 1A 2E 06 Fujian wild 06 4 & Fujian 83 @7 2E 29 Fujian wild 29 #fi 2 Fujian
35 FEZEEF A2 07 Fujian wild 07 87 Fujian 84 AR EF 4 30 Fujian wild 30 &% Fujian
36 H % 03 Qingpi 03 7% Guangdong 85 a2 31 Fujian wild 31 i Fujian
37 I %487 /E 13 Guangdong wild 13 ] %< Guangdong 86 @ 57 4E 32 Fujian wild 32 & Fujian
38 1 2 2E 08 Fujian wild 08 1 Fujian 87 i £ B 4= 33 Fujian wild 33 #i £ Fujian
39 EN5] 01 India introduce 01 E[I ¥ India 88 Z&5| 01 Thailand introduce 01 %% [E Thailand
40 5 J2 524 03 Qingpi seeding 03 7 Fujian 89 AR ST A 34 Fujian wild 34 &% Fujian
41 ] 7R B4 14 Guangdong wild 14 J” 7% Guangdong 90 #ll#l 04 Tianzhong 04 ] %< Guangdong
42 #ifFh 02 Tianzhong 02 I 7% Guangdong 91 451 01 Myanmar introduce 01 4l fa] Myanmar
43 1 22 2E 09 Fujian wild 09 1 £ Fujian 92 A £ B 4= 35 Fujian wild 35 #i £ Fujian
44 ] <74 15 Guangdong wild 15 ] %< Guangdong 93 KETF Dayuzi ] 78 Guangxi
45 & 257 4E 10 Fujian wild 10 & 2 Fujian 94 F8# 15 Fupu 1 hao %%k Fujian
46 ]3¢ H 04 Guangbogan 04 ] %< Guangdong 95 i £ BF 4= 36 Fujian wild 36 #i 2 Fujian
47 124 11 Fujian wild 11 ##i £k Fujian 96 @ 4E 37 Fujian wild 37 ##i 2 Fujian
48 A EF4E 12 Fujian wild 12 & 4 Fujian 97 ]3¢ 08 Guangbogan 08 ] %< Guangdong
49 T 2 04 Qingpi 04 J” 7% Guangdong 98 1 A BT 2E 38 Fujian wild 38 4 % Fujian
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%1 (4) Tablel (Continued)

J¥*5No.  FJ5i £ #K Germplasm name SK¥E Origin 5 No.  Fifi 4 FK Germplasm name SK¥E Origin

99 HE T 4 39 Fujian wild 39 7 Fujian 147 MR AE 64 Fujian wild 64 5 7 Fujian
100 & T 4 40 Fujian wild 40 18 % Fujian 148 7 % 07 Qingpi 07 I~ 7R Guangdong
101 i 2 P4 41 Fujian wild 41 #i £t Fujian 149 i 22 B4 65 Fujian wild 65 1 £ Fujian
102 4fi 5| 02 Myanmar introduce 02 4ij 8] Myanmar 150 a2 BT 2E 66 Fujian wild 66 1 2 Fujian
103 A8 B 4E 42 Fujian wild 42 & 2 Fujian 151 2155275 01 Red fruit seeding 01 ¥ Yunnan
104 45| 03 Myanmar introduce 03 4fi ] Myanmar 152 FK A 02 Qiubai 02 &4 Fujian
105 ] 7R P4 20 Guangdong wild 20 |73 Guangdong 153 75 H 1 Liuyuebai 1 2 Fujian
106 HiEEBF 4 43 Fujian wild 43 #i 2 Fujian 154 i 22 BF 4= 67 Fujian wild 67 1 2 Fujian
107 #1105 Tianzhong 05 ] %< Guangdong 155 W1 04 Binggan 04 ] %< Guangdong
108 fift 1 06 Tianzhong 06 ] %< Guangdong 156 i 22 B 4 68 Fujian wild 68 &% Fujian
109 1R T 4= 44 Fujian wild 44 18 % Fujian 157 & AT A 69 Fujian wild 69 18 % Fujian
110 i 2R B 4E 45 Fujian wild 45 ##i 2 Fujian 158 i 22 B 4= 70 Fujian wild 70 1 2 Fujian
111 4fi 5| 04 Myanmar introduce 04 4ij 8] Myanmar 159 4fi 5] 08 Myanmar introduce 08 4fi i) Myanmar
112 45| 05 Myanmar introduce 05 4f] fi) Myanmar 160 Jai T 02 Biangan 02 4 Fujian
113 1T A 46 Fujian wild 46 8 7 Fujian 161 FEEEE A 71 Fujian wild 71 2 Fujian
114 i 22 B4 47 Fujian wild 47 1 £ Fujian 162 i 22 B 4 72 Fujian wild 72 1 2 Fujian
115 4fi5] 06 Myanmar introduce 06 4fi 8] Myanmar 163 #lt#h 10 Tianzhong 10 ] %< Guangdong
116 4fi 5| 07 Myanmar introduce 07 4fj i) Myanmar 164 #& ¥ 2E 73 Fujian wild 73 4 2 Fujian
117 ] 7R 421 Guangdong wild 21 |73 Guangdong 165 A 22 1 4= 74 Fujian wild 74 17 & Fujian
118 fft# 07 Tianzhong 07 ] %< Guangdong 166 A2 01 Yunnan wild 01 2% F Yunnan
119 5 22 B4 48 Fujian wild 48 ##i 2 Fujian 167 = FHFAE 02 Yunnan wild 02 = M Yunnan
120 a2 BT 2E 49 Fujian wild 49 ##i £ Fujian 168 & Yingyu 7 Yunnan
121 #tFh 08 Tianzhong 08 I~ 7% Guangdong 169 AR B4 75 Fujian wild 75 1 2 Fujian
122 HE R4 50 Fujian wild 50 87 Fujian 170 LA 76 Fujian wild 76 187 Fujian
123 HR A4 51 Fujian wild 51 #i £ Fujian 171 i 2 B 4= 77 Fujian wild 77 1 2 Fujian
124 i 22 BFAE 52 Fujian wild 52 2 Fujian 172 INRINRER Poreticulatus Z= & Thailand
125 AR A B 4E 53 Fujian wild 53 & %2 Fujian 173 EN5] 02 India introduce 02 E[ B India
126 T B 05 Qingpi 05 ] %< Guangdong 174 725/ 02 Thailand introduce 02 Z& [ Thailand
127 0 22 1 4 54 Fujian wild 54 #i £ Fujian 175 i 2 B 4= 78 Fujian wild 78 1 2 Fujian
128 HA B AE 55 Fujian wild 55 i Fujian 176 FH 524 03 Binggan seeding 03 4 # Fujian
129 53574 56 Fujian wild 56 ## 7 Fujian 177 Z1J0 744 02 Honghe wild 02 7T Yunnan
130 &l F# 09 Tianzhong 09 I 78 Guangdong 178 21 91524 02 Red fruit seeding 02 27 Yunnan
131 AR B E 57 Fujian wild 57 # £t Fujian 179 = M¥F£E 03 Yunnan wild 03 2 Yunnan
132 i 22 B4 58 Fujian wild 58 #i 2 Fujian 180 = M ¥ 2E 04 Yunnan wild 04 2 M Yunnan
133 F 2 06 Qingpi 06 ] %< Guangdong 181 = MK Yunnan Daguo 7 Yunnan
134 FRANEF A Fuxian wild ##i £ Fujian 182 Ha 2 ET AE 79 Fujian wild 79 2 Fujian
135 #1401 Qiubai 01 18 % Fujian 183 Pifi<k 02 Shitou 02 " 7% Guangdong
136 JwH 01 Biangan 01 #i £k Fujian 184 e3P Bolizhong J” %< Guangdong
137 i 22 B4 59 Fujian wild 59 #i 2 Fujian 185 128 Tujian 7% Guangdong
138 W+ 03 Binggan 03 ] %< Guangdong 186 +1Jf Tubing ] %< Guangdong
139 B SE2E 02 Binggan seeding 02 #& 7% Fujian 187 RJEM Jianpigu ] 7R Guangdong
140 & B 60 Fujian wild 60 # £k Fujian 188 4fi 5] 09 Myanmar introduce 09 4fj fi] Myanmar
141 HAEE P4 61 Fujian wild 61 4 # Fujian 189 ] KH Guangdagan ] %< Guangdong
142 a2 BT 2E 62 Fujian wild 62 4 2 Fujian 190 A Nuoganlan 7 Yunnan
143 #H Fengan #a% Fujian 191 AR T4 80 Fujian wild 80 #a% Fujian
144 W3 Lanfeng #a % Fujian 192 I 3% H 524 04 Guangbogan seeding 04 4 % Fujian
145 A H Zaogan 4 2 Fujian 193 I VEE 4 Guangxi wild I~ 1 Guangxi
146 1E L 63 Fujian wild 63 4  Fujian
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Table 2 10 Pairs of polymorphic SSR primer information

Elk/E ae HEHIT NABEE/s2 ] FAREE 2] PR
Primer number Repeat motif Positive primer sequence (5'-3") Reverse primer sequence (5'-3") Product length/bp
PEI (TCCCT)5 AGAAGAAGACAGCGACCAAA GGAGATTAGGTGGCGGGATG 236

PE2 (GAAAA)6 TTGATTGTTCGTTGGTCGGC AGAAGGGAAAAGTTGGGACGA 238

PE3 (TTO)11 AGTCTGCCATCCGATGAAGC GCCTCTGGCCTTAAACCTGA 127

PE4 (CT)21 CGAAGCAATTGCCCAAACCT GGGGCAAAGAAGTTCCCTGA 254

PES5 (AG)25 ACGGAGAGGGAACACAAACC TGAGGGTCAAAAAGGGTTCTCA 255

PE6 (AG)17 ATATGATGGCCACCGTCACC AGGTGTCTCTCTCTTGGACTCA 237

PE7 (AG)22 GCAGCAAAGAGAGCTTCTTCA GAGGTTGTAAGAGGGGCTTGT 270

PES (TC)20 AGCACTACACACCAACCTTCT GTGGCGGTCTATGGTTTTGC 265

PE9 (CT)21 TGGTTTGTAGCGAACATGCTG CAGCACAACAAGAGGCCAAC 137

PEI0 (CT)20 GCCACTTGAAAAGGTGAAGCA GAGGACGATGTGGAGTTCCC 186
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M 495051525354 55 56 57 58 5960 61 62 63 M 64 65 66 67 68 69 70 71 7273 7475 76 77 78 79 80 81 82 83 84 M 85 86 87 88 89 90 91 92 93 94 95 96 M

250 bp

100 bp

M 97 98 99100 101102103104105106107 108 109 110 111 M 112113114 115 116 117118 119120121122123 124125 126127 128 129 130 131132 M 133134135136 137 138 139 140 141 142 143 144 M

250 bp

100 bp

M 145146147 148 149150151152 153154155 156157158159 160161162

250 bp

100 bp

163 164 165166 167168 M 169 170171172173174 175176 177 178 179180 181 182 183 184185186 187 188189 190 191 192 M

B A FBOR B AR X325 7 5 1~193 X NFE 45 No. 1~No. 193,M & DNA Marker.

Only the bands in the target area were shown in the figure, and the corresponding samples from 1 to 193 were numbered No. 1-No. 193, and M

was DNA Marker.

2 5|%) PE8 X} 193 (3 H AV LR
Fig.2 The amplification results of primers PE8 in 193 samples
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Table 3 Genetic diversity parameters of 10 pairs of SSR markers in 193 samples

1% i g LA SRR NG AR R Ne P BERELRHESY ZHMEEEECIO
Primer Band Polymorphic ~ Number of Numb.er of :;etLelrjzygosity -Shannonts 4 .PolymorPhism
number numbers bands alleles effective alleles information index  information content
PEI 5 5 2 1.696 5 0.373 8 0.535'1 0.82

PE2 5 5 2 1.5397 0.2127 0.3312 0.69

PE3 6 6 2 1.161 4 0.104 9 0.2176 0.69

PE4 5 5 2 1.091 0 0.083 0 0.1775 0.70

PES 13 13 2 1.280 7 0.187 5 0.309 3 0.76

PEG6 10 10 2 1.3340 02211 0.392 4 0.84

PE7 12 12 2 1.2633 0.187 6 0.324 1 0.87

PES 9 9 2 12922 0.1979 0.3315 0.81

PE9 8 8 2 1.304 7 0.208 1 0.350 3 0.75

PEIO 12 12 2 1.2522 0.168 9 0.288 4 0.82

P Mean 8.5 8.5 2 1.3216 0.194 6 0.3257 0.77

THEL 193 43 FF 54 18] () Nei & Liist &0 5, 45 &0,
192 3 2 H 7 Ff 53 55 U5 1) 748 S Y5 LR 0~0.958 3, 3%
BH SR H ol 53 B U TR PRI A% 2 A KT i S8R AR
WHIK, B EREE, ZHMEFEE. No. 1075
No. 108 [¥135t 4% 5 25 4 0, Fft T 7] 22 57 0, &5 5 R 2
Al gk — 0 H) 5 & 75 N FE s No. 116 AT No. 115 18 4%
FE B4 0.001, No. 20 F1 No. 19 1# 4% 8 5 0.006, %
X L2 0T 1) 21 25 0% SR AR AR, °F b (8] (1) a8t A%
AR SN O] BN AR [F) BRI R 5 384 B BRI
No. 158 5No. 23(0.958 3).No. 158 5No. 39(0.9574) .
No. 188 5 No. 149 (0.944 4) . No. 159 5 No. 121
(0.904 8) Ui FHIX J LA P BT B 55 2% 08 R LI 5 il 2 Fp
No. 172 5 192 {3 4 H — Fl 5t 9% 5 1) 18 4% 5 25 90 [
90.818 2~1, 5 No. 190" KH, | HRIFELE K R i
3T 5193 43 b5 Il 2R No. 172 5 66 43 4 H 1Rl 5
(1) 153 A% R B D 1, rh SRR AR AN AR I AR
96.97%.
22 BESH

193 473 FF il [\ UPGWA S8 45 5 LI 3, il &
Pl No. 172 B4, R 192 iy 1R 8A% BE 25 R
0.6 AT 43 A 3 LA, 55 1V A BB ONAEEE T M) 1Y
SR YR b ) 3 7 S RORD B AR BB (170 43 5 % X 45
I AR AL R ) DX AR S 2 A B e SRR — S S 2 4
7 B RS AN EE AN BT (21 43 5 5] J AR AL T X
AR FAT, SET IR BB AL Z A A R RS
— B XM R IS A B R R 2, TR
I K /N 507 85 3 41k AR 2219 No. 158 B
AEFR B, 1A RS HAR R R SR 206 BRI, WIE R

X J 4 H R JR R 8 A i R g s Y AR S A AL A
IR

FRYE SR, 25 1 45 170 40 B8 X AT 49y 8 A
WK, B1WREE T OMFES, EENRIFE R
(5447 ) FOAE (40 47 BFR T, B i 28 LU 7 it ol
CROFNEF RPN, T AR B R 75 B ISk Fn9f
H& AR IR H AN A B8 RIS, lANE
A 1 2 ) B A T, 3R A S IR BT A AL M EE SR R
b X () 7 b ot B R AL OC R B, A7 AE
FERIAZ . 55 2 WARRAE 7 49 FF i, 32 272 RIH
A A2 (1) B AR SR AT T M (R, 15 93.88% , U
WA KR H S 7 SR (RO, R E ISR
A B A T RN S A b P A% 2 SR AN O
5K FEOUT 4 DX DT R AL — o ) e B X
Fetk. ZB3MREE T 3 i, H 1 No. 70 H1 No.
132 ¥ s A, No. 70 &) 3% H 5242 J5 A8 5 No.
132 35t4% 75 /N, WL FE B 0.379 3. SF 4 R
T 3R 2 i ke R B AR TR 2 A AN AR
2T B 05,3 4 Bl g AR 25 RN, SR R N
0.404 3~0.647 1. 25 S WARTE T 3FEM , BifL I
9 0.476 2~0.523 8, H HHALHE 2 1 4 8 B AR AP oRA 1
W= B AR, R K B AR R R,
AR A SR A 22 e DR IR M [X ot 5 2 ] 19, 7 e A7 A i DR 1)
Lo 26 WKL T 40 FE i, 5 9t i B A 5%
P, A B2 (R B AL EE 2508 0.404 3~0.523 8. 25 7 F
KERET 6 i, HorokiE™ K 1 No. 184 335
5 No. 148 T 5 07 1845 B 55 9 0.463 4, A i &
BAES SANUE R . 20 8 W Am @ A5 340, 20l
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The germplasm name corresponding to the number are same Table 1. The same below.

B3 193 (pHEmENEERED
Fig.3 Genetic clustering map of 193 samples
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0.523 8~0.617 0.
23 ERSOH

R4 SSR 73+ b i 25 SR AT £ B 73 i, BA
PC1 A1 PC2 #4 7 193 4 A i 1Y — 4 3= 1 7 B ]
(B4, AR AL B SR 200 Rl A B iz )
G R FRIL, WPCA Bl DL R H, 193 £

MRS 2 H 2R 5 (= 5 S B8 AR5, B AR ] 9
J5D) 5 Ho A 2 51 43 TF 5 FHoAth IS 5S4 AN [F) H R R )
AHF R SR, PCA F 550 T 5 UPGMA 2k
TS SR — 8, R AR S0 A X HO R A B3 7T
TR A= 25 4 A DX PRl 5 5 2556 R AH G 48000

24 WROMBRAESENTE
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PH B S5 G AN R HURE SR T A% OoF BT 5 B b ot s A% 22
FEMESH 2 R (R4, 85 KR W], RSB U SRS T,
DL 3 it A P S SR 2], SML Bt A% B 55 A 22 A7 5
2 A RUE BSR4 KL R 338 /) T Jaccard A
Nei & Li; L Nei & Li 2K}, HoAT &A1 FE K] \Nei s
FE R 2 B 1 PR HORT A A5 2R 2035/ T Jaccard Al
SM; LA Jaccard 5 2R A A (5 B F8 4= T Nei&Li #
SM. [ HLEUFE SR R, Jaccard Al SM (1) 2 2507 55,
Z AL 7 R AL A R AL L] Nei s B
IRl 22 FE MR FB B 415 B e HOU M R, HoA 057
B[R \Nei’ s LR Z AP AR EOR B R (5 B80S & T
Nei & LiiBfERHES . 2 L ATIA , 1% % Jaccard it %
BEAT 2 IR UPGMA R , HURE 5% I U >R FH AR 56 B

FESRE .

242 BALPIA R AR H A A SR SRR
FEJ7 & (Jaccard 1 4% 0 B UPWAG %2, 45 51 St B
FESME ), LEURE EE BN 10%15%20%+25%+30%
35%H140%3L 7 A LU U R T, A% 0o b BT 5 TR
PR APEAN SO 5. 45 F ] J, BE & BURE e )
FIBE K , 22 A 15 22 A5V R T 4 SRR L (R 48
B KR, 25N H 8185, ZEM A H R
95.29%~100% , ZE 7 FE K] 1.952 9~2.000 0. 10%HUFE
EE A5 B, A5 2S5 A7 FE R (1.339 6) \Nei s 3k (K £ ke
F5%0(0.223 ) FIFEARAE B 454000.363 ¥ N
I LA T AR d M DR B o o A A ik DR ST R P 1
OUT B IR B 18R 2RI, I LA 10% 4 i

x4 TEMERZROMERESRMERNEESHERILE

Table 4 Comparison of genetic parameter between core and original germplasm based on different construction methods

R IREHEN ZHME EHRMEESE SRR AR Nei’s JE K Z FEVESREL A (s R EL
Genetic Sampling Polymorphic Percentage of Number of Number of effective  Nei 's gene diversity Shannon 's
distance strategy sites polymorphic sites/% alleles alleles index information index
Jaccard flLoe Priority 84 98.82 1.988 2 1.3310 02149 03508

BEHl Random 83 97.65 1.976 5 13356 0.2152 0.348 8
SM flLoe Priority 83 97.65 1.976 5 1.3356 0.2152 0.348 8

BiHl Random 83 97.65 1.976 5 13356 0.2152 0.348 8
Nei & Li fIt Priority 84 98.82 1.988 2 1.3258 0.2120 0.346 2

[i#fifl Random 84 98.82 1.988 2 1.3022 0.200 8 03324
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Table S Comparison of genetic parameter between core and original germplasm of different sampling ratios

HUREELG] BUREECR (USERLBD 28 6a 2B EE

SRR AR Nei s FHE 2 RIS AR5 BIRH

Sampling Sample amount Polymorphic Percentage of Number of  Number of Nei 's gene diversity Shannon 's
ratio/%  (True proportion) sites polymorphic sites/%  alleles effective alleles  index information index
10 20(10.42%) 81 95.29 1.9529 1.3396 0.223 8 0.363 7

15 29(15.10%) 82 96.47 1.964 7 1.329 1 0.217 1 0.354 6

20 39(20.31%) 82 96.47 1.964 7 1.3335 0.2175 0.354 4

25 48(25.00%) 84 98.82 1.988 2 1.3310 0.2149 0.350 8

30 58(30.21%) 85 100.00 2.000 0 1.3209 0.213 4 0.3518

35 68(35.42%) 85 100.00 2.000 0 132211 0.2120 0.348 5

40 77(40.10%) 85 100.00 2.000 0 1.3203 0.209 5 0.344 5

T8 HURE EE ) CEL S BB M 10.42%) , B 8 A AL 20
P TSR SR A A% O T

243 BosH RN AL ORISR R L S
LB (R ) v AL, % OF R AR B T IR 5T 10.42%
(R, 2 A PO RUER BE 22 95.29% , £ B 70 AR
BA % 95.29% , 25 hr B A I B 5 97.65% , 47 255 L 3k
IR {4 B4 % 102.70% , Nei” s & [K £ FEVEFE (R B R

112.41% , A f5 B A8 2 IR B K 110.48% , 5t 6 2 #F
Ve SO ST B R Nei s JE R 2 REPE SR BOR & R
5 R B TR B AR B R, 2 A% OB T
RERLF AR A BT BLSSR 73 TARC %L 2 1
ek e Ky S A T A O 5 20 B 5 BB 5 N
4.28.56.77.83.87.94.98.102.112.121.135.150.
163.169.170.176.177.178 1 182.

®6 HLMRSEMRIZESHILE

Table 6 Comparison of genetic parameters between core and original germplasm

- . FAAF L
- N BOEEDE o e e L 375 o
. MREE pabon ORI e e askosmy NS ERE e
55| . Percentage of FEPEFE L ,
Germplasm Polymorphic . Number of ~ Number of - Shannon 's
Category . polymorphic . Nei's gene . .
amount sites . alleles effective alleles . oo information
sites/% diversity index .
index
JE 5 Original germplasm 192.00 85.00 100.00 2.000 0 1.304 4 0.199 1 0.3292
W R Core germplasm 20.00 81.00 95.29 1.9529 13396 0.223 8 0.363 7
T2 O F ot OR B 10.42 95.29 95.29 97.6500  102.700 0 112.4100 110.480 0
Core germplasm retention rate/%
i B Rl Reserve germplasm 172.00 85.00 100.00 2.000 0 1.300 2 0.1957 03233
PR BT DR B 89.58 100.00 100.00 100.000 0 99.680 0 98.290 0 98.210 0

Reserve germplasm retention rate/%

BE— 73 5% 20 (3 4% o B AN 192 3 R H T
JE b5 ) SSR 3 At #EAT T Ry ar i, B 5 O
AR R B K T R 500 B . TR, A O
Toft it B A DXASRAT TR 5 S it 3 20 A DX 35K
AR 2 A B iy » S )R AR iz AN A o i
Jo PR o 3EAT A AL s R PR 2R P A BT 70 A,
SR IR TUAR » RN SCRf R 1 A% Lo o i RO AR SR A AT
SR 2R TR B M IR O R RE IS AR
I AR IR BEAR , FAT IR B e B b, 48— e 2
FE BRI T EE . RH RO
TR DR AF VP A A5 57 8 U052 30 A v RO T 3 14
SR AN ORIGE , 754 5 BORR SR B IR OR 7 PR A QT

IR TAE TR 4 F A5 TR
30

31 SHFERZHEMS

FIH SSR 7> FAmit FF e R B gt Z AR AT i
S5 IR, 192 4 A H 7P s 55U 1) AR S Y B A 0~
0.958 3, 4% H -l o7 5% Ut H) 1) 38 4% 43 A 7K1 i, 183 4%
A SO, RILH 8 HistE 2. o m i
AT (No. 107 F1 No. 108) H 38 4% FH B 4 0, Ff 53 1]
ZEFEN O, 495G T IR LS5 3L, P9 0 o R Y e R A
FEY, ATHE—D A N R R IR . SR M O ik
FF M0 845 43 2 L SR 500 R Rt A% 2 BE VAN
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Fig.5 The PCA scores of between core and original germplasm

Fhe, o [ B AR AR R 2 R R IS N
IEHL T RUE AT 2R, EF AR A
UPGMA 38, 55 192 4 A H 7R st 500 09 3 4L
gl 5 VAL R 2 D 8 LSS, RAEE IR 7 5 A7)
ATH BRI, A H 1 AP 70 A DR 3473 A1 [X
1RV IX 70, A2 25 XA AN R 48 13 (0 7 i 2 SRR v
FEAIRYE M7 T 248 03 (0 BEIR BUEAN A
RIS e, U IR [ A 25 A XS B R R 20 2R 5
MBS AR S ANEA B &, 5 R AP T4 R —
Bo A X — B > Al IOy — R 2 W
LI R T AR ARG R R IE SR A 1
MBI ATAT — € AR R , 55 RE B IRAR S 4 110 il o
R L AR IR A T AR SRR 2%, R H TR AR RS
FEI AT B » 1T LR ) M 88 8 R, AR [T 2 (]
ML=, FEERH T RER R A7 AR BRI % 22

=N
Jt o

WIS AR RYR T B 2= 7 4 ) 2 LR B E
ToftJo SR AE — 2, BT AR TR =m0 Dy v [ R
T A X, 5 AR RSB 2 ) L 2 [
R BT S8 8 i X R 5T 2% 5 ok AR B0, R AR H 11
WAL AR S 5 UM A SR A e T M A > AT, I T 4 R
SR T AR EKE SRfe 2 A B2
R OGR4 R — 3. EARTF T, AN KRR

H 7 B BT 52 5 (No. 168 F1 No. 173) 138 4% H 85
0.733 3, A BT )38 A% JE BS 0K, SRR RIRITE,
S AN PR A ot 5 5 8% ISSR 43 A1 45 S — 2™,
No. 158 A& Y5 AR 22 (1 B A Fh s, RN —2K, 5
FLAD 191 473 Foft 57 1) 358 4% B 2595 BBl 0.550 0~0.958 3,
J2 5 SR R AR R IR P R ARG TR SR & % R I RE IR R
5, T A PR AR A SR B PRI TR 2% R H
S2 AR R TR YR AN IS AL R g s AR A T
T 78 BB A IR A R . 28 8 72 AT 0 R R R
SSR 43 F bR ic 3 A TR U Hh s B 4% H - 184 2 5
SR R HAE S0 SSR 43 #1 HUAT 5 4k T X 35 11
Z M, TR AL TR 2 5 1 (SNP) 25 HoAh 2%
AR SRR AR 2B EEER A
AR B R ) SNP AR, AR H F R IRE 2 02K
L E PRt S %
32 FHFZOMHEREE

% 0 b 5P HE 28 2 1984 4 MR K ) B} 2 K
Frankle $2 HH /), J5 4 Brown 4 J& ™, #% 00 i & DL i
AN SR A S UNI PGl A S R N g
PR IRMIE AR B R . PR A H FAZ O Fh A
B R TP 5T SR ) R A7 5 %08 PR, 1 B ]
KRR 2 B R A FH 2R ™, 1 K A% O b o i R
o B R B iR, ARG R E B AL i
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PRI A% B A B PR 5y IR SE AR A FL
A HT SSR 731 R 10 B4 A4 2 A% O o i D 388 4% P
K H Jaccard 4% B B +281-247%, 5 B AR TARD
2 {8 1 SM B A% B 5, T 36 42 1%k 207 A e A Jacca-
rd A1 Nei & Li %9 B AE 1) 5T AW 70 45 R B 5™
il B S0 I ) R BR B 4G A iR B B ROE &
o) S ity AT A o o 5 vt R 0 S5O Y R ER P 128
PRI S L R A O R 5 B T R R A
Tt SR B B 45 5 S P R A 22 O 5 R ER
CRASTUS 5 K TA S5 R FH K PR 128 45 e R 1 9%
BRI B 4B S R A O , KA A
B2V IE R RGBT B BT SR IR
] Al SR o 1 B ) BRI U 1 221 05 R s 4B
SR A R Y A5 A% 00 BT IR, WA B R B VA R
ZEVJ7 MR IR RO o 43 LRI, RIS A28
TR B R o a4 B R S R TT IR AN
e —MEIMTE , Bl LA A0 REZ AT T TE M E o

MIBCRE U1 5 28 35 A2 A BF T A #)  A Ca Fb Jt
) LS IR LE 814 10.42% , 755 T N BV S5 IR 2 3
el A ) S A oo il o BBRE EEA5 DN 10%~30% AT
FULE IR, BN B 45 SRl 5T B 1 5%~10% HURE B
51 ¥ A O ot I P R B 70% DA b s A AR e, 2
Ty AEIHE T 248 43 FEAT A A oM TR UL i 1 Y
PE BT DA 25% » 15 328 kS5 S TR o i A B
15% PR HUR: ELA A 388 % O B A0 S o o F) AR 4 31
ftE. EROLRRKIEE— PR T, f R R IR
TR A B BRI I R 8N SRS 5 55 1
3 BEANIE AL T InPiE e B AR 2R K,
G 5 BB AL PR R0 5%, R B % (1048 e SR 92
W ZE A R 5 P X e T A R AR T A R A
R o %R e A A E B, fE SR
BEATIE 2R R OF RN AN FE R A R RE, K
TRAFAZ 7 R, 1 DR ORAT 1) T 1 YT E A 22 42
P, AR T R E RN GUET R R gt R

4 #Z B

HFIF 10 X% SSR 51 #5193 43 K 5 4 1 J5 3k 47
BAE ZREE T, 45 AR B RH T RO BHIR 8 4%
K B AR R K, BiE 2 A E I
R SSR 4> FHRic B, AT i b S B A 1 38
fEERRRGE KR T B ERH TR ORI

w7 5N Jaccard 38 4% B+ 287 BEHAIL S BORE
SRME+10%HURE B, W 2 T & 20 0 R H T IO
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TR 7 DR AR AR AN S o 1
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