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Analysis of Genetic Diversity of 148 Potato Germplasm Based
on SNP Markers from Whole Genome Resequencing
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Abstract: In order to understand the genetic background and genetic relationship of 148 S. tuberosum of
tetraploid potato at home and abroad, the whole genome was re-sequenced through the third-generation
high-throughput sequencing method. Using SNP as molecular markers, genetic similarity coefficient as in-
dicator and pedigree information, we analyzed the genetic diversity of the population by using a combina-

tion of population structure and cluster analysis. The results showed that: (1) 1 209 969 high-quality SNP
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loci were obtained after effective filtering and screening. The number of SNP loci clearly located at the
chromosome level was 1 192 472, accounting for 98. 55%. Except for chromosome 11, which has no loci
distribution, chromosome 5 has the most, Chromosome 7 is the least. (2) The genetic similarity coeffi-
cients among various breeds ranged from 0. 784 to 0. 958, with an average of 0. 842, mainly concentrated
in the range of 0. 800 to 0. 880, with 10 604, accounting for 97. 5%. (3) The structure analysis showed
that 148 materials were divided into 6 groups, 36 varieties with Q value> 0. 6, accounting for 24. 3%.
Among varieties with a relatively single genetic background, 16 varieties bred in North China accounted for
44.4%. 13 foreign varieties accounted for 36.1%, and the two together accounted for 80.5%, indicating
that the genetic components of bred varieties in North China and foreign varieties have a higher percentage
of genetic components than other regional varieties. (4) The results of cluster analysis showed that 148
potato varieties were divided into 3 groups. The varieties of ‘Zhongshu Series’, ‘Longshu Series’ and
‘Jizhangshu Series’ clustered together have a certain geographic region, and other varieties of different ge-
ographic origin. The interlaced distribution of potato varieties shows that the differences in breeding areas
are not necessarily related to genetic relationships. Breeding units frequently introduce each other, and
there are gene exchanges between different areas during the selection and breeding of new varieties. The
results of structure analysis and cluster analysis are basically consistent and mutually verify. Studies have

shown that most S. tuberosum have a high genetic similarity, and the genetic background is not rich

enough. It is urgent to introduce new germplasm in breeding to broaden the genetic basis.

Key words: potato; germplasm resources; SNP; genetic diversity
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Table 1 Tetraploid potato varieties used in this study
P RS it i 44 B RiE(E X D) Hb X 532 B U X
No. Sample code Variety name Pedigree Area classification Origin
1 162 1 17 %5 Zhongshul? 881-19 X 11 6 %5 881-19 X Zhongshu6 4E ]t North China Jt 5T Beijing
2 C34 19 5 Zhongshul9 92. 187X (C93. 154 #£4t North China b5 Beijing
3 151 3 21 5 Zhongshu2l 92. 187X (C93. 154 424t North China b3 Beijing
4 170 13 18 5 Zhongshul8 C91. 628X C93. 154 f€Jt North China Jt 5T Beijing
5 C29 2% 10 5 Zhongshul0 F79055 X ND860-2 f£ 1t North China JEE Beijing
6 68 1 613 Zhongshu613 K IR X 258 ¥ Kondor X RiverJohnBlue 421t North China Jt 57 Beijing
7 157 % 20 5 Zhongshu20 LR93.050%92.187 4£4t North China JL A Beijing
8 83 g 9518-15 Zhongshu9518-15 B i #% X DP85 Shepody X DP85 1£Jt North China Jt 5T Beijing
9 43 h# 9 5 Zhongshu9 B X # 35 Shepody X Zhongshu3 424t North China b5 Beijing
10 28 3 12 5 Zhongshul2 W953 X FL475 £t North China JL 5T Beijing
11 C25 h % 4 5 Zhongshu4 R4 3012 X 85T-13-8 Dongnong3012X 85T-13-8  #EJt North China JEE Beijing
12 194 % 3 5 Zhongshu3 HE 15 XBF77AJingfengl X BE77A f£4t North China JLE Beijing
13 82 H18 5 2 Zhongshus ;ﬁ;ifé’;fﬁfgffid fruiting #1t North China JE3X Beijing
14 122 FLiK #-88 Jizhangshu-88 3 5 X 45 No. 3 X Jinguan #4t North China Wt Hebei
15 195 FL5K 259 Jizhangshu-59 3 5 X 4% No. 3 X Jinguan 1£4t North China 4k Hebei
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%3¢ 1 Continued Table 1
Fe o WS it 1 44 B RiE(F X D) Hi X 433 B X

No. Sample code Variety name Pedigree Area Classification Origin
16 11-59 k% 20 5 Jizhangshu20 3 5 X 42 %E No. 3X Jinguan f€Jt North China Tt Hebei
17 02A3 FLAK S 14 %5 Jizhangshuld 3 5 X 429 No. 3X Jinguan 4£ ]t North China b Hebei
18 18 Pk % 8 5 Jizhangshu8 720087 X X4. 4 421t North China [t Hebei
19 224 FE% 3 5 Zhuangshu3 87-46-1 X 7 85-5-1 87-46-1 X Qing85-5-1 f¢4t North China 4t Hebei
20 G22-1 FLIK I 22 5 Jizhangshu22 90-2-10 X 99-33-17 4£ ]t North China W4t Hebei
21 J5 FLKH 5 5 Jizhangshub H ik K AR 45592 Konda Breeding of natural fruiting  #£dt North China W4k Hebei
22 J12 Hik % 12 %5 Jizhangshul2 K PG PE X 99-6-36 Atlantic X 99-6-36 42t North China b Hebei
23 228 W% 9 5 Bashu9 % F 11 X FEAM Duozibai X Epoka 421t North China [t Hebei
24 2004-42-117  FL5KE 2 5 Jizhangshu2 B8 3k X #EF Hutou X Swallow f£4t North China T4t Hebei
25 2007-42-45 LKW 24 5 Jizhangshu24 Bk 8 5 X JHEN B Jizhangshu8 X Elles 4E ]t North China b Hebei
26 12 j3k Hutou 211125 X /NIt F Zishanyao X Xiaoyezi 423t North China W[t Hebei
27 101 5 851 Wumeng851 474-7-9 X Schwalbe #£ ]t North China M52 Inner mongolia
28 16 1533 F1533 Z 3T i F1533 Breeding of natural fruiting 42t North China N 527 Inner mongolia
29 88 ¢ 18 5 Mengshul8 P55 B X 3-4-4 Favorita X 3-4-4 4]t North China N %27 Inner mongolia
30 x]2 MAE 2 5 Xingjia2 Gloria X 21-36-27-31 4E ]t North China N %27 Inner mongolia
31 HM ZI 9% Hongmei Ns-3 X LT301 424t North China M %21l Inner mongolia
32 218 JoAE 70 Youjia70 TP XA 420 Shepody X Bend 20 424t North China M %21l Inner mongolia
33 165 N B 1 5 Neinongshul KPGPE X B8 6 5 Atlantic X Longshu6 1£Jt North China N 527 Inner mongolia
34 156 N2 7 %5 Neishu? I 51 80-298 X IF: 8206 Hudan80-298 X Hu8206 1£Jk North China N 527 Inner mongolia
35 8 132 B Wulanl e T X FEARA Swallow X Epoka 44t North China 527 Inner mongolia
36 C100 B2 7 5 Huasong? Jt 4 X 458 Youjin X Jinguan 4£ ]t North China N %27 Inner mongolia
37 02A2 W8 24 5 Jinshu24 004-5X G13 £t North China 117§ Shanxi
38 175 HH 75 Jinshu? 6401-3-35 X Schwalbe 42t North China 11 75 Shanxi
39 85 05-69-9 9902-12X9665-7 £t North China 1174 Shanxi
40 01A3 KA HL #8885 Datongliwaihuang 9908-5x<9333-10 1£4t North China 11 74 Shanxi
41 63 [f% 20 5 Tongshu20 I1-14 X NS78-7 €]t North China 117§ Shanxi
42 131 T 15 Jinshul B 2% i X fil & 755 Arranpeak X Deyou6 4£ ]t North China 1L P4 Shanxi
43 32 H 11 % Jinshull H319-1 X NT/TBULK f&Jt North China 1174 Shanxi
44 JS16 % 16 5 Jinshul6 NL94014 X 9333- 11 1]t North China 117§ Shanxi
53 RS Xiha Db (25220 Beceding of mavral Tting P North China 17 Shansi
46 64 [fl# 22 %5 Tongshu22 T 11 5 X EE 75 Jinshull X Jinshu? 1€t North China 17§ Shanxi
47 113 T2 5 % Jinshus T3 2 5 X SchwalbeJinshu2 X Schwalbe f&Jt North China 1174 Shanxi
48 86 T3 22 5 Jinshu22 L3 15 XJRPEPY Wushul X Desiree f&Jt North China 1174 Shanxi
49 01A10 B % 3 5 Longshu3 35-131X73-21-1 P4t Northwest China  Hilf Gansu
50 L9 B % 9 5 Longshu9 93-10-237 X KA G-13-1 93-10-237 X DatongG-13-1  #§Jt Northwest China  H 7l Gansu
51 C84 H4& % 5 5 Gannongshu5 Cardinal X 4% 5 #¥.3%-10Cardinal X Za5danxuan-10 7§ 4t Northwest China Hilt Gansu
52 L13 B 2 13 Longshul3 K299-4 X1.0202-2 7§ 4t Northwest China Hilt Gansu
53 L11 % 11 5 Longshull L9712-2 X 3L 4% 22 L9712-2 X Zayuan22 5]t Northwest China  Hff Gansu
54 L14 B 2% 14 5 Longshul4 1.9712-2 X 1.0202-2 P54t Northwest China  H# Gansu
55 112 B % 12 %5 Longshul2 1.9712-2 X 1.0202-2 PGt Northwest China  Hilf Gansu
56 L8 B % 8 5 Longshu8 KPGPEXLI705-9 Atlantic X L9705-9 PGt Northwest China  Hilf Gansu
57 C106 K 15 Tianshul A% 6 5 X iH 4 2 5 Fanxiu6 X Weihui2 Pidt Northwest China  Hilf Gansu
58 L10 B % 10 5 Longshul0 [# % 83-33-1X119-8 Gushu833-33-1x119-8 PG4t Northwest China  Hff Gansu
59 L6 [ % 6 % Longshu6 R 85-6-14 X [ % 4 %5 Wushu85-6-14 X Longshu4 Pt Northwest China  Hilf Gansu
60 L5 [ % 5 % Longshu5 JINFAE X 119-8 Xiaobaihua X 119-8 Pidt Northwest China  H i Gansu




1306 wode Mo ¥ iR 41 %
%3¢ 1 Continued Table 1
Fe o WS it i 24 Bk RiE(F X D) Hi X 433 B X
No. Sample code Variety name Pedigree Area Classification Origin
61 10 25 Weihuid K Z U5 X 62-1-10 Changshud X 62-1-10 Vi 4t Northwest China H il Gansu
62 L7 [ % 7 % Longshu? ¥ 35 XL F Zhuangshu3 X Feiduoli Pidt Northwest China  H i Gansu
63 98 T4 6 2 Ningshub Ez:gﬁ giﬁfﬁimiﬁf&fm P4t Northwest China 5% Ningxia
64 103 T % 4 5 Ningshud WA X % & Lanyangyu X Aputa Pidt Northwest China T X Ningxia
65 Q9 5 9 5 Qingshu9 387521. 3 X Aphrodite P84t Northwest China FF Qinghai
66 41 73 168 Qingshul68 BRI 6-3 X JIEPH Y Fushen6-3 X Desiree P Jt Northwest China 75 i} Qinghai
67 148 H % 2 5 Qingshu2 I 4 5 X Magura Gaoyuan4 X Magura P4t Northwest China I} Qinghai
68 191 % 6 5 Qingshub [E 33-1X92-9-44 Gu33-1X92-9-44 Pidt Northwest China 7§ Qinghai
69 110 FH ¥ 45 Qingshud 43 X JE P P NiutouX Desiree P5dt Northwest China 7 ¥ Qinghai
70 B28 W+ %5 Shazals Apaupanbwma X 292-20 PGt Northwest China  BE 7 Shaanxi
71 01A12 e 15 Kexinl 374-128 X FEAIN 374-128 X Epoka Z:dt Northeast China B IJp T Heilongjiang
72 K22 TLH 22 5 Kexin22 AmylexX 8y-220/1 % Jt Northeast China M Jg{T. Heilongjiang
73 11 S 18 %5 Kexinl8 PERN X 374 128 Epoka X 374-128 %t Northeast China M5 7T Heilongjiang
74 30 H 17 5 Kexinl7 F81109 X B5141-6 Z%dt Northeast China My T Heilongjiang
75 K13 FLH 13 5 Kexinl3 KL 3L 2 18 a Selfing generation2 44t Northeast China ~ HJET. Heilongjiang
76 65 TLHT 6 5 Kexin S41956 X 96-56 #4dt Northeast China M J¢{T. Heilongjiang
77 K27 ST 27 %5 Kexin27 55 200210-11 X #1531 KL Ke200210-11 X Zhaliewa Zdt Northeast China B Jp T Heilongjiang
78 K19 e 19 5 Kexinl9 T 2 5 X KPS92-1 Kexin2 X KPS92-1 Z%dt Northeast China Mg Heilongjiang
79 K25 B 25 5 Kexin25 LT 4 5 X AulaKexind X Aula #%Jt Northeast China HJ5 1. Heilongjiang
80 K23 ST 23 5 Kexin23 PB4 5 X AulaKexind X Aula A dt Northeast China M J¥7T Heilongjiang
81 7 # 3 5 Chunshu3 5 demissamA§ XS 3 5 S demissumAS X gy Northeast China 7 4 Jilin
82 A44 #% 15 Chunshul P17y F X B T BaigongzhuX Katahdin Z:dt Northeast China FH bk Jilin
83 46 FEE 4 5 Yanshu4 %%E#;%ﬁ%ﬂ m%};ﬁf@iﬁfyfifgoi %44t Northeast China AR Jilin
84 90 % 45 Chunshud S 4 5 X FEHT 2 5 Wenshengd X Kexin2 Z:Jt Northeast China % #k Jilin
85 38 [ 58 — 5 Tugiang2 FLE Fi] X< Mg 9T = 5 Zaopuli X Heilomgjiang3 7%t Northeast China MK Jilin
86 47 K1 Zaodabai T X 74-128 Wulibai X 74-128 Z%dt Northeast China il T Liaoning
87 129 FR% 6 5 Zhengshub I 75 X 762-93 Gaoyuan7 X 762-93 4 rh Central China 7B Henan
88 €59 PR 5 5 Eshub 392143-12 X Ns51-5 A& Central China #14t Hubei
89 60 P 5 3 5 Eshu3 7914-33 X 59-5-86 4g+h Central China 4t Hubei
90 C61 #0% 10 5 Eshulo SCHE 11 %59 X Dorita5186 Wenshengl1X Dorita5186 4 Central China Wt Hubei
91 B43 J 06-2 Wei06-2 P X wiE KeyiX Keyi ViR Southwest China 1l Guizhou
92 B44 B 176 3% 2 Weil 76 xuan2 K7 #kBE Mira Selfing generation PiE§ Southwest China 5t Guizhou
93 212 Y 4 5 Bishud IR 4k 88X 15| 3 %5 Zhaolv88 X Baiyin3 PR Southwest China  $t# Guizhou
94 182 JII#E 39 B Chuanyu39 379645.4 X 7X Y-1 PG Southwest China  PUJI| Sichuan
95 123 JII#E 10 B Chuanyul0 44-4 X PR =5 44-4 X Liangshu3 7§ Southwest China  PUJI| Sichuan
96 48 JII#E 117 Chuanyul17 65-ZA-5X DTO-28 P9 Southwest China  P4JI| Sichuan
97 17 B 2% 3 5 Liangshu3 Schwalbe X 152 97Schwalbe X Liangshu97 PiR§ Southwest China  PYJI| Sichuan
98 13 JIIE % 1 %5 Chuanliangshul Serrena X Apat P§ R Southwest China  PUJI| Sichuan
99 196 JIl 5% 2 5 Chuanliangshu? JI|%E 8 % X Apat Chuanyu8 X Apat P4 Southwest China  PYJI| Sichuan
100 44 3 401 Yunshud01 3258 X 146 K PH ¥ 3258 X Baihuadaxiyang iR Southwest China  P4)JI| Sichuan
101 180 =% 506 Yunshu506 BSXS297 PiF§ Southwest China g 1] Sichuan
102 5 HH 25 Xuanshu2 ECSort X CFK69. 1 P9 Southwest China  PUJI| Sichuan
103 200 =% 606 Yunshu606 88007 X lenape Vi Southwest China Y )il Sichuan
104 117 4 1E 88 Hezuo88 1-1085 X BLK2 ViR Southwest China  PUJI| Sichuan
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%3¢ 1 Continued Table 1

Fe o WS it 1 44 B RiE(F X D) Hi X 433 B X
No. Sample code Variety name Pedigree Area Classification Origin
105 109 £ 5—5 Ziyunl ﬁjfugggxé;—lii;]e\):izﬁi:fyangyu 7§ 7 Southwest China Pu )il Sichuan
106 87 %% 3 5 Xisen3 2% 3 552 -F3X K9304 Favorita-F3 X K9304 £ % East China 11 % Shandong
107 184 XS-06 YH-03 KA X S9304 Shepody X S9304 1€ 7% East China I % Shandong
108 54 ¥ Shuangfeng 10770 X KT 10770 X Katahdin £ % East China 2§ Shanghai
109 26 4% L JE % S. t. Lenino W22 AR AR K A Original cultivation in Poland XM Europe % 2% Poland
110 204 #EF Swallow [iT 45 i X Capella Aquila X Capella FX Y Europe 85 Germany
111 C122 1%z —'5 Fruhnudel B. R. A. Stamm4 X KnehdenerStamm45 EX Y Europe {8 H Germany
112 59 Jt=} & Fortuna Industrie X Wildling X Europe {8 H Germany
113 206 /R FLH% 12 Paulwagner Industriet X Jubel XM Europe i H Germany
114 214 4 Agria Quarta X Semlo XM Europe {8 H Germany
115 B127 H3k% Anemon Viola X Flava XM Europe {55 Germany
116 2 it Strong Wildrasse X Kultursorte X Europe 8 H Germany
117 57 2k AR R BuPunaeBekun Lorch X Jubel XM Europe &% W Russia
118 C84(1on) X FE/R Epicure MagnumBonum X EarlyRegent ¥ Europe e i Russia
119 E143 P4 DUFE A Cucupsik KR FZ M FhF B B Natural pollinated seeds FEX W Europe %% W Russia
120 94 $1 5L Ramos W4 WX VK69-491 AgriaX VK69-491 X Europe fif 2% Netherlands
121 79 17 JL4F Spunta Bea X USDA96-56 XM Europe fif 2% Netherlands
122 155 425 Jinguan iaﬁffiﬁ%fﬁiﬁi;iiﬁ%n XM Europe i 2% Netherlands
123 F305 7 22 % Saskia B i 5 IR W f8HKk X Herald RodeEersteling X Herald X Europe fif 22 Netherlands
124 4 #%1#5— 5 Innovator ) ¥ X RZ-84-2580 Shepody X RZ-84-2580 ¥ Europe fif 2% Netherlands
125 29 [ Baraka SVP50-358 X Avenir ¥ Europe i 2% Netherlands
126 112 JE PG 5 Desiree Urgenta X Depesche B Europe ff 2% Netherlands
127 201 35 % FHFE Concorde Y66-13-636 X M69864 X Europe i} 2% Netherlands
128 FWRT 55 Favorita ZPC50-35 X ZPC55-37 XM Europe fif 2% Netherlands
129 137 £} Aranyalma ZwickamerFritheGelb X Hindenburg XU Europe 1) F F] Hungary
130 33 Z IR W8k Eersteling EarlyPrimrose X KingKidney [ # Europe Y5 [H Britain
131 143 5 FEHIFF Monserrate ThrX Tdg F WM America & L Columbia
132 141 VU9 ) Belleisle 834(29) (Black) X F4724 W America Jn#E K Canada
133 C151 4 Hunter F4823 834 (c) W America Jing kK Canada
134 127 A5 N HF Hunter F4823 X 834(c) M America % K Canada
135 C195 H I Jemseg 255069 X ¥ Il /R F55069 X Sable 2 America Jn£ K Canada
136 X PD H P # Shepody F58050 X I ¥ 4x F58050 X BakeKing %W America Ji K Canada
137 D107 i# /R %3 Norchip ND4731-1 X M5009-2 EM America Jing K Canada
138 121 BTHE Avon U.S.D. A. 96-56 X 1464-26 EMW America Jn4 K Canada
139 01A8 FJE Il 5 Kennebec B-127 X 96-56 FEUM America FEHEU.S. A
140 25 Lenape DeltaGold X B3672-3 Y America FEHEU.S A
141 C171 % B Irishcobbler P B ZE AR Bl Early Rose variation W America £HEH U S A
142 1 4555 Chieftain LA1354 X 1.LA1027-18 2 America 2%EH U.S A
143 DXY KPP Atlantic Lenape X Wauseon F W America FE U.S A
144 185 JE:F]# Superior Minn59. 44 X B96-59 FE W America £E U.S. A
145 D7 KT Katahdin U. S.D. A1056 X U. S. D. A24642 FM America FEHEU.S A
146 72 H /R 328 Belchip Wauscon X Lenape Y America FEHE U.S A
147 229 % F 1 Duozibai K3 X 96-28 Huoma X 96-28 FM America FHE U.S. A
148 227 F M Fengbai i 19 5 X HEE Beihail9 X Huiting W Asia H 7K Japan
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T AR LD AR BB S % 50 AR AT Dy AN (] SR A ) R 52
MRS E .
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2.1 DNA#EAX®LNEENFREITMRE

148 17y Th 4% B 5t 98 U5 $2 B 2] 1) DNA ¥ FE 7E
20.6~166.0 pg/pl 2, FHK 92. 88 pg/pl, &
WAE 2.47~17.42 pg JEE N PR 7. 44 pg. 3RW
DNA A& 5 s mITF 2Rk, SR E
7 EUE 5 2 2% FE 20 e Q20 A (R 10 L)
TE 95.77% ~98. 04 %, E 4 96. 92% . ki i K AE
Q30 fH CHE1RK 0. 1% LA F)OTE 89. 27%~94. 16 %6 2
], 5 R 91, 77% ., GC % &= fF 35. 44% ~
36.34% 00, E¥ N 35.79% ., 5B HEENAM I
X R A 96,51 %, Fe ik 93. 53 % . F 7 95. 66 %,
JPUR BE B s 21, 91X, B IR 11, 93X, SF IR E R
15, 12X, EE % 95.55% . DL A R &
FEA 5 225 BE DA i R AL 38 21 35 0 5 A o, OF B
JE DA B 1380 Z AR T
2.2 ZHEMSNPALEMST

ZEN Y 148 D48 EREA LIRS 2 315 860
A~ SNP o7 5, 33 U8 0 B8 J5 3R A5 1 209 969 4> & ot i
SNP {3 s H b9 B 8 2 2 78 G 14 K F- F ) SNP
PLAN 1192 472 4>, Wiy 98. 55 % ,iX 86 SNP fif
FOBE T 148 03 BT 5% 5 A 35t 4% Z2 BRI 40 BT

SNP i g5 Gt fR 3 A i ok B 22 3K, 11
SYAREAT SNP A i 2 12 5 S ik
258 909 M7 BB 21, 71% L KON 1 S5
Ay 194531 A7 85 4 H ol 16, 08%0, Z SRR IR A 2
51056545 95 85 UK3TMI12 5
Kk, SNP i g B i 43 %l 4 153 224, 149 793,
133 432,123 134,58 965,54 202,30 106,27 671 4>,
AR 12.17% .12, 38% .11, 03% ,10. 17% .
4.87% 4. 48%.2. 49 F 2. 29% Bk T 11 5 4
KON 7 S5 YL fa Rk SNP 2 7 B e /b R 8 485 4,
125 0.70% (& 1),
2.3 EmEMNEEHELRE

FIH N Ah 148 A~ S8 5 it b 4 5 DX 20 |00 )
PRAFH SNP 41, 33 TreeBestvl. 9. 2 B fF 15
HE A it [ 38 12 AR AR B, SRR AR 10 878 ANt A% AH
UE L R 0. 784~0. 958, 415 Ky 0. 842, #tf%
FEARL 28 B0 AR 11 2 A2 b i XL PG 48 AR B B s 98 X AR
VIR E R R 1S AR B X P 52 ARl
REFEF R NARE 15 Z A 0. 784, L HLR

B R At i XA A Tk K DR BB E L 2
A HEBR 597 1 BLEK B 20 57 2Z [H] Y 0. 958,
25 i P DB AL AR R A R B4 P 0. 800~0. 880 2
(8] , 4 10 604 4>, &5 97. 5% ,/NTF 0. 800 FA 55 4~ i
0.5% . KT 0.88 A 219 1. i 2. 0% (K 2),

Fie PR G 0 DR o ) 5 4% 2 R R 40 Oy
et VAL AR AL AR rh AR AR (VE RS A 5 A IX Bk, = Ah
s PR 43 R RO L D2 U CH A % 3 AN IR, Xt
25 DX PN A ol 8] 388 4% A RUPE AT A B e B (R
2) v E AL T E s AL AR LR B 0. 841, PE L
HWIX N RN 0. 843, RALHIX Jy 0. 842 4
LEAR M IX S 0. 845, 7 g b [X 4% it i ) SF- 2 35 4%
LR B h = R 0. 848, [E AN KK 5 il ] S 247 38t % A
RLRECH 0. 844, 5 YN i Fl (0] °F- 247 352 4% A DL R 5K
0. 850, HUHE 2,53 I TC I8 2 E P ik J2& E A 4% X I
s A [B] SF- 25 35 4% AL R B ZE BRI
2.4 BHELEHSH

148 A~ 5 4% B i Al 53 PLINK #l admix-
ture FPFAE EERE IR B AL S5 FORFIR E R G2 . #1T
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Fig. 1 Distribution of polymorphic SNPs
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Fig. 2 Distribution of genetic similarity between varieties
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Table 2 Genetic similarity coefficient of varieties from different areas

b X ﬁgf%ﬁ%&: AL ARl R 2L Genetic similarity
Region Varieties 75 I Range FHIE Average
#24L i X North China 48 0.784—0.958 0. 841
P5 ]t #h X Northwest China 22 0.804—0. 942 0.843
AL IX Northeast China 16 0. 802—0. 909 0. 842
4P A8 A M X Central and East China 7 0.821—0. 894 0. 845
PR s [X Southwest China 15 0.803—0. 955 0. 848
Bk ¥ Europe 22 0.796—0.951 0. 844
%W America 17 0.811—0.945 0. 850
W CH A Asia(Japan) 1 —— ——
A1t Total 148 0.784—0.958 0. 842
0.324, A A 6 A Rl Y 3 4% SRR AL, g iR AR AL
0.322F DX [ A B B S A A SE BT Y 10 5
0.320F HAS KR 21 5 WA sk R BRBE Y < 3
2 0318 HOE MM R A KRB ETFAEW N =
03167 B 5067, JE YN b DX KAy BTRE ", At S AR R
0314 RAR, 5 =B (Pop3) A 33 AN, @ B2
Mg, Hop AR U DI P9 45 = 2 XAE W BT i “ o 3 24

0312 F

B3 s XEIESS SRR AK EHFE K 1921k
Fig. 3 The variation of cross validation error rate

AK with K value

FERZE R S AT B o BE A K (i 8o 2—8., AR¥E
25 i P IE] 9 58 S TE A5 1R R AK e /NEF K=6, UL B
B RE K AE N 6 (& 3) . Ik 148 4~ 5 A4 R 6 4~
B fo O 230 T RER I LSS 0 (B O B g — A
BHAEFAGER 1AW, B R A 2 E R s L
HArHIF . FIF admixture BC0F %45 AN 1A 0 5
5 AT Ay T A R Y Q A, B — 1 k) 3
PR 20 A S5 0 A R I A%, Q >0, 6 L ok
PR A — AL Y Sl Q {5 <C0. 6 Uk ok JE IR
F IR R N

ARSI 6 A HELL 3 B BN TRIE I TR
.k B LA g, B — R4 (Pop D LG 21 A
P, 0 B IR, Hop 5 A R Y a1 S
4y, 43 590 S v A B BE R SR AE SRR ST T S 19
5B 9518-157, N ST 2 22 B A AR B B 1Y
C1 S D) KR AN SE U M DX K R 8
B ¢ Atlantic” , FoAl 5 Fh & 2R 4 o @ T
RAM, 5 " B4H (Pop2) 0 h @B, 015 30

EANLE S QAR AR SN | A 8
MM B2 BE ) K 55 5 45 b B AR B g SR A
TR TR T ER 6137, P4 R Hb X BN A T b IX
AFFPTRY L 176 2 27 DL R BRI b XA 2P 17 9 Epi-
cure’ fl “ Cubupsax’ 5 7 A i Fh 09 132 4% 5 =84l ,
L dt Al R A B . 5 DU A 4L (Popd) 3t 18 A i Al
FEB e a R X g 12 57
CHGR 597 BRI 20 5 RO X RO TLAE K
BHBE 5 1L 43 BE 14 ¢ SR 157 DL K SE P Hb DX 22 K 11
UL R A0 3€ ) Kennebec” 2§ 6 A i (19 i
1G9 S ol 5 R UL (Pop5) AL 4% 29 A & Fl, &
GBS R A I 6 A Rl AE T SR Al 4 Bl AR
JEHL XA BE5k % 12 5 R R 1S AL X H
AR P 7B DA FO SR P8 3 5 ER
H DX I AR A8 Ay AR TG A BR 3557 LA U by IX fif
2R Cfr 22 2 OM ¢ Favorita”, L&A S oM IR & AY,
SRR (Pop6) L4 17 A fF, E@ B, 1
6 A RSB R SRS, 43 i) A P b b XA
B AN B2 e S EAT T TR TE &S, P R
DU A8 R B BEVE Y I Y < )13 39 57 AR bl X7
A B S ACTT R B FE T 0 B 5 3 457, RO i X
PR 5 OH L Ak sk B, DL R YN IX 3 E Y
‘Katahdin”, HAl 5 Ao TR A 7Y
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2.5 BESW

AR B 148 A Ih 4% 35 i B[R] 1Y R 2% 00 &R L AT
5% LAt A% AH B R B0 BE Al 38 o SR 2 ik Al NT 2R
KK, REWAR 5,148 4> D82 5 Fh gl &l 70l
3AHEHE.

812K 6 R A, R 3 S RBE D A U
DB — B 5 AL AL R BLAE 0. 852~0. 956 Z[H],
AL AL X B 3 A A, P AL AR b X 45 1 A4
mn A ESM IR 1 AR, CEE 18 S5O AA
C3-4-47F LA 851 WY REAR C474-7-97 A B A R Y
G AR IAHEI ALK 6 A Rl AE 148 A HEAR B BL
ST oy AR W e 5 B AE R RS A G,

107 (]
0.8 1 l
0.6 i

0.4

0.2 1

07 supanpaga-segesng e

L.I I 0 HH'TW'

55 12 80 AN, 43y 3 AN 2K L 5t A% AH A
R 0. 784~0. 956 Z 0], ¥ 0. 843, H i 4E
Al 3 DX P 52ty AR LN B BB AR 7 5 5 R 4l
[ 1) ¢ Agria” it & AL R £ =5 o0 0. 956, S8 L IX P
SR R FEBMN AR E 1S 5ILT54E &EKX
EVITE LR R 15 MU REEAA 0. 784,
-1 WA 18 A, EEAFEEILHIX 5 4G Fh,
PEILHL I 5 AN G F, B AR SEUN Y 5 A4 Rl b pg
b DCH R AR B BE B OB B 55 R 5105 A R R A
A6, 5 A EFR BT AR NI R AR AL, H
fib 4 LRGN, NREE EFE, I 18 A4~
FpoE A K 2 o0 B4 51 3E 5 A JLH 2 € Shepody | 9

=
I\

R AURREA 1 i UKL 2, R G AURIRAL 3 S O URMAL 4, G URALL 5, 2 USRI 6
Bl 4 148 Gy PURTR Sh 54 B Rl ST SNPs (R 2549 53 A (K= 6)

Light blue blocks represent Popl; Blue blocks represent Pop2; Light green blocks represent Pop3; Green blocks represent Pop4;

Pink blocks represent Pop5; Red blocks represent Pop6

Fig. 4 Population structure analysis of 148 tetraploid potato varieties (K=6) by using identified SNPs

B 5 KT SNP FRICI 148 145 DU AR T 45 2 il 5% (14 3k AL W)

Fig. 5 Neighbor-joining tree for 148 tetraploid potato varieties based on SNP markers
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ViV IRANAE B SN (I 1 R P Sl N A T U
‘Lenape’ #& ¢ Atlantic’” B £} 24 1, )& ¢ Belchip” B A&
AL I ¢ Lenape” 5 ¢ Atlantic” #H L R 8 & R
0. 895, 5 “Belchip” WAL R EH 0. 889, A
15 5 e 8 5 M BEA A ¢ Atlantic”, 7 # #H
IR EH F R 0. 896, ‘PR 11 5 Al B & 14 %57
BEAC N CL9712-27, PR 2 35t A% AR AL 3R B A s 1Y
0.881, I1-2 WA 30 4~ 5, ot 7 2 45 oy it 7
(RS2 F [ A Bl B 5 SR AE TS T LY ¢ Hh i R )
TAS SRR RAE SRR o rh B 1975 5 oh 217
AR A AR [, S R M G R W E A LR B
0.899, “HhE 1957 “hE 21 5 ‘hE 185 1Y
ARy C93. 1547, 28 2 [m) g 5C 3% 19 382 4% AH {21
HE B, ThE 185 5 hE 195 20K
0.854, 5 & 21 5 2 [E N 0.876, ‘H 205’
MACA 5 < 2 19 5 R 21 5 I REAR ]
92,1877 M h i 20 5 5 19 5 Ry
AL R ECH 0. 858, 5 2 21 57 (Y AHRIE
0.868, KRN [E 5 FF ¢ Agria’ N faf 22 5 FF ¢ Ramos’
fBEAS P 34 35t A AL R B 0,890, [1-3 WE2KA
32 A S AR T 2SR v S R B R 2 2, AR L
XS AR 14 A, Hofh 5 R G B 00 b L R M
X EEIR 2 . DN FR % A B 5%, S5k 5 14 57
‘B E-887 A M G R L AT A Y AL BEAR, T
18 4% A AU(EL 2 b S0 3 B =5 119 0. 955, “BlE 2 12 57
‘BEE 13 5 BACAR TR A L0202-27 & 2 R g 5 & A
RIME R 0. 942, Bk 2 875 J& BL5k 2 24 5 [ HF
A HAHRUE Z 0. 905,

S AL 62 A SRR, 402 2 S, AL A
MAETE 0. 789~0. 958 Z ], P ¥ {A J& 0. 847, H
At X [ AR B B BE 5% A6 I 5T T B O < B
613 FAPGAL X H T R FBHBE & ML Pe 3 5 %5 Z Al ikt
TR 2 B AR 0. 789, fi 5 (1 2 < 3k -59 Fnl
CTEBKEE 20 B 2 [ fY 0. 958, U1 & 148 BEIK K Fib
]t (AR e ) 2 A E b, -1 WA 22 A4
i Al AR KB AR b X [ AR B B 8% 3% 46 T i
SERTE R R R 573 A S AR AR bk % 1D
KPR T M0 LK 259 1 Fak B 207 5 4R,
Ol OGO R XA — Bk, A AR R R
KAFE, FIRE-59 M F K H 20 57 H A REA A
FIFEMOC R, S 355 & T 9 5 AL A
HZ A AUE N 0. 949, ‘B E 3 5 NI 10
SRR A, AHUE K 0. 856, ‘9 51 XS-
06YH-03" 1Bk A [7] 4 * Shepody” » ¥ 3% By AL AH H

0.873, IM-2 WARILA 40 A dFh, FELILHL X 9
RO N Y PR T LN R [ S B o LN
R HL X 5 AN SRR AR X 1 AN SRR BRI 8 A
K SEVPNAY 6 A B, G R E R X BB TR 2% . ARdL
Hi X5 A R Ry BRI VLA Al Bh 27 Bt v LU Ay BE B
BHY SR FR A SRR e R 23 457 5 g 25
SN R OE R AR RS R A A 5t AL A U E R
0.909, ‘Desiree’ & 168" I A, & I A1
B S AH AR A AUE M 0. 884, %3 4 ¢ Shepody’ J2
‘Innorvator’ FHEAS, P & FHLLME K 0. 886, HoAlh iy
L EST W RS SN
2.6 TPSERGITHH

2018 Z 2019 4 [H] 4 fE & L =5 ) (3 000 kg
PLED7E B H bR 0 ik B TR A 38 4y, B il 349
AZe A A A TPS B4 4 GO BRI 4 8
324,15 9.17% . I G T hE 12 57 (H)
5ORR () Z [a] #3814 A 8L 3R B AR 0. 807,
CROEE(F) 5 FIRE 12 5 (OO WS A IR
ek 0.895,32 N AFHIH 0.843(K 3).,

31 ®

Tof b 9 U A 0y 5 Bl 5% R 32 A% A R A 3R
SIS R G i el = O ol U RS I
1713 7 5 5% U 1435t A 22 BRI O A Rl AR rh A R R Y
Fe AWML 5 % O F A 3T L 4% P AL S 55 1 5 AR
T o DRI o 6T o B0 % 60 A 35 2 85 5% L 45 it R ) 1) 3t A%
HIRLRE T i B AR SN E B BB I AR
1) %2 JE IS A) 114) 5 — 00 P 3] B 7 555 — AR o5 3 o )
JP AR 25 AE P 0 R R I Ak A% 4 25 T A 1] 1) 3t
ZREVERE I MR A B T . A X T 6T Ak 3 R 4L
JF 4 55 DR 2 S0 RS b N % A SR A,
PR 10X DL bn] 2 35 3 AN JE R 90%6~99%
J DL B BE AR 8L Z B0 BT . 20 T iR ic N ekl 19
BRI B K B 2 8P (RFLP)Y & 1 1 ML 4 &
&1 DNA(RAPD) J i B )7 41 5 52 (SSR) B 31 8
FE 1) SNP. Al B 2 AR 55 SNP /R N 5 =84
Fhric 2 T 48 % SSR %5 4r TAric & & ok 1)
BRIBR G AR L T AE Sk B )z B KRR L B oK LD
A FEACSE 25 AR 1 5l Fh 5 5 st A (R A4 2 DA R
SIS BE BT S T AED L MR T A
Sy FARIL . SNP 8k R 41 b il 2 T B A 2% 1 i K
-, HEA STz B 2 AL RaE MR S A
L R AR 4 B D 4 UK ) SNP AR g 9 3% i )7
A BT 5 K A B AR R Y Ik, N
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Table 3 2018 and 2019 parental hybrid TPS statistics

it 24 B

Variety name

EAFXCS /P

Parent

HE B
Number of participations

R

Number of successes

PR AR 18] gt 12 A ALAEL

Genetic similarity

% 3 5 Zhongshu3

19

0. 849

2

¥ 17 1 0. 828
1533 ? 19 6 0.828—0. 844
B JE Il 5% Kennebec ? 19 2 0. 860,0. 873
W% 7 5 Neishu? ? 19 4 0.821—0. 850
B 2 3 4 Longshu3 2 17 1 0. 869
RAK Zaodabai g b z 0.807.0.83¢
FH % 168Qingshul68 ? 19 3 0. 840—0. 865
19895 Zhongsus 3 b : s
K PG Atlantic 2 17 4 0.833—0. 840
LI 8 45 Jizhangshu8 % 17 1 0. 850
Tk 12 5 Jizhangshul?2 g 12 ? > 8895325893
Pk 5 5 Jizhangshub S 19 3 0.834—0. 867
[7] % 22 5 Tongshu22 N 20 1 0. 841
HH 9 5 Qingshu9 2 20 5 0.833—0.853
£1. 5% hongmei ? 20 1 0.833
B 6 5 Zhengshub 2 18 2 0.843,0. 844
F [ fengbai 2 18 2 0.833,0. 849
H5 2 5 Qingshu2 ¥ 18 3 0.841—0. 873
% 12 5 Zhongshul?2 2 18 1 0. 807
2 18 5 Zhongshul$ 2 18 1 0.853
% 5% E Favorita £ 18 2 0.833,0. 895
B % 13 %5 Longshul3 2 18 1 0.834
B 2 14 5 Longshuld ¥ 18 1 0. 850

TR AS 1 B ) SNPs — G B A% 0 8 R IR ] A & ol 119 352 A% T S5 400 1 L B8] A X R T JH A DX

JE | e /INAE AV RIS | L X R A i e AR o . AR ST
WLl T 35 R 9 SNPs, 148 £33 R 5 19 24730
JPUREE R 15,12, Q30 {H N 91. 77 % He /N5 FE A
R TR T 10 06 5 TE SR X Ry o s o 1Y o U8 S R S IR
Ji Y SNPs B A bR X iF sk 2 S8 11 S50
PR BE A 8 BT i SNP [ A

BE A S F 20 B 5 B AR 98 WA A B IR 1 A BE A
VR B B A AR AR A 2 ARBFSE R, 148
y Ty B AL R ) 2r o 6 N RELLL Q >0, 6 B9 A
FiA 36 A, b b 24, 3%, 16 B 38t A% 5 S 4l L ok U 4
B — [ S A EEAR R RER A i st AL A 0 TR 2
JER L R L . X 36 Al Rl ORI A AR
X A A 16 A5 44 4%, B AN FVE 13 4
36. 1%, — &35 80. 5%, UL B AR L X & AL Bl &

Fr, XA fgSE T E SR I T — B E X
I LA RN B/ T AR B GE A K SRR D It
AR B TRAR DAL, RESIT RN
RRFARREA DNA JF 91 1] 1 22 5, 0t J2& 45 o )
MR T O R, 148 fy Fl 5T 5% I8 w5 ) 43 3 A
E AL AL R % 0. 784~0. 958 Z[al, ‘F-3 0. 842,
Fa HE i o ol U5 BRI F A B A b B R A Sk 8 A IX
I & XIS AH BB 7E 0. 841~0. 850 2 [a], [X 5 [&] °F-
MBI R B AR S, WRKE LA, AL IX
B RSR 7 A AT AE 111 R, ARt X
B RG6 A AT AE -2 R, 35k
RHH) 5 AR AE T T I3 W B I T R )
[ 3 A SRR SR R G 2 A AR AE SR -1
MEHE A G T — ZAE DR R R o B R A



8 1 AR H A BT 2 R A T SNP ARICHY 148 1 T8 WA st % 2 R 43 B 1313

—i A H— R B X B ok N A
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