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Detection of SNP in Horizontal Resistance Genes and

Breeding Values Analysis for Potato Late Blight Resistance

ZHANG Chaohui*?, LI Yongjie?, BAI Chengjiao'?, LU Lili*, BAO Lixian*, ZHAO Zhijian!,
BAI Jianming®, YANG Jing?, PAN Zhechao!
(! Industrial Crops Research Institute, Yunnan Academy of Agricultural Sciences, Kunming 650205;

* College of Plant Protection, Yunnan Agricultural University, Kunming 650000)

Abstract: The horizontal resistance to potato late blight is controlled by minorgene with low efficiency
through phenotype evaluation. In order to innovate potato germplasm resources with horizontal resistance, this
study selected 8 parental materials for cross and constructed 9 hybrid populations. Combined with the late blight
resistance evaluation by detached leaf assay, molecular assisted selection was performed on 60 resistant and
susceptible hybrid offspring materials by horizontal resistance gene PCR sequencing, 19 single nucleotide
polymorphism (SNP) sites of 8 resistance genes were detected. The results showed that StAOS2-SNP691.
StAOS2-SNP692. StGP28-SNP794 .PLOX1-SNP8344 beneficial SNP loci was positively associated with late blight
resistance. the proportion of beneficial SNP homozygous sites in disease resistant materials in the hybrid offspring
population was 9.56%, which was higher than that in susceptible materials in the offspring population (5.65%) and
higher than that in parental materials (7.89%). A phylogenetic analysis of 19 SNP markers in 8 genes cluster 60
materials into 3 resistant branches and 3 susceptible branches. By combining phenotype, breeding pedigree and
molecular markers of horizontal resistance genes, breeding values related to resistance to late blight were
calculated, and excellent individual plants such as PC2312-3, PC2312-15, and PC2313-19 with high breeding

kS HEA: 2024-10-30

F K, BEICT RN R IEFIE SRR, E-mail: 1368140800@qq.com; ZEKAUAILFISE—1EH

WAEIEH: R, FTRTHANSRESTEM, E-mail: pzc@yaas.org.cn

BETH: A RIEA L IE S 4:(202101BD070001-022); [ 5% [ 48R} 4 1 4:(32260505); =FA 5 & AA T H
(202305AC160032); 7 F Ffr TRk ¢ £ 5256 % 151 H (202205AR070001);  [H 5 D44 & b+ AR & % (CARS-09-P03)

Foundation projects: ‘Yunnan Agricultural Joint Program Key Fund (202101BD070001-022); National Natural Science Foundation of
China (32260505); Yunnan Reserve Talent Project (202305AC160032); Yunnan Seed Industry Joint laboratory Program
(202205AR070001); China Agriculture Research System-Grant (CARS-09-P03)



values and beneficial SNP homozygous loci were screened, providing materials for genetic improvement of potato
horizontal resistance populations.

Key words: potato; late blight; horizontal resistance; SNP loci; breeding value
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Table 1 9 cross population information

Her RpA RA
Group Female Parent Male Parent
PC234 YA39 YB128
PC235 YA39 YA346
PC236 YA39 YE11
PC237 YA39 BA10
PC2310 LBR11-11 YA346
PC2311 LBR11-11 YE11
PC2312 YS802 SM4
PC2313 YS802 BA10
PC2316 YB128 YA346
12 DREREREEE
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R3b (R3b-F4/F5) . R8 (R8-F/R. R8-Fd/Rd. R8-UTR-F/R) . RB (RB-629/638. RB-1223F/R.
RB-CT88. RB-cfl/crl. RB1-5/3-5) 5I#IKlIsEAS K ¥A0TE B0 2 A7 g, JERA 2
X M5 Taq HiFi PCR mix A &H (AbuiEEHR) TPk HAx SNP X1 PCR ¥ 1,
AP RE R H A SNP X3 19 51907 5145 B0 F (3R 2). PCR F=¥I7E 1% 3 iR HiAE R
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Table 2 Primer sequences were amplified in the SNP region

SNP & F% GIE/ BN SIWFEF (5'—3D BAKRE O R
SNP name Primer name Primer sequencing(5'—3")
BCCP BCCP-F TGGGACGATCTGTTGCCTTC 59 [11]
BCCP-R AAAGTCATGAAATAGAGGTCTCGT
CYP71D11 CYP71D11-F TTCTTCTCACTGTCACACCAA 57 [12]
CYP71D11-R GGTCTTAGGTCAAAATTGGAG
Rpi-vntl Rpi-vntl-F GCCTACATGATCATATCGAGAAGT 65 [12]
Rpi-vntl-R CCAAGACAAATTGCTTGTTCAAGATT
STGP28 STGP28-F CAGAGACAATTTCAAACAAGTG 55 [12]
STGP28-R GTACTTCGTTGCTCAATTTAAT
PLOX1 PLOX1-F CCCCTGAGCATGTAAACAAA 57 [12]
PLOX1-R TTCCTAATCGCGAAGAAACC
HMGCR HMGCR-F CCTCTCACCGGAATCACCAT 57 [12]
HMGCR-R GTTGAAAACCACGGCTAAGGTAT
StAOS2 StAOS2-F TTGATGTTCTTCCTTCTTTCTTC 57 [10]
StAOS2-R GCGGATTTTACTTCCGATCGGAT
StPK2 StPK2-F TGAATGTTGTATACCACTTCCTATTG 58 KA RFF K
StPK2-R CCTTTTTCGCAATCTGACACTTA
L5 A ERA S B E S

fili Fil Microsoft Excel 2017 Bt A7 B Gi it S BB, SPSS (A 23) #EAT R AYHE /)
7. Origin 2021 34T ERLH]; (4 MEGA 11 #E4T /K T4 AR 5 5 B8 B PP 51 R i, Bk
FRI, K5 SNP AL s HONPRCHEAT IR M. (AT Nbs B fF, BT 20 7 hrid. Rk,
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2.1 FAESHERELEEITFMN
SEAMRIA, FURMEE 2 43, 402 LBR11-11 11 YS802; btk 14, iy SM4;
BORMRIE 4 43, N YA39. YA346. YE11 fil BA10; i/t kA 142 YB128 (I 1A),
A [ 51 Bk KU ORI 2t B TR B PR B, HORE 25 B T S R R O
BUPE QTL 28, N2 2w M e s B B0 ik, R BRI itk e i, Hobbklak
P BB o X LR R S8 5 R TE I B UK P BT REAT B R, R —
SEFERE MK TPt . fERAM R, PC234. PC235. PC236. PC237. PC2310. PC2311,
PC2312. PC2313. PC2316 ¥k BEfi Ay 11.86%. 31.05%. 20.53%. 29.46%. 10.15%.
8.01%. 23.34%. 25.89%. 25.58%. it PC2310 (LBR11-11X YA346) . PC2311 (LBR11-11
XYELL) FANEEOR T PR o5 B (B 1B) o JEARPURA R E Bk [ 1 o 44
SESRARM G, W7 RIBTFA R, Z 38 P2 A DT kL, X AT BBV TR Ak Al Ak 26 ) 32
BANFRIRL S 5 2 5 A0 v A 42 ol A U £ G 55 o R IR PR Al 45, AU o
XF AR DNA JEAT 3 E U SE R ARSI, YA346 (i) A YELL ) AN A Bk il
M EPUREE R AR D, HT 6 AN SRAHESH R3a FEHbsd, 7 YA39 (BYH) & R1. R3
1 R3b EFFRiC, SM4 (i) & R3 BLK R3b £:FARid, YS802 (Fifii) &HA RL LK
R8 F:RArid, LBR11-11 (Fif) & RB E:RFARIC. MRIESRA DNA e B A0 FE P o il 45
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A: Resistance identification of parent material; B: Resistance identification of population material
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Fig. 1 Results of resistance identification of parental material and population material

2.2 FARESHEKTHME SNP ALK

BT ACEHUR A PCR P2, TESEARFIREAAM BRI T 8 M E kA 1) 19
MR Z S (SNP) f74, Hrb StAOS2-SNP691 $t45 37 {4 FpkAG I A &ALk, 5
FER AT L 61.67%, StAOS2-SNP692 345 38 43 BkkAG N 25 4l & 5, o5 FITA I 44 K
] 63.33%. BCCP-SNP1121 f1 BCCP-SNP1381 3t 5 {3 Stk A s i A A, o5 Fra il i1
K1) 8.33%, 43l 7&: PC235-18.PC235-2,PC235-27.PC236-1 LA} PC236-4; CYP71D11-SNP752
H LN e &0 5, & PC236-2; StPK2-SNP1577 45 1 (A kL N a2l &1 55
BISEA YS802, StPK2-SNP1577 fiimifs A KR EMEE 27 4, Hhhumstkl 15 1y (R
3) .

FrA MR A 41 By SRR N B A 5 5UR A S A5 0 RAFEAE, BARSEAR YA39,
YA346. YB128. YE11 #1 BA10 FIEBSRM: FrHifh s e 45 BB BN, HHACFHiMEA ot
LR A AE A A i A AL . TAREEfR PC235-27 il PC236-1 1X A > B A4 A Il 2]
BCCP-SNP1121, BCCP-SNP1381, StAOS2-SNP691 DL K StAOS2-SNP692 iX 4 M N 5
U A o 25 AL R, XTI PR R OB (R) 5 PC236-2 fi il 3
CYP71D11-SNP752, StAOS2-SNP691 DLz StAOS2-SNP692 iX 3 AN i ¥ N 5 HiIw 43 2 il 4k
HALEL KRR R AR (R (R 3) .

FARM R, A G SR B 7.89%, Gt R, BURAENIA Al A AL S
W%, HBLELBIN 9.56%, BURMEHIA RS AR, HBLELEIA 5.65%. PTG R
PC235-27. PC236-1 fil PC236-2 75l Il 1 5+ 4. 3 MHmaie s, Amaiai SatiE
BIRT oA, HE R itk e R I bu . 40d %@ MPUmA e S A A s a6 0
L TR BRI & PC2313 ##{k, PC2313-28., PC2313-8. PC2313-15, PC2313-9
S Pt % e REUNEGR, TATLME Mg 4005, PC2313-3. PC2313-4, PC2313-11,
PC2313-19 Zid Hi Mt % e RIUATUH, #EH 2 MAMMAEAA (R 3 .

XoF AR WA TR b 3R AT A R R A A0 AT, R IO A A R A A
StAOS2-SNP691A .  StAOS2-SNP692C .  StGP28-SNP794A . PLOX1-SNP8344G .
HMGCR-SNP636T. Rpi-vnt1-SNP544T. StPK2-SNP1577A 25 6 MR i Tt o
StAOS2-SNP691A. StAOS2-SNP692C. StGP28-SNP794A. PLOX1-SNP8344G &4 s fE 1 it

B A B FEA R LB it -1 7 0.45. 0.36. 0.54. 0.25.
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Table 3 SNP site interpretation results

E3s itk A 2 BRI A 2 SNP il 44
(%) it (%) Results of SNP typing
Name Resist Frequency Proportion of StAOS2 StAOS2 BCCP BCCP CYP71 CYP71 CYP71 HMGCR HMGCR PLOX1 PLOX1 StGP28 StGP28 StGP28 Rpi-vntl Rpi-vntl Rpi-vntl Rpi-vntl StPK2
ance of occ pure com D1 D1 D11

urrence bination 691A 692C 1121C 1381C 346T 706G 752C 567G 636T 8089C 8344G 794A 811G 957T 440C 465T 539G 544T 1577A
YA39 40.78 10.53 AAGG CCGG Ccccce Ccccc CCTT AAGG CCTT CCGG Cccc AAAA AAGG AAGG GTTT GGTT CTTT GGGG AAGG CCCT CCCA
YA346 19.73 10.53 AAAA Cccc NA NA Cccc AAAA TTTT CCCG CCCT AAAA AAAA AGGG GTTT GGGG TTTT GGGG AAGG CCcC CCCC
YB128 22.36 10.53 AAAA Cccc CTTT CTTT Cccce AAAA TTTT CCCG CCCT AAAA AAAA GGGG GTTT GGGT TTTT GGGG AAGG Cccce Cccce
YE11 30.26 10.53 AAAA Ccccce CCTT CCTT CCTT AAGG CCTT Ccccce CCCT AAAA AAGG GGGG GTTT GGGG TTTT GGGG AAGG cccce ccce
SM4 17.11 0.00 AAGG CCCG CTTT CTTT Cccc AAAA TTTT CGGG CCCT AAAA AAGG NA NA NA TTTT GGGG AAAA CCcCC CCcCC
BA10 14.78 10.53 AAAA Cccc TTTT TTTT Cccc AAAA TTTT CCCG CCTT AAAA AAAA NA NA NA TTTT GGGG AAAG CCCcC CCcCC
YS802 21.05 0.00 AAGG CCGG CCTT CCTT Ccccc AAAA TTTT Cccc ccce AAAA AAAA AAGG TTTT GGTT TTTT GGGG AAAG CCCT AAAA
LBR11-11 18.56 1053 AAAA Ccccce TTTT TTTT Cccc AAAA TTTT CCGG CCTT AAAA AAAA NA NA NA TTTT GGGG AAAG CCCT Cccc
PC234-9 30.26 10.53 AAAA Cccc CCTT CTTT Cccc AAAA TTTT Cccce Cccc AAAA AAGG GGGG GGTT GGTT CTTT GGGG AGGG CCCT CCCA
PC234-12 27.63 10.53 AAAA Ccccc CCCT CCCT Cccc AAAA TTTT Ccccc CCCT AAAA AAAG NA NA NA CTTT GGGG AAGG CCCC CCCA
PC235-8 35.53 10.53 AAAA Ccccce CCTT CCTT CCCT AAAG CTTT CCCG Cccc AAAA AAGG AAGG GTTT GGTT CTTT GGGG AAGG CCCT ccce
PC235-18 40.78 10.53 AAGG CCGG Cccce Cccc CCTT AAGG CTTT CCGG CTTT AAAA AAGG AGGG TTTT GTTT TTTT GGGG AAGG CCcCC CCCC
PC235-29 39.47 10.53 AAAA Cccc CCTT CCTT CCTT AAGG CTTT CCGG CCTT AAAA AAGG AAGG GGTT GGGT TTTT GGGG AAAG CCcC CCCC
PC235-22 28.95 0.00 AAGG CCGG CCCT CCCT Cccc AAAA TTTT CCCG CCTT AAAA AAAG AAGG GTTT GGTT TTTT GGGG AAGG CCCT CCcCC
PC235-3 19.74 10.53 AAAA Ccccce CCTT CCTT Cccc AAAA TTTT Ccccce Cccc AAAA AAAG NA NA NA TTTT GGGG AAGG Cccc Cccc
PC235-20 36.84 10.53 AAAA Cccce CCTT CCTT CCTT AAAG CTTT Cccce Cccc AAAA AAGG AAGG TTTT GGTT CTTT GGGG AGGG CCcCC CCCA
PC235-2 34.21 10.53 AAGG CCCG Ccccc Cccc Cccc AAAA TTTT CCCG CTTT AAAA AAGG NA NA NA CTTT GGGG AGGG CCCT CCCA
PC235-9 30.26 0.00 AAGG CCCG CCCT CCCT CCCT AAAG CTTT CCCG CCTT AAAA AAGG NA NA NA TTTT GGGG AAGG CCCT Cccce
PC235-27 43.42 26.32 AAAA Ccccce cccce Ccccce Cccc AAAA TTTT Ccccce CCCT AAAA AAGG AAGG GTTT TTTT TTTT GGGG AAGG CCTT Cccc
PC235-30 19.73 10.53 AAAA Cccc CCTT CCTT Cccc AAAA TTTT Cccce Cccc AAAA AGGG NA NA NA TTTT GGGG AAGG CCcCC CCcCC
PC236-23 34.21 0.00 AAGG CCCG CCTT CCTT CTTT AGGG CCTT Cccc Cccc AAAA AAGG NA GTTT GGGT CTTT GGGG AAGG CCCT CCcCC
PC236-27 43.42 10.53 AAAA Cccc CCCT CCCT CCTT AAAG CTTT CCGG CTTT AAAA AGGG GGGG GTTT GGGG CTTT GGGG AAGG CCCT CCcC
PC236-3 32.89 5.26 AAAG CCCG CCTT CCTT Cccc AGGG CCTT Cccce Cccc AAAA AAGG AGGG GTTT GGGT TTTT GGGG AAAG CCCT CCcCC
PC236-1 46.05 21.05 AAAA Ccccc Cccc Cccc Cccc AAAA TTTT CCGG CTTT AAAA AGGG AAGG GTTT GGGT CTTT GGGG AAGG CCCT CCCA
PC236-2 39.47 15.79 AAAA Ccccce CTTT CTTT Cccc AGGG Cccc CCcG CTTT AAAA AGGG NA NA NA CTTT GGGG AAGG CCCT NA
PC236-4 35.53 10.53 AAGG CCCG Cccce Ccccce CCTT AAGG CTTT Ccccce Cccc AAAA AGGG AGGG TTTT GGGT TTTT GGGG AAGG CCCT Ccccce
PC237-4 34.21 0.00 AAGG CCCG CCTT CCTT CCTT AAAG CTTT CCCG CCCT AAAA AAGG GGGG GGTT GGGT CTTT GGGG AAGG CCCT CCCA
PC237-7 25.00 0.00 AAGG CCCG CCTT CCTT Cccc AAAA TTTT Cccc Cccc AAAA AAGG AAGG GTTT GGGG TTTT GGGG AGGG CCCT CCcCC
PC2310-4 22.37 10.53 AAAA Cccc TTTT CCTT Cccc AAAA TTTT Ccccce CCTT AAAA AAAA AGGG TTTT GGTT TTTT GGGG AAAG CCCT CCcC
PC2310-7 11.84 10.53 AAAA Ccccce TT7T TTTT Cccc AAAA TTTT Ccccce Cccc AAAA AAAA NA NA NA TTTT GGGG AAAA CCCT Cccce
PC2310-15 19.74 10.53 AAAA Cccce CCTT CTTT Cccc AAAA TTTT Cccce Cccc AAAA AAAA NA NA NA TTTT GGGG AAGG CCCT CCcCC
PC2310-19 14.47 10.53 AAAA Ccccc TTTT TTTT Cccc AAAA TTTT Ccccce Cccc AAAA AAAA NA NA NA TTTT GGGG AAGG CCCT CCcC
PC2310-22 22.37 1053 AAAA Ccccce TT7T CTTT Cccc AAAA TTTT Ccccce CCCT AAAA AAAA AGGG GTTT GGTT TTTT GGGG AAAG CCCT Cccce
PC2310-23 Rl 15.78 15.79 AAAA Cccce TTTT CTTT NA AAAA NA Cccce Cccc AAAA AAAA NA NA NA TTTT GGGG AAAA CCCT CCCC
PC2311-2 iR 36.84 10.53 AAAA Cccc TTTT CCTT CCTT AAAG CCTT CCGG Cccc AAAA AAGG AAGG GGTT GGTT TTTT GGGG AAGG CCCT CCcCC
PC2311-14 Jesl] 30.26 10.53 AAAA Ccccc CCTT CCTT Cccc AAAA TTTT Ccccce CCTT AAAA AAGG AGGG GTTT GGTT TTTT GGGG AAGG CCCT CCcC
PC2311-19 ERL] 28.95 10.53 AAAA Ccccc CTTT CCTT CCTT AAAG CTTT Ccccce CCTT AAAA AAAA AGGG TTTT GGGG TTTT GGGG AAGG CCCT Cccce
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(%) (%)
Name Resist ~ Frequenc  Proportion ~ StAOS2  StAOS2 BCCP BCCP CYP71 CYP71 CYP71 HMGCR HMGCR PLOX1 PLOX1 StGP28  StGP28  StGP28 Rpi-vntl Rpi-vntl ~ Rpi-vntl  Rpi-vnt StPK2
ance y of occ of pure co D11 D11 D11 1

urrence mbination 691A 692C 1121C 1381C 346T 706G 752C 567G 636T 8089C 8344G 794A 811G 957T 440C 465T 539G 544T 1577A
PC2312-1 e 21.05 0.00 AAGG CCCG CTTT CTTT CCCC AAAA  TTTT CCGG CCCT AAAA  AAAA  GGGG TTTT GTTT TTTT GGGG AAAA Cccc CCAA
PC2312-2 B 18.42 0.00 AAGG CCCG CTTT CCTT CCCC AAAA TTTT CCGG CCccC AAAA  AAAA NA NA NA TTTT GGGG AAAG CCCT CCAA
PC2312-3 IR 34.21 10.53 AAAA CCcccC CTTT CTTT CCCC AAAA TTTT CCGG Cccc AAAA  AAGG  AAGG GGTT GTTT TTTT GGGG AAGG Cccc CCAA
PC2312-6 R 23.68 0.00 AAGG CCCG CTTT CTTT CCCC AAAA TTTT CCGG CCcc AAAA  AAAG  AGGG GTTT GTTT TTTT GGGG AAAA CCCT CCAA
PC2312-8 e 19.73 0.00 AAGG CCCG TTTT TTTT CCCC AAAA TTTT CCCG Cccc AAAA  AAAA  GGGG GGTT GTTT TTTT GGGG AAGG Cccc CCAA
PC2312-11 B 21.05 5.26 AAGG CCccC TTTT TTTT CCCC AAAA TTTT Ccccc CCCT AAAA  AAGG  AGGG GTTT GGTT TTTT GGGG AAAA CCCT CCAA
PC2312-12  #iJ 18.42 0.00 AAGG CCCG CTTT CTTT CCCC AAAA TTTT CCGG CCCT AAAA  AAGG NA NA NA TTTT GGGG AAAA Cccc CCAA
PC2312-15 i/l 27.63 10.53 AAAA CCccC CCTT CTTT CCCC AAAA TTTT CCGG CCCT AAAA  AAAA  GGGG GTTT GTTT TTTT GGGG AAAA Ccccc CCAA
PC2312-17 &5 19.73 0.00 AAGG CCGG CCTT CCCT CCCC AAAA  TTTT CCCG cccce AAAA  AAAA  AGGG TTTT GGTT TTTT GGGG AAAA Cccc CCAA
PC2312-18 IR 23.68 0.00 AAGG CCGG CCTT CCTT CCCC AAAA  TTTT CCCG CCCT AAAA  AAAA  GGGG GTTT GGGT TTTT GGGG AAAG Ccccc CCAA
PC2312-22  #iJ 22.36 0.00 AAGG CCCG CTTT CTTT CCCC AAAA  TTTT CCGG cccce AAAA  AAAA  AAGG GGTT GGTT TTTT GGGG AAAA Cccc CCAA
PC2312-23 il 28.94 10.53 AAAA CCcC TTTT TTTT CCCC AAAA  TTTT CCGG CCCT AAAA  AAGG  AAGG GGTT GGTT TTTT GGGG AAAA CCCT CCAA
PC2312-26  HiJi 21.05 0.00 AAGG CGGG CTTT CTTT CCCC AAAA TTTT CCGG CCccC AAAA  AAGG  AAGG GGTT GGTT TTTT GGGG AAAA CCccc CCAA
PC2313-3 kN 15.79 10.53 AAAA Cccc TTTT TTTT CCCC AAAA  TTTT CCCG CCcC AAAA  AAAA NA NA NA TTTT GGGG AAAG Cccc CCAA
PC2313-4 P 26.31 10.53 AAAA Ccccce CTTT CTTT CCCC  AAAA TTTT CCCG CCTT AAAA AAAA NA NA NA TTTT GGGG AAAG CCCT CCAA
PC2313-8 I 25.00 0.00 AAGG CCCG CTTT CTTT CCCC AAAA  TTTT CCCG Ccccce AAAA  AAAA  AAGG GGTT GGTT TTTT GGGG AAGG CCCT CCAA
PC2313-9 JBIR 25.00 0.00 AAGG CCCG TTTT TTTT CCCC AAAA TTTT CCCG CCTT AAAA AAAA AAGG GGTT GGTT TTTT GGGG AAAG CCCT CCAA
PC2313-11 R 26.31° 10.53 AAAA CCccc CTTT CTTT CCCC AAAA  TTTT cccce CCCT AAAA  AAAA  AAGG GGTT GGTT TTTT GGGG AAAA CCCT CCAA
PC2313-15 JBIR 26.31° 0.00 AAGG CCCG TTTT TTTT CCCC AAAA TTTT CCCG CCTT AAAA AAAA AGGG GGTT GTTT TTTT GGGG AAGG CCCT CCAA
PC2313-19  HiJi 23.68 10.53 AAAA CCcccC TTTT TTTT CCCC AAAA  TTTT CCCG CCTT AAAA  AAAA  AGGG GGTT GGTT TTTT GGGG AAAA Cccc CCAA
PC2313-28 &G 19.74 0.00 AAGG CCCG TTTT TTTT CCCC AAAA TTTT CCCG CCccC AAAA  AAAA  AAGG GGTT GGTT TTTT GGGG AAAG Cccc CCAA
PC2316-14  J&Ji 23.68 10.53 AAAA CCcccC CTTT CTTT CCCC AAAA  TTTT CCCG Ccccce AAAA  AAAA  AGGG GTTT GGTT TTTT GGGG AAGG CCCT Cccc
PC2316-30 &G 22.37 10.53 AAAA CCcC CCTT CCTT CCCC AAAA TTTT CCCG CCccC AAAA  AAAA  GGGG TTTT GGGT TTTT GGGG AAGG CCCT Cccc
PC2316-7 I 19.74 10.53 AAAA CCcccC CTTT CTTT CCCC AAAA  TTTT ccce Ccccce AAAA  AAAA  GGGG TTTT GTTT TTTT GGGG AAGG Cccc Cccc
PC2316-9 IR 25.00 10.53 AAAA CCcC TTTT TTTT CCCC AAAA  TTTT CCCG CCCT AAAA  AAAA  AGGG GGGT GTTT TTTT GGGG AAGG Cccc Cccc
PC2316-11 IR 22.37 10.53 AAAA Cccc CCTT CCTT CCCC AAAA TTTT CCCG CCCT AAAA  AAAA  GGGG GTTT GGTT TTTT GGGG AAAA Cccc CCccc
PC2316-3 EinL] 17.11 10.53 AAAA CCcC TTTT TTTT CCCC AAAA  TTTT cccce CCCT AAAA  AAAA  AGGG GTTT GGTT TTTT GGGG AAAA Ccccc Cccc
PC2316-22  HiJi 21.05 10.53 AAAA CCccC TTTT CCTT CCCC AAAA TTTT Cccc CCccC AAAA  AAAA  AGGG GTTT GGTT TTTT GGGG AAGG Cccc Cccc
PC2316-29 i 19.74 10.53 AAAA CCcC CTTT TTTT CCCC AAAA  TTTT CCCG CCTT AAAA  AAAA  AGGG TTTT GGGG TTTT GGGG AAGG Ccccc Cccc
PC2316-17  HiJi 30.26 10.53 AAAA CCccC CCTT CTTT CCCC AAAA TTTT CCGG CCccC AAAA  AAAA  AGGG GGGT GTTT TTTT GGGG AAGG CCCT Cccc
PC2316-20 ik 22.37 10.53 AAAA CCcC TTTT TTTT CCCC AAAA  TTTT CCCG CCccc AAAA  AAAA  GGGG TTTT GGTT TTTT GGGG AAGG Ccccc Cccc

TR 5 BehRiC AT W T LI 7 25 SNP LA, B 2 (R RN A T2 7 KA, A B 28 R A T2 7 KA NA AR B Bk

Note: The gray background marker is a SNP locus that is beneficial to late blight resistance, Same base: Allele is homozygous at the locus; Different bases: Allele is heterozygous at the locus; NA represents missing data
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A: BCCP X[ B: PLOX1 %X C: StAOS2 R[]

D: STGP28 J[H E: CYP71D11 A F: HMGCR 2K

G: Rpi-vntl = [H H: stPk2 LA

B R ERRIE AR BUR AR, AR ARR R R
The green label in the evolutionary tree represents disease resistant material, and the blue label represents susceptible material.
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Fig. 2 Phylogenetic analysis based on horizontal resistance genes sequence
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