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Detection of Late Blight Resistance Genes and SNPs of Horizontal

Resistance Related Genes in Huashu and Eshu Potato Varieties
NIE Jiahui', LI Hongjun', SONG Weiwu?, WU Chengjin?>, SONG Botao', TIAN Zhendong'

(1. Key Laboratory of Potato Biology and Biotechnology, Ministry of Agriculture and Rural Areas/Hubei Potato

Engineering Technology Research Center/Huazhong Agricultural University, Wuhan, Hubei 430070, China;
2. China Southern Potato Research Center, Enshi, Hubei 430070, China )

Abstract: Eshu and Huashu series potato varieties are bred and developed by China Southern Potato Research
Center and Potato Group of Huazhong Agricultural University in Hubei Province. Eshu series potato varieties are mostly
mid to late maturing varieties, suitable for planting in southwest mountainous areas. Huashu series potato varieties are
early maturing varieties, suitable for planting in low mountains and plains of central China. In this research, molecular
markers were used to detect some late blight resistance genes and single nucleotide polymorphism (SNPs) of several
horizontal resistance related genes. The results showed that Eshu, Huaen and Huashu series potato varieties contained
late blight resistance gene R3a and R3b. Eshu and Huaen series potato varieties contained R8. Generally, the presence
of R8 maker has positive relationship with late blight resistance. Some known late blight resistance related SNPs were
detected in several varieties, but there is no close relationship between SNPs and blight resistance.
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LA BRI R A S OB R, TR SR
g AR MY, o E S R R R AR A
SRR —, HET, o E e e A
HIKF]9 00077 2= 144t SRT, AR EA T H % B4
s Ho FE 5o, b, I Xof B S B R i o
T ™

LR BRI R 5 R, FRK FETAE Ay
AR E, EEMRRE, H EE iRz 3]
ey, R ZMEIRE, SCEEMNZ BN EE N,
LB KRR, R Edk . Knla
SIS B R R, TR
WA et U™ AR o YT, MR A RS
WAk 27 A 24 o (R BT A 2N S PR 28 42
AR TR REN L T ELINOR TO6 e I R A R, e
IR R, PR F R 2RO L ek

TEFEANES T PO a7 A e e i & T A
. B MTEE A Fh Solanum demissum H K
PR ERR TR AL, AR IE R i — S R R A
(RI~RIT) %% R 3| By 4% AR B Fpvp B, HA A
ZJa R K Z 8RR H I WA R AU R
M, RZHECHRENCH M. AKFHPEXT
WG 5 5 AT 110 B % /)N, AT A 2 GG i T 1Y) AL
PO A XS AR E FE AL Mosquera SE9%T 184 4~ DU %
TR I8 B O Rl e MR EAT TR TR 2 A
(Single nucleotide polymorphism, SNP)43#fr, i i
4 5L R 20 53 B B 8 A JE R Y SNP A 55 5 W 22
AUk B, R E SNP A o B 28 9 FH ] g e
A DTk

PP LI X SR AL SR X S, RS T AR
1%40.00 J1~40.67 73 hm®. ¢ #310 EUita o [ gy T 4%
RGO TR Ol R LR AT A T Y SR
A R AL B8 B A 3R M T R Ak
v, SPE RG> A TEE R TR IR
Bl SR E 1S SRR 3 S A S AR S
500 SRR 3 S MU R IUARES, G AALET
PUFIPE g LU DT 2 Fd, (HERAEDTE S8 4ile ke o A
WFFEARE A i L RBTe BE R ZH U 00, EHCT 3
N(R3a, R3b, RS)TUFHEH > THrL, LAK 6K
SEHUPHEARSCEE N SNP A s FRiC RS 304> i R itE AT 1
D, DU SR NS 2 40 It o 2 o e 2 35 1 7
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SR TR, A TR R RS A R PRI
B

1 MRS 7%
11 ik

A ISP RS R S 15
SRRSO R 165, it 154, |
WA Rt e T B S BT RO AR T
PIT AR x o7 RERI MM HEELS -~
R4S RS R e S (R T S~ R
F13 57, b 134y, el R TR E AT A
FRAEFM . R 1S MR 25 U S
WEHEM. AARER L,
1.2 SHREERARK

FH ] BT % R AR Th AR B At v, AR Y
CTABIA B2 DNA, HE H VR DNA 5¢
Bk, K DNA Fi BE 2 50 ng/ul, VL RNA Polymerase
H(RP2)ZEM NS, PCRYIERINTT R, 51915 B
W2,
1.3 HURERE S FiRiga

R3a. R3b Fl RSFTIELEIbRICH I 1E B LK 2.
K 2xTaq Master MiX 3055 (g 5o MEREA= PR 47 11
A B FD), RFR KR 2xTag Master MiX 5 plL, F-
I R-Primer %% 0.5 pL(5uM), ddH,0 3 pL, itk
1 pL, BMAR10 pL . I : 95C 5 min; 95C
30s, 55~59°C 30s, 72°C30s, 35AEH;
72°C FE A1 10 min, B 8 WL PCR =¥ 75 1.0% 33§
BE_E 10 Viem f8 R HLIK
1.4 B#RXESNPH 5 F

HE 5 Mosquera S5k 1 — e DI e L AT E S 5
RS AT, SR NE SNP AL 57K
PUMAHOG . el 6> 5 e FH TRl IR Y H ARk
R, R4S SNP A7 s Do 5 [, T3 H
FRDCIE, 519122 TR, 5P E B LR
3. X H] Phanta Max Super—Fidelity DNA Polymerase
e DR DNA SRE i (i st e AR IR RO A R
Fl), KZ A 2x Phanta Max Buffer 25 pL, dNTPs Mix
1 plL, Phanta Max Super - Fidelity DNA Polymerase
1 wL, F—7#1R-Primer £ 2 pL(5 pM ), #EH 1 pL,
ddH,0 18 puL, A Z 50 wl. PCR Y14 544 [H 1.3,
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Table 1 Information of potato varieties tested

s v ACBRA A PPN FH e A1
Code Variety Female and male parents Maturity Registration evaluation Field evaluation
1 s 674-5 x CFK-69.1 rp [N 5
2 3 7914-33 x 59-5-86 LALEE GRE7N 5
3 T4 671736 x B 15 FL2A Bt 3
4 GRS 393143-12 x NS51-5 ERTE ¥ 3
5 a6 [ -10 x NS51-5 ERAES Pt 4
6 T AJU=69.1 x 393140-4 rh S 5
7 T8 393143-12 x NS51-5 e A rh& 4
8 g 393143-12 x BpE3 5 ERAE T 4
9 E 105 SCHE 11 % Dorita5186 AL rgk 4
10 115 B 552 x DY4-2-10(2X) rh rhgk 4
11 a2 5 395049.59 x 393160-4 L gk 4
12 135 ZE 305 X 59-5-86 e A LR 3
13 w145 T962-25 % 1X-38-6 e A i 4
14 P 155 T962-25 x IX-38-6 e A LRETH 4
15 w165 T962-25 x NS51-5 rr g A L 4
16 ER1S 393075.54 X 391679.12 rh i 5
17 k25 922-30 x 51-5 rhk i 3
18 25 Pink Fir Apple i F S84 5 2 FL rh& 4
19 i 5 LR93.073 x LR93.050 P2 rhgk 5
20 1ha3 5 Innovator X F98002 L rhU& n
21 1B 45 Barbara X Redsen L2 U 5
22 1B s 5 395024.36 x 393160-4 rh LR LT n
23 1R 65 R 1S 5 B3CI AR AR hiEA Hhgk 5
24 75 N0634-7 x F90024 L rh gk n
25 g B8943-4 x F65089 L2 Hhgk n
26 et F88042 x Stirling L Hh R 5
27 BB 105 F66041 x Monalisa T gk n
28 RS 03HE52-2 x 3931604 LA rh n
29 125 395008.52 x 393160—4 FL rp & n
30 1RE 35 T962-25 x 388611.22 L rhgk 5

T DOKPUHETA - R T 2 BB E I R BTN O] s HIRE A — 2020 4F R 5 Sh448 oo i IRDR A 45 08, S 9oy dehnie, SAR
TR, 3MCETHL, o WA TENELE.

Note: Registration evaluation— refers to resistance evaluation at the time of variety registration; field evaluation — refers to field evaluation results at
Southern Potato Center, Enshi in 2020, with five classification standards, five stands for susceptibility, three stands for middle resistance, and n means no

evaluation data.

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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%2 RS. R3aFR3b5|H1F75

Table 2 Primer sequences for detection RS, R3a and R3b genes

HEN EIEYEA S 51975 (5'—3") RIGREE(CC) K (bp)
Gene Primer name Primer sequencing (5'—3') Tm Amplification length
RP2 RP2-F TCGTGGATTTTTCCGATCTC 58 862

RP2-R ATCTCGCTCCATCTCTCCAA
R3a R3a-F CAAGGGAACACAGAGAATTTATTCT 55 327

R3a-R AACAATCTCATAGCATGACAACGAT
R3b1 R3b-F GTCGATGAATGCTATGTTTCTCGAGA 56 378

R3b-R ACCAGTTTCTTGCAATTCCAGATTG
RS R8-Fd CTGGCGCTGGTTTTGCTATGC 59 682

R8-Rd TCTCTTCGACTTCTTCTTACGAGGTCTA

%3 B#RSNPXigH 5 F5I

Table 3 Primer sequences for amplification of target SNP region

SNP 44 i S A (53" R JRAHREE(C)

SNP name Primer name Primer sequencing (5'—3') Detection site  Tm

StAOS2-SNP692 StA0S2-FO AAGATTTCCCAGTCCTTTTCGAAGT C 56
St4082-RO CATCCCGCCGAAGGAATTCAA

HMGCR-SNP567 HMGCR-FO GACGAAGACGAAACTCGCATC G 56
HMGCR-RO GTTCCTCCAAGAAGAAGAGTAATACC

CYP71D11-SNP346 CYP71D11-FO GCAACCTTAGCGTCTCTTTGATGACTGCTT T 58

CYP71D11-RO TTATGCATGAGGACCTTGTGGATGTCCT

Rpi—vnt1-SNP539 Rpi-vnt1-FO CCAAGAAACTTTATAGGCATGTCCGTCA G 58
Rpi—vnt1-RO TTCTCTGAATCTAAGGGTTGCAACTCGT

StGP28-SNP794 StGP28-FO GAGACAATTTCAAACAAGTGAGGATTGC A 56
StGP28-RO TACCCCACCTTTGTTGATTAAAATTTGG

PLOXI1-SNP8089 PLOXI1-FO TTTGCGAAAATACAGAGAAAATGAATTG G 56
PLOXI-RO GAAGTCTGACATCTTCAAGTGACCAAAA

BGRBENLFE 3. BER IR PCR 275 4 i, R B R3a51YMILIAE AR 25 | ‘S 15, ‘5F

J ¥ PCR =Wk B2 B A B ARG BR ST A /Y H55 ‘S ‘FRERE . ‘HRE IS A

FIIH Snap gene FX{F AT HFRIX I SNP Z55 ‘SR 105 YR WO RN Be . R30S 1RTLA

2 %%’Ejéj\ﬁﬁ Z —'él%l\za ’:uu“m %1_5‘ :uu‘uu %5?,\‘;;“] %6? '

2.1 EBEZRFIR3a, R3bHRSTURERE S FARCHEN E%Eij ) o ;ﬁ:} ﬂﬁ jffﬁlﬁoﬁﬁ\ R(fl;@l;u\
Ly 7 MY o

PLSRE AL R G SE K4 DNA AR, LARP2 s - 7, B 2 g 5 ) ‘g g
%ﬁmﬁ% F142 2 5 R3a, R3b, RSEIWAMAIY- R RS =

¢ m R < g ,\ < m| ¢ 5
W BRI R R 2 820 bp %fz ﬁﬁjﬁi@o;:& S 145 B 15

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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1 2345678 91011121314151617181920

RP2

R3a

R3b

R8

T UK 1208 RS R R 2 S, JKIE3 N S 1S,

19 A BRI, 3k iE 20 7 DNA Marker 2 000 plus.

VKIE 4~17 505000 S 3 5 ~ 5 16 5,

1000 bp
750 bp
500 bp
250 bp

TKIE 18 K BIPEXS I, JkE

Note: Lane 1-2. 'Huaen 1' and 'Huaen 2', lane 3. 'Eshu 1', lane 4-17. 'Eshu 3'='Eshu 16', lane 18. negative control, lane 19. positive control, and

lane 20. DNA marker 2 000 plus.

E1 ERZEZRF D R3a, R3b 1 RS EFEFRIZH 1K E

Figure 1 Electrophoretic images of R3a, R3b and R8 marker amplification in Eshu varieties

2.2 EZRT| R3a T R3b FLIREE 4 FHric il
PIAESE R AL 2] DNA AR, LA RP2JEH N
WZ, HR3aFIR3b 555 3. mE 2R, W
ZILH G| W REAE D 14 24 820 bp B, R3a 5140l L)
fE AR 6457 . AREET S N AR 95 thi B
WIXK/NW R Br . R365IYTLITE AR 35 | ARl 6
5L R TS M AR S R U /N
H B RS GIMITESL S Z A h i B R AN AT,
I, JRLREAEY .
2.3 PEMEERTISHE MM SNP AL
AW AE TR A R A T 6 PR Y SNP
Ao MIERZH DNA A & O BT Taq B3 H bR X
W B, SRIGXTPCR B Belb Ay, ARy 25
FIEAAF Chromas 78 H bR X 38052 SNP 47 45 . i F
LR R IR PUAEA [l S P SNP AT BB F4%
AIRAS . F3RE SR 105 4N HEH SNP o7 s
R, HEFTRIKIERA 4 R HER SNPALS . E3A
fR % STAOS2-SNP692 13 /54 G F1 C; &l 3B AR 3
HMGCR - SNP567 fii 5i i G #1 C; Kl 3C U %
CYP7ID11-SNP346 fii si A T, CHIA; B 3D

Rpivnt 1-SNPS39 17 35k G LA K 194~ it SNP AV s
FREAI B TR 4, FLAE/RH—SNP, R
PESRAEZEAY, BN 585 1345’ CYP71D11-SNP346
B AT, RINZOL AN AEE (TTTT) ;. A1
DL R 24 SNPAL A, AN “ SR8 105" HMGCR-SNPS67
BLR GIC, RIYETAERE . AR BNIAE3
ANSNP fii, B0 554105 CYP71D11-SNP346 i/ 54,
NTICIA, F4KEATT FARC SNP AL A £5 SNP AL
&, BIXTMeRE e B A TR AL . BUA EETEY”
4 5 A HR STAOS2 - SNP692, HMGCR - SNP567,
CYP71D11-SNP346 F Rpivnt1-SNP539 [ %5 SNP
P IR, A2 15 SNP AL TAi GRS,
U TIREIRAS . PLOX1-SNP8089 {7 s 75 Firill] i
P b F 2l AR
24 SPEMEZRIIDREMIHIES RIS SNP
MLRK BRI

FRU R F PRI (e SR 5 2 5 T A=
FI/NFE G BEE A BN AE L, S R
R R R 2 R Ak . &5 SRl il e B8
ICHT BT ER B ARICE R WK 5. R3a HUIEH
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RP2

R3a

R3b

TE: WKIE 1~4 0 AR 150~ A4S kil 5~6 1 4F
F, JKIE 15 W PHEXTIE, VKB 16 5 DNA Marker 2 000 plus.

W55 ~ 16 >

10 11 12 13 14 15 16

1000 bp
750 bp
~Z 500 bp

250 bp

T, UK T~13 0 AR TS~ MR35 JKGE 14 9 BAYEX

Note: Lane 1-4. 'Huashu 1'-'"Huashu 4', Lane 5-6. 'Huayu 5'-'Huayu 6', Lane 7-13. 'Huashu 7'-'Huashu 13, lane 14. negative control, lane 15.

positive control, and lane 16. DNA marker 2 000 plus.

B2 #EZRYmMmTR3aFIR3b EE AR Y G K E

Figure 2 Electrophoretic images of R3a and R3b marker amplification in Huashu varieties

A.CGGAGGTGATG B.

TA ACC GGTAG

AN A0 NVARAAS
210

C. D.

AATCCT¢ CCGC C A

G GAG GACAAC

AMAAMAAAAAA  MAA AR\
230 230

H: A, B, CHID 47t STA0S2-SNP692, HMGCR-SNP567, CYP71D11-SNP346 Fll Rpivnt [-SNP539 4 4~ [Kl SNP {3/ 5 Chroma [£]

i HERT7R X IEN FBR SNP V2 o

Note: A, B, C and D represent Chroma map of SNP loci of STAOS2-SNP692, HUGCR-SNP567, CYP71D11-SNP346 and Rpivnt1-SNP539, re-

spectively. The gray box shows target SNP loci.

E3 ‘SpE10S

‘h 4 EL[F SNPs i S48 45 R

Figure 3 Detection of SNPs of four genes in 'Eshu 10' variety

Bivifl. BER3BFIRSTN 5, SRERFIT, APk
5PNy Fhrica T EREIEMAE, B, &
WE]R3b 5> FARCH S 15 ‘SR 65 F %k
F3S RGP TR b R E) RS FE [ 4y
TARCh SR 145 | SR IS S MR 1S X

23 China Academic Journal Electronic Publishing House. All rights reserved.
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=4

6 MEFE B R P SNP AL FIE A R

Table 4 Interpretation results of SNPs of six late blight resistance related genes

i SNP {37 1. SNP loci
Variety STAOS2— HMGCR- CYP71DI1- Rpivnt]- StGP28~ PLOXI-
SNP692C SNP567G SNP346T SNP539G SNP794A SNP8089G

105 G/C G/C T/C/A G/A N n
135 G/C c/6 T G N n
145 G/C c/G T G/A N n
165 (0 G/C T G/A N n
HE1S G/C G o G/A N n
B2 G C ) G/A N n
15 C/G G/C o G G A
Hesin C/G G T/G/A G/A G/C A
3 (o | ) G G A
45 G/C C m/c G G/C A
el 55 C/G G C/M/A G G/C A
i 65 G/C | C/G G G A
75 (o C T/C G G A
He g (o B /A G G A
g5 (o C o G G/C A
105 G/C G T/A G G A
1S G/C G ) G/A Arr A
125 o G C/ G/A G/C A
#1345 (0 (ol/¢} T/C/A G G A

TE: RO FARIC N BB P £ SNP Al B R SR AL R AL AL Tl EIRAS , AR BRZE R R S5 LB AL AL T 4%

Note: Grey background SNPs are beneficial SNP to late blight resistance. A single base represents homozygous allele, and different bases

indicates heterozygous allele.

B R3b T RS BUR AR 4 FAnic, (B Ik R
FHilh b R RS GFhARE 3 S R
65 . REETSRI R 95 K E R3b 47 F AR
i, RPN k.

H AT N RS FEPR & — A EA T 15 FIF A Y H [a]
PUPERIIEE o 43HT 2020 4F it FH 5] B2 s e 1k P4
G55 ROEEIGRICIOCER, SRR 8/ i AT
RSFILHFRIC, ML Pt g o 3 (Fht, 2/8),
490 (PR, 5/8) M5 (B, 1/8). i, JC R8 K&
KL s AL E SO AA A AR A, Flan 5P 45 R

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

B3RP, CFRE TS MY . FH RS HAR
WA T BRI RIAE R B AR E R

ks froR, 2% R 5| STAOS2-SNPE92
HMGCR-SNP567 . CYP71D11-SNP346 i Rpiont1-SNP539 4
PRI R, M AREASE, (PR TER
W, B, AR 35 kgl E) 4 444 1) SNP
BLel, HUrERBL S ; A 115 k5] 24
i G i 3AZRENLE, BURRI IS . W]
DA it Al 2020 48 SRt Bt 24 DA 931 55 SNP A a5,
IR A
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x5 msiE. S FRICS NP RERICE

Table 5 Summary of resistance, molecular markers and SNPs of all the cultivars

W R FHE Matac DORIP gy © S SNP g
Code  Variety rity Registration Field R amplification Results of SNP test
evaluation  evaluation R3a R3b RS STAOS2 HMGCR CYP7IDII Rpivntl SiGP28  PLOXI

1 L SR P b 5 + + - n n n n n n
2 w35 SRR LE 5 - - - n n n n n n
3 WA R i 3 - - - n n n n n n
4 SRS e Bt 3 + + + n n n n n n
5 W6 PR Bl 4 + + - n n n n n n
6 TS e R 5 - - - n n n n n n
7 TS L1 L Y 4 + + + n n n n n n
8 SR 95 A YR 4 + + + n n n n n n
9 P10 R 4 + + + G/C G/C T/C/A G/A n n
10 SIS P Pk 4 - + - , | ., ., | |
11 125 R Uk 4 - - - n n n n n n
12 135 PR P 3 - + - G/C (o} ) G n n
13 145 PR P 4 - - + G/C (o} ) G/A n n
14 SR 155 A Bk 4 - - + n n n n n n
15 E16S PR P 4 - - - (0 G/C T G/A n n
16 ERE1E R SR 5 - - + G/C G C/m G/A n n
17 25 rhak i 3 + + + G C T G/A n n
18 S S L & 4 - - n a/G G/C c/m G G A
19 2y L & 5 - - n /G G T/G/A G/A  GIC A
20 g3y L gk n - + n (0 G ) G G A
21 EESE S L R 5 - - n G/C C mC G G/C A
22 1R 55 SRR A K n - - n C/G G C/T/A G GIC A
23 6 i gk 5 + + n GG G C/G G G A
24 TS L R n + + n (o C e G G A
25 RERS L rhR n - - n (o A G G A
26 Y L rh& 5 + + n (0 C c/m G GIC A
27 51045 R rgk n - - n G/C G A G G A
28 HE11S Fk rgk n - - n G/C G T G/A AT A
29 1245 Hk rgk n - - n (0 G c/m G/A  GIC A
30 RE135 H rgk 5 - - n (o c/G T/C/A G G A

TE: RIEDRYHUA A ARTE, O ="hrit, JCEdIEA n"FoR . SNPAGINAS R G SR RO mi A 1, TR " 3R
Note: R gene amplification band presence is marked with "+", no band with "=" and no data with "n". Grey background SNP indicates beneficial
SNP, and "n" no data.

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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LR, R, & ©17 -

3 49 #®

RA ZAPUME SRR B 5 o 20 il i) S
FHEZ—o SHr B B b 5L R 4 3RS
M BP0 R A IR . AR B R Y
R3a. R3bFIRSSrFHRic, X 3ARINGEFIHITT R
FEH BT, R BSRE AL R R & R LA
HUIAREGR o R3aHUIE CHE IR R3b U
FEIRI X B i T R/ VRIS BT — i A BTt s RSt
s 3 LA T RN G H BT, BURTRE 14
I SR RAR B 17 A S A, 9 0K I
R3b 4y Fhrid, 8yl R8 7 FAric, BR‘5hE
857, “SRE 9T RS 105 Kilbi kRN
R AL, HA R RPN, RIIZ RS
FhPUATRE S PUR S R, BRSSO
Ab, A R A KPR 2 R O, (RGN F 4 4
RIS R3b 4y FARIC . X A TE AT RE S B8 409
S /INFRE e AR R3b LR, 543 F bR e AN E A 1
Ao X A L A T AR IC A I B AR 2 S A
‘PR3 R R3b PR LR, (HAHE S I AR A
D), FRBH R LK 43 hr e 00 B M 7 42 5
AN, B4y b A A AG T B B 2 R A ARl
EHTrERBE T, . “SRE 45, HEMIZ 5
Fifr b HoAb B R SE A

SR R8P SE P HAT R A H R0, (H 2SR
o [ B B XA AR R )T/ INFI AT DL v IR RS
FERM AR EERRE, BA RSHRICH 814
RN AR L R G0 R A 22 5, (U
S, PP (7/8) S . T 2020 4
Thh A K 2 U KA 2 T, B &
RF™EE, 48K b Rl R P vE R BAR 22, T
e BB WA PR, Bt SRic 2
KRS

IRV X 22 Bl i 2 55 TR /DRl R BB, P
PN RRE, O R K EhibE B — 2 51
BRI AWE R BRECT 64 5 K- B ik B % S SE A
RS SNP AL, TR B Al b () SNP A7 5 73 i
DIV T fff 3 26 067 05 02 5 5K PidEAH G . R 4
Mosquera S5 il , ACFALHE SNPALSXT IR RE P
TRk ISR O, RIZAT 58 [ 4l i stk
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WHI R . AW H, STAOS2, HMGCR. CYP71DI11
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