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Correlation analysis of genetic composition and disease resistance of
29 potato varieties (strains) against late blight
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Abstract Late blight, caused by Phytophthora infestans . is a devastating disease of potato. It is important to dis-
tinguish what kind of R gene contained in potato cultivar or potato breeding materials for resistant breeding to
potato late blight and its control through management of different resistant cultivars. By using 8 avirulence genes
as tool, the composition of resistance genes in 29 potato varieties (lines) was analyzed by Agrobacterium-mediated
transient expression technique. The results showed that the composition of resistance genes in each variety was
different, with an average of four genes in each. Resistant genes R1 (76%), Rpi-blbl (66%) and Rpi-blb2
(66%) were widely distributed in tested potato cultivars, while R3b (45%), R4 (38%) and Rpi-vnt1l (34%)
were less. In addition, the number of resistance genes and indoor resistance level of tested varieties showed signifi-
cant positive correlation (r=0.915 6, P=0.029 1).
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Table 1 Source and resistance level of potato cultivar
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Cultivar Source Resistance level Cultivar Source Resistance level
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43R 1 Table 1(Continued)
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Cultivar Source Resistance level Cultivar Source Resistance level
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1.2 EEEEBRERRIEHEGEE Avr3b Avrblbl Aurd , Avront] . AurSmiral F Aurblb2
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AHE NCBI %8 % T T30-4 Bikk Aorl ,Avr3a.
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Table 2 Primer sequence of avirulence genes

F [K 2 Bk 5112 YIS (5'-3") H i BeR B /bp
Gene name Primer name Primer sequence Length
Aorblb] Avrblbl-F CGGATCCGATGCGTTCGCTCCTG -

oroe Avrblbl-R CGAGCTCGCTAGCTAGGGCCAACGTT

Avrblb2-F CGGATCCGATGCGCAGTTTTCTC
Avrblb2 I 303
Avrblb2-R CGAGCTCGTCAGGACTTCGTCAT
o Avr3aF CGGATCCGATGCGTCTGGCAATT e
vroa Avr3aR CGAGCTCGCTAATATCCAGT
e Avr3bF CGGATCCGATGCGCTTCCTGTTC o5
o Awvr3bR CGAGCTCGTTAGAAATTGTTCTT
Avrontl-F CGGATCCGATGCGAGTGTACGCC
Avrontl I s 462
Avront]-R CGAGCTCGTCAAGCTCTAAT
AorSmiral AvrSmiral-F CGGATCCGATGCGTCTAAGCTCCACA 661
vromira AvrSmiral-R CGAGCTCGTTATCCGGAGGGGTT
eyl Avrd-F CGGATCCGATGCGCCTGA "

o Awvrd-R CGAGCTCGCTAAGATATGGGCCGTCT
Aol Avrl-F CGGATCCGATGTTCGACCACGAC -

o Awvrl-R CGAGCTCGTTAAAATGGTAC

D FRIZ AT BB

Underlined is the introduced restriction site.
1.2.2 FF4 DNA ### 8]

e e EE e T R JWD15-9 (2015 453 85 5 1]
A RE D e B B gr Ak b B B AL 18C R
WERE IR PGSR 2 A, TR 22 K B IR L5 AR T
22 JF R IR ) CTAB 35 UL 4] DNA,
1.2.3 E#HAR® PCR Y

PLJWD15-9 BRI EPR4H DNA AR Jo 8
SR AT R . PCR YRR 25 pl. 5% DNA
1 pL. 10 pmol/L b TG94 1 pl.2X Cobuddy
Master Mix(CWBIO, 4t 52 12. 5 pL.ddH, O 9. 5 pL,
AT B o7 A R 7E S 58 Hh R A [ 938 i B, B

TR R I3 3,
1.2.4 THAFEBHRARKGHE

K FH BB B e DNA [a1 i 1) £ COMEGA,
USA) [t PCR ¢ #411 B 56 BBt R Sca THI
BamH [(NEB, USA) X [EIS*#)F11 pBI121 Bk 47X
it . SIS 8 A~ B ISE - Beay il il pBI121-
Sca T-BamH T-cut Z4& #] i T4 DNA Ligase (NEB,
USA) A 1845 34705 Ak DHS o 2 2820 Ik it
SRXEAEYD . B R B B BRI B T
Wy TR A B2 w10, 00 1 B 1 JoRE 5 AL A T 1
GV3101 Bz 201 Gt Al R2E S 2D .
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Table 3 PCR amplification program for frequency detection of avirulence genes

FEF £ 5% AR T At B A TEHEL FHAE fi A
Gene name Pre-denaturation ~ Denaturation Annealing Extend Number of cycles  Further extension Save
Avrl 94'C 2 min 94C 30 s 59C 30 s 72°C 30 s 30 72'C 2 min 10C
Avra 94°C 2 min 94C 30 s 57C 30 s 72°C 30 s 30 72'C 2 min 10C
Avrd 94 C 2 min 94°C 30 s 60C 30 s 72C 30 s 30 72'C 2 min 10C
Avrblbl 94°C 2 min 94°C 30 s 63C 30 s 72°C 30 s 30 72°C 2 min 10C
Avrblb2 94 C 2 min 94C 30 s 58C 30 s 72°C 30 s 30 72'C 2 min 10C
Avr3b 94'C 2 min 94C 30 s 59C 30 s 72°C 30 s 30 72'C 2 min 10C
AvrSmiral 94'C 2 min 94C 30 s 62C 30 s 72°C 30 s 26 72'C 2 min 10C
Avrontl 94°C 2 min 94°C 30 s 59°C 30 s 72°C 30 s 30 72'C 2 min 10C

1.3 BHREMHARLTSEERMRKRIE

D) LA EEIFR A - 3517 H B AR AT T
PRI 3 B AR5 B s B, PRIBCRA SE R TE 5 50 mg/L
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Fig. 1 Injection of Agrobacterium broth (left),

marking and cultivating (right)
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Fig. 2 Injection result on potato leaves
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Table 4 Expression of avirulence genes on potato cultivar leaves

R JoEEHE P Avirulence gene
Cultivar Awrl Avrda Awrdb Avrd Avrblbl Avrblb2 Avrontl AwvrSmiral
T8 13 5 Kexin 13 HR N HR HR N HR N HR
fif2% 15 Helan 15 HR HR N HR N HR HR N
3 2 5 Huishu 2 HR N N N HR N HR N
HB-3 HR HR HR N HR N N N
HB-1 HR N HR N HR N N N
NKY-1 HR N N N N N HR HR
NMG-1 HR HR N N HR HR H HR
NMG-2 N HR N N N HR N HR
NMG-5 HR HR HR HR HR N HR N
HB-5 N N N N N N N N
JL-1 N HR HR N HR HR N N
NKY-2 HR HR N N HR HR HR N
HE# Xiabodi HR N HR N HR HR N HR
GS-3 HR N N N N N N N
NMG-3 HR N N N HR HR HR HR
HLJ-1 N N HR HR HR HR HR HR
7 15 Kexin 1 HR HR N HR HR HR N N
HB-4 HR HR HR N HR N N N
NMG-4 HR N N HR HR N N HR
2596 H Zihuabai HR HR HR HR HR HR N N
Pk B 8 = Jizhangshu 8 HR HR HR N N N HR N
HB-6 N HR N N N HR N HR
5 3 = Zhongshu 3 HR N N HR HR HR N HR
NKY-3 N N N N HR HR HR HR
GS-1 HR HR HR N HR HR N HR
GS-2 N N HR N N HR N HR
B2 6 5 Longshu 6 HR HR N HR HR HR HR HR
o8 19 5 Kexin 19 HR HR N HR HR HR N N
HB-2 HR HR HR HR N HR N HR

D) HR: 30 N Jeid SUns.

HR: Hypersensitive response; N: No hypersensitive response.

2.2 HmEELSERRARIE G BRI R A SRS AE S I 4
XA B BRSSO it Jr EA T O s R Y A3 TR R IUH /N Y R (8 3) R TE R R I

FER AR AT BEEE SR AL DA 0 ) RNA $E 4k, HUR AR A Th 4% 2 0 Al (5 20 Pk

H I Ee % cDNA, LU cDNA S 4T PCR &7 XERZAYHUIGEE P PRI 7= A ad SR SR AR SO
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bp
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1000
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M: Marker 2000; 1: 25 F 44 A RFNKY -1 TG R L K Avrblb1; 2: Avrblb 1 (B REXT BR; 3: 32X H ‘HB-5" i Avrblb2; 4: Avrblb2 (B PEXF
M8 5: FREUH NMG-2’ [ 4vrd; 6: Avrd i FREEXS B 7: $REE ‘HB-4" [ AvrSmiral; 8: AvrSmiral (B XS BE; 9: $RELH ‘NKY-3’f4vr3a; 10:
Avr3affy FPEXT B 11: $2HEH ‘HB-6" (i Avr; 12: Avel B PERT R 13: $2H0E ‘GS-1° i Avrvntl; 14: Avevar] i BT R; 15: $280H ‘HB-6’ 14
Avr3b; 16: Avr3bi X IR

M: Marker 2000; 1: Avrblbl extracted from potato material ‘NKY-1’; 2: Negative control of Avrblb1; 3: Avrblb2 extracted from ‘HB-5’; 4:
Negative control of Avrblb2; 5: Avr4 extracted from ‘NMG-2’; 6: Negative control of Avrd; 7: AvrSmiral extracted from ‘HB-4’; 8: Negative
control of AvrSmiral; 9: Avr3a extracted from ‘NKY-3’; 10: Negative control of Avr3a; 11: Avrl extracted from ‘HB-6"; 12: Negative control of
Avrl; 13: Avrvntl extracted from ‘GS-17; 14: Negative control of Avrvntl; 15: Avr3b extracted from ‘HB-6’; 16: Negative control of Avr3b

B3 ESERESREIMAHBRIE

Fig. 3 Expression of avirulence genes in potato leaves
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Fig. 4 Distribution of resistance genes in potato cultivars
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Fig. 5 Correlation between resistance genes contained in

potato cultivars and potato resistance level
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