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Table 1. Specific NBS primers, enzymes used for cutting DNA, number of polymorphic bands, number of reliable sequences and number of reliable sequences that

exhibited significant similarity with RGAs or known resistance genes

ST ST Jis Jlast gles 5T Sonr ooyl e g Iy

Primer Primer sequence AT (°C) Enzyme Polymorphic bands  Reliable sequences ~ #RGA
NBS13R  AAGAARCATGCDATATCTARAA 55 Alul, Msel, Rsal, Haelll, Taql 55 34 26
NBS12R  yTTsArsGCTAAAGGRAGRCC 55 Alul, Msel, Rsal, Haelll, Taql - - -*
NBS12F CTTTAGCbyTsAArkTGTkkGG 55 Alul, Msel, Rsal, Haelll, Taql - - -
NBS15F ATGCATGAyTTrATwvAAGADbA 55 Alul, Msel, Rsal, Haelll, Taql 92 33 27
NBS5A  YYTKRTHGTMITKGATGAYGTITGG 55 Alul, Msel, Rsal, Haelll, Taql 40 18 15
Total 187 85 68

bl subartlid Conglie b0 L b RGA L g,ls ine 4lis &7 ,me gl JIs sl ERGA
#RGA: Number of reliable sequences that exhibited significant similarity with RGAs or known resistance genes.
AT: Annealing Temperature.
*: The primers didn’t amplify enough polymorphic bands.
G,A,T,C: Guanine, Adenine, Thymine, Cytosine. R: Purine (A or G), Y: Pyrimidine (T or C), W:AorT,S:GorC,M: AorC,K:GorT,H: AorTorC,B: GorCor T, V:Gor A or C, D:
G or A or T, I: Inosine
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Fig. 1. The banding pattern of some individuals of the population using combination of Rsal enzyme and

NBS13R primer on Li-Cor gel. Arrows indicate the positions of polymorphic bands that were detected among

genotypes. Three wells from left side indicate ladder, RH parent and SH parent, respectively and other wells are

related to 46 individuals from population
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Fig. 2. The relative positions of RGAs in the UHD map of potato of (a) RH and (b) SH. Each chromosome
includes bins that contain different numbers of AFLP markers. The number of markers in each bin is represented
by gray shading (white shading is 0 and black shading is more than 500). Bars in the right part show the relative
positions of RGAs. The positions of Senl-4, R3a/b, Rpi-blb2, Rpi-blb3, Rpi-abpt, Gpa6, Gpa3, Senl, RYsto,

ST124, Rmcl, R1, R2, Grovl & H1, Gpal and wun2 from potato and positions of Mi, Q173, Sw5, 12 and Q136

from tomato were identified and indicated in the left part of each chromosome
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Table 2. The NBS profiling bands that had significant homology with known resistance genes and RGAs.
NBS15F, NBS13R and NBS5A markers are shown as15F, 13R and 5A, respectively

alol
Kl Bin NEUE S E Jpar oI5 s byl Fiol s el ol B
Locus  (Interval) Primer/Enzyme accession number Homologue value Score (bits) & E

RH4.1 14 SAH4 gb|ABI30281.1]| NBS-containing resistance-like protein 34.3 (4.0)

RH4.2 29-30 S5ARS,5AT3 gbl/AAV31189.2] NB-ARC domain containing protein 67.8 (3e-10)

RHS.1 17 5AT6 gblAAU95627.1] R1 135 (7e-55)

RHS5.2 33-34 1SFM8 TIR-NBS-LRR type disease resistance proteins

RHS5.3 55 13RAS5 TIR-NBS-LRR type disease resistance proteins

emb|CAA08797.1] NL25
13RA3,15FH12, gb|AAZ95005.1] late blight resistance protein Rpi-blb2 42.4 (1e-006)
15FT15,15FH7, SAH10,  gb|AAC32252.1| disease resistance gene homolog Mi-copy2 88.6 (le-21)

RH6.1 11-23 15FM16 TIR-NBS-LRR type disease resistance proteins 89.4 (1e-21)

RH6.2 34-45 13RT2,15FT13,13RR11  TIR-NBS-LRR type disease resistance proteins

gblAAG43546.1|AF211528 1 Avr9/Cf-9 rapidly elicited

RH6.3 73-74 15FT18 protein4 43.9(0.005)

gb|ACE79504.1] NBS-coding resistance gene analog 105 (4e-21)

RH7.1 72-77 SAT7 gblAAF04603.1|AF195939 1 disease resistance protein Gpa2 ~ 97.4 (8e-19)
13RH1,13RH2,13RM4, 270 (6e-71)
15FR15,15FHS,15FM11  gb]AAR21295.1| bacterial spot disease resistance protein4d
, 15FR4,13RT5,13RT4, gb|AAW28561.2| TMV resistance protein N 208-264 (1e-52 to 5¢-69)
13RA7,13RR6,13RR14,  emb|/CAA08798.1| NL27 150 (8e-47)
13RR15,13RT10,15FA7  emb|CAA08797.1| NL25 137 (3e-31)

RH11.1  4-10 , I5FH4 TIR-NBS-LRR type disease resistance proteins

gblABV29168.1] disease resistance protein R3a-like protein 53.5-187 (6e-06 to 4e-46)
gb|AAU90287.1| Putative disease resistance protein 12C-5 53.5-185 (6e-06 to 1e-45)

RH11.2  85-86 5AM2, SARS, SAM1 CC-NBS-LRR type disease resistance proteins

dbj|BAD12594.1| N protein
SHI1.1 33-34 13RR21 TIR-NBS-LRR type disease resistance proteins 147 (6e-47)
SH4.1 16-22 5AR6 gblAAS93912.1]| RPP13-like protein 85.9 (le-15)
gb|AAR21295.1] bacterial spot disease resistance protein 4
gbl]AAW28561.2] TMV resistance protein N 270 (6e-71)
SHS.1 3-11 13RR19, 13RT8 TIR-NBS-LRR type disease resistance proteins 264 (5e-69)
gb|AAR21295.1] bacterial spot disease resistance protein 4
gbl]AAW28561.2] TMYV resistance protein N 270 (6e-71)

SHS5.2 70-71 13RAS5 TIR-NBS-LRR type disease resistance proteins 264 (5e-69)

2gblAAZ95005.1] late blight resistance protein Rpi-blb2 88.6 (1e-21)

SHe6.1 1-3 SAHS, SAT2 gb|AAC32252.1] disease resistance gene homolog Mi-copy?2 89.4 (le-21)

emb|CAA08797.1| NL25

gblAAR21295.1]| bacterial spot disease resistance protein 4
13RA2,13RM6, gblAAF21317.1|AF121437 1 disease resistance protein A19 42.4 (1e-06)
15FM2,15FT17, gblAAGA43546.1|AF211528 1 Avr9/Ct-9 rapidly elicited 70.1 (7e-11)
15FT19, 13RR16, protein4 53.5 (9e-17)

SH6.1 5 15FT18 TIR-NBS-LRR type disease resistance proteins 43.9 (0.005)
15FH9, 13RR12, gb|ACF22048.1| NBS-coding resistance gene protein
13RRY, 15FT12, gblAAO23076.1| R 1 protein 63.2 (5e-13)

SH6.2 30-41 15FH10, 15FR13,13RT2  TIR-NBS-LRR type disease resistance proteins 45.8 (0.001)

gblAAG43546.1|AF211528 1 Avr9/Cf-9 rapidly elicited

SH7.1 83-87 15FR14 protein4 71.2 (3e-11)

SH7.2 97 5AT7 gblACE79504.1] NBS-coding resistance gene analog 105 (4e-21)

emb|CAA08798.1| NL27
13RT9,13RAS, gb/AAW28561.2| TMV resistance protein N 150 (8e-47)
15FH6,15FT7, gb|AAT37497.1| N-like protein 104-180 (2e-42 to Se-44)
15FT8,13RA9, gb|AAG43546.1|AF211528 1 Avr9/Cf-9 rapidly elicited 102-124 (2¢-37 to 9e-21)
15FM15,15FMS, protein4 77(5e-13)
13RA7,13RR15, gb|AAR21295.1] bacterial spot disease resistance protein4

SHI11.1  5-28 13RT10, 15FH4 TIR-NBS-LRR type disease resistance proteins 70.1 (7e-11)

gblABV29168.1] disease resistance protein R3a-like protein 187 (4e-46)
gb|AAU90287.1| Putative disease resistance protein 12C-5 185 (1e-45)

SH11.2  65-66 S5AM4, 5ATI1 CC-NBS-LRR type disease resistance proteins

A: Alul, M: Msel, H: Haelll, T: Taql, R: Rsal
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Identification of resistance gene analogues (RGASs) in F1 mapping population
of potato using NBS profiling technique

Dejestan, S.!, M. Moghadam?, S. A. Mohammadi?, S. Aharizad® and J. Osen*

ABSTRACT

Dejestan S., M. Moghadam, S.A., Mohammadi, S., Aharizad and J., Osen. 2010. Identification of resistance gene
analogues (RGAs) in F1 mapping population of potato using NBS profiling technique. Iranian Journal of Crop Sciences.

12 (2): 185-198 (in Persian).

To identify and isolate resistance gene analogues (RGAs) in potato, 46 genotypes from F1 diploid mapping
population of SH x RH with highest recombination were assessed by NBS profiling technique in the genomics
laboratory of Wageningern University, The Netherlands. Using five degenerate primers, that were designed
based on conserved motifs NBS domain, in total, 187 polymorphic markers were produced and mapped in
relation to AFLP map of the population comprising 10,000 markers. Following sequencing and alignment of
several markers, 68 of them revealed homology between known resistance genes or TIR-NBS-LRR type disease
resistance proteins. Seven of these RGAs showed similar genetic position and sequence with resistance genes
identified in potato or tomato. Thirty seven of the sequenced RGAs were mapped in the chromosomal regions
similar to resistance genes or RGAs identified in tomato or potato without having sequence homology with these
resistance genes or RGAs, and the rest of RGAs were mapped in positions where no RGA was reported, before.
The majority of the RGAs were positioned in new or existing clusters or sub-clusters in the map. Phylogenetic
analysis revealed the grouping of RGA sequences based on degenerate primers that were used for amplification.

The result of this research could be used in mapping of single resistance genes and quantitative resistance loci.

Key Words: NBS profiling, Mapping population, Potato and Resistance Gene Analogues (RGAs).
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