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Introduction:Introduction:
Potato, Potato, Solanum tuberosumSolanum tuberosum, is the fourth most important world food , is the fourth most important world food 

crop and is the single most important dicot food crop (crop and is the single most important dicot food crop (http://apps.fao.orghttp://apps.fao.org).  ).  
Belonging to Belonging to SolanaceaeSolanaceae, cultivated potato is related to a number of other , cultivated potato is related to a number of other 
well known crops and also to a group of wild potato species belowell known crops and also to a group of wild potato species belonging to the nging to the 
Superseries StellataSuperseries Stellata which includes species such as which includes species such as S. bulbocastanumS. bulbocastanum, , S. S. 
cardiophyllumcardiophyllum, , S. pinnatisectumS. pinnatisectum, , S. polyadeniumS. polyadenium, , S. trifidumS. trifidum, and , and S. tarniiS. tarnii
(Hawkes, 1990).  More than 60 diseases of economic importance af(Hawkes, 1990).  More than 60 diseases of economic importance affect fect 
potato (Stevenson potato (Stevenson et alet al., 2001) and the wild relatives display a wide range of ., 2001) and the wild relatives display a wide range of 
resistance to many of potatoresistance to many of potato’’s disease threats.s disease threats.

In particular, In particular, S. bulbocastanumS. bulbocastanum, a diploid (2n), obligate outcrossing , a diploid (2n), obligate outcrossing 
species that is distributed throughout southern Mexico and into species that is distributed throughout southern Mexico and into Guatemala, Guatemala, 
is a potential source of genetic resistance to a variety of potais a potential source of genetic resistance to a variety of potato diseases, to diseases, 
including late blight, caused by the oomycete including late blight, caused by the oomycete Phytophthora infestansPhytophthora infestans
(Helgeson (Helgeson et alet al., 1998 and Naess ., 1998 and Naess et alet al., 2001) (Figure 1).  Genes imparting ., 2001) (Figure 1).  Genes imparting 
resistance to resistance to P. infestansP. infestans have been identified and cloned from have been identified and cloned from S. S. 
bulbocastanumbulbocastanum, including the , including the RBRB gene, which imparts broad spectrum gene, which imparts broad spectrum 
resistance to all known races of resistance to all known races of P. infestansP. infestans (Song (Song et alet al., 2003; Vossen ., 2003; Vossen et et 
al., al., 2003).  2003).  S. bulbocastanumS. bulbocastanum also exhibits resistance to soft rot, potato cyst also exhibits resistance to soft rot, potato cyst 
nematode and aphids (Hawkes, 1990).  nematode and aphids (Hawkes, 1990).  S. bulbocastanumS. bulbocastanum is an attractive is an attractive 
species for genetic research, not only because of its potential species for genetic research, not only because of its potential as a source of as a source of 
disease resistance, but also because of the availability of genedisease resistance, but also because of the availability of genetic resources tic resources 
for this species including nearly 60 accessions in the US Potatofor this species including nearly 60 accessions in the US Potato Genebank Genebank 
located in Sturgeon Bay, WI, a BAC library (Song located in Sturgeon Bay, WI, a BAC library (Song et al., et al., 2000), and an F1 2000), and an F1 
mapping population (mapping population (S. bulbocastanum S. bulbocastanum SB22 X SB22 X S. bulbocastanum S. bulbocastanum PT29) PT29) 
constructed by Dr. Chuck Brown (USDAconstructed by Dr. Chuck Brown (USDA--ARS) via a cross between ARS) via a cross between S. S. 
bulbocastanumbulbocastanum genotype SB22 and genotype SB22 and S. bulbocastanumS. bulbocastanum genotype PT29.  genotype PT29.  

The Potato Pathology and Genomics Laboratory at the University oThe Potato Pathology and Genomics Laboratory at the University of f 
Minnesota is focused on utilizing genetic resistance for a varieMinnesota is focused on utilizing genetic resistance for a variety of ty of 
economically important potato diseases.  A major goal for our laeconomically important potato diseases.  A major goal for our lab is to b is to 
develop resources to facilitate the identification, location anddevelop resources to facilitate the identification, location and isolation of isolation of 
potentially useful disease resistance genes.  Specifically, we spotentially useful disease resistance genes.  Specifically, we seek integrated eek integrated 
genomegenome--wide genetic maps and resistance (R) gene physical maps with wide genetic maps and resistance (R) gene physical maps with 
associated markers which may be useful in mapping and mapassociated markers which may be useful in mapping and map--based based 
recovery of genes imparting agriculturally significant disease rrecovery of genes imparting agriculturally significant disease resistance.  esistance.  
Towards this goal we are currently working on the construction oTowards this goal we are currently working on the construction of a whole f a whole 
genome linkage map for genome linkage map for S. bulbocastanumS. bulbocastanum.  We are also developing .  We are also developing 
methods for generating markers associated with R gene regions bamethods for generating markers associated with R gene regions based on sed on 
single nucleotide polymorphisms (SNPs), which is the focus of thsingle nucleotide polymorphisms (SNPs), which is the focus of this poster.is poster.

Fig. 1a: S. bulbocastanum, shown 
growing in Rosemount, MN, can be 
readily identified by its simple leaves 
and star-shaped flowers.  

Fig 1b: A resistance gene, RB, derived 
from S. bulbocastanum imparts late 
blight resistance to cultivated potato; 
compare with susceptible cultivars 
(Hancock, WI; courtesy J. Helgeson)
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Optimization:Optimization:
As a model system, we used two fully sequenced BAC clones associAs a model system, we used two fully sequenced BAC clones associated with ated with 

RB RB (117J16 and 177O13; GENBANK AY303171), originating from differen(117J16 and 177O13; GENBANK AY303171), originating from different t 
haplotypes of haplotypes of S. bulbocastanumS. bulbocastanum PT29 (Figure 2)PT29 (Figure 2)

MAMA primers were designed at 10 SNPs, approximately 3kb apart, MAMA primers were designed at 10 SNPs, approximately 3kb apart, within within 
the overlapping region. Other MAMA primers targeted SNPs within the overlapping region. Other MAMA primers targeted SNPs within CAPS (273B CAPS (273B 
& 274A) and RFLP (TG495) markers (Figure 2)& 274A) and RFLP (TG495) markers (Figure 2)

MAMA primers, paired with standard PCR primers, were singly testMAMA primers, paired with standard PCR primers, were singly tested over a ed over a 
range of annealing temperatures (51range of annealing temperatures (51°°CC--6161°°C) on PT29 genomic DNA and BAC C) on PT29 genomic DNA and BAC 
DNA from both haplotypes (Figure 3)DNA from both haplotypes (Figure 3)

Positive control primers designed from the Positive control primers designed from the RNA Polymerase IIRNA Polymerase II (RP2) (RP2) 
gene and the pBELOBAC11 vector (BACvector) were multiplexed withgene and the pBELOBAC11 vector (BACvector) were multiplexed with
MAMA primer pairsMAMA primer pairs

Optimized primer specificity was validated through screening of Optimized primer specificity was validated through screening of F1 population F1 population 
(Figure 4)(Figure 4)

The goal of this research is to identify an efficient assay The goal of this research is to identify an efficient assay 
for SNP detection that allows marker association analysis of for SNP detection that allows marker association analysis of 
regions of interestregions of interest

Previously, we adopted a Mismatch amplification mutation assay (Previously, we adopted a Mismatch amplification mutation assay (MAMA) MAMA) 
approach to develop transgeneapproach to develop transgene--specific PCR and RTspecific PCR and RT--PCR assays for the PCR assays for the 
late blight resistance gene late blight resistance gene RBRB (B. Millett (B. Millett et al.et al., PAG Poster 439).  Here, we , PAG Poster 439).  Here, we 
adapt MAMAadapt MAMA--PCR for analysis of SNPPCR for analysis of SNP--based marker association near based marker association near RBRB::

Address technical considerations of MAMA PCRAddress technical considerations of MAMA PCR

Optimal annealing temperaturesOptimal annealing temperatures

Nucleotide composition at the penultimate position (i.e. transitNucleotide composition at the penultimate position (i.e. transition vs. ion vs. 
transversion)transversion)

Demonstrate the utility of this approachDemonstrate the utility of this approach

Validate haplotype specificity through segregation analysis usinValidate haplotype specificity through segregation analysis using a g a 
S. bulbocastanumS. bulbocastanum F1 populationF1 population

Examine marker associations around Examine marker associations around RBRB using a survey panel of 60 using a survey panel of 60 
S. bulbocastanumS. bulbocastanum genotypes (two individuals from each of 30 US genotypes (two individuals from each of 30 US 
Potato Genebank accessions)Potato Genebank accessions)

Objective:Objective:

Overlap ~ 31.5 kb
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MAMA Primer SitesFigure 2:
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Results:Results:
13 of 16 (81.25%) markers examined were successfully adapted for13 of 16 (81.25%) markers examined were successfully adapted for

MAMA PCR (haplotype specificity could not be validated for markeMAMA PCR (haplotype specificity could not be validated for markers MAMA rs MAMA 
10, 177O13F and 117J16R) with all successful markers fitting the10, 177O13F and 117J16R) with all successful markers fitting the expected expected 
1:1 segregation ration (1:1 segregation ration (χχ2 ranged from 0.005 to 0.681; p2 ranged from 0.005 to 0.681; p--values ranged from values ranged from 
0.409 to 0.944) (Figure 4)0.409 to 0.944) (Figure 4)

Optimal annealing temperatures varied.  For most markers, amplifOptimal annealing temperatures varied.  For most markers, amplification ication 
was best at 56was best at 56°°C, three markers were better at 54C, three markers were better at 54°°C and one marker each C and one marker each 
was best at 51was best at 51°°C and 49C and 49°°C (Figure 3)C (Figure 3)

The effect of nucleotide composition on specificity also varied The effect of nucleotide composition on specificity also varied amongst amongst 
MAMA primers tested.  Of primers specific for the target, 46.7% MAMA primers tested.  Of primers specific for the target, 46.7% were were 
transitions and 53.3% were transversions transitions and 53.3% were transversions 

Analysis of marker data from the 60 Analysis of marker data from the 60 S. bulbocastanumS. bulbocastanum genotypes genotypes 
revealed no statistically significant correlation between physicrevealed no statistically significant correlation between physical distance al distance 
and observed marker disassociation (r = 0.167, p > 0.05) (Figureand observed marker disassociation (r = 0.167, p > 0.05) (Figure 7)7)

Further pairwise analysis exhibited an overall trend of marker aFurther pairwise analysis exhibited an overall trend of marker association ssociation 
decay with increasing physical distance, although deviations frodecay with increasing physical distance, although deviations from this trend m this trend 
were observed (data not shown)were observed (data not shown)

Annealing Temperature

51°C 54°C 56°C 61°C

Figure 3:

MAMAmap1a.3 + 1b

MAMAmap5a.4 + 5b

MAMAmap9a.2 + 9b

PCRs at varying annealing temperature (listed across the top) using 3 different MAMA 
primers from the BAC overlap region: MAMAmap1a.3 + 1b (amplicon=298), 
MAMAmap5a.4 + 5b (amplicon=658) and MAMAmap9a.2 (amplicon=471). Target Bands 
are marked with green arrows. These reactions were multiplexed with RP2 
(amplicon=862) and BACvector (amplicon=849) control primers.  Control bands are 
marked with red arrows. Reactions at optimal annealing temperature are highlighted with 
yellow boxes. Templates for these reactions are 1) S. bulbocastanum PT29 genomic 
DNA, 2) 117J16 BAC DNA (+ control), 3) 177O13 BAC DNA (- control) and 4) water.
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PCRs at an annealing temperature of 54°C using MAMA primer pair MAMAmap9a.2 + 9b 
(target bands marked with green arrows) and RP2 control primers (control bands marked 
with red arrows). Templates for these reactions are genomic DNAs from F1 mapping 
population individuals and S. bulbocastanum PT29 & SB22 genomic DNA, where 
indicated.
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MAMA PCR:MAMA PCR:
MAMA differentiates sequences based on SNPs (Cha MAMA differentiates sequences based on SNPs (Cha et alet al. 1992) . 1992) 

The assay functions by design of a SNPThe assay functions by design of a SNP--specific PCR primer specific PCR primer 
incorporating the SNP at the ultimate (3incorporating the SNP at the ultimate (3’’) position and a mismatch at the ) position and a mismatch at the 
penultimate position  penultimate position  

Despite the mismatch at the penultimate position, the specificitDespite the mismatch at the penultimate position, the specificity at the 3y at the 3’’
most nucleotide site allows the PCR primer to specifically anneamost nucleotide site allows the PCR primer to specifically anneal to a l to a 
desired sequence, enabling amplification (Figure 5)desired sequence, enabling amplification (Figure 5)

MAMA PCR is an efficient and sensitive assay for SNP detectionMAMA PCR is an efficient and sensitive assay for SNP detection

MAMA markers were developed from BAC sequence and CAPS and RFLP MAMA markers were developed from BAC sequence and CAPS and RFLP 
markers and are suitable for linkage mapping and haplotype charamarkers and are suitable for linkage mapping and haplotype characterizationcterization

Because of variation in optimal conditions such as temperature aBecause of variation in optimal conditions such as temperature and nucleotide nd nucleotide 
composition, technical issues of this assay need to be optimizedcomposition, technical issues of this assay need to be optimized for each primer for each primer 
pairpair

Future Research:Future Research:
Generation of new markers in closer proximity to Generation of new markers in closer proximity to RBRB itself for further association itself for further association 

mapping applications in mapping applications in S. bulbocastanumS. bulbocastanum. We have developed and optimized a . We have developed and optimized a 
LRLR--PCR approach for multiPCR approach for multi--genotype allelic mining at the genotype allelic mining at the RBRB locus (Sanchez and locus (Sanchez and 
Bradeen 2006). MAMA PCR combined with these Bradeen 2006). MAMA PCR combined with these RBRB allele characterization efforts allele characterization efforts 
can be used to test for correlation between specific MAMA markercan be used to test for correlation between specific MAMA markers and specific RB s and specific RB 
alleles. alleles. 

Target/develop new markers for association mapping of additionalTarget/develop new markers for association mapping of additional RR genesgenes in in S. S. 
bulbocastanumbulbocastanum
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Figure 6:

S. Bulbocastanum survey panel genotypes

PCRs at an annealing temperature of 56°C using MAMA primer pair MAMAmap5a.4 + 5b 
(target bands marked with green arrows) and RP2 control primers (control bands marked 
with red arrows). Templates for these reactions are genomic DNA from S. 
bulbocastanum survey panel genotypes and S. bulbocastanum PT29 & SB22 genomic 
DNA, where indicated.
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Figure 7:

Shown are the physical distances, observed recombination, and observed marker 
disassociation between RB-associated MAMA PCR markers. The topmost horizontal line 
indicates the physical distances between MAMA PCR markers (determined from SNP to 
SNP).  The dashed horizontal line connecting markers 117J16R and TG41 represents a 
region of unknown sequence and undetermined physical distance.  The middle horizontal 
line indicates the observed recombination percentage between MAMA PCR markers in 
an F1 S. bulbocastanum mapping population (109 individuals).  The bottom horizontal 
line indicates the observed marker disassociation between adjacent MAMA PCR markers 
in a collection of 60 S. bulbocastanum genotypes from 30 distinct populations.  All 
marker positions are based on known physical distances from S. bulbocastanum 
genotype PT29, except as noted.  Drawing is to scale. 

Conclusions:Conclusions:


