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Abstract A major constraint to the application of
biotechnology to the improvement of the allotetraploid
peanut, or groundnut (Arachis hypogaea L.), has been the
paucity of polymorphism among germplasm lines using
biochemical (seed proteins, isozymes) and DNA markers
(RFLPs and RAPDs). Six sequence-tagged microsatellite
(STMS) markers were previously available that revealed
polymorphism in cultivated peanut. Here, we identify and
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characterize 110 STMS markers that reveal genetic
variation in a diverse array of 24 peanut landraces. The
simple-sequence repeats (SSRs) were identified with a
probe of two 27,648-clone genomic libraries: one con-
structed using Psfl and the other using Sau3Al/BamHI.
The most frequent, repeat motifs identified were ATT and
GA, which represented 29% and 28%, respectively, of all
SSRs identified. These were followed by AT, CTT, and
GT. Of the amplifiable primers, 81% of ATT and 70.8%
of GA repeats were polymorphic in the cultivated peanut
test array. The repeat motif AT showed the maximum
number of alleles per locus (5.7). Motifs ATT, GT, and
GA had a mean number of alleles per locus of 4.8, 3.8,
and 3.6, respectively. The high mean number of alleles
per polymorphic locus, combined with their relative
frequency in the genome and amenability to probing,
make ATT and GA the most useful and appropriate motifs
to target to generate further SSR markers for peanut.

Electronic Supplementary Material Supplementary
material is available in the online version of this article
at http://dx.doi.org/10.1007/s00122-003-1535-2.

Introduction

The application of biotechnology to the improvement of
the allotetraploid (2n=4x=40) peanut, or groundnut
(Arachis hypogaea L.), has been hampered by an inability
to visualize genetic variation in germplasm lines.
Grieshammer and Wynne (1990) found that only 3 of
25 isozymes detected polymorphism among 68 A.
hypogaea genotypes; each of these three isoenzymes
had only two forms. Lacks and Stalker (1993) found
similar results in 33 A. hypogaea accessions from the
center of origin in South America. Lanham et al. (1994)
found just two polymorphic proteins in 28 A. hypogaea
accessions. Limited genetic variation has also been
reported from evaluations of seed proteins (Tombs



1963; Bianchi-Hall et al. 1991) and total proteins (Savoy
1976).

Halward et al. (1991, 1992) found little or no variation
using RFLP and RAPD markers in more than 25
unadapted germplasm lines that represented four of the
six botanical varieties of peanut from five of the six
centers of genetic diversity in South America and several
introductions from Africa and China. Kochert et al.
(1991) reported little or no polymorphism among eight
peanut cultivars from the United States using RFLPs.
Paik-Ro et al. (1992) reported that amongst the 7-16
accessions of botanical varieties of subspecies hypogaea
and fastigiata studied, none showed polymorphism with
32 endonuclease and genomic probe combinations. Due
to this lack of identifiable polymorphism in the species,
the only tetraploid genetic linkage map currently avail-
able is based on an interspecific cross (Burow et al. 2001).

In peanut, Hopkins et al. (1999) designed 26 primers
from a size-fractioned (200-500 bp) Tagl genomic library
probed for (GT);y and (CT),o oligonucleotides and found
that five pairs of primers, plus one designed from a search
of publicly available DNA sequences, gave polymor-
phism in a diverse array of 22 A. hypogaea germplasm
lines. More than 70 primer pairs from a range of different
genomic libraries were later screened, which did not
reveal any further polymorphic loci (S. Kresovich,
personal communication). Thus, the specific objective
of this study was to locate polymorphic SSRs in cultivated
peanut germplasm, and to characterize the SSRs by motif
and polymorphism to enhance the efficiency of future
STMS development in peanut. The strategy was to probe
two relatively large genomic libraries with up to 12
oligonucleotide SSR probes using high-throughput ro-
botics and sequencing.

Materials and methods

DNA was extracted from Florunner (Burow et al. 2001), and after
single colony purification, the vector pBluescript (Stratagene) was
isolated from Eschericia coli using the alkali-detergent method of
Sambrook et al. (1989). Both peanut DNA and the vector DNA
were cesium chloride purified (Sambrook et al. 1989). For the first
library, 5 pg peanut DNA was digested with Pstl and size
fractioned on a 1.5% agarose gel into the following molecular
weight (MW) ranges: 300 bp—600 bp [L(ow)MW], 600 bp—1 kb
[M(id)MW], and 1 kb-1.3 kb [H(igh)MW]. The vector pBluescript
was digested with Pstl, dephosphorylated using alkaline phospha-
tase (CIAP) (Stratagene), and gel purified. Peanut DNA fragments
were ligated into the vector and then, after drop dialysis for
desalting, transformed into DH-10B cells by electroporation at
1.9 kV/cm, and blue-white selected for those containing recombi-
nant plasmids. A Q-bot (Genetix) high-speed, multi-task robot was
used to pick 27,648 white colonies. The library was gridded onto
two sets of Hybond Nylon membranes in a 2x2 pattern, to be
probed for SSR elements. The library consisted of 15,360 HMW
clones (56%), 7,296 MMW clones (26%), and 4,992 LMW clones
(18%). A Sau3 Al/BamHI library was also constructed using the
same methodology. This library consisted of 3,072 HMW (11%),
14,208 MMW (51%), and 10,368 (38%) LMW fragments.

Both libraries were probed using p-[>’P]-dATP-labeled oligo-
nucleotide probes. The filters were exposed to X-ray film for 8 days
and developed. Both libraries were probed with (GT);s, (GA);s,
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(AAC) 10, (ATC)10, (AGT)10, (ATT)j0, (CAC)10, (CTT)jp, and
(CTG),0, with a separate hybridization reaction for each probe. In
addition, the Pstl library was probed with (ATCC);g, (GATA)0,
and (AAAT);o. The intensity of hybridization was scored as high,
medium, or low. Filters were also screened with genomic DNA to
eliminate those clones that contained repetitive DNA.

Plasmids were isolated from positive clones using an alkaline
lysis method with modifications made for the 96-well plate format
(Marra et al. 1997). Cycle-sequencing reactions were performed
using the BigDye Terminator Cycle Sequencing Kit Version 2
(Applied Biosystems, Foster City, Calif.) and MJ Research
(Watertown, Pa.) PTC-100 thermocycler. Finished cycle-sequenc-
ing reactions were filtered through Sephadex filter plates
(Krakowski et al. 1995) directly into Perkin-Elmer MicroAmp
Optical 96-well reaction plates, and sequencing was performed
using an ABI3700 automated DNA Analyzer (Applied Biosystems,
Foster City, Calif.). All sequences were submitted to GenBank.

Sequences were searched for all possible repeat motifs using a
program developed by Sam Cartinhour (USDA-ARS Center for
Agricultural Bioinformatics). Di-, tri-, and longer motifs (tetra-,
penta-, and hexa-nucleotides) containing > six, five and four repeat
units, respectively, were identified. Optimal primer sequences for
amplifying each SSR locus were obtained with Primer 0.5 (Daly et
al. 1991) (http://www-genome.wi.mit.edu/ftp/pub/software/prim-
er0.5), with a minimum product size of 100 bp, CG content of
between 40% and 60% T 60-65°C, AT 1-2°C, and primer length of
18-25 bp. Possible hairpins, dimers, and cross dimers were
identified on each primer combination using Netprimer (http://
www.premierbiosoft.com/netprimer/netprimer.html).

Germplasm

A diverse set of 24 peanut accessions consisting of two accessions
each from South America, Africa, and Asia of subspecies fastigiata
Waldron var. fastigiata and vulgaris C. Harz., and hypogaea var.
hypogaea, plus two each of the remaining three botanical varieties,
were selected as a test set to determine primer polymorphism
within A. hypogaea (Table 1). DNA was extracted from young,
folded leaflets using Qiagen miniprep kits (Qiagen, Valencia,
Calif.).

Optimization of amplification

Primers were optimized using a modified Taguchi method (Cobb
and Clarkson 1994; H. Buhariwallah, personal communication) that
is designed to reveal the effects and interactions of specific reaction
components simultaneously, using a few reactions. In the Taguchi
method, reaction components that are likely to affect the PCR
process are arranged in an orthogonal array. Each component
occurs at one of three predetermined levels (A, B, and C), each of
which occurs an equal number of times within the orthogonal array
(Table 2). Here, primer concentrations of 10 pM (A), 20 pM (B),
and 30 pM (C), DNA amounts of 5 ng (A), 10 ng (B), and 15 ng
(C); Mg* concentrations of 2 mM (A), 3 mM (B), and 4 mM (C);
dNTP concentrations of 0.15 mM (A), 0.2 mM (B), and 0.25 mM
(C): and Tagq polymerase of 0.8 U (A), 1 U (B), and 1.2 U (C) were
used. This resulted in nine different reaction combinations.
Reactions were carried out in a final volume of 20 pl with 1x
reaction buffer. Where necessary, Q-solution (Qiagen, Valencia,
Calif.) was added to improve specificity. Reaction conditions were
94°C for 2 min, 35 cycles of 94°C for 45 s, annealing temperature
(between 58°C and 64°C) for 1 min, 72°C for 90 s, and then a final
extension of 10 min at 72°C. Protocol optimization was undertaken
at 60°C. Empirical annealing temperatures were determined using a
gradient thermocycler between 55°C and 65°C. In some cases “hot-
start PCR” was used to reduce primer-dimer formation.
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Table 1 Accessions used to

. ; FAO-designated ICRISAT Botanical Country of Market type
characterize polymorphism GeneBank accession number (ICG) variety origin
10362 hypogaea Nigeria Virginia, runner or bunch
4389 hypogaea India Virginia, runner or bunch
12621 hypogaea India Virginia, runner or bunch
10971 hypogaea Peru Virginia, runner or bunch
13420 hypogaea Chad Virginia, runner or bunch
12235 hypogaea Bolivia Virginia, runner or bunch
20002 hirsuta Peru Peruvian runner
20016 hirsuta Ecuador Peruvian runner
3204 fastigiata China Valencia
10704 fastigiata China Valencia
14421 fastigiata Nigeria Valencia
9987 fastigiata Bolivia Valencia
13430 fastigiata Chad Valencia
11605 fastigiata Bolivia Valencia
10384 vulgaris Nigeria Spanish
11505 vulgaris China Spanish
12483 vulgaris Peru Spanish
11515 vulgaris China Spanish
13415 vulgaris Chad Spanish
11175 vulgaris Bolivia Spanish
10074 peruviana Peru
10911 peruviana Peru
7898 equatoriana Ecuador
12553 equatoriana Ecuador
Table 2 Orthogonal arrays Reaction number Primer? DNAP Mg?+e dNTP¢ Tagq polymerase®
used for three levels of reaction
components for five different 1 A A A A A
variables 2 A B B B B
3 A C C C C
4 B A B C C
5 B B C A B
6 B C A B A
7 C A C B B
8 C B A C C
9 C C B A A

4 Primer concentration: A = 10 pM, B = 20 pM, C = 30 pM
"DNA concentration: A = 5 ng, B = 10 ng, C =15 ng

¢ Mg** concentration: A =2 mM, B =3 mM, C =4 mM

4 ANTP concentration: A = 0.15 mM, B = 0.2 mM, C = 0.25 mM
¢ Taqg polymerase concentration: A=08U,B=1U,C=12U

Visualization of amplification products

All amplification products were visualized on non-denaturing 9%
29:1 (w/w) polyacrylamide/bisacrylamide gels followed by silver
staining. Silver staining consisted of 3 min in water, 20 min in 0.1%
CTAB, 15 min in 0.3% ammonia solution, 15 min in a solution of
1 M NaOH, 0.1% silver nitrate and a few drops of a 25% ammonia
solution, and a rinse in water (5-10 s.), followed by development in
a 1.5% sodium carbonate solution with 0.02% by volume formal-
dehyde solution. Gels were rinsed in water and fixed in a 1.5%
glycerol solution.

Primer evaluation

A quality score was given to each primer pair according to the
extent of amplification and the ease of scoring. Such quality scores
have been used previously (Pepin et al. 1995; Smulders et al. 1997);
however, these have tended to be based on the appearance of stutter
bands. We did not observe stuttering, so the following system of
quality assessment was used: 1 = unambiguous scoring; 2 = alleles
close, but scoring possible; 3 = alleles too close for accurate scoring
when run by polyacrylamide gel electrophoresis (PAGE); 4 = weak

amplification in at least one locus; 5 = variation due to absence of
band; and 6 = variation in a fainter, secondary locus, but of
expected size range. Polymorphism information content (PIC)
values were calculated according to the formula I—Zpﬁ, where p ; is
the frequency of the ith allele in the 24 genotypes tested (Anderson
et al. 1993). A scatter plot of the number of repeat units against
number of alleles per locus was produced for perfect repeats of the
six major, repeat families.

Results

Two 27,648-clone libraries were used to detect SSRs. If it
is assumed that the average insert sizes were 450 bp,
800 bp, and 1,150 bp for the three selected size classes,
the Pst library would be expected to contain 25,747.3 kb
and the Sau3Al/BamHI would contain 24,230.4 kb, which
corresponded to 0.86% and 0.8% of the peanut genome,
respectively (1C=3x10° bp). When contiguous sequences
(sequences that align to form contiguous blocks) are



excluded, the expected coverage of the genome is reduced
to approximately 0.6% and 0.74%, respectively.

Of the 589 positive clones detected in the PstI library
and 1,122 clones from the Sau3Al/BamHI library, 1.9%
and 6.5% were found to be from repetitive sequences,
respectively, and were eliminated from the analysis.
A total of 578 clones were sequenced from the Pstl
library and 1,049 clones from the Sau3Al/BamHI library.
All sequences can be found at GenBank (acces-
sions: BZ999351-CC000573), through http://www.
plantgenome.uga.edu, http://www.icrisat.org or http://
link.springer.com. Poor quality sequences represented
11.2% and 11.3% of the clones sequenced in the Pstl and
Sau3 Al/BamHI libraries, respectively. Of the remainder,
30% of the Pstl library and 7% of the Sau3Al/BamHI
library were not unique fragments and were considered as
contiguous sequences or “contigs.” One hundred twelve
clones contained 132 SSRs from the PsI library, and 183
clones contained 216 SSRs from the Sau3Al/BamHI
library. This represented 31% and 21% of clones with
good quality sequence data, excluding contigs, from the
Pstl and Sau3Al/BamHI libraries, respectively. These
figures may under-represent the number of SSRs present,
as many of the clones had large insert sizes that prevented
full sequencing of the inserts with sequencing from one
direction only. Information on the SSRs identified can be
found through the above-mentioned Web sites. This
includes repeat motifs and number of repeats.

Ninety-two and 134 primer pairs were designed from
the 132 SSRs and 216 SSRs from the Pst1 and Sau3Al/
BamHI libraries, respectively. In the remaining clones,
the repeat was either too close to the vector, or sequence
information was not sufficiently reliable. Primer infor-
mation including forward- and reverse-sequence infor-
mation, repeat family, fragment length, annealing
temperatures (7), empirical annealing temperatures, am-
plification, and PCR conditions can be found on the
associated Web sites provided above. From the Psl
library, 64% of the primers designed came from HMW
fragments (1 kb-1.3 kb), 30% came from MMW
fragments (600 bp-1 kb), and 6% came from LMW
(300 bp-600 bp) fragments, representing 0.38%, 0.37%,
and 0.1% of the available clones in each size class,
respectively. From the Sau3 Al/BamHI library, 15% of the
clones came from HMW fragments, 64% from MMW
fragments, and 21% from LMW fragments, representing
0.62%, 0.59%, and 0.26% of the available clones in each
size class, respectively.

A range in intensity of signal from hybridizations was
observed and scored as “strong”, “medium,” or “weak.”
Across the two libraries, SSRs were located in 39.8% of
all clones with strong hits, 44.1% with medium strength
hits, and 16.9% with weak hits. The majority of the
signals were weak. Of the microsatellites for which
primers were designed, 200 (88.5%) were perfect repeats,
20 (8.8%) were compound repeats, and six (2.7%) were
imperfect repeats.

Of the 226 primers designed, 192 amplified well, and
110 pairs revealed polymorphism in a diverse array of 24
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Fig. 1 Genetic variation revealed by primer pairs a pPGPseq2C11
and b pPGPseq2A5

cultivated peanut accessions. Examples of amplification
products are shown in Fig. 1. The 110 primer pairs
showed polymorphism at 123 loci. This is possible
because of the presence of two genomes in allotetraploid
peanut. Thirty-five of these primers were derived from the
Pstl library and 74 from the Sau3Al/BamHI library. This
is 44.3% and 65.8% of all amplifiable primers, respec-
tively, and 57.3% overall. Information regarding poly-
morphism can be found at the associated Web sites
indicated above. This includes PCR quality score, number
of polymorphic loci, number of alleles found in the 24-
germplasm arrays by locus, and PIC value.

Maximum amplification occurred in the majority of
primers with protocol 8 (Table 2) from the orthogonal
array; this consisted of 30 pM primer, 10 ng DNA, 2 mM
Mg2+, 0.25 mM dNTP, 1.2 U Tagq, and 1x reaction buffer
in a total volume of 20 ul. Most primers, however, also
amplified well under lower component conditions in
protocols 1 and 6 (Table 2).

The most frequent repeat motifs identified were ATT
and GA, which represent 29% and 28%, respectively, of
all SSRs identified (Table 3). These were followed by AT,
which was not probed for, and CTT. Of the amplifiable
primers, 81% of ATT and 70.8% of GA repeats were
polymorphic in the cultivated groundnut test array. AT
showed the maximum number of alleles per locus (5.7),
followed by a single SSR of TATC that showed 5 alleles.
ATT, GT, and GA had a mean number of alleles per locus
of 4.8, 3.8, and 3.6, respectively (Table 3). The average
numbers of tandem repeat units varied considerably
according to repeat family, with the highest mean repeat
number in AT (19.5 repeats), GA (16.2), ATT (15.5), GT
(14.7), and the lowest in AATT with just five repeat units.
The two SSRs with the largest number of repeats, GA
with 42 repeats (primer pPGPseq3B5) and ATT with 37
(pPGPseq2H12) repeats, did not show polymorphism in
the diverse groundnut array. The scatter plot in Fig. 2
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Table 3 Characterization of libraries for SSRs, by repeat family

Repeat family* Number of clones Number of SSRs Number of Number (and percentage) Mean number of
sequenced identified primers designed of polymorphic SSRs from alleles per locus
amplifiable primers
AT - 35 13 6 (50%) 5.7
GA 273 97 63 26 (51%) 3.6
GT 131 28 15 5 (42%) 3.8
ATT 234 101 62 45 (76%) 4.8
CGG - 1 1 1 (100%) 2.0
CTA 34 7 3 2 (100%) 3.0
CTC - 2 2 -
CTG 101 3 2 1 (50%) 2.0
CTT 170 31 21 7 (47%) 3.0
GGT 384 3 1 - -
TCA 146 4 3 2 (50%) 33
TTG 138 15 13 6 (55%) 2.7
ATCC 9 - - - -
CTCA - 2 1 1 (100%) 2.0
CTTT - 2 1 1 (100%) 2.0
TATC 7 5 3 1 (100%) 5.0
TATG - 1 3 - -
TATT 0 4 2 - -
TTAA - 1 1 - -
TTG/ATT - 2 1 2 (100%) 35
AT/GA - 2 3 - -
AT/GT - - 3 - -
GT/GA - 2 4 2 (75%) 2.0
AT/ATT - - 2 1 (100%) 3.0
GT/TATT - - 1 - -
CTA/CTT - - - - -
CTT/CTG - - 1 - -
ATT/CAC - - 1 1 (100%) 35
TATG/AT - - 1 - -
Totals 1,627 348 226 110

4 Results by library can be found at http://link.springer.com
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Fig. 2 Number of alleles per locus for six of the most frequent
repeat families

shows that over all repeats, the widest variation in number
of alleles is between 12 and 32 repeats, with a lower
number of alleles found in the low number or very high
number repeats. However, this seems to depend upon
motif, as TTG is only found in the quadrant with a low
number of alleles and a low number of repeats. GA, GT,
and CTT do not differ much for number of alleles across a
wide range of repeat numbers. The number of alleles for
AT and ATT varies widely over a broad range of number

of repeat units. There is no consistent relationship
between number of repeats and number of alleles, either
across all motifs or individually. The relationship appears
to be repeat-motif specific and may become more variable
at the intermediate level of repeats.

Discussion

Pstl and Sau3Al/BamHI libraries were constructed with
the objective to find SSRs distributed in the gene-rich
euchromatic regions of the genome, as opposed to the
centromeric-heterochromatic region rich in repetitive
elements. Pstl is a six-base pair, methylation-sensitive
enzyme and does not cleave at its recognition sequence of
5-CTGCAVG-3' if the 5’ cytosine is methylated.
Sau3Al/BamHI is a four-base pair cutter 5'-WGATC-3,
and is sensitive to methylation when the restriction site
overlaps the methylation sequence 5'CpNpG3’ or
5'CpG3’. The 5CpNpG3’ is the most common site for
methylation in plant genomes, and the CTG site is
methylated in approximately 70% of all cases (Gruen-
baum et al. 1981). Most repetitive sequences are
completely methylated at this site; therefore, the enzymes
cleave preferentially in, and thus enrich for, single- or
low-copy-number sequences (Tanksley et al. 1987; Burr
et al. 1988). Pstl cut the DNA very infrequently, which



resulted in few LMW fragments. Only 1.9% of clones
were found from the genomic screen to be from repetitive
regions, compared to 6.5% from the Sau3Al/BamHI
library; therefore, Pstl in particular appears to have been
enriched for low-copy-number sequences. The large
proportion of contigs (30%) found in the Pstl library
compared to the Sau3Al/BamHI library (7%) may be
attributed to the rare cutting of this 6-bp enzyme. This
infrequent cleavage also leads to a poor representation of
the genome.

The higher proportion of sequences that contained
SSRs from which primers could be designed from the
HMW (1-1.3 kb) and MMW (600 bp-1 kb) fragments
compared to the LMW (300-600 bp) fragments suggests
an increased efficiency from using genomic libraries with
size fractions between 600 bp and 1.3 kb. This efficiency
would likely also improve if larger fragment sizes were
sequenced from both directions. It was hypothesized that
SSRs would more likely be located in clones with strong
hybridization signals. In these two libraries, 43% of
primers were designed from clones having weak signals,
so weak signals should not necessarily be discarded.

It is apparent that all SSR motifs are not equally
abundant in eukaryotic genomes and the relative abun-
dance of different motifs varies among species (Wang et
al. 1994). The abundance of various microsatellite motifs
found in this study is largely consistent with previous
reports of dicotyledonous species. ATT was the most
frequent motif, followed closely by GA, then AT, CTT,
and GT. EMBL and GenBank database searches of plant
SSRs over 20 bp in length have found the AT motif to be
the most frequent, followed by A and GA (Lagercrantz et
al. 1993; Morgante and Olivieri 1993; Wang et al. 1994);
ATT and CTT were found to be the most frequent
trinucleotide repeat motifs (Lagercrantz et al. 1993;
Morgante and Olivieri 1993). In this study, both ATT
and GA were more frequent than AT (Table 3), although
the observed frequency of AT is likely to be highly under-
represented as it was not probed for. A similar situation
was found in chickpea when genomic libraries were
screened (Hiittel et al. 1999). ATT was found to be the
most common trinucleotide motif in soybean (Akkaya et
al. 1995), tomato (Smulders 1997; Areshchenkova and
Ganal 2002), and pine (Echt and May-Marquardt 1997).
A GenBank-EMBL database search of Pisum sativum
sequences revealed that the four most frequent motifs
were the same as found in this study for peanut (Burstin et
al. 2001). Surprisingly, from a search of GenBank
sequences in Phaseolus and Vigna, only 1 of 61 SSRs
identified was of the ATT motif, the most frequent being
AT, followed by GA, CCA, CCT, and ATTT (Yu et al.
1999).

The high mean number of alleles per polymorphic
locus in ATT (4.8) and GA (3.6), combined with their
relative frequency in the genome, make them the most
useful and appropriate motifs to target for generating
further SSR markers for peanut. Song et al. (2002)
reported that ATT was the most useful trinucleotide motif
for developing SSR markers and had resulted in the
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development of more than 500 SSR markers in soybean
(Cregan et al. 1999). Udupa et al. (1999) found ATT to be
extremely polymorphic in chickpea.

In this study, the average number of repeat units varied
considerably between motif types. The repeat motifs that
had amongst the largest number of tandem repeat units
(AT, GA, ATT, and GT) also revealed the highest number
of alleles per locus. These are also the motifs that are
generally most abundant in the peanut genome. It has
been reported that the degree of polymorphism increases
with the total length of the repeat (Weber 1990; Saghai-
Maroof et al. 1994; Innan et al. 1997; Smulders et al.
1997; Hiittel et al. 1999; Udupa et al. 1999; Burstin et al.
2001); however, not all studies have supported this
finding, some finding the correlation to be weak (Love et
al. 1990; Bell and Ecker 1994; Yu et al. 1999). Here, there
is no consistent relationship between the number of
repeats and the number of alleles, either across all motifs
or individually. The relationship appears to be repeat-
motif specific and may become variable at the interme-
diate level of repeats.

In conclusion, through this study we have substantially
increased the number of markers that reveal polymor-
phism in cultivated peanut. Sufficient markers are now
available for a skeleton map of cultivated groundnut,
provided that a sufficiently wide cross is used. Our results
indicate that ATT and GA are the most convenient probes
by which to isolate microsatellite loci in peanut by
screening genomic libraries.
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