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Summary. A procedure for selection of wheat genomic fragments containing
various microsatel litesis described. The procedureisbased on the hybridiza-
tion of single-stranded DNA fragments either to filter bound microsatellite
DNA or to biotinylated oligonucleotides in solution. Hybridized strands are
isolated, amplified and cloned. Results presented show that enrichment for
(CA)/(TG),, microsatellites depends on hybridization conditions and on am-
plification protocol. Enrichment can be significantly improved by performing
several hybridization selection rounds. The sequences of two wheat micro-
satellite clones are presented. The method is simple, saves time and may be
used for microsatellite fragment isolation from plant DNA for genetic, evolu-
tionary or population studies.

Key words: DNA enrichment, microsatellites, wheat

INTRODUCTION

Microsatellites, known also as simple sequence repeats (SSRs) or short tandem repeats
(STRs) are DNA stretches composed of simple motifs, 2to 6 base pairsin length, tan-
demly repeated. Nuclear DNA of all eukaryotes contains microsatellites, scattered
throughout the genome. Primers, flanking the simple sequence repeat can amplify a
specific microsatellite. After amplification the microsatellite |length can be estimated
by electrophoresis. Resultsin humans showed that most microsatellite loci are poly-
morphic. Allele identification in SSRs is highly reproducible, which makes micro-
satellites convenient and highly informative markersfor genetic analysis (Tautz, 1989;
Weber and May, 1989; Weber, 1990).
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In plants, early studies demonstrated that loci with microsatellites such as (AT),,
(CA), or (AAT)N, aremulti-allelic and somatically stable. This makes microsatellites
good candidates for genetic markersin plantstoo (Akkayaet al., 1992; Rafalski and
Tingey, 1993). The use of DNA markersis especially important for species with low
levels of polymorphism, such as wheat. Although enough wheat microsatellites are
identified to construct amicrosatellite based genetic map (Roder et al., 1998), the avail-
able microsatellite sequences are still limited in number.

Wheat, one of the most important agricultural plants, has an amphiploid genome,
composed of three genomes A, B and D. Hexaploid wheat (bread wheat) has an
AABBDD genome and thetetraploid wheat (durum wheat) hasan AABB genome. The
wheat genomeis extremely large (16x10° bp\1C, Bennett and Smith, 1976) and con-
tains much repetitive DNA (more than 80%). On the other hand it is known that micro-
satellitesin plants are associated with the low copy fraction of the genome (Morgan-
teet al., 2002). This hinderstheidentification and isolation of microsatelliteloci, when
traditional library construction and screening methods are used (Roder et al., 1998).

In this paper we describe procedures for construction of awheat genomic library
enriched for microsatellites. Procedures are based on hybridization selection of
genomic fragments. Enrichment depends on hybridization conditions and on the amp-
lification protocol. Enrichment isimproved by performing several cycles of hybridiza-
tion and selection. The sequences of two wheat clones containing microsatellites are
shown.

MATERIALS AND METHODS

DNA digestion and amplification of genomic fragments

Wheat DNA wasisolated by a standard procedure (Akkayaet al., 1992) and digested
with restriction endonuclease Taq | (cleavage site T/CGA). The DNA fragments (200ng)
were ligated at 8°C to 20 pmoles of adapter, composed of two oligonucleotides: RX24
(AGCACTCTGCAGCCTCTAGATCTC) and RX11 (CGGAGATCTAG). Thisadap-
ter can be ligated to DNA fragments with 5° CG overhangs and it contains a Xba |
site. Ligated fragments (20 ng) were amplified (thermal MiniCycler, MJ Research)
in 50 pl volume of 20mM Tris-HCI, pH 8.3, 1.5mM MgCl,, 50mM KClI, 10 pg/ml
gelatin, 200uM dNTPs, 5uM primer RX24 (95°C, 30 sec., 55°C, 30 sec., 72°C,
1min., 15 cycles). The amplified genomic fragments were subjected to enrichment.

Labeling of oligonucleotides and biotinylation

Oligonucleotides (10 pmoles, 10l reaction) were 5 -end labeled with 5uCi 2P
[gATP] and 2 U T4 polynucleotidekinase (15 min, 37°C) or 3 -end biotinylated with
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bio-dUTP (20 pmoles) and 10 U terminal transferase (60 min, 37°C). Oligonuclectides
were ethanol precipitated and dissolved in water, conc. 1 pmole/pl.

Binding of oligonucleotides and plasmid DNA to nylon filters

Oligonucleatides are spotted on 3—4 mm pieces of nylon membrane (Hybond N+,
Amersham, UK), water washed, baked and UV cross-linked as described (K aragyozov
et al., 1993). Plasmid pCA 24 was al so used for hybrid selection. This plasmid contains
astretch of (CA).5 dinucleotides (Fig. 2) in a164 bp fragment of mouse DNA, cloned
into the Smal site of pBluescript SK+ (Stratagene). One pmole of pCA24 (2 ug) was
spotted on a 3—4 mm piece of nylon, air dried and denatured in 0.5M NaOH/1M NaCl
for 5min, washed thoroughly in water and baked at 80°C for 1 hour (DNA retention
on filter exceeds 90%).

Hybridization selection

The denatured amplified genomic fragments (50 ng) were hybridized overnight at 37°C
to filter-bound (GT),5 or pCA24 in aminimal volume (350 ul) of 5xSSC, 1% SDS,
50mM sodium phosphate buffer, pH 7.0. Filters were washed (room temperature) 5
timeswith 2x SSC, 1% SDS, 50 mM sodium phosphate buffer. Final washeswerewith
0.5xSSC, 1% SDS. Thefilterswere put into 100 il 0.5% SDS and heated for 15min.
at 80°C. Detached strands were precipitated with carrier and amplified. Subsequent
enrichment cycles were performed as indicated, using the same conditions.

The hybridization sel ection was a so performed by another procedure (Prochazka,
1996). Fragments containing (CA),, repeats were hybridized to 3"-biotinylated (GT);5
oligonucleotides and then separated on streptavidin coated magnetic beads. The biotin-
ylated oligonucleotides (1 pmol) and the heat denatured amplified genomic fragments
(50 ng) were hybridized overnight at 37°C in 40 ul 5x SSC, 0.1% SDS, 50 mM sodium
phosphate buffer, pH 7.0. Streptavidin coated beads (Promega, 50 ul, 10 mg/ml) were
washed at room temperature with 0.5ml 5xSSC and for 30min in 0,2ml 5x SSC,
50mM sodium phosphate buffer, pH 7.0, 25 ug tRNA, 1ug single stranded M13mpl18
phage DNA. The beads were then suspended in 360 pl 5xSSC, 0.1% SDS, 50mM
sodium phosphate, added to the hybridization solution and rolled in a hybridization
chamber for 1 hour at 37°C. The beads were washed (room temperature, 1 min. 1 ml
washes) with 5xSSC, 0,1% SDS, 2x SSC, 1x SSC and finally with 0,1x SSC (once).
DNA fragments enriched for (CA),, repeats were eluted from beadsin 40 pl TE buffer
at 80°C for 15min. Beads were separated and DNA amplified asindicated above.

The enrichment for microsatel lites was assayed by hybridization. Samples (2 ul)
of the amplified genomic fragments were dotted on nylon filter and probed with [32P]
5 -end labeled (GT),5 oligonucleotides. The hybridization intensity was assayed either
by liquid scintillation counting or by autoradiography as described in Sambrook et
al., 1989.
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Cloning and library screening

Amplification products were digested with Xbal restriction endonuclease which cleav-
esthe adapter and cloned into pBluescript SK+ (Stratagene). The cloneswere screened
by hybridization with 5"-end labeled (TG),5 (5% SSC, 5% SDS, 50 mM sodium phos-
phate buffer, pH 7.0, 42°C, overnight). Insert size was estimated by PCR with M13
primers. Some of the positive clones were sequenced by the dideoxy method.

Results and Discussion

Preparation of wheat DNA fragments for amplification.

To take advantage of the benefits of the microsatel lite polymorphism, the short tandem
repeats must be identified and their flanking regions sequenced. Sequences are to be
used to select suitable PCR primers. Screening of genomic librariesisthe most com-
mon method for identification of DNA segments, containing microsatellites. In mam-
mals, the most abundant microsatellite, the (CA),, repeat, is present in about 1% of
cloneswith averageinsert size 500 bp. This makes the screening process time consum-
ing and has provoked the introduction of a step of enrichment for genomic fragments,
containing microsatellites (Karagyozov et al., 1993; Armour et a., 1994). Briefly the
employed procedureis asfollows. At first, short synthetic adapters are ligated to both
ends of genomic DNA fragments. This converts the fragments into a population of
molecules, which can be amplified (Kinzler and Vogelstein, 1989). Next, the fragments
are denatured and hybridized to the desired microsatellite motif(s). The hybridized
fragments are amplified and cloned.

The need for an enrichment is more pronounced with large plant genomes, such
asthose of Gramineae, where microsatellites are about 10 times less abundant than
in mammals (Wu and Tanksley, 1993; Roder et al., 1995). We fragmented wheat DNA
by digestion with restriction endonuclease Tagl and ligated short doubl e stranded adap-
tersto the fragments. In most experimentsthe adapter oligonucl eotides (see Materials
and Methods) were non-phosphorylated. In that case only one strand of the adapter
isligated, so the other strand wasfilled in by the Taqg DNA polymerase prior to amp-
lification (5 min., 70°C).

Enrichment of the genomic fragments for microsatellite

To select the repeat-containing sequences we hybridized the PCR library to filter bound
(GT);5 oligonucleotides (Karagyozov et. a. 1993) or to denatured filter bound pCA24
DNA. Experiments with 5"-end labeled oligonucleotides (10 pmoles) showed that
(GT)5 binds better than (CA),5 and that retention on filter increases upon UV irradia-
tion. However hybridization to filter bound (GT),5 decreased with longer exposures
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to UV upon binding. Thisisapparently due to damage of the oligonucleotide structure
by UV irradiation.

Inview of theseresullts, in later hybridization selection experiments we used plas-
mid pCA24 asasource of (AC),/(GT),, sequences (see Materialsand Methods). Alter-
natively, biotin 3"-end labeled (GT),5 oligonucl eotides were hybridized to the modifi-
ed genomic fragments and the hybridization mixture was treated with streptavidin
coated beads.

After hybridization and removal of non-specifically bound material, hybridized
strands were detached and amplified. At that point amplification products may be clon-
ed. However additional rounds of hybridization selection were found useful, resulting
infurther enrichment. In an experiment the strands were detached from filter and amplif-
ied after each round of enrichment. Hybridization of PCR productsto labeled (CA);5
(Fig. 1) showsthat hybridization signal does not increase significantly after 20-25 cycles
of amplification, although the amount of amplification products still increases. Most
probably thisis due to reannealing of abundant PCR products during amplification.
Consequently, amplification of microsatellites plateaus while non-specifically bound
strands continue to amplify. Apparently, fragments after more cycles of amplification
will be less useful for cloning as the proportion of positive clones will beless.

Cloning, screening the library, and characterization of clones

Genomic fragments (three rounds of hybridization selection, 15 cycles of amplifica-
tion) enriched in TG/CA-repeats were cloned in E. coli (see Materials and Methods).
A limited number of clones were screened and some positively hybridizing clones
were sequenced (positive were 30% of all clones). Repeated structures of five clones

“} . . . Fig. 1. Amplification of fragments
detached from filter (80°C, 15min).

Amplification products (2 ml) were

spotted on nylon filter and hyb-

ridized with 5"-end labeled (GT) 5.

A, B and C—first, second and third

. round of hybridization selection. 1,

2, 3and 4 — PCR products after 15,

20, 25 and 30 cycles of amplifica-

tion.
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were classified according to Weber (1990). One clone (p14) did not have microsatel-
lites (repeat length < 12). Two clones contained (CT),/(GA),, repeats: perfect (GA)g
in clone p17 and imperfect (CT); TC (CT), GT (CT),,in clone p13. Three clones
contained (AC),/(GT), microsatellites (n>6). Clone p36 contains the compound mic-
rosatellite (TG), (AG), and clone p311 containstheimperfect (CA)g T (CA), A (CA)5

(Fig. 2). Clone p17 contains also the compound (GC)5 (GT)g .

Mouse, clone pCA24

TTTGATGTGT
AAGCGTGTGT

GCCTTGCACT
GTGTGTGTGT

GCAATTGGTT
GTGTGTGTGT

CACACTTGCA
GTGTGTGTGT

GTCTTGCTTT
GTGTGTGTGT

GTGTGATGTG
CAGATACCCA

Wheat, clone p36

TCGAAGGACA
TATTACTCAA
ATATATTTGA
AGGTGCGCCC
AGAACGTGTG
GGATGGTGTG
TCATGCATGA
GAGAACGGT
GGAGCATTTG

TACTTGAGTG
TTTA

TCCACCGAAC
CTTTTTTTCC
ATTTAGCTCC
TAGTTTTTTT
TATGTGTCCA
CATGTGATAG
GTGAGACATA
CTTCTATTTT
TAACACAACA

Wheat, clone p311

TCGATTCGTC
CACATTTTGA
CCTCTTCGTG
CTGACACACA

CGTCCCTCGC
CACCCTCACC
AATACCCATT

CACACACACA

TAGGGGTCTA

CTTTTTGTGT
TGGAAAAGTT
AGTTTGTGTT
TAATACTGAT
TATGTGTGTT
AAACATAGAG
GGCAGATGCT
ACTIGTGTGT

TGGAGGCCAG

GTGTGAAAAC
CTTGACGCTA
TATTTGGATT
TTTGTGTGTG
GTGGCGGAAG
AGGTGTGAAT
GATACGTTGT
GTGTGTGAGA

AAGAGGGCGT

AATCCCCGAA
CAATATTTCC
TGGACGTTTT
TGACTGAGAG
GGCAATGTGG
GTGCAAATGA
GTATAAATGA
GAGAGAGAGA

ACCATCTCTC

ATGATCGCAT
CAACCCCTGC
TCTCTCCTTT
TCACAACACA

TCGA

GTAACACATG
CCACCTCAAG
GGTTTCTTTT

CACACACCCT

CACAATTCAT
TCTTTGCACC

CCCCATCCAA
CTAGCATGAA

GGTTATAGGG
CAACACCTCA

CGACCTCTCT
ATCTTCAAAG

CATCAACACG
GCACGCACAA
CTCTCAATAT
CCCCCGAGCA
CTCTTGTGCT
AGGGCATCGA

50
100
150

50
100
150
200
250
300
350
400

50
100
150
200
250
300

Fig. 2. Clone sequences, microsatellites are underlined: A —Mouse DNA clone pCA24, SSR position
55-104; B —wheat DNA clone p36, SSR position 374-401; C —wheat DNA clone p311, SSR position
155-186.

With large plant genomesfinding microsatelliteloci may be speed up and improv-
ed by procedures increasing SSR freguency in screened libraries. Several methods
have been proposed for that purpose, e.g. a selective second strand DNA synthesis
(Ostrander et al., 1992), triplex affinity capture (Ito et a., 1992), or hybridization selec-
tion (Karagyozov et a., 1993; Kandpal et al., 1994). Here we describe enrichment
procedure based on annealing of single-stranded DNA fragmentsto biotinylated oligo-
nucleotides or to microsatellite plasmid DNA, bound to filter. Affinity captured strands
areamplified and cloned. Degree of final enrichment depends on hybridization con-



Isolation of wheat microsatellites 9

ditions and on amplification protocol. Enrichment can be significantly improved by
performing several enrichment rounds. The method issimple, savestime and may be
used for microsatellite isolation from wheat or other important crops for genetic,
evolutionary or population studies.
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