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Abstract

The genus Cirsium includes species with both widespread and restricted geographical dis-
tributions, several of which are serious weeds. Nine polymorphic microsatellite loci were
isolated from the stemless thistle Cirsium acaule. Eight were polymorphic in C. acaule, six in
C. arvense and seven in C. heterophyllum. One locus monomorphic in C. acaule showed poly-
morphism in C. heterophyllum. The mean number of alleles per locus was 4.1 in C. acaule, 6.2
in C. arvense and 2.9 in C. heterophyllum. These nine loci were also amplified in C. eriophorum
and C. vulgare, suggesting that these markers may be of use throughout the genus.
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The genus Cirsium occurs throughout the Northern
Hemisphere with approximately 60 species native to
Europe. Cirsium arvense and C. vulgare have become serious
weeds throughout temperate zones across the globe. Several
species reach geographical limits within the British Isles
(C. acaule, C. dissectum, C. eriophorum and C. heterophyllum).
We developed microsatellite markers in Cirsium towards
a study investigating differences in population genetic
structure between core and peripheral regions of a species’
geographical range.

DNA extracted from fresh C. acaule leaves following the
protocol of Doyle & Doyle (1987) was used to create a
genomic library enriched for the dinucleotide sequences
[GC],, [AC],, [GA], and [GT], and the trinucleotide
sequences [CAA],, [GCC],, [CTG], and [CAG],,. The pro-
tocol was essentially that of Edwards ef al. (1996). In brief,
200 ng DNA was digested with Rsal (Amersham Phar-
macia Biotech, Little Chalfont, Buckinghamshire, UK),
ligated to Mlul linkers (Edwards et al. 1996) and amplified
by the polymerase chain reaction (PCR) using one linker
sequence as a primer. The denatured fraction was hybrid-
ized with the dinucleotide and trinucleotide target
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sequences bound in combination (10 ng per oligonucle-
otide, one filter for trinucleotides, one for dinucleotides) to
0.5 cm?2 pieces of nylon membrane (Hybond N+, Amer-
sham Pharmacia Biotech). After extensive washing, the
bound C. acaule DNA was recovered and amplified as
before. The linkers were removed by digestion with Mlul
(Amersham Pharmacia Biotech) and the DNA ligated into
a pJV1 plasmid (a pUC19 plasmid containing a BssHII site,
modified and supplied by K. Edwards, IACR, Long Ashton,
UK). The plasmids were transformed into XL1 blue com-
petent cells (Stratagene, La Jolla, CA, USA) and plated
onto LB-agar plates containing ampicillin, IPTG and Xgal
for selection. Colonies containing microsatellite sequences
were identified by blotting onto nylon membrane and
hybridizing against the target sequences radiolabelled
with 32P-dCTP. Positive clones were sequenced in both
directions using Mlul linker sequence as primer and BIG
DYE terminators on an ABI 377 Sequencer (Applied Bio-
systems, Foster City, CA, USA). PCR primers were
designed from unique sequences with the assistance of
Primer 3 (Rozen & Skaletsky 1996/1997). Primers from
each pair were modified at the 5" end to include either
a fluorescent phosphoramidite (TET, HEX or FAM) or the
sequence GTTTCTT, added to reduce noise from variable
adenylation during the PCR (Brownstein et al. 1996; Table 1).
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Table 1 Characteristics of nine Cirsium acaule microsatellite loci

Cycling conditions

Locus Repeat in Modification at 5' Allele size No.
(EMBL no.) cloned allele primer end (5'-3') Primer sequence (5'-3") range (bp) Program MgCl, (mm) alleles Hg Hg
Caca01 (CA,, F: HEX- TTT GAAGTG GAT CTT CGC ACG 239-233 64 2.5 4 0.64 0.63
(AJ457836) R: GTTTCTT- CAT GGG AGA CGAACT AACAGATGC
Caca04 (CA,, F: GTTTCTT- ATC ACCGCTTCCACCGTCTC 103-122 65/55TD 25 3 0.52 0.42
(AJ457839) R: FAM- GCT TAT TAG AAC CGC CAT TGAAAG C
Caca05 (CA,, F: TET- ACC CAACCCTCGATCTGAA 164-166 62/52TD 15 2 0.52 0.52
(AJ457840) R: GTTTCTT- GAG GAT ACCGGC GATTGT TA
Caca07 (GDy(GA, F: GTTTCTT- CCCAAACTCCCACCTTCATITG 148-160 64 25 5 0.72 0.71
(AJ457842) R: HEX- GTC GGA GAT GCT CCG GTGAC
Cacal0* (TTO4-(TO,, F: GTTTCTT- GAATTC GCGACAACACACGC 196 65/55TD 15 4 NCA
(AJ457845) R: FAM- GGT AAG GAATGAATG ATT GGG CTC
Cacal6 Gy, F: TET- TCG TGC TCT TCG ATT GAT TG 117-135 60 25 4 0.48 0.52
(AJ457851) R: GTTTCTT- CAG AAAACCGCTCCATIGC
Cacal7* (CN1,(GDy- F: TET- GGCATACTGACATTCTCAAACGC 328-332 55 15 2 NCA
(AJ457852) (GN-(GT)g R: GTTTCTT- CGT GAT GTGATG GCATGT TC
Caca22** (TO,-(TO), F: TET- GGC TCT GCC TCACCCATCTC 190 65/55TD 1.5 1 0 0
(AJ457856) R: GTTTCTT- AGG TGT TCAGCACGG TTC GG
Caca24 (CA,, F: HEX- TGG ATAACG CGC TAGATCAC 232-244 62/52TD 2.5 7 0.71 0.73
(AJ457858) R: GTTTCTT- AAG AAC TCAATT AGT AGG AAG TGG
PCR programs 55: (95 °C 3 min): 35 cycles of (94 °C 30's, 55 °C 30's, 72 °C 30 s): (72 °C 10 m)

60: (95 °C 3 min): 35 cycles of (94 °C 30 s, 60 °C 30 s, 72 °C 30 5): (72 °C 10 m)

64: (95 °C 3 min): 35 cycles of (94 °C 30s, 64 °C 30's, 72 °C 30 s): (72 °C 10 m)

62/52TD: (95 °C 3 min): 5 cycles of (94 °C30's, T °C 30's, 72 °C 30 s, where T drops from 62 to 54 in 2 °C steps): 15 cycles of (94 °C 30's, 52 °C 30's, 72 °C 30 s): (72 °C 10 m)
65/55TD: (95 °C 3 min): 5 cycles of (94 °C30's, T °C 30, 72 °C 30 s, where T drops from 65 to 57 in 2 °C steps): 15 cycles of (94 °C 30's, 55 °C 30's, 72 °C 30 s): (72 °C 10 m)

*Locus not amplifying consistently, across all individuals (NCA) in C. acaule but of utility in C. heterophyllum and C. arvense; **monomorphic in C. acaule but polymorphic in
C. heterophyllum. See Table 2. n = 25 individuals tested.
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Table 2 Amplification and polymorphism of Cirsium acaule microsatellite loci in other Cirsium species

Cycling conditions Cirsium arvense (n = 25)

Cirsium heterophyllum (n = 25)

Cirsium  Cirsium
MgCl,  Allelesize  No. Allelesize  No. vulgare eriophorum

Locus  Program  (mm) range (bp)  alleles H Hg range (bp) alleles Hg Hy (n=5) (n=>5)
Caca01 64 25 233-242 5 0.96 0.66  235-237 2 028 031 + ++
Caca04  65/55TD 2.5 103-119 5 0.60 0.55  112-126 3 016 034 + +
Caca05  62/52TD 1.5 144-174 7 0.92 072 144 1 0 0 ++ ++
Caca07 64 25 142-168 7 NCA — NP 0 0 + +
Cacal0  65/55TD 1.5 167-183 6 0.48 0.60  168-192 2 076 063 + ++
Cacale 60 25 — NP 0 0 118-143 3 096 060 ++ ++
Cacal7 55 15 290 1 0 0 305-317 3 012 011 + +
Caca22  65/55TD 1.5 192-218 7 NCA 210-227 3 008 021 + +
Caca24  62/52TD 2.5 220 1 0 0 222-266 4 048 053 ++ ++

NP = no product of the expected size, NCA = not amplifying consistently across all individuals. + indicates PCR amplification
observed, + + indicates possible polymorphism. PCR programs are detailed in Table 1.

Twenty-five individuals from each of three Cirsium
species (C. acaule, C. arvense and C. heterophyllum) were used
to assess polymorphism. PCR reactions were carried out in
10 L volumes containing 50 ng genomic DNA, 1 um of
each forward and reverse primer, 0.25 units Thermoprime
Plus DNA polymerase (ABGene, Epsom, Surrey, UK) in
the manufacturer’s buffer (final concentrations 20 mm
(NH4),50,, 75 mm Tris-HCl pH 9.0, 0.01% Tween), 1.5-
2.5 mm MgCl, (see Table 1), and 200 pum of each ANTP, with
the addition of 0.5% Tween 20 (final concentration). PCR
amplification was performed in a Hybaid Touchdown
thermal cycler (Thermo Hybaid, Ashford, Middlesex, UK).
PCR products were visualized initially on 2% agarose gels
stained with ethidium bromide; primer pairs amplifying a
consistent product were then screened for polymorphism
on 6% polyacrylamide gels stained with silver (Promega,
Southampton, UK) (Bassam et al. 1991). Genotypes were
assigned using an ABI 377 Sequencer and GeneScan v3.1
software (Applied Biosystems). Expected heterozygosities
were calculated using GENETIX v4.02 (Belkhir et al. 2001).
Reaction profiles are given in Tables 1 and 2.

Of the 110 clones sequenced, 44 contained dinucleotide
repeats, three contained trinucleotide repeats and one con-
tained a tetranucleotide repeat. Primers were designed
from 24 unique sequences with a minimum of nine uninter-
rupted repeat units. Seven did not produce a product of
the expected size and eight did not amplify consistently
across all individuals of at least one species. All 24
sequences were submitted to the EMBL database (acces-
sion nos AJ457836-AJ457859). Eight loci detected poly-
morphism in C. acaule, six in C. arvense and seven in C.
heterophyllum. These revealed two to seven alleles per locus
with a mean observed heterozygosity of 0.60 in C. acaule,
0.74in C. arvenseand 0.41 in C. heterophyllum (Tables 1 and 2).
PCR amplification of all nine loci was also observed in the
more distant species C. eriophorum and C. vulgare; polymorph-
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ism in these species was not assessed (Table 2). A search
of the EMBL sequence database identified a 47-base pair
(bp) region of similarity between sequence Caca20
(AJ457855) and the NADH dehydrogenase gene from a
range of plant species including Arabidopsis thaliana and
Oryza sativa.

Microsatellite repeats are found less frequently in plants
than animals (Lagercrantz et al. 1993). There is generally a
lower level of cross-utility of loci among different plant
taxa and when amplification occurs, fewer of the loci are
usually found to be polymorphic (Whitton et al. 1997;
Peakall ef al. 1998). Screening loci across several con-
generic species, as reported here, demonstrates that some
loci that show poor amplification, or appear monomorphic
in the species from which the markers are developed,
may be of utility and detect polymorphism in related
species. Cross-amplification of the C. acaule markers in the
other species described here suggests that these markers
are likely to be of wider application within the genus
Cirsium.
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