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Abstract

We developed 15 microsatellite loci in the poplar rust fungus, Melampsora larici-populina,
using two enrichment protocols. Polymorphism of each locus was assessed on a panel of 30
isolates, comprising three subpanels (world, regional and local scales). Thirteen loci were
polymorphic with three to eight alleles detected. The 15 loci were also tested on five related
Melampsora species, M. allii-populina, M. medusae {. sp. deltoidae, M. larici-tremulae,
M. rostrupii and M. pinitorqua, and partial or global cross-amplification events were

detected.
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The Basidiomycete Melampsora larici-populina causes
foliar rust on Populus species from the sections Aigeiros
and Tacamahaca and their hybrids (Frey ef al. 2005). During
the last few decades, this pathogen has caused important
economic losses to poplar cultivation in Europe — mainly
based on Populus x euramericana and Populus x interamericana
hybrids — due to the breakdown of several major resistance
genes (Pinon & Frey 2005). Random amplified polymorphic
DNA markers were developed for M. larici-populina to com-
pare genetic diversity between strains occurring on cultivated
hybrid poplar stands and wild riparian Populus nigra stands
(Frey et al. 2005). However, observed heterozygosity cannot
be detected in this dicaryotic fungus with these dominant
markers, which prompted a search for codominant micro-
satellite markers. Microsatellite markers have already been
developed on several Basidiomycetes including rust fungi
(e.g. Enjalbert ef al. 2002).

Since microsatellites seem to be less frequent in fungal
genomes than in other organisms (Lim et al. 2004), the
strategy of isolating loci in M. larici-populina was to build an
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enriched library for microsatellites. Total genomic DNA
was extracted from M. larici-populina isolates 93ID6 and
98AG31 (Table 1) using DNeasy Plant Mini Kit (QIAGEN)
after grinding 5 mg of urediniospores with glass beads
(Pei et al. 1997). A first library was constructed according
to Edwards et al. (1996) using Hybond membranes with
two hybridization rounds. A second enriched library using
biotinylated oligoprobes and streptavidin-coated magnetic
beads was constructed following the protocol of Dutech
et al. (2000) to increase the number of loci. Both libraries
were enriched with (TC),, and (TG),, motifs and cloned
using a TOPO TA Cloning Kit (Invitrogen). In the second
library, a colony blot screening according to Estoup ef al.
(1993) and a polymerase chain reaction (PCR) size screen-
ing using vector’s primers were performed to select clones
larger than 500 bp and containing microsatellite motifs. In
the first library, 104 clones were selected and sequenced,
and 20 contained a microsatellite motif larger than 20 bp in
length. In the second library, 3930 clones were screened
and 978 gave a positive response for microsatellite presence.
After size screening, 96 clones were sequenced and 17 were
chosen for primer design. Primers were designed using
PRIMER 3 software (Rozen & Skaletsky 2000) and tested
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Table 1 Isolates of Melampsora spp. used in the study. Pathotypes of Melampsora larici-populina determined as described in Pinon & Frey (2005)

Species Isolate code Pathotype Original host Collection site Year
Melampsora larici-populina
World subpanel 97A1 0 Populus x euramericana Morocco 1997
97A3 3-4 P. nigra New Zealand 1997
97]10 34 P. x euramericana ‘1-488’ South Africa 1997
97EA2 4 Populus sp. China 1997
97C3 1-3-4-5-6-7 P. x interamericana ‘Beaupré’ UK 1997
98AE3 2 Populus sp. Finland 1998
99D1 3-4 P. trichocarpa Iceland 1999
00A19 0 P. x euramericana ‘1-488’ Chile 2000
98AR1 1-3-4-5-7-8 P. x interamericana ‘B-71085/A1’ Belgium 1998
95US1 3-4 P. nigra ‘Italica’ USA 1995
Regional subpanel 94775 1-3-4-5-7 P. x euramericana ‘Ghoy’ N France 1994
95AAH12 1-3-4-5-6-7 P. x interamericana ‘Beaupré’ NE France 1995
95XP5 1-3-4-5-6-7 P. x interamericana ‘Beaupré’ SW France 1995
95XW2 1-3-4-5-7 P. x interamericana ‘Boelare’ W France 1995
98AG31 3-4-7 P. x interamericana ‘Beaupré’ N France 1998
98A02 3-4-7 P. x interamericana ‘Beaupré’ SW France 1998
00M10 3-4-7-8 P. x interamericana '69038-1" NE France 2000
01L31 2-3-7 P. x euramericana ‘A4A’ C France 2001
01L66 1-2-3-4-5-7 P. x euramericana ‘Laxo 7’ NE France 2001
02A033 4 P. nigra SE France 2002
Local subpanel 991006 3-4 P. x euramericana ‘Robusta’ NE France 1999
991009 2-4 P. x euramericana ‘Robusta’ NE France 1999
991036 3-4-7 P. X euramericana ‘Robusta’ NE France 1999
991046 2-3-4 P. x euramericana ‘Robusta’ NE France 1999
991056 1-4-5 P. x euramericana ‘Robusta’ NE France 1999
991061 1-3-4-5-6 P. x euramericana ‘Robusta’ NE France 1999
991094 1-2-3-4-5-7 P. X euramericana ‘Robusta’ NE France 1999
991108 4 P. x euramericana ‘Robusta’ NE France 1999
991179 3-4-5 P. x euramericana ‘Robusta’ NE France 1999
991192 4-7 P. x euramericana ‘Robusta’ NE France 1999
931D6 3-4 P. X euramericana ‘1 45-51" NE France 1993
Melampsora allii-populina 9871 — Arum sp. SE France 1998
9873 — Allium sp. SE France 1998
9874 — Allium sp. SE France 1998
9875 — Allium sp. SE France 1998
9876 — Arum sp. SE France 1998
9879 — Muscari comosum SE France 1998
98710 — Allium porrum SE France 1998
89A1 — P. x euramericana ‘Altichiero’ SW France 1989
96B6-1 — Allium vineale NE France 1996
96M24-2 — Muscari comosum NE France 1996
97M2 — Allium sphaerocephalum NE France 1997
97N1 — Arum maculatum NE France 1997
94HY8 — P. nigra SE France 1994
941V7 — P. nigra SE France 1994
91E4 — P. x euramericana ‘Robusta’ W France 1991
91L5 — P. x interamericana ‘Beaupré’ W France 1991
Melampsora medusae 88MM2 — P. x interamericana ‘Beaupré’ SW France 1988
f. sp. deltoidae 97CN1 — P. x interamericana ‘Boelare’ SW France 1997
98B1 — P. x interamericana ‘87002-21" South Africa 1998
98D1 — P. x euramericana ‘5006’ South Africa 1998
99A3 — P. x interamericana "Hoogvorst’ SW France 1999
99T2 — P. x interamericana ‘Hazendans' NE France 1999
0171 — P. deltoides Canada 2001
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Table 1 Continued

Species Isolate code Pathotype Original host Collection site Year
0172 — P. deltoides Canada 2001
0174 — P. deltoides Canada 2001
0175 — P. deltoides Canada 2001
01711 — P. x interamericana “‘Unal’ Canada 2001
02AZ5 — P. deltoides Canada 2002
02AZ6 — P. deltoides Canada 2002
02AZ7 — P. deltoides Canada 2002
02AZ8 — P. deltoides Canada 2002
02AZ11 — P. X jackii Canada 2002
Melampsora larici-tremulae 01F1 — P. tremula NE France 2001
Melampsora rostrupii 01G1 — Mercurialis perennis NE France 2001
Melampsora pinitorqua 00S1 — P. tremula SW France 2000
00S2 — P. tremula S France 2000
00S3 — P. tremula C France 2000

on a panel of 30 M. larici-populina isolates comprising three
nested geographical (world, regional, local) subpanels with
high pathotype diversity (Table 1).

PCR was performed using a PTC-200 Peltier Thermal Cycler
(M] Research) with 5 min at 95 °C followed by 40 cycles
of 60 s at 94 °C, 90 s at annealing temperature and 60 s at
72 °C and a final extension step of 30 min at 60 °C. PCR
was carried out in 20 pL final reaction volumes containing
15 ng template DNA, 2 uL of 10x reaction buffer, 1.5 mm
MgCl,, 0.2 mm dNTP, 0.5 U Tag polymerase (Sigma) and
0.2 uM forward and reverse primers. Out of 37 loci tested,
22 failed to have an interpretable pattern of migration
on a 2% agarose gel because of multiple bands or unexpected
allele size. Forward primers of the remaining 15 loci (Table 2)
were labelled to allow size and dye multiplexing. PCR pro-
ducts were separated, sized and analysed on a CEQ 8000
Genetic Analysis System (Beckman Coulter).

Out of 15 loci tested, 13 were found to be polymorphic
with three to eight alleles (Table 2). Expected and observed
heterozygosities as well as a test for Hardy-Weinberg
expectation were computed using GENEPOP 3.4 (Raymond
& Rousset 1995). Departure from expected results was
significant for eight loci, which could be explained by either
a nonequilibrium state of the population, the sampling
structure or a low frequency of null alleles. Locus uMLP22
was suspected to be uniparentally inherited because of the
total lack of heterozygotes within the panel. The sequence
adjacent to this locus was shown to exhibit 56% identity
(29/51 amino acids) with the 5" end of the cytochrome
c oxydase subunit 2 gene of the mitochondrion of the
Basidiomycete Crinipellis perniciosa using NCBI's BLASTX
program (Altschul et al. 1997), strongly suggesting that
UMLP22 was a mitochondrial locus. All other loci did not
show any significant homology with nucleotide or protein
databases.

Loci uMLP12 and uMLP13 were isolated from the same
clone sequence and are thus physically linked, with a 90-bp
interval between the two microsatellite motifs. Nevertheless,
no significant linkage disequilibrium (P < 0.01) was detected
among all pairs of loci for the 30 isolates of the test panel,
according to an exact test performed with GENEPOP 3.4.

Allloci were tested for cross-species amplification against
M. allii-populina (16 isolates), M. medusae f. sp. deltoidae (16
isolates), M. larici-tremulae (1 isolate), M. rostrupii (1 isolate)
and M. pinitorqua (3 isolates). Six loci resulted in global or
partial amplification with some related species, but very
few intraspecific polymorphisms were detected (Table 2).
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Table 2 Characteristics of microsatellite loci isolated from Melampsora larici-populina. T,, annealing temperature; Hy, unbiased expected heterozygosity; H,, observed heterozygosity; for
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were indicated. *Significant difference between H and H, (P < 0.05)
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