Molecular Ecology (2000) 9, 1899-1903

SHORT COMMUNICATION

Markers derived from amplified fragment length
polymorphism gels for plant ecology and evolution studies

P. A. McCLENACHAN,* K. STOCKLER,* R. C. WINKWORTH,* K. McBREEN,t+ S. ZAUNER{ and

P. J. LOCKHART*

*Institute of Molecular BioSciences and tInstitute of Natural Resources, Massey University, Palmerston North, New Zealand,
1Zellbiologie und Angewandte Botanik, Fachbereich Biologie, Philipps-Universitdt Marburg, Marburg, Germany

Abstract

We describe the types of polymerase chain reaction (PCR) markers that we have isolated
using amplified fragment length polymorphisms (AFLP) in closely related taxa from
diverse plant genera. With these markers, both inter- and intraspecific differences have
been identified. The characterization of the nucleotide sequences and fragment length
polymorphisms of such AFLP-derived PCR markers is promising for investigating the
ecology and evolution of closely related plant taxa.
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Introduction

The realization that the Quaternary has been a time of
intense speciation and rapidly changing plant distributions
globally (e.g. Comes & Kadereit 1998; Winkworth ef al.
1999) has highlighted the need to identify fast-evolving
regions of plant genomes for studying ecological and
evolutionary processes. Restriction endonuclease-based
methods such as restriction fragment length polymorphisms
(RFLP) (Crawford et al. 1993; Mason-Gamer et al. 1995) and
amplified fragment length polymorphisms (AFLP) (Mueller
& Wolfenbarger 1999) provide one means for locating
polymorphic regions (Lou & Boutry 1995; Lockhart &
McLenachan 1997). Although AFLP is an extremely reliable
method (Jones ef al. 1998), our experience is that the effective-
ness of AFLP is reduced when DNA quality is poor,
presumably because of interfering plant metabolites and/or
DNA degradation. This has limited our use of herbarium
tissue and some material collected from natural populations.

However, we have taken advantage of the sensitivity of
AFLP to locate polymorphic regions using a relatively small
number of closely related species and/or intraspecific
taxa for which high-quality DNA template can be obtained.
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Sequence-characterized amplified region (SCAR) mark-
ers (e.g. Melotto et al. 1996; Lockhart & McLenachan 1997;
Schupp et al. 1999; Shan et al. 1999) were derived from
AFLP profiles and used to rapidly analyse collections
from natural populations and herbarium accessions. In this
communication, we report the different types of SCAR
markers that we have isolated using AFLP from diverse
genera in the New Zealand flora.

Materials and methods

AFLP profiles were obtained for duplicate accessions (three
to seven taxa) of the New Zealand plant genera: Myrsine
(Myrsinaceae), Nothofagus (Nothofagaceae), Rhopalostylis
(Palmae), Phormium (Phormiaceae) and Myosotis (Boraginaceae).
AFLP reactions were performed as described in the Gibco
BRL AFLP Analysis System I manual, with the modifications
of Lockhart & McLenachan (1997). Electrophoresis and visu-
alization of AFLP profiles in the present work used denatur-
ing 5% polyacrylamide (PAA) gels and silver staining
(Vos et al. 1995; Promega Corporation 1998). Previously,
4% SEPARIDE had also been used to successfully isolate
an AFLP-derived chloroplast marker for direct sequencing
studies in alpine Ranunculus (Lockhart & McLenachan
1997; Lockhart et al., in press).

Selective AFLP primers were either AT rich or GC rich
and these were arbitrarily chosen. Those which gave useful
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Table 1 Overview of results at different stages in attempts to derive markers

Selective primer combinations used that No. of No. of bands No. of bands GenBank No. of useful Primers used to amplify No. of taxa

gave AFLP profiles with polymorphicbands ~ bandscut ~ amplified sequenced locus match PCR markers polymorphic regions investigated to date

Myrsine

Msel-CTA /EcoRI-AAA AAT, ATA ATT 17 12 10 none 1 (MdAf9F, MdAf9R) 25

Msel-CAG/EcoRI-AAA AAT, ACGAGG 5 4 4 none 1 (MaAf5F, MaAf5R) 50

Nothofagus

Msel-CTA / EcoRI-ACG AAT 13 9 9 none 1 (NmAf2F, NmAf2R) 230

Phormium

Msel-CTG/EcoRI-AGGACA 11 8 8 emb | AJ2906 1 (PtAf70F, PtAf7oR 61
64.1 PtAf7iF, PtAf7iR) 61

Rhopalostylis

Msel-CAT / EcoRI-AAT, ATT, AAA 5 5 4 none 1 (RbAf3F, RbAf3R) 15

Msel-CTG/EcoRI-AGGAGCACGACC 9 9 5 none

Msel-CTC/EcoRI-AGGAGCACGACC 7 7 3 none

Myosotis

Msel-CTG/EcoRI-AGG 1 1 1 none

Msel-CTC/EcoRI-ACC 2 2 2 none

Msel-CAC/EcoRI-ACG 1 1 1 none 1 (MyGC5F, MyGC5R) 22

Msel-CTA / EcoRI-AAT 3 3 3 none

Msel-CAT /EcoRI-ATA 1 1 1 none

Msel-CAT / EcoRI-AAT 1 1 1 none 1 (MyAT3F, MyAT3R) 21

Most AFLP selective PCR primers that gave discrete profiles identified polymorphisms in different plant groups. Not all, but most gel cuts gave DNA that could be re-amplified with
pre-amplification primers. Most fragments that could be re-amplified were cloned and sequenced in the pGEM®-T easy vector (Promega) using M13 forward and reverse sequencing
primers. Not all clones made have been investigated. Larger cloned fragments, (those between 350 bp and 500 bp in size) were investigated. Primer pairs (20-25mers), and in a few

cases nested primers, were designed and used to amplify products from genomic DNAs. Some of these products (~50%) showed no variability between accessions when run on PAA
gels or when sequenced. Primer sequences for phylogenetically informative PCR markers shown in the table are available from p.j.lockhart@massey.ac.nz.
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banding patterns are shown in Table 1. Polymorphic @
bands were cut from wet gels and eluted in sterile water. 2
Most of these bands could be reamplifed (see Table 1) bS] é g
using Msel and EcoRI preamplification primers (GIBCO % < % =
BRL AFLP Analysis System I) freshly diluted from frozen —‘g g o '80 2
stocks. Amplification products were purified using Qiaquick = 2 % = é
polymerase chain reaction (PCR) purification kits (Qiagen) -3 2 § z
and ligated into pGEM®-T easy vector (Promega) before § Es 2 E g =
cell transformation. The nucleotide sequences of cloned | o %’D 2 =) g ;
fragments were determined using the ABI377 sequencing § E .= ; g =
protocol (Perkin Elmer). Primers were designed at the 5'
and 3' ends of fragments to amplify by PCR the intervening .
regions from the genomic DNAs in other intraspecific or " é
closely related taxa. This was done using a standard PCR - ﬁ.ﬁ g
protocol (Lockhart & McLenachan 1997). 3 o2 :j > =l

Products were electrophoresed on agarose and/or PAA '% u% E B g o
gels. When single bands were present, the DNA sequence T é § %’ & ‘t’
of two to six accessions was determined using an ABI377 § e ; g g* © & § E
sequencing protocol to check for sequence variation. In 13 gﬂ‘é T £ o 2
some cases, where different alleles were suspected of being =|= ®HR 8% A&S
present, markers were characterized using dye-terminated
single-base sequencing reactions. The fragment lengths of these é
products were visualized on a Li-cor 4200 DNA sequencer. .~ B3 :;‘ S
Results and Discussion g 2 S E E 5 2 % g

. . . Tl ey 88 52 EEE

Table 1 provides an overview of our results at different S| 82| = 235 B2 ° § 2
stages in our attempts to find PCR markers for different S| 2|2 & % S5 253
plant groups. Table 2 and Fig. 1 show the variability observed Z
with these markers in closely related taxa and/or popula- E "
tions studied to date. Variation has been detected in respect é 5 é\ qé é
of the size, sequence and number of alleles amplified by 35% 8 [_%‘3 E B % :g
the AFLP-derived primer pairs. All markers showed greater = 5 :qj' S®E = "é
phylogenetic variation among New Zealand taxa than did g :(; % 5 g ; R
sequences for the nuclear internal transcribed spacer region. % ‘:f o f& E’ é. ;é ;‘é g

A common feature of most of the polymorphic regions & §- % =L 45 o §
that we have identified is the presence of small direct gi = |2 ES 8EFE £8
repeats. Such repeats have also been observed elsewhere in 5
fragments derived from fingerprint profiles. In some cases 5 - 8 ki
the genomic regions showed elevated substitution rates % ; o s, B é
(Lou & Boutry 1995; Lockhart et al., in press). In Rhopalostylis § _§ E;j é i: E‘ § <
a single primer pair amplified multiple fragments (Fig. 1b), o % .§ -Q s -§ ‘2 *E
one of which contained both inverted and direct repeats. —94: 2 | = ;& % 5, § s g qi
In Phormium, no repeats were observed; however, the § § E .‘—; g § :; E*%@
variable region in the derived AFLP marker showed a E S| 5 ES 8E 583
GenBank match (Expectation value = 3e-07) to a truncated é
retrotransposon. g 5 B

Recently, in genome mapping studies, the use of SCAR 2 g :ED 2 R
markers has been cautioned against since primers may % g < 3 3 g ﬁ
amplify homologous regions (of identical or near identical g E é g“ g § £
size) from different chromosomes (Shan ef al. 1999). How- é’ g2 _g B —E -%D
ever, such markers can be useful for molecular ecology, ~ 5 3 § & m‘:“ o E
since they allow characterization of genomic complexity. 2 E E £ :& ¥ g5
Phylogenetic analyses of an earlier derived chloroplast S S EP E5 0 F
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Fig.1 (a) Silver-stained 5% PAA gel showing haplotypes in 18 different species of Muyosotis which are genetically very similar
(Winkworth ef al. 1999) (b) ethidium bromide-stained 1% agarose gel showing banding patterns for New Zealand species of Rhopalostylis;
(c) silver-stained 5% PAA gel showing banding patterns in individuals from different New Zealand populations of Nothofagus menziesii;
(d) Li-cor single-base sequencing gel (ddCTP and ddTTP reactions) showing banding patterns in individuals from different New

Zealand populations of Myrsine australis.

SCAR marker (Lockhart et al., in press) and those being
investigated in our present ongoing studies (unpublished
observations), demonstrate that AFLP markers can be
informative for understanding the evolutionary histories
of populations and species.

Acknowledgements

We thank Uwe Maier from the Universitdt Marburg for his support
of this work and David Havell, Bruce Christie, Hugh Wilson,
Robyn Smith (Percy’s Reserve) and Anita Benbrook (Otari Native
Garden) for help with plant collections. We also thank the New
Zealand Marsden Fund, Massey University, the Alexander von
Humboldt Foundation, the Deutsche Forschungsgemeinschaft,
the DAAD, Manaaki Whenua and the New Zealand/German
co-operation agreement for their financial support which has
made our collaborative work possible.

References

Comes HP, Kadereit JW (1998) The effect of Quaternary climatic
changes on plant distribution and evolution. Trends in Plant
Science, 3, 432—-438.

Crawford DJ, Stuessy TF, Cosner MB, Haines DW, Silva MO
(1993) Ribosomal and chloroplast DNA restriction site muta-
tions and the radiation of Robinsonia (Asteraceae: Senecioneae)
on the Juan Fernandez Islands. Plant Systematics and Evolution,
184, 233-239.

Jones CJ, Edwards K], Castaglione S et al. (1998) Repro-
ducibility testing of AFLPs by a network of European
laboratories. In: Molecular Tools for Screening Biodiversity (eds
Karp A, Isaac, PG, Ingram DS), pp. 191-192. Chapman &
Hall, London.

Lou H, Boutry M (1995) Phylogenetic relationships within Hevea
brasilliensis as deduced from a polymorphic mitochondrial DNA
region. Theoretical and Appllied Genetics, 91, 876—-884.

© 2000 Blackwell Science Ltd, Molecular Ecology, 9, 1899-1903



AFLP SEQUENCE-SPECIFIC MARKERS IN PLANTS 1903

Lockhart PJ, McLenachan PA, Havell D et al. (2000) Phylogeny,
dispersal and radiation of New Zealand alpine buttercups:
molecular evidence under split decomposition. Annals of the
Missouri Botanical Garden, in press.

Lockhart PJ, McLenachan PA (1997) Isolating polymorphic
plant DNA fragments identified using AFLP. Focus, 19, 70-71
(http:/ /www2. lifetech.com/focus_page.html).

Mason-Gamer RJ, Holsinger KE, Jansen RK (1995) Chloroplast
DNA haplotype variation within and among populations of
Coreopsis grandifolia (Asteraceae). Molecular Biology and Evolution,
12, 371-381.

Melotto M, Afanador L, Kelly JD (1996) Development of a SCAR
marker linked to the I gene in common bean. Genome, 39, 1216—
1219.

Mueller UG, Wolfenbarger LL (1999) AFLP genotyping and finger-
printing. Trends in Ecology and Evolution, 14, 389-394.

Promega Corporation (1998) Silver Sequence™ DNA Sequencing
System Technical Manual (http://www.euro.promega.com/tbs/
tm023 /tm023. html#vi).

Schupp JM, Price LB, Klevytska A, Keim P (1999) Internal and
flanking sequence from AFLP fragments using ligation-mediated
suppression PCR. Biotechniques, 26, 905-912.

Shan X, Blake TK, Talbert LE (1999) Conversion of AFLP markers

© 2000 Blackwell Science Ltd, Molecular Ecology, 9, 1899-1903

to sequence-specific PCR markers in barley and wheat. Theoretical
and Applied Genetics, 98, 1072-1078.

Vos P, Hogers R, Bleeker M, Reijans M et al. (1995) AFLP: a new
technique for DNA fingerprinting. Nucleic Acids Research, 23,
4407-4414.

Winkworth RC, Robertson AW, Ehrendorfer FJ, Lockhart PJ
(1999) The importance of dispersal and recent speciation in the
flora of New Zealand. Journal of Biogeography, 26, 1323-1325.

This research forms part of molecular systematic studies
investigating the origins and distributions of endemic New
Zealand flora. K. Stockler is a PhD student studying New Zealand
forest flora including Nothofagus and Myrsine. R. Winkworth is
a PhD student studying alpine genera including Myosotis.
K. McBreen is a postdoctoral researcher studying Phormium.
P. McLenachan is a molecular biologist with interests in genome
evolution. S. Zauner is a PhD student studying comparative
genome evolution. P. Lockhart is a lecturer in Bioinformatics and
Advanced New Zealand Botany. His research interests include
sequence evolution and the development of phylogenetic
methodologies.




