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Summary. Herbarium collections are a valuable

source of genetic information. Even though the DNA

obtained from the specimens is often highly fragmented

and present in small quantities, it has been successfully

used particularly for DNA sequencing and microsatel-

lite analysis. The present study shows that the quality is

often sufficient for use also for AFLPs. With this

technique, a considerable number of DNA fragments

with unknown sequence from the entire genome of the

plant are amplified, often with the purpose of phylo-

geographic studies or analyses of interrelationships of

closely related species. In order to avoid the effects of

potential artefacts resulting from DNA degradation,

such as ‘‘false polymorphisms’’, it is suggested that

fresh samples should always be included for compar-

ison, and that AFLP chromatograms based on herbar-

ium specimens should be included in analyses only

when they contain AFLP fragments monomorphic

among the fresh samples, and when signal quality is

comparable to that of fresh samples.

Keywords: Phragmites; common reed; herbarium

specimens; DNA fragmentation; polymorphism;

AFLP; fingerprinting

Herbarium collections represent a very important

source of material for the plant sciences. Not only

can herbarium specimens be used for various

morphological investigations, but they are

increasingly used also for molecular studies, as

DNA is often preserved in the dried specimens.

DNA extracted from herbarium material is, how-

ever, frequently highly fragmented. The extent of

DNA degradation seems to be related to the

conditions under which the specimen was dried

and subsequently kept in the herbarium facilities.

Factors that can negatively affect the DNA quality

of herbarium specimens are heating in a micro-

wave oven (used for drying and pest control; Hall

1981, Bacci et al. 1983, Hill 1983), fumigation

(Metsger and Byers 1999) and disinfecting chem-

icals. According to Rogers and Bendich (1985)

the DNA quality mostly depends on the condition

of the fresh leaves, the developmental stage of the

plant at the time of drying and on the method of

drying, whereas the age of the specimen is less

important. Several protocols for DNA extraction

from herbarium samples have been described and

most of them involve the CTAB method (Doyle

and Doyle 1987, Doyle and Dickson 1987) with

various modifications. To mention but a few

examples, Wittzell (1999) isolated DNA with the

CTAB method from herbarium specimens of
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8000 Aarhus C, Denmark

e-mail: carla.lambertini@biology.au.dk

Pl Syst Evol 272: 223–231 (2008)

DOI 10.1007/s00606-007-0633-z

Printed in The Netherlands

Plant Systematics
and Evolution



Taraxacum Wigg. spp. (Asteraceae) and success-

fully used it for sequencing. Saltonstall (2002,

2003) extracted DNA with the CTAB method

from herbarium material of Phragmites australis
(Cav.) Trin. ex Steud. (Poaceae) for microsatellite

studies and sequencing, after cleaning with 10%

bleach to remove mounting glue, and treating the

material with UV light for 5 min to remove

surface contaminants. Drabkova et al. (2002), in a

study of sequence variation in the family Junca-

ceae, chose the DNeasy Plant Kit (Qiagen), after

trying seven different extraction and amplification

protocols. Recent studies of non-angiosperm

plants include that of De Castro and Menale

(2004), who followed the protocol by Ristaino

et al. (2001) to isolate DNA from species of

Pinaceae for microsatellite studies, and that of

Jankowiak et al. (2005) who used the DNeasy

Plant Mini Kit (Qiagen) to obtain DNA sequences

of bryophytes.

Amplified fragment length polymorphisms

(AFLPs) is a DNA fingerprinting technique that

detects genomic restriction fragments. One of the

advantages is that it does not require prior

sequence knowledge (Vos et al. 1995). This

technique has mostly been used in population

genetic studies, but has been successful also in a

number of taxonomic studies in groups of closely

related species (Lara-Cabrera and Spooner 2004,

Muñoz et al. 2006, Bacon and Bailey 2006). A

recent trend in phylogeographic (Schönswetter

et al. 2007) and phylogenetic studies (Desprès

et al. 2003, Semerikov et al. 2003, Van Ee et al.

2006) is the combination of DNA sequences with

AFLP data, as the large number of ‘‘characters’’

(absence or presence of fragments) provided by

AFLPs may significantly improve resolution

where sequence data alone are insufficient.

High purity genomic DNA is required for

AFLP to ensure complete digestion by the restric-

tion endonucleases. DNA fragmentation, as seen in

e.g. herbarium material, may result in an altered

band pattern (Vos et al. 1995, Blears et al. 1998).

Particularly problematic is the interpretation of

absence of fragments, which may be due to

degradation rather than genetic polymorphism.

An additional, potential source of error is the use of

ligase in the AFLP procedure, as this enzyme

might ligate DNA fragments that do not belong

together, thus creating recombinant AFLP bands.

The present work demonstrates the utility of

herbarium material as a source of DNA for use in

AFLP studies, and points to some important

considerations in the evaluation and analysis of

the resulting chromatograms. The investigation is

part of a widely sampled study of the genetic

variation within the genus Phragmites Adans.

(Poaceae) based on a combination of fresh

samples and herbarium specimens. The first part

of this investigation, a phylogeographic study

based on AFLPs alone, has recently been pub-

lished (Lambertini et al. 2006).

Materials and methods

DNA extraction. DNA was extracted from 204 fresh

specimens (Lambertini et al. 2006) and 29 herbarium

specimens (Table 1) of Phragmites. Most of the

specimens belong to the widespread P. australis, but

four other species in this small and taxonomically

difficult genus are also represented. Extraction was

performed using the Qiagen DNeasy Plant Mini Kit.
The protocol provided by Qiagen was followed for

fresh material. For herbarium material (leaves and

inflorescences), the protocol was modified in that

20 mg of dry plant tissue was ground in a mortar with

quartz sand and about 3 ml liquid nitrogen into a very

fine powder. A total of 500 ll of preheated (60�C)

AP1 buffer (Qiagen) were added, and grinding was

continued until a completely homogeneous mixture

was obtained. After grinding, 4 ll RNAase (100 mg/

ml) and 4 ll Proteinase K (19.45 mg/ml) were added.

The mixture was then transferred to an eppendorf tube

and incubated at 60�C for 1 h. A total of 150 ll AP2

buffer (Qiagen) were added and the Qiagen extraction

protocol was then followed to the final step, in which

the DNA was eluted with 50 ll preheated (60�C) AE

buffer. The DNA was visualized on a 0.8% agarose

gel, run for 1 h at 120 V in an electrophoresis

chamber and stained with ethidium bromide.

PCR amplification. The AFLP protocol for

herbarium specimens and for fresh material is

described by Lambertini et al. (2006). The primer

combinations E-ACTcy (50-AGACTGCGTACCAAT

TCACT-30) + M-CTT (50-GATGAGTCCTGAGT

AACTT-30), E-CAGcy (50-GACTGCGTACCAATT

CCAG-30) + M-ATG (50-GATGAGTCCTGAGTA

ACAG-30) and E-CGTcy (50-GACTGCGTACCAAT
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TCCGT-30) + M-CAG (50-GATGAGTCCTGAGTA

ACAG-30) were used.

AFLP scoring. AFLP fragments were scored

manually based on chromatograms visualized by the

ALFwin Fragment Analyser Software Package

(Amersham Biosciences). Only chromatograms that

contained all monomorphic fragments present in fresh

material while not showing interruption and/or distortion

of the signal were scored for presence or absence of

polymorphic fragments in the herbarium specimens.

Data analysis. The binary matrix (available from

the corresponding author) of AFLP characters

including both fresh and herbarium material was

analysed using parsimony analysis and neighbour-

joining by the program PAUP*4.0b10 (Phylogenetic

analysis using parsimony; Swofford 1998). The results

are presented in Lambertini et al. (2006).

Results

The quality of extracted DNA varies among the

specimens, and appears to be independent of

sample collection date and type of tissue used

(leaf, flowers or both; Table 1). Judging from the

appearance of the total DNA on the agarose gel

(Fig. 1), two herbarium specimens yielded DNA

of a quality similar to that of the fresh specimens

(samples Pv269MA and Pv272TH, gel lanes 6

and 9), but several samples showed signs of

degradation. In most of the cases degraded DNA

contained fragments longer than 500 bp, but in

one case (sample Pj274JP, gel lane 11) DNA

fragments were clearly shorter than 500 bp.

Samples PaH6SN and PaH7SN (gel lanes 18

and 19) contained a very low amount of DNA.

Even though DNA quality in the herbarium

specimens was often poor, most of them yielded

AFLP patterns. The length of the readable part of

the chromatograms varied between samples

(Table 1). The herbarium samples showed a

variation range similar to that of the fresh

samples, but some of them showed interruption

Fig. 1. Agarose gel of DNA extracted from fresh (lane 2) and herbarium (lanes 3–24) specimens of

Phragmites. Lanes 1 and 13 are Lambda DNA/HindIII marker
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and/or distorted parts in the chromatogram signal

(Fig. 2), especially for the longest AFLP frag-

ments, between 400 and 500 bp.

Considering the risk that absence of a certain

fragment in the herbarium samples might be due

to DNA degradation, the presence of fragments

monomorphic in the fresh subset was checked in

the herbarium subset. Herbarium samples were

scored and included in the analysis only if

monomorphic peaks present in chromatograms

from fresh material were present also in the

herbarium samples. Herbarium samples that

failed this test were excluded. All in all, 128

fragments (obtained by three primer combina-

tions) met this criteria and were scored in the

herbarium specimens.

Considering the whole data set, five herbar-

ium specimens out of 29, yielded chromatograms

too poor to be scored, being distorted and/or

containing parts with very weak signal. One of

the primer combinations (E-ACTcy + M-CTT)

was unsuccessful for four of the herbarium

samples, while the fifth (sample PmH18EG)

yielded poor chromatograms with all primers

used. Four of the unsuccessful samples contained

low amounts of DNA and/or signs of degradation

(mostly short fragments).

Discussion

AFLPs are an important source of information for

analysis of biodiversity patterns and processes,

Fig. 2. AFLP fragments amplified by primers E-CAG + M-ATG, from 125 to 484 bp. a Herbarium specimen

Pj275JP and b herbarium specimen PJ247JP. Specimen Pj275JP shows signs of DNA degradation but contains

DNA fragments longer than 500 bp (gel lane 12, Fig. 1). Even though the intensity of the chromatogram signal

decreases for the longest AFLP fragments, the chromatogram is readable up to 500 bp. All monomorphic peaks

present in fresh material samples are present also in this sample (143, 242, 356, 484). Herbarium specimen

Pj274JP b shows signs of DNA degradation and contains mainly DNA fragments shorter than 500 bp (gel lane
11, Fig. 1). The chromatogram signal is interrupted between 166 and 220 bp and between 242 and 500 bp, and is

considered illegible
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particularly at levels ranging from population to

species. The high success rate found here shows

that it is possible to use herbarium material in

AFLP studies. The use of herbarium specimens

allows the sampling of taxa and geographical

areas that may be otherwise inaccessible be-

cause of practical and/or economical reasons.

There are, however, important limitations to

take into consideration. In our study, a large and

geographically widely sampled dataset, obtained

from fresh plant tissue, was a prerequisite for

the use of herbarium material. Herbarium spec-

imens were included to improve the geograph-

ical representation of samples. In order to

evaluate if DNA extracted from herbarium

specimens could be used in AFLP, and to

minimize possible effects of DNA degradation,

such as false negatives, we checked for presence

of fragments that were monomorphic in the

fresh subset. Moreover, we used only parts of

the chromatograms that were comparable in

quality with those obtained from fresh speci-

mens, i.e. not distorted and/or with interrupted

signal.

Based on this experience, our advice for the

AFLP fingerprinting of herbarium material is to

use short AFLP fragments (up to 300 bp,

depending on the quality/quantity of DNA and

chromatograms). To compensate for using only

part of the chromatogram, it may be necessary

to increase the number of primer combinations

in order to obtain a sufficient number of

polymorphic fragments (characters) to obtain

phylogenetic resolution. Visualization of total

DNA on agarose gels is often helpful, as it

shows quality and quantity of DNA and indi-

cates where DNA degradation might be a

problem, i.e. when long fragments (>500 bp)

are largely missing. It should be stressed,

however, that even samples for which DNA

appearance on the agarose gel showed small

amount and/or low quality may in some cases

work well for AFLP. Thus, exclusion of samples

based on agarose gel appearance alone is

unwarranted. The combination with samples

based on fresh material is also extremely

important as a reference and in order not to

misinterpret ‘‘herbarium polymorphisms’’.
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