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Abstract Standard test species may differ in their

response to toxicants. Accurate identification of test

organisms is therefore of critical importance in correctly

interpreting data generated from laboratory assays. This is

not always possible when species are morphologically

similar or where the taxonomy of the group has recently

been revised. A case in hand concerns Eisenia sp. Based on

recent genetic evidence two species, Eisenia andrei and

Eisenia fetida, which were previously considered a single

species, are currently recognized. In these instances, DNA

barcoding, demonstrated and discussed herein, provides a

method to accurately identify test organisms.

Keywords Eisenia fetida � Eisenia andrei �
Mitochondrial DNA � COI

A number of soil dwelling species have been identified as

standardised test species through thorough testing includ-

ing Eisenia andrei and Eisenia fetida (OECD 1984; OECD

2004). Originally described as E. foetida by Savigny in

1862, it was later noted that two distinct forms (a uniformly

pigmented and a striped form) of this species occur. Sev-

eral studies, often reaching conflicting findings, were

subsequently undertaken to shed more light on the recog-

nition of two forms (e.g. André 1963; Avel 1929; Jaenike

1982; Reinecke and Viljoen 1991). Most recently, genetic

evidence confirmed the presence of two distinct species

(Perez-Losada et al. 2005).

Bouché (1992) stressed the importance of using genet-

ically homogenous organisms (e.g. biologically defined

species) in ecotoxicological testing since species often

differ in their response to various toxic substances (Post-

huma et al. 2002). Although the role of morphology in

identifying and describing species is invaluable, it is of

little use when dealing with cryptic species (such as

E. fetida and E. andrei). DNA barcoding was proposed by

Hebert et al. (2003) to deal with morphologically difficult

groups or groups where taxonomic expertise is mostly

lacking. Although the usefulness of DNA barcoding has

been much debated (e.g. Moritz and Cicero 2004), much of

this debate has centred on DNA techniques replacing tra-

ditional taxonomy rather than assisting it.

Our aim is to demonstrate the usefulness and relative

ease of applying DNA techniques to identify and/or verify

the taxonomy of test species. For this, we draw on a test

case from our Ecotoxicology Stress Laboratory at Stel-

lenbosch University where our original stock culture of

Eisenia sp. was provided as E. fetida. Following a bar-

coding approach, we confirm our stock culture as

E. andrei.

Materials and Methods

Our initial stock culture, established *25 years ago, was

obtained from Prof O. Graff (Braunschweig, Germany).

The initial identification as E. fetida was confirmed by Prof

A. Zicsi (Budapest, Hungary). To verify the species
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identification of the stock culture used at Stellenbosch

University following recent advances in earthworm tax-

onomy, 16 worms were randomly selected for DNA

barcoding. We purposefully selected such a high number of

worms to ensure that we adequately capture the genetic

variation present in our stock culture (Table 1).

Detailed barcoding protocols have been developed, and

these are available from www.barcoding.si.edu. In short,

animals are sacrificed in a humane manner typically

through freezing, cyanide or immersion in ethanol. The

latter has been our method of choice since it optimally

preserves tissue and minimizes DNA degradation. To

minimize the risk of contamination, material is always

handled on a sterile work bench (benches are wiped down

with ethanol) and instruments are flamed or wiped down

with ethanol between samples. DNA extractions are per-

formed using either a commercial DNA extraction kit or

following phenol/chloroform (Maniatis et al. 1982) or

chelex100 (Walsh et al. 1991) protocols. Although the

latter two methods are more time consuming, they are far

cheaper than commercial extraction kits. It is important

that all barcoding studies use the same gene region to allow

future comparisons. The standard region for DNA bar-

coding is the 50 side of the mitochondrial DNA cytochrome

oxidase I (COI) region. This region was selected through

thorough screening of a wide range of taxonomic groups

(Hebert et al. 2003) which typically includes a geograph-

ically representative sample that would adequately capture

genetic variation within a species. The COI primers

described by Folmer et al. (1994) are often used to amplify

*650 bp of the COI gene. However, optimal primer

annealing is vital to obtaining good amplification and

sequences, and it may be necessary to design taxon-specific

primers to improve amplification quality and quantity.

Sequencing is typically done using BigDye chemistry

(Applied Biosystems) and run on an automated machine.

Barcoding products should be sequenced bi-directionally

and sequences are verified by eye using sequencing editor

programs. Sequences are aligned to one another using one

of several available computer software packages. DNA

analysis is typically done following a distance based

approach. Phylogenetic trees are constructed from Kimura-

2-parameter corrected sequence distances using neighbour-

joining algorithms (see Hebert et al. 2003). Sequences are

deposited either as part of a barcoding project in

www.barcoding.si.edu or in public data bases such

as GenBank (http://www.ncbi.nlm.nih.gov) or EMBL

(http://www.ebi.ac.uk/embl).

In our study, total genomic DNA was extracted using

the phenol/chloroform method. Five-10 mg of the tail

section of worms were immersed in 250 lL lysis buffer

(160 mM saccharose, 80 mM EDTA, 100 mM Tris/HCl,

pH 7.8) in the presence of 10 lL proteinase K

(10 mg mL-1). Extractions were incubated overnight at

55�C. Following phenol/chloroform extractions, DNA was

precipitated in the presence of 100 lL of a 7.5 M ammo-

nium acetate solution and ice-cold absolute ethanol. DNA

pellets were dried and re-suspended in ddH2O.

Table 1 Specimens included in the present study. Sequences were

generated for Earthworm1 through Earthworm16. Species designa-

tions, mitochondrial COI haplotypes as well as GenBank accession

numbers are provided

Specimen Species Haplotype Genbank

Earthworm1 E. andrei SUN1 DQ914627

Earthworm2 E. andrei SUN1 DQ914628

Earthworm3 E. andrei SUN2 DQ914629

Earthworm4 E. andrei SUN2 DQ914630

Earthworm5 E. andrei SUN2 DQ914631

Earthworm6 E. andrei SUN2 DQ914632

Earthworm7 E. andrei SUN2 DQ914633

Earthworm8 E. andrei SUN2 DQ914618

Earthworm9 E. andrei SUN2 DQ914621

Earthworm10 E. andrei SUN2 DQ914622

Earthworm11 E. andrei SUN2 DQ914623

Earthworm12 E. andrei SUN2 DQ914624

Earthworm13 E. andrei SUN2 DQ914625

Earthworm14 E. andrei SUN2 DQ914626

Earthworm15 E. andrei SUN3 DQ914619

Earthworm16 E. andrei SUN3 DQ914620

E. fetida E. fetida A AY874520

E. fetida E. fetida A AY874521

E. fetida E. fetida A AY874522

E. fetida E. fetida A AY874523

E. fetida E. fetida A AY874515

E. fetida E. fetida A AY874516

E. fetida E. fetida A AY874517

E. fetida E. fetida A AY874518

E. fetida E. fetida A AY874519

E. fetida E. fetida B AY874513

E. fetida E. fetida B AY874514

E. andrei E. andrei A AY874493

E. andrei E. andrei A AY874502

E. andrei E. andrei A AY874494

E. andrei E. andrei A AY874503

E. andrei E. andrei A AY874512

E. andrei E. andrei A AY874495

E. andrei E. andrei A AY874496

E. andrei E. andrei A AY874498

E. andrei E. andrei A AY874500

E. andrei E. andrei B AY874511

E. andrei E. andrei B AY874504

E. andrei E. andrei B AY874505

E. andrei E. andrei B AY874497
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We targeted 650 bp of the COI gene using the primers

LCO1490 and HCO2198 (Folmer et al. 1994). Polymerase

chain reactions (PCR) were performed in a final volume of

30 lL and contained 10 ng of DNA, 19 PCR buffer, 3 lL

of a 25 mM MgCl2 solution, 3 lL of a 20 mM dNTP

mixture, 1 unit Taq polymerase (Supertherm) and 30 pmol

of each of the specified primers. PCR cycling comprised an

initial denaturation step at 94�C for 5 min followed by

35 cycles of 94�C for 30 s, 50�C for 30 s and 72�C for

45 s. A final extension step at 72�C for 5 min completed

the reactions. To verify successful amplification, amplicons

were electrophoresed in 1% agarose gels stained with

ethidium bromide. PCR products were gel purified with the

Wizard SV Gel and PCR clean-up system (Promega).

Sequencing reactions were performed using BigDye�

chemistry (Applied Biostystems). Purified sequencing

products were run on an ABI 3100 automated sequencer

(Applied Biosystems). All Eisenia sequences generated in

this study were deposited in GenBank (accession numbers

DQ914618-DQ914633).

To demonstrate the usefulness of a barcoding approach

to resolve uncertainty regarding the taxonomy of labora-

tory animals, 37 Eisenia sequences representing three

species (E. fetida, E. andrei and E. eiseni) available

through the Barcoding of Life Database (www.

barcodinglife.org) were aligned to the 16 sequences gen-

erated in the present study. A more distantly related

species, Aporrectodea handlirschi, was also included in

our analyses. We constructed a neighbour-joining (NJ) tree

in PAUP* (Swofford 2000) based on Kimura-2-parameter

distances (K2P). Bootstrap support was obtained from

1,000 iterations.

Results and Discussion

The accurate identification of laboratory test animals is

central to ecotoxicological studies. In this respect, the

confusion surrounding the use of E. fetida/E. andrei in

laboratory experiments may be hugely problematic for

accurate interpretation of test results. This is perhaps best

illustrated by the indiscriminate use of E. fetida (or

E. foetida) without the necessary consideration for accurate

taxonomy (Perez-Losada et al. 2005). The emergence of

DNA barcoding as a means of species identification

(Hebert et al. 2003) holds much promise for identification

of ecotoxicological laboratory test species. The methodol-

ogy developed for DNA barcoding is universal, based on a

single gene region (COI although ribosomal genes are

sometimes used for specific groups) and standardized

across a wide range of taxa.

For DNA barcoding to be successful, certain criteria

must be met. For example, the genetic divergence within

species (intra-specific divergences) must be smaller than

the separation between species (inter-specific divergences)

(the 109 rule). Three unique DNA sequences (or haplo-

types), separated by \1% K2P sequence divergence,

characterized the 16 Stellenbosch specimens included in

the present study. On average, \1% K2P sequence diver-

gence separated specimens within species with[16% K2P

sequence divergence between species (the highest K2P

sequence distance in this study was 25.2% between

E. fetida and A. handlirschi). However, two very divergent

haplotypes were detected within E. fetida separated by

11.6% K2P sequence divergence which might represent an

additional and yet undescribed Eisenia species (Perez-

Losada et al. 2005).

The results of our phylogenetic analyses are shown in

Fig. 1. The monophyly of the three species (E. fetida,

E. andrei and E. eiseni) were confirmed by 100% bootstrap

support. The three haplotypes detected for the Stellenbosch

specimens (SUN1, SUN2 and SUN3) grouped with 100%

support within E. andrei. Indeed, two of the haplotypes

detected in this study were identical to published E. andrei

sequence data.

One of the critical assumptions of a DNA barcoding

approach concerns the availability of genetic data that will

reliably discriminate between taxa at species level (Hebert

et al. 2003). Perez-Losada et al. (2005) generated such a

data set for the three Eisenia sp. (their study included

E. eiseni from Spain, E. fetida from Spain and Ireland and

SUN1+ E. andrei A

SUN2 + E. andrei B

SUN3

A. handlirschi
0.01 

E. fetida

E. andrei 

E. eiseni 

100

90

100

100

E. fetida A

E. fetida B

E. andrei D 

E. eiseni A 

E. eiseni B 

E. andrei C 

Fig. 1 Distance (neighbour-joining) tree based on Kimura-2-param-

eter distances separating all haplotypes identified in this study. Values

above branches denote bootstrap support obtained for specific nodes.

Aporrectodea handlirschi was included as a distant relative to

Eisenia sp.
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E. andrei from Spain, Ireland and Brazil). They found no

shared haplotypes between E. fetida and E. andrei (both

taxa were mutually exclusive) which, when taken with

reproductive isolation (Dominguez et al. 2005), qualifies

these taxa as distinct phylogenetic and biological species.

In conclusion, reliable species identification is essential

in ecotoxicological studies in that it prevents discrepancies

between comparative studies where different test species

are used as well as misleading recommendations and/or

conclusions. Given the ease and reliability of the approach

outlined herein, we urge all ecotoxicologists working with

cultures of uncertain provenance, to investigate and

establish the taxonomic affinities of their test species.
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Bouché MB (1992) Earthworm species and ecotoxicological studies.

In: Greig-Smith PW, Becker H, Edwards PJ, Heimbach F (eds)

Ecotoxicology of earthworms. Intercept, Andover, UK, pp 20–35

Dominguez J, Velando A, Ferreiro A (2005) Are Eisenia fetida
(Savigny, 1826) and Eisenia andrei (Oligochaeta, Lumbricidae)

different biological species? Pedobiologia 49:81–87. doi:

10.1016/j.pedobi.2004.08.005

Folmer O, Back M, Hoeh W, Lutz R, Vrijenhoek R (1994) DNA

primers for amplification of mitochondrial cytochrome c oxidase

subunit I from diverse metazoan invertebrates. Mol Mar Biol

Biotechnol 3:294–299

Hebert PDN, Cywinska A, Ball SL, de Waard JR (2003) Biological

identifications through DNA barcodes. Proc R Soc London B

270:313–321. doi:10.1098/rspb.2002.2218

Jaenike J (1982) ‘‘Eisenia foetida’’ is two biological species.

Megadrilogica 4:6–8

Maniatis T, Fritsch EF, Sambrook J (1982) Molecular cloning, a

laboratory manual. Cold Spring Harbor Laboratory, Cold Spring

Harbor, NY

Moritz C, Cicero C (2004) DNA barcoding: promise and pitfalls.

PLoS Biol 2:1529–1531. doi:10.1371/journal.pbio.0020354

OECD (Organization for Economic Cooperation and Development)

(1984) Guideline for the testing of chemicals no 207 earthworm,

acute toxicity tests. Adopted 4 April 1984

OECD (Organization for Economic Cooperation and Development)

(2004) Guideline for the testing of chemicals no 222 earthworm

reproduction test (Eisenia fetida/andrei). Adopted 4 April 2004

Perez-Losada M, Eiroa J, Mato S, Dominguez J (2005) Phylogenetic

species delimitation of the earthworms Eisenia fetida (Savigny,

1826) and Eisenia andrei Bouche, 1972 (Oligochaeta, Lumbric-

idae) based on mitochondrial and nuclear DNA sequences.

Pedobiologia 49:317–324. doi:10.1016/j.pedobi.2005.02.004

Posthuma L, Traas TP, Sutter GWII (2002) General introduction to

species sensitivity distributions. In: Posthuma L, Traas TP, Suter

GW (eds) Species sensitivity distributions in ecotoxicology.

Lewis, Boca Raton, Florida, United States of America, pp 3–10

Reinecke AJ, Viljoen SA (1991) A comparison of the biology of

Eisenia fetida and Eisenia andrei (Oligochaeta). Biol Fert Soils

11:295–300. doi:10.1007/BF00335851

Swofford DL (2000) PAUP*. Phylogenetic analysis using parsimony

(*and other methods). Version 4.0b2a. Sinauer Associates Inc.,

Sunderland

Walsh SP, Metzger DA, Higuchi R (1991) Chelex 100 as a medium

for simple extraction of DNA for PCR-based typing from

forensic material. BioTechniques 10:506–513

264 Bull Environ Contam Toxicol (2009) 82:261–264

123

http://dx.doi.org/10.1016/j.pedobi.2004.08.005
http://dx.doi.org/10.1098/rspb.2002.2218
http://dx.doi.org/10.1371/journal.pbio.0020354
http://dx.doi.org/10.1016/j.pedobi.2005.02.004
http://dx.doi.org/10.1007/BF00335851

	Usefulness of DNA Barcoding in Ecotoxicological Investigations: Resolving Taxonomic Uncertainties Using Eisenia Malm 1877 as an Example
	Abstract
	Materials and Methods
	Results and Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


