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The internet may contain incorrect information regarding species



• What is a nematode 
taxonomist to do?

• 25,000+ species 
have been described 
during the last 250 
years

• An average of 
100/year

• Descriptions are from 
all over the world



• Each researcher has 
to collect the species 
descriptions

• Not all libraries 
subscribe to all 
journals

• Some journals are not 
open access

• Identification of 
species and taxonomy 
in general can only 
occur with the original 
descriptions



• The goal is to collect 
every description of 
every nematode 
species

• Make them available 
for all on the Internet

• Use this resource to 
enhance nematode 
taxonomy

Project: Nematoda Rudolphi, 1808



Methods

• Arrange 
alphabetically 
by genus name

• Use the name 
given in the 
original 
description







• Type specimens 
of nematodes are 
the backbone of 
taxonomy

• Descriptions are 
linked to type 
specimens



• There is no place like 
a museum with a 
collection of real 
specimens!

• Unfortunately the 
“permanent” slides 
are not very 
permanent

• They are too fragile 
and valuable to be 
used as teaching 
materials

• Drawings often 
“substitute” for type 
specimens



• Drawings are useful 
but vary according to 
the skill of the artist







Drawings by artists with varying 
levels of talent compared to 

photographs



Can’t Draw AnymoreCan’t Draw Anymore

Francis Bacon finally says what I’ve been saying



Specimen preparation is the 
first step to successful 

observation



Dead specimens obviously look similar to live 
ones; but they quickly fade to just a resemblance





High Dynamic Range (HDR) photography





• Drawings are 
useful but vary 
according to the 
skill of the artist.

• Videos are helpful 
but limited in 
resolution.

• Megapixel mosaic 
photomicrographs 
of live specimens 
are most like the 
original.



“Virtual” Type 
SpecimensMegapixel mosaic 

micrographs are most like 
the real thing

Photographs of living, albeit 
paralyzed, specimens need 
little interpretation

Additional photos and 
drawings can contribute to 
the type

Perhaps these “virtual type 
specimens” can substitute 
for the original types?



Digital images open up a whole new world of possibilities



Megapixel Mosaic MicrographsMegapixel Mosaic Micrographs

Making mosaic pictures are much easier with digital images 









Mosaic MicrographsMosaic Micrographs

The resulting image is a 200-600 
megapixel mosaic photomicrograph of 
spectacular resolution and clarity

Viewed on a computer at a resolution of 72 
dpi, they are magnified 10,000 times

Printed at 300 dpi, they are magnified 
3,000 times

The resulting image is a 200-600 
megapixel mosaic photomicrograph of 
spectacular resolution and clarity

Viewed on a computer at a resolution of 72 
dpi, they are magnified 10,000 times

Printed at 300 dpi, they are magnified 
3,000 times





Layers of FocusLayers of Focus



Layers of FocusLayers of Focus





18 images stacked
with Helicon Focus



Layers of FocusLayers of Focus







Scanning Electron 
Microscope











Scanning Electron 
Microscopy

Careful fixation, dehydration, and drying 
procedures are necessary for adequate 
observation

SEM reveals only surface details

SEM is useful for specimen morphology and 
nematode/plant interactions



mature female of reniform nematode (Rotylenchulus reniformi



he head of a male root-knot nematode (Meloidogyne kikuyens



The head of a tobacco cyst 
juvenile and stylet (Globodera 

tabacum)



SEM of dissected stylets 
from several plant-

parasitic nematodes



A sperm dissected from the spermatheca of 
a female soybean cyst nematode 

(Heterodera glycines)



An egg of a root-knot nematode parasitized by a fungus



Nodule-like feeding site of 
Meloidogyne kikuyensis from 

sugarcane



• Help!!!

• My slide collection 
is deteriorating 
faster than I am 

• How can I provide 
my students with 
the best specimens, 
even though I 
cannot always find 
all of the specimens 
that I need?



3D model of the head of a 
free-living nematode



External morphology and internal anatomy 
can be visualized with 3D modeling 

techniques



Molecular 
Techniques



Esterases
Unique banding 
patterns for 
many species

However, since 
some species 
have the same 
esterase pattern, 
an additional 
stain for another 
protein is 
necessary, i.e. 
MDH



18s rDNA

28s rDNA

ITS rDNA

IGS rDNA

COII through IRNA 
mitochondrial DNA

Elongation factor 1-
alpha exon gene

Gene 
SequencesRNA polymerase 2 

exon gene

Dystrophin exon 
gene

Major sperm 
protein gene

Satellite DNA 
probes

Species specific 
primers



Gene 
Sequences

18s rDNA phylogeny 
of Meloidogyne
species

The common species 
are on the same 
branch and have 
100% similarities



ITS rDNA 
phylogeny of 
Meloidogyne
species

The common 
species are on the 
same branch and 
have 100% 
similarities

Gene 
Sequences



Supertree solutions 
for seven 
independent source 
trees

The common 
species are on the 
same branch and 
have 100% 
similarities

Gene 
Sequences



Species 
specific 
primersFrom the 

nuclear or 
mitochondrial 
genome

Useful for 1 
second-stage 
juvenile

Multiple assays 
are required



Gene Sequences
The identification of the organism depends 
completely on the submitter of the sequences

If our museums are any indication, the 
Genbank is riddled with errors and mislabeled 
sequences

These errors are hard to discover and even 
harder to stop from propagating

Misidentifications are a malignancy spreading 
rapidly throughout the body of science



In Conclusion
“The taxonomic community is 
woefully inadequate for the 
immense task that is before 
it” - E.O. Wilson

Fortunately nematode 
disease diagnosis is related 
to the purpose for which is 
intended

Root-knot, cyst, and lesion 
nematodes are the most 
important for diagnosis 



Any Questions?Any Questions?



The End




