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Half the world's natural history specimens
may have the WRONG name: Lack of time
and too many discoveries are to blame

+« Researchers at the University of Oxford and the Royal Botanic Garden
Edinburgh used different approaches to study the number of mistakes

« Examined records for tropical plant and genus containing sweet potatoes

« The researchers believe that as many as half of all natural history
specimens held in the world's museums could have the wrong names

« Accuracy could be improved by remote access and DNA sequencing
By SARAH GRIFFITHS FOR MAILONLINE
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What iIs 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




Project: Nematoda Rudolphi, 1808

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

e Make them available
for all on the Internet

e Use this resource to
enhance nematode
taxonomy
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APHELENCHOIDES XYLOPHILUS, N. SP.,, A NEMATODE
?SS%%I?B’I}‘BEI‘{DI WITH BLUE-STAIN AND OTHER FUNGI

By G. STEINER, senior nemalologisi, in charge, and Epna M. BUHRER, junior
nematologist, Division of Nematology, Bureau of Plant Industry, United States
Depariment of Agriculture

INTRODUCTION

A new case of unusual ecological conditions to which nematodes
have adapted themselves has been found in a nematode species
apparently specialized to live in timber affected by blue-stain and other
wood fungi. This new species is described herein.

ECOLOGICAL RELATIONS

The first observation of Aphelenchoides xylophilus, n.sp., the timber
nema, dates back to 1929, when a small piece of wood that had been
cut, in the process of roofing, from the top of a green pole of longleaf
Louisiana pine (Pinus palustris Mill.) was received from Orange,
Tex.2 This piece of wood had streaks of a bluish color caused by
blue-stain fungl. The nemas were found in these streaks and in border-
ing portions. Larval specimens, males and females, were observed.
Although they were not numerous, a dozen or more specimens could
be found in a small portion of wood when soaked and dissected
properly. Soaking the wood in water activated the nematodes,
whereas drying the wood induced dormancy. Some tests showed re-
vival of the nematodes after a dormancy of 1 year but not after 2 years.

Later, through the courtesy of Ross W. Davidson, of the Division
of Forest Pathology, Bureau of Plant Industry, there were received
four different plate cultures of wood fungi in which nematodes had
developed. 1 of these nematodes proved to be Aphelenchoides
aylophilus. Three of the cultures were from a sawmill in Bogalusa,
La., and were also obtained from blue-stained logs of Pinus palustris.
These logs had previously been attacked by beetles of the genus Ips,
which, according to Davidson, usually carry the blue-stain fungus
Ceratostomella 1ps Rumbold, but which in these three cases contained
a brown fungus belonging probably to the genus Trichosporium, of
the ‘“Fungt Imperfecti.”

The fourth culture on which the same species of nematode developed
was obtained from a pine tree (Pinus echinata Mill.) that had been
recently killed by an attack of the beetle, Dendroctonus frontalis
Zimm., near Fairfax, Va. In this case the nematodes originated in
the interior of unstained wood, one-sixteenth to one-fourth of an inch
below the insect galleries. The fungus here associated with this
nematode is said by Davidson to be entirely hyaline and also to belong

! Received for publication Apr. 4, 1934; issued July 1934,

2 Received through the courtesy of T. E. Snyder, of the Bureau of Entomology, U.8. Department of
Agriculture, who received the wood from C. H. Lyon, chemist of the Texas Creosoting Co. Mr. L_l\.(on
wrote: “All such poles came from an ares including western Louisiana and southeastern Texas. The
climate is hot and, at the time of finding that specimen, was very humid. The average annual humidity

is given by the Government observer of this region as of 83.3 percent. The specimen had not been treated
nor come in contact with crecsote. It has been at all times exposed to weather.”

Journal of Agricultural Research, Vol. 48, no. 10
Washington, D.C. May 15, 1934
Key no. G-913

(949)
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* Type specimens
of nematodes are
the backbone of
taxonomy

e Descriptions are
linked to type
specimens

% ;
i %
Nomenclature w
Type specimen
| |
e ——— e e i e e e oo |



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

e Unfortunately the
“permanent” slides
are not very
permanent

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

e Drawings often
“substitute” for type
specimens




 Drawings are useful
but vary according to
the skill of the artist
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Drawings by artists with vrying
levels of talent compared to
photographs




Can’t Draw Anymore

Francis Bacon finally says what I've been saying




Far Side By Gary Larson
Modified by J. D. Eisenback

Life on a microscope slide

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













e 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

M ega%pe?r% Iorsrcli%n E

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?




'.f ONT KNAW, GARY,

THEX'RE NSt DIGITAL.
1T APFPEARS \WE'RE \N
SOME. SORT o UN-
DENELOFED COONTRY,

Digital images open up a whole new world of possiblilities




Megapixel Mosaic Micrographs

Making mosaic pictures are much easier with digital images










The Stem and Bulb Nematode
Ditylenchus dipsaci



Mosaic 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










Layers of Focus







18 images stacked
with Helicon Focus
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Scanning Electron
Microscopy

. Careful fixation, dehydration, and drying

procedures are necessary for adequate
observation

. SEM reveals only surface detalls

. SEM Is useful for specimen morphology and
nematode/plant interactions




hature female of reniform nematode (Rotylenchulus reniforr




@ head of a male root-knot nematode (Meloidogyne kikuyen
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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




Meloidogyne kikuyensis from
sugarcane




e Help!!!

e My slide collection
IS deteriorating
faster than | am

e How can | provide
my students with

the best specimens,
even though | J |
cannot always find

all of the specimens

that | need? |




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




Haemonchus contortus

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

Techniques




Molecular
Technigues
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Esterases

- Unique banding vs1 F1 VF1-A1 A2 A3 H1 11 J3 S1 SI- S22 M3 M3 M1
patterns for -~ Y. R R ¥ B
many species e . ¥

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




Gene

Sequencesia polymerase 2
. 18s rDNA exon gene
- 28s TDNA . Dystrophin exon
. ITS rDNA ciafic
. IGS rDNA - Major sperm

protein gene

. COll through IRNA

. Elongation factor 1-

mitochondrial DNA . Satellite DNA
probes

alpha exon gene . Species specific

primers




Gene
Sequences

18s rDNA phylogeny
of Meloidogyne
species

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

M. ichinohei

M. artiellia

—— M. floridensis
—— M. morocciensis

—— M. paranaensis

—— M. arabicida

—— M. ethiopica

M. enterolobii

—— M. hapla

—— M. microtyla

—— M. maritima
— M. duytsi
—— M. chitwoodi

—— M. oryzae

— M. graminicola

—— M. exigua




Gene

Sequences
ITS rDNA

phylogeny of
Meloidogyne
species

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

—— M. panyuensis

— M. artiellia
M. baetica
— M. fallax

—— M. chitwoodi
M. minor
— M. trifoliophila

— M. naasi

M. dunensis

M. hapla
M. hispanica

M. enterolobii

—— M. thailandica




Gene

Sequences
Supertree solutions

for seven
Independent source
trees

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

MRP outgroup

{ M. chitwoodi
M. fallax

M. minor

——— M. oryzae

M. graminicola

M. trifoliophila
M. naasi

M. exigua
M. hapla
M. partityla

M. microtyla

M. maritima

M. duytsi

—_
{ M. dunensis




S p e C I e S Species Primer set (5'-3") Amplicon length  Reference

e M. arenaria TCGGCGATAGAGGTAAATGAC 4200p Zijlstra et al., 2000
TCGGCGATAGACACTACAACT
S p e C I I C TCGAGGGCATCTAATAAAGG 950bp Dong &t al, 2001b
GGGCTGAATAATCAAAGGAA
M. chitwoodi CCAATGATAGAGATAGGAAC 400bp Williamson ef al., 1997
- CTGGCTTCCTCTTGTCCAAA
r I e r S GATCTATGGCAGATGGTATGGA 900bp Petersen ef al, 1997
AGCCAAAACAGCGACCGTCTAC
I: r m t e TGGAGAGCAGCAGGAGAAAGA 800bp Zijlstra, 2000
= GGTCTGAGTGAGGACAAGAGTA
M. exigua CATCCGTGCTGTAGCTGCGAG 562bp Randig et al,, 2002a
CTCCGTGGGAAGAAMGACTG
n u C I e ar O r M. &llax TGGGTAGTGGTCCCACTCTG 1100bp Petersen ef al, 1997
AGCCAAAACAGCGACCGTCTAC
3 2 CCAAACTATCGTAATGCATTATT 5150p Zijlstra, 2000
Ito C h O n d rl al GGACACAGTAATTCATGAGCTAG -
I I l M. hapla CAGGCCCTTCCAGCTAAAGA 9600 Wwilliamson ef al., 1997
CTTCGTTGGGGAACTGAAGA
TGACGGCGGTGAGTGCGA 610bp Zijlstra, 2000
g e n O I I | e TGACGGCGGTACCTCATAG
GGCTGAGCATAGTAGATGATGTT 1500bp Dong et al, 2001b
ACCCATTAAAGAGGAGTTTTGC
GGATGGCGTGCTTTCAAC 440bp Wishart et al., 2002
AAAAATCCCCTCGAAAAATCCAGC
M. incognita CTCTGCCCAATGAGCTGTCC 1200bp Zijlstra et al., 2000
U S efu | fo r 1 CTCTGCCCTCACATTAGG
s TAGGCAGTAGGTTGTCGGR 1350bp Dong et al., 2001b
CAGATATCTCTGCATTGGTGC
GGGATGTGTAAATGCTCCTG 399bp Randig et al,, 2002a
S e CO n d - Stag e CCCGCTACACCCTCAACTTC
GTGAGGATTCAGCTCCCCAG 9550 Meng ef al., 2004
. - ACGAGGAACATACTTCTCCGTCC
J u Ve n I I e M. javanica CCTTAATGTCAACACTAGAGCC 1650bp Dong &t al, 2001b
GGCCTTAACCGACAATTAGA
GGTGCGCGATTGAACTGAGE 670bp Zijlstra et al., 2000
CAGGCCCTTCAGTGGAACTATAC
ACGCTAGAATTCGACCCTGG 517bp Meng ef al., 2004
GGTACCAGAAGCAGCCATGC
. M. enterolobi GAAATTGCTTTATTGTTACTAAG 322bp Blok ef al, 2002
. Multiple assays e
- M. naasi CTCTTTATGGAGAATAATCGT 433bp Zijlstra et al., 2004
CCTCCGCTTACTGATATG

are re q u | re d M. paranaensis ggg%ﬁ%ggggﬁg#c 208bp Randig et al,, 2002b




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
seguences

. lhese 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
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Fortunately nematode
disease diagnosis is related
to the purpose for which is
Intended

N
i\
'I
|
)

i i
| i
9l Iis
1 N W
. h .
" Y L. i
% . . N
g \ |
L I\
| LT
| L
| |
|
\ A I
\ A ]
\ |
|
F !
i | |
[
r

il S|

Root-knot, cyst, and lesion
nematodes are the most

Important for diagnosis mm ; //
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Any Questions?
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