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Diagnostic Probes Targeting the Major Sperm Protein 
Gene That May Be Useful in the Molecular Identification 

of Nematodes 
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Abstract: Discrimination o f  closely related nematode  species is typically problematic  when  tradi- 
tional identification characteristics are p rone  to intraspecific variation. In  this study, a molecular  
approach  that can dist inguish Pratylenchus penetrans and P. scribneri is described. T h e  approach  uses 
universal  p r imers  in conjunct ion with polymerase chain reaction (PCR) to amplify equivalent frag- 
ments  o f  the major  spe rm prote in  (msp) gene f rom any nematode.  This gene f r agmen t  typically 
includes an in t ron  o f  variable sequence. The  presence of  this highly variable segment  in an otherwise 
conserved gene  sequence allows P. penetrans and P. scribneri to be dist inguished by ei ther  a species- 
specific amplification or  by dot-blot  hybridization. The  approach is potentially o f  general  utility in 
species-specific identification o f  nematodes.  
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Accura te ,  specif ic  iden t i f ica t ion  of  
nematode infestations is required for suc- 
cessful crop management  practices (2). 
Morphological techniques can be used in 
many, but not all cases, and therefore al- 
ternative approaches have been developed 
to a ugm en t  or  supplant  identif ication 
based on morphological  characteristics. 
Biochemical approaches  have included 
isozyme analysis (10,21), two-dimensional 
polyacrylamide gel electrophoresis (11), 
and serological techniques that use poly- 
clonal or monoclonal antibodies (14,27). 
Molecular  approaches  to identification 
originally relied on restriction fragment 
length polymorphism (RFLP) of  genomic 
(5,9,12,16) and mi tochondr ia l  (13,23) 
DNA. The emergence of polymerase chain 
reaction (PCR) technology (19), which can 
amplify small amounts of  DNA, has revo- 
lutionized the practical utility of  molecular 
approaches in medical diagnostics. Not 
surprisingly, PCR approaches have been 
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found to show promise in nematode iden- 
tification and systematics (33). 

Two types of  PCR-based approaches  
have been used in nematode detection. 
The first of these, random amplified poly- 
morphic DNA (RAPD) analysis, utilizes 
random primers to generate distinct am- 
plification markers that can be used for 
nematode identification (6,7). This tech- 
nique has been used to identify geograph- 
ically distinct groupings of  Pratylenchus vul- 
nus (24). RAPD-PCR is advantageous in 
that it requires no isotopic labelling nor 
does it require extensive sequence knowl- 
edge of  the target genome. However, mul- 
tiple primers or primer combinations must 
be tried to develop a suitable marker array. 
A promising alternative approach is PCR 
amplification of  distinct mitochondrial or 
genomic DNA sequences (3,15,22). In the 
work presented here the particular advan- 
tages of  an identification scheme based on 
the genes encoding the major sperm pro- 
tein (MSP) are explored. MSP is a 127 
amino acid protein that is known to be a 
major component of  the cytoskeleton of  
the amoeboid sperm ofAscaris suum (4,30). 
It is encoded by a multicopy gene family 
(the msp genes) that varies in size from 1 to 
4 copies in filarial nematodes (29) to at 
least 35 copies in Caenorhabditis elegans (32). 
The organization of  the msp family has 
been studied in C. elegans (32), where the 
genes are loosely clustered in several dis- 
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tinct chromosome regions but nevertheless 
encode essentially the same peptide. Each 
C. elegans msp gene is preceded by a pre- 
sumptive promoter, and each apparently 
represents a separate transcription unit 
(1,17). Msp genes have been found in every 
nematode in which they have been sought, 
including free-living soil (1,17) and plant- 
parasitic (20,28), animal-parasitic (4), and 
entomopathogenic (29) nematodes. MSP 
has not yet been detected in any non- 
nematode species; hence, the presence of 
one or more msp genes appears to be a 
characteristic nematode feature. In most 
species, the msp genes appear to be inter- 
rupted by a single intron. In the case of 
Ascaris, the existence of an intron has been 
experimentally proven by comparison of 
genomic DNA sequence to previously pub- 
lished cDNA sequence (4). All but one of 
the C. elegans msp genes lacks the putative 
intron (1); however, this appears to be 
atypical among nematode species. To date, 
genomic DNA has been examined from 21 
nematode species (1,4,17,20,26,29,31; Set- 
terquist et al., unpubl.). This sequence ev- 
idence suggests that intron-containing msp 
genes are present in all 21 species. 

The potential utility of  the msp gene in 
nematode detection stems from the fact 
that it encompasses highly species-specific 
sequences, i.e., those of  the putative intron 
within predictably conserved flanking re- 
gions, the msp coding region. Thus it is 
easy to obtain sequence information for 
any species of  interest using gene-specific 
amplification primers to conserved coding 
sequences that flank the intron. The re- 
sulting sequence includes a variable region 
that can be used as a hybridization target 
in subsequent identification and a con- 
served region that can serve as a positive 
control. This study demonstrates an msp- 
based detection system that can distinguish 
P. scribneri from P. penetrans. 

M A T E R I A L S  A N D  M E T H O D S  

Nematode isolates: Two isolates of Praty- 
lenchus penetrans were obtained. The first 
isolate (PpOR), obtained from L. A1-Banna 

and V. Williamson at the University of Cal- 
ifornia, Davis, consisted of  nematodes  
originally associated with mint plants in 
Oregon and subsequently maintained in 
the greenhouse at the University of Cali- 
fornia, Davis. The second isolate of P. pen- 
etrans (PpMD), originally collected in Tal- 
bot County, Maryland, and an isolate of  
Pratylenchus scribneri were obtained from 
D. Chitwood of the USDA in Beltsville, 
Maryland. 

Design of amplification primers for msp genes 
from different nematode species: DNA se- 
quences for msp genes from Globodera ros- 
tochiensis (20), C. elegans (1,17) A. suum (4), 
Onchocerca volvulus (29), and Dictyocaulus 
viviparus (26,31) were aligned and the 
amino acid sequence deduced. Conserved 
sequence segments in the N-terminal re- 
gion, KIVFNAP (amino acids 16-23 in C. 
elegans) and  the  C - t e r m i n a l  r eg ion ,  
WFQGDGMV (amino acids 107-114) were 
used in the design of amplification primers 
mspF and mspR (Fig. 1). Using these prim- 
ers, more than 80% of the coding region of 
the msp gene is typically amplified from a 
nematode genome template. 

PCR amplification, DNA purification, clon- 
ing, and sequencing of nematode msp genes: 
MspF and mspR primers were used to am- 
plify msp gene segments from crude lysates 

I 

16 -23 

Ce-~TCGTC'i '~T~TGCCCC 
As-~T'~TCTTC~%.T~C-CC 
Ov-GAAAATCGTCTTCAATGCTCC 

Gr-GAAGATCGTCTTCAACGCACC 

Dv-GAAGATCGTCTTCAACGCTCC 

5' 3 ~ 

GAAGATYGTCTTYAAYGCNCC 
mspF PCR primer 

12") 

107 -114 

TGGTTC~G~GATGGTATGG 
TGGTTCCA~7,GTGATGNTAT~ 
T ~TTC CAGGGT~%.T ~;'T&T~ 
TGGTTC~,G~G~CGGTAT~ 
TGGTTCCAA~'%T~TAT~ 

mmpR PCR p ~ £ n e r  
ACCAAGGTYC CWCTACCTTACC 
3, 5, 

FIG. 1. C o n s e r v e d  a m i n o  ac id  s e q u e n c e s  in MSP 
employed for the design of msp PCR primers. Top 
line indicates the Msp polypeptide, with boxes 16-23 
and 107-114 indicating the highly conserved amino 
acid sequence shown below. Corresponding nucle- 
otide sequence coding for these regions in Caenorhab- 
ditis elegans (Ce), Ascaris lumbricoides var. suum (As), 
Onchocerca volvulu~ (Ov), Globodera rostochiensis (Gr), 
and Dictyocaulus viviparus (Dr) are shown. The degen- 
erate forward and reverse primers, mspR and mspF, 
used in this study are shown. 
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or purified genomic DNA. Ten  to fifty 
nematodes were placed in 25 ~1 of lysis 
buffer  (60 ~g/ml Proteinase K in 10 mM 
Tris [pH 8.2], 50 mM KC1, 2.5 mM MgC12, 
0.45% Tween, and 0.05% gelatin), heated 
to 60°C for 10 minutes, and then heated to 
100°C for 5 minutes. Lysate (2.5 ~1) was 
added to standard PCR reaction compo- 
nents: Pr imer mspF and mspR (1 p,M) 
dNTPs (0.2 mM), MgC12 (2.0 mM), 5 p~l 
ten-fold concentrated PCR reaction buffer 
(500 mM KC1, 100 mM Tris-HCl [pH = 
9.0], 1% Triton X-100), 2 units Taq DNA 
polymerase and H20 to 50 p,l. 

Each PCR reaction was placed in a ther- 
mocycler (MJ Research PTC 100 Thermo- 
cycler,  MJ Research,  Water ton,  MA), 
where the following cycling parameters 
were applied: 94°C denaturing step for 2 
minutes; 30 amplification cycles consisting 
of  94°C for 30 seconds, 45°C for 30 sec- 
onds, and 72°C for 1 minute; and a final 
72°C extension step for 5 minutes. The 
PCR reaction products were analyzed by 
electrophoresis on a 1.5% agarose gel con- 
taining ethidium bromide in TAE buffer 
(40 mM Tris-acetate, 1 mM EDTA, pH 
8.O). 

PCR products from P. penetrans and P. 
scribneri were ligated into a T-tailed vector 
(Bluescript II KS [ + / - ]  (18). Nucleotide 
sequences of  cloned inserts were deter- 
mined with Sequenase Version 2.0 (USB, 
Cleveland, OH) according to the manufac- 
turer's instructions. KS and SK primers, 
which anneal to the 5' and 3' regions of  
pBluescript that flank the insert, were 
used to obtain the rasp nucleot ide  se- 
quences. 

Msp nucleotide sequence analysis: DNA se- 
quences obtained from the literature or 
determined in the laboratory were entered 
into computer  files and deposited in Gen- 
Bank. Sequences Ps 1-4 have accession 
numbers U57588-U57591, PpOR 1 and 2 
have U57748 and U57749, and PpMD3-6 
have U57750 and U57829-U57831. Se- 
quence comparison was facilitated by using 
programs in the GCG sequence analysis 
package (Version 8.0; Genetics Computer 
Group Madison, WI) running on a SUN 

SPARCstat ion 20. Mul t ip l e - sequence  
alignments were established and main- 
tained using the GDE (Genetic Data Envi- 
ronment) package. 

Species-specific PCR amplification: Primers 
specific for P. scribneri (pPs) and P. pene- 
trans (pPp) rasp sequences were designed 
(Fig. 2). In addition, a probe sequence, 
mspG, was identified (Fig. 2) that was 
highly complementary to all known msp 
genes. This probe served as a positive con- 
trol to assay for the presence of  msp DNA 
in amplification products. To determine 
whether pPs and pPp would selectively am- 
plify species-specific msp gene fragments, a 
second PCR reaction using the first PCR 
product as templates was performed. PCR 
products obtained from P. scribneri and 
both P. penetrans isolates (OR and MD) us- 
ing mspF and mspR primers were diluted 
1:1,000. One microliter of  diluted PCR 
product was added to separate 50-~zl PCR 
reactions. Each separate template was sub- 
jected to thermocycling with the following 
primer sets: 1) primer mspF and mspR, 2) 
primer mspR and pPp, and 3) primers 
mspR and pPs. These PCR reactions were 
placed in the thermocycler and the follow- 
ing cycling parameters were applied: de- 
naturing step at 94°C for 2 minutes, 30 
amplification cycles at 94°C for 30 seconds 
followed by 50°C for 15 seconds and 72°C 
for 30 seconds, and a final extension step 
at 72°C for 5 minutes. The PCR reaction 
products were analyzed by electrophoresis 
as previously described. 

Dot-blot hybridization of PCR products to 
species-specific probes: Radiolabeled oligonu- 
cleotide probes pPp, pPs and a plant- 
parasitic nematode specific primer, mspG 
(Fig. 2), were end-labeled with [~/-32p]ATP 
using T4 polynucleotide kinase, (PNK) 
(USB, Cleveland, OH), 10 pmoles of  oli- 
gonucleotide, 20 pmoles [~/-32p]ATP at 
6,000 Ci/mmol, 5 units PNK in a total re- 
action volume of 50 p~l PNK buffer (50 mM 
Tris pH 7.6, 10 mM MgC12, 10 mM 2-mer- 
captoethanol). The reaction mix was incu- 
bated at 37°C for 1 hour. Five microliters 
of  spin-column purified msp PCR product 
(ca. 25 ng) were denatured and pipetted 
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1 Ps-I 

2 Ps-2 

3 Ps-3 
4 Ps-4 

5 Pp0RI 

6 PpOR 2 

7 PpMD3 
8 PpMD¢ 

9 PpMD5 

i0 PpMD6 

1 Ps-I 

2 Ps-2 

3 Ps-3 

4 Ps-4 

5 PpORI 

6 Pp0R2 

7 PpMD3 

8 PpMD4 

9 PpMD5 

i0 PpMD6 

[ ............. 

MSP F .... > MSP G .... ~ pPs and DPP 

GAAGGTCGTCTTCAACGCACCccgttcgatGACAAGCACACCTACTACATGAAG gttagttaatttaa 

................................... GTCAGTT/%ATTTAA 

......................... t ......... gtcagttaatttaa 

.................. t.t .............. gtcagttaatttaa 

...c ........................ gtaaggacacaact 
......... c ........................ GTAAGGATAAGGAC 

........ t .......................... gtaaggacaaaact 

.t ........ c ..... a .................. gtaaggacacaact 
...... c ........................ gtaaggacaaaact 

.......... c ........................ gtaaggacaaaact 

................. XNTRON ........................................... ] 
.... > 

aattaaaatttccaaatcaaataataaa ...................... tccctttttcccacag arc 

CATTAAAATTTCCaaatcaaataataaa ....................... tcccttttcccacag .. 

aattaaaatttccaaatcaaata ............................. tcttttttccacag .t 

cattaaaatttccaaatctattaataaa ..................... tccccttttttccgcag .. 

ctcttctcttaaat-cataatcttgctaatgccattcc ........ cattcccctccatattccag .. 

ARAACTCtcttctcataaaatatatttcagtgctaatactaataacattccctttcaatttcacag .. 

ctcttcacataaaaat-acatattcctaataccatccc ........ cattccccttcaaattccag .. 

ctcttctcttaaat-cataatcttgctaatgaaatca ......... cattcccctccatattccag .. 

cttttctcttaaat-cataatcttgctaatgaaattacaata .... cattcccctccatattccag .. 

ctcttctcataaaatcataatcttgctaatgccattcc ....... cattcccctttcaattcccag .. 

1 

2 

3 

4 
5 
6 

7 

8 
9 
i0 

PS-I 

Ps-2 

Ps-3 

Ps-4 

PpORI 

PpOR2 
PpMD3 

PpMD4 

PpMD5 

PpMD6 

a t c a a c t c c g g c g g t c a c c g c a t c g g c t t c g c c t t c a a a a c g a c c a a c c c g c a a c g t c t g a a c a t g g a c c  

.C ......... a..a ...... ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

........... a..a ........ t .............. g..a ............................ 

........... a..a ........ t .............. g..a .............. c ............. 

• .ac ....... a..a ........ t .............. g..a .............. c ............. 

PS-I 

PS-2 

PS-3 

PS-4 

PpORI 

Pp0R2 
PpMD3 

cgcccaatggagtgcttgacccgaaggaatccatcaacattgccatctcctgcgatgccttcgattctgc 

.C..a ........... c ............................................... cg.a.. 

.... ~ ........... c ............................................... cg.a.. 

.... a ........... c ............................................... cg.a.. 

PS-I 

PS-2 
PS-3 

PS-4 

PpORI 

PpOR2 

PpMD3 

~ a c c g a g g c c a c c a a c a a c g a c c g c g t c a c c g t g g a a t g g a c c a a c a c a c c g g a g g g a g c a g c c a a g c a a  

....... c..tt .......................................................... 

t ..... a..g .............. t ....................... C ................... g. 

t ..... a..g .............. t ....................... c..a .................. 

t ..... a.gg .............. t ....................... c ................... g. 

1 PS-I 

2 Ps-2 

3 PS-3 

4 PS-4 
5 PpORI 

6 PpOR2 
7 PpMD3 

< .... PRIMZR MSP R 
t t c cg t c gc gaaTGGTTCCARGGWGATGGAATGG 

..... a... 

..... c... 

..a..a .............. 

FIG. 2. Nucleotide sequence of  rasp gene fragments from Pratylenchus scribneri and P. penetrans strains OR 
and MD and (P. scribneri, sequences 1-4; P. penetrans OR, sequences 5 and 6; and P. penetrans MD, sequences 
7-10). Primers mspF, mspG, and mspR are shown in bold on the Ps-1 sequence and identified above the 
sequence. Primers pPs (P. scribneri specific) and pPp (P. penetrans specific) are shown in bold on sequences Ps-1 
and PpOR-2, respectively. Dots indicate identity with the Ps- 1 sequence. Blank spaces indicate that no sequence 
was determined.  For several genes, e.g., Pp MD 4-6, only the intron and immediate flanking regions were 
sequenced. In t ron sequences of each gene are shown in full. Dashes indicate gaps inserted for al ignment 
purposes. The  introns were aligned for all available genes from each species. Introns are not readily alignable 
between species; the global intron alignment should not be given great credence. 
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onto  a nylon f i l ter  and cross-linked by ir- 
r ad ia t ion  with UV light for  3 minutes .  
Replicate filters were subjected to a pre- 
hybridizat ion step by adding 6 x  SSC (20x 
SSC is 3 M NaC1/0.3 M sodium citrate, pH  
7.0) with 0.5% SDS, 5× Denhard t ' s  re- 
agent,  100 txg/ml d e n a tu r ed  f r agmented  
salmon sperm DNA and then incubated at 
37°C for  1 hour .  One  filter was hybridized 
with 32p-labeled pPs and the o ther  with 
32p-labeled pPp probe  for  3 hours  at 50°C. 
Filters were  subsequent ly  washed in 2 x  
SSC, 0.5% SDS for  5 minutes at room tem- 
pe ra tu re ;  2 x  SSC, 0.1% SDS for  15 min- 
utes at r oo m tempera tu re ;  and 0.1 × SSC, 
0.5% SDS for  30 minutes  at 37°C. A final 
series o f  th ree  washes was p e r f o r m e d  with 
0 .1x  SSC and 0.5% SDS for  30 minutes 
each at 50°C. T h e  filters were placed on 
X-ray film with an intensifying screen for  
12 hours  at - 8 0 ° C  and then  developed.  

Filters were r insed three  times with 2x  
SSC hea ted  to 100°C for  15 minutes  to 
strip the radioactive probes. Filters were 
then  re-hybr id ized as above with mspG to 
de m ons t r a t e  tha t  all dots conta ined  rasp 
gene DNA. 

RESULTS 

each species can also be readily al igned 
and have obvious sequence identity. Inter-  
generic a l ignment  o f  putat ive in t ron  se- 
quences, however,  is difficult  since the de- 
gree o f  nucleot ide sequence similarity is 
low. For  example,  the first 27 bases of  the 
intron in the four  aligned P. scribneri se- 
quences exhibit 92.6% sequence similarity, 
while the consensus sequence f rom this re- 
gion shares only 29.6% identi ty with the 
same region f rom the P. penetrans MD se- 
quence.  Th e re fo r e ,  it was s t ra ight forward  
to use the intron sequences to select spe- 
cies-specific sequences (Fig. 2). 

Specific amplification of Pratylenchus MSP 
genes: T h e  results o f  a second r o u n d  o f  
PCR u s i n g  p r i m e r  m s p R  wi th  e i t h e r  
p r imer  pPp or  pPs in the presence  o f  PCR 
template f rom the two geographical  iso- 
lates o f  P. penetrans and  P. scribneri are 
shown in Fig. 3. Pr imer  pPs produces  only 
an msp band for  P. scribneri, whereas  pPp 
p ro d u ces  an ampl i f ica t ion  p r o d u c t  msp 
band for  both the OR and MD strains o f  P. 
penetrans (lanes 2 and 3). 

Dot-blot hybridization of specific probe to 

1 2 3 4 5 6 7  

Amplif icat ion reactions utilizing mspF 
and mspR with genomic  DNA present  in 
c rude  lysates can be rout inely  used to am- 
plify msp gene f ragments .  Msp genes f rom 
free-living nematodes  in the genera  Cae- 
norhabditis, Rhabditis and Pelodera, as well as 
several  species o f  plant-parasi t ic  nema-  
todes, have all been  readily amplif ied with 
pr imers  mspF and mspR (Setterquist et al., 
unpubl . )  T h e r e f o r e ,  it is likely that these 
pr imers  will amplify rasp DNA f rom a large 
n u m b e r  o f  n e ma t o d e  genera.  

Nucleot ide  sequences o f  msp gene frag- 
ments  were obta ined  for  two d i f fe ren t  P. 
penetrans OR  genes, one  P. penetrans MD 
gene,  and  fou r  P. scribneri genes (Fig. 2). 
T h e  total n u m b e r  of  msp genes present  in 
each o rgan i sm has not  been  est imated.  
T h e  coding regions are highly conserved 
and  can be easily al igned with previously 
known rasp sequences.  T h e  introns f rom 

3 4 4 -  

Fro. 3. Agarose gel of amplification products gen- 
erated by a second round of Pratylenchus species- 
specific PCR. PCR reactions were performed using 
primer mspR with either primer pPp or pPs in the 
presence of msp PCR DNA from two geographical 
isolates of P. penetrans and P. scribneri. Lane 1--mo- 
lecular weight markers; lane 2--P. penetrans OR 
(primer set: mspR/pPp); lane 3--P. penetrans MD 
(mspR/pPp); lane 4~P. scribneri (mspR/pPp); lane 
5--P. penetrans OR (mspR/pPs); lane 6--P. penetrans 
MD (mspR/pPs); lane 7--P. scribneri (mspR/pPs). 
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Pratylenchus msp PCR products: As is appar-  
ent  f rom the au to rad iogram (Fig. 4), the P. 
penetrans-specific p r i mer  hybridized only 
to the P. penetrans msp PCR produc t  and 
the P. scribneri-specific pr imer  hybridized 
only to the P. scribneri msp PCR product .  In 
each case, the PCR DNA hybridized to the 
positive control  probe,  mspG, conf i rming 
the presence  o f  msp DNA on each filter. 

DiscussioN 

T h e  msp gene  amplif ication technique 
descr ibed here  allows one  to distinguish 
two Pratylenchus species, P. scribneri and P. 
penetrans, by the selective amplification o f  a 
specific f r a gme n t  using a single species- 
specific p r imer  or  by hybridizat ion to a 
species-specific probe.  T h e  approach  is po- 
tentially useful  as it likely can be used to 

distinguish nema tode  genera  in most cases 
and, in some cases, re la ted n e m a t o d e  spe- 
cies as well. 

T h e  success o f  the a p p r o a c h  der ives  
f rom the following favorable characteris-  
tics o f  the msp gene family: (i) the genes 
tha t  e n c o d e  the  MSP p r o t e i n  are  f re -  
quen t ly  mul t i -copy  and  thus  p r o v i d e  a 
grea ter  n u m b e r  of  targets for  PCR; (ii) the 
msp gene  is relatively short ,  and  near ly  
complete  sequence data  can be obta ined  
with only  two p r imer s ;  (iii) m sp F  and  
mspR may pe rmi t  ampli f icat ion f r o m  a 
wide variety o f  d ivergent  nematodes ;  (iv) 
amplif ied rasp DNA has been  f o u n d  to in- 
clude a putative in t ron in at least one  msp 
gene for  every nema tode  species examined  
to date; and (v) the variability o f  the puta- 
tive intron regions is such that  they pro- 
vide probe  target  sequence segments  that 

Probe Probe 
mspG Ps or Pp 

i i 

Conserved exons 

Variable intron 

FIG. 4. Autoradiogram of a dot-blot hybridization of Pratylenchus scribneri and P. penetrans strains OR and 
MD rasp PCR products. PCR products from each nematode strain (PpOR, PpMD, and Ps) were bound to nylon 
strips. Strip A was probed with an oligonucleotide specific to a P. penetrans intron. The probe was removed and 
re-probed with mspG as a positive control, which is shown as strip B. Strip C was probed with an oligonucle- 
otide specific to a P. scribne~q intron. The probe was removed and the strip was re-probed with mspG as a 
positive control, which is shown as strip D. 
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can differentiate nematode genera and, in 
at least some cases, species within the same 
genus. 

Many of  our presumptions concerning 
genus and species-specific primers based 
on the putative intron sequences relied on 
data acquired in the sequencing of a sig- 
nificant number  of  msp genes in many 
free-living nematodes. In all nematodes 
examined to date, there appears to be little 
conservation of  msp introns between gen- 
era or what are known to be widely di- 
verged species. However,  in instances 
where two species are closely related, the 
introns may not be of sufficient diversity to 
provide species-specific primers. For ex- 
ample, in Globodera rostochiensis and G. pal- 
lida the available intron sequences are sim- 
ilar and differ by only 3 to 4 bases (8). 

Within the genome of a single species, 
each rasp gene typically has a unique in- 
tron. It is especially important to under- 
stand this point when designing primers or 
hybridization probes. Thus, it would ap- 
pear, based just on the sequence informa- 
tion shown in Fig. 2, that probe Pp would 
detect the OR strain to the exclusion of the 
MD strain. This is in fact not true, as 
shown in Fig. 4. One explanation is that 
only a small number of  genes have been 
characterized from each strain and, more- 
over, they may not be homologues. Thus, 
it was assumed during probe design that 
the Pp probe target was actually in both 
the MD and OR strains even though the 
intron containing it was only sequenced in 
the OR case. This assumption was sup- 
por ted  by the results presented here. 
Moreover, these results emphasize the fact 
that one need not sequence all msp genes 
within a species to identify suitable probe 
targets. An alternative probe based on a 
portion of the PpOR1 intron sequence that 
is also present in Pp MD4 gave similar re- 
sults (unpubl.). 

The amplification of msp DNA from a 
single isolate by primers mspF and mspR 
provides a plentiful source of target that 
can be tested with multiple species-specific 
primers in a second PCR reaction. Identi- 
fication is predicated on the presence or 

absence of a distinct PCR band. Diagnosis 
based upon the absence of  a character 
could be problematic without proper con- 
trols, since the absence of a band in the 
PCR reaction may simply indicate a failed 
reaction. Use of a general primer set (e.g., 
mspF and mspR) included in a multiplex 
PCR reaction with a third specific primer 
(mspG) can serve as a suitable positive con- 
trol. The use of dot-blot hybridizations to 
msp PCR DNA with appropriate controls 
may provide a simple and convenient way 
to identify nematodes. Alternatively, it 
might be possible to develop a colorimetric 
reverse dot-blot containing oligonucle- 
otide intron probes immobilized onto a ny- 
lon membrane strip (25). 

A major limitation of  any approach 
based on hybridization to a PCR-amplified 
gene is the availability of sequence data. 
Probes that can make the desired distinc- 
tion must be designed. Thus, a target se- 
quence that is found in all members of a 
taxonomic group, e.g., genus, but not in 
other groupings of the same taxonomic 
rank is ideal for determination at that tax- 
onomic rank. In contrast,  a target se- 
quence that is too variable or too con- 
served may be problematic. This difficulty 
can be partially overcome by the choice of  
hybridization conditions; in general, how- 
ever, the solution is acquisition of  suitable 
sequence information. In the present case, 
we have demonstrated that msp gene se- 
quence information can be rapidly col- 
lected and that species-specific discrimina- 
tion can be obtained. 
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