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Restriction Fragment Length Polymorphism Separates 
Species of the Xiphinema americanum Group 1 

THIERRY C. gRAIN 2 

Abstract: The  Xiphinema americanum group of species is responsible for vectoring several important  
virus diseases to perennial  crops. Variability of transmission of viruses by different species, and 
difficulties in separating species by morphometric  measurements alone, make it essential to reassess 
the taxonomic position of  several species in the group. The  measurement  of DNA sequence vari- 
ability is a sensitive assay that can re-evaluate the separation of  species and populations from each 
other. This study describes how an RFLP approach, in which the restriction sites in transcribed 
spacers of ribosomal repeats were detected, confirmed the separation of 16 populations of these 
species into X. americanum, X. rivesi, X. pacificum, and X. bricolensis. 
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As with most plant-parasitic nematodes, 
the taxonomy of the Xiphinema americanum 
group is based on morphometrics. How- 
ever, as described in the other papers of 
this symposium (2,10,13,17), many charac- 
ters used to separate the species often 
overlap, making diagnostics difficult and 
often merely tentative. Biochemical char- 
acters that have complemented morpho- 
logical measurements in other nematodes 
(like root-knot species) have not been used 
in Xiphinema, probably because most bio- 
chemical analyses require relatively large 
quantities of  material and because many 
Xiphinema species have been described 
from fixed material. 

Techniques of molecular biology can 
help resolve some problems of  identifica- 
tion of  plant-parasitic nematodes (1,3,4,14, 
15). Sequence variability occurs in most re- 
gions of the genome. When these changes 
eliminate or create new restriction sites in 
DNA, this variation, called restriction frag- 
ment  length polymorphism (RFLP), can be 
measured by the number  and size of frag- 
ments generated by digesting the DNA of 
different  populations with the same re- 
striction enzyme. Curran et al. (5) and oth- 
ers since (1,3,4,15) have used RFLPs to 
separate  species and genera  of  plant- 
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parasitic nematodes. Nucleotide substitu- 
tions within noncoding regions (i.e., in- 
trons or spacers) accumulate much more 
rapidly than in the coding regions because 
of the lack of consequences to the pheno- 
type. This higher frequency of sequence 
differences facilitates distinguishing popu- 
lations or strains that have separated re- 
cently. The polymerase chain reaction has 
been used to amplify genetic marker  se- 
quences with random primers (4) and to 
amplify specific mitochondrial or other se- 
quences (1,15). 

The ribosomal cistron of  Caenorhabditis 
elegans has been cloned and sequenced (7). 
It consists of three functional genes coding 
for ribosomal RNA, separated by two in- 
ternal transcribed spacer regions (ITS) 
and a nontranscribed spacer (NTS, Fig. 1). 
Comparative analysis of  coding and non- 
coding regions of ribosomal DNA (rDNA) 
is becoming a popular tool for the con- 
struction of phylogenetic trees and for the 
determinat ion of  evolutionary relation- 
ships in nematodes .  Variability in the 
rDNA sequence of  species of the X. ameri- 
canum group was measured using the poly- 
merase chain reaction (PCR) to amplify the 
5.8S gene and the ITS (18). Ferris et al. (8) 
recently studied variability of  cyst-forming 
nematode populations, and Wendt et al. 
(unpubl.) analyzed RFLPs in species of Di- 
tylenchus and races of D. dipsaci, using the 
same amplified rDNA fragment. 

Our study of the X. americanum group 
(18) involved 16 field populations from 
North America, with initial experiments 
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FIG. 1. Position of Xiphi,nema bricolensis clones pXbl01 and pXb481 flanking the Internal Transcribed 
Spacer (by homology to the ribosomal cistron of Caenorhabditis elegans), with sequences and positions of 18S and 
26S primers. NTS = nontranscribed spacer; ITS = internal transcribed spacer. Drawing courtesy of Funda- 
mental and Applied Nematology. 

focused on X. bricolensis. Total DNA ex- 
tracted from approximately 2,000 X. brico- 
lensis nematodes was cut with the restric- 
tion endonuclease Eco RI. The resultant 
DNA fragments were incorporated into a 
plasmid vector (pUC13), which was intro- 
duced into cells of  Eschericia coli, thus 
transforming them. 

The transformed E. coli cells containing 
a fragment of X. bricolensis rDNA were de- 
tected when their DNA hybridized with a 
probe made from the ribosomal cistron of 
Caenorhabditis elegans. The identified frag- 
ments of  X. bricolensis rDNA were se- 
quenced by the Sanger dideoxy-mediated 
chain termination method. The sequence 
of  each fragment was compared to that of 
the ribosomal cistron of C. elegans (7). The 
position of the rDNA clones relative to the 
gene map of the C. elegans ribosomal re- 
peating unit was ascertained by computer 
searches of sequence homology between 
the clones X. bricolensis fragments and ri- 
bosomal sequences from C. elegans and 
other organisms in the European Molecu- 
lar Biology Laboratory (EMBL) databank. 

Of the 600 clones (pXb) identified as 
containing X. bricolensis DNA, two (pXb 101 
and pXb486) were positioned respectively 
on the 18S gene and the 26S gene (Fig. 1). 
Both clones had a 21-nucleotide sequence 
perfectly conserved between X. bricolensis, 
C. elegans, and several other organisms in 
the EMBL database. Moreover, the posi- 
tion of these 21-nucleotide sequences was 
such that they could be used as primers to 
amplify the ITS region. These universal 

primers have since been used to amplify 
the ITS of  many nematode species, fungi, 
and insects (Vrain, unpubl.). The DNA 
fragment containing the ITS region from 
each Xiphinema population was amplified 
with the polymerase chain reaction (PCR), 
digested with restriction enzymes, and sep- 
arated by electrophoresis. Details of nu- 
cleic acid isolation, digestion, ligation, 
transformation, hybridization, sequencing, 
and polymerase chain reactions have been 
published (17,18). 

For each of the 16 Xiphinema popula- 
tions, the restriction bands produced with 
six restriction enzymes were scored as "0" 
(if absent) or "1" (if present). A matrix was 
then generated with nematode popula- 
tions as rows and bands as columns. This 
matrix was then multiplied by its transpo- 
sition to yield a new 16 x 16 matrix "M," 
with nematode populations as rows and 
columns. The numbers in the diagonal of  
the matrix M represented the total num- 
ber of  bands in a particular nematode pop- 
ulation, and the other numbers repre- 
sented the number  of bands shared by 
each population pair. Dissimilarity coeffi- 
cients for all pairwise comparisons were 
calculated using the matrix M and a For- 
tran subroutine. From these values, a clus- 
ter  analysis  ( u n w e i g h t e d  p a i r - g r o u p  
method with average) was performed and 
a tree was constructed (Program Tree,  
SAS). The patterns obtained with the re- 
striction enzymes Alu I, Barn HI, Dde I, 
Hinf  I, Mbo I, and Msp I grouped the 16 
populations into five clusters (Fig. 2). Two 
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X. americanurr~ Dobbins (WA, USA) 
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X. americanum, Corvallis (OR, USA) 
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X. rivesi 92%. X. americanum 8%, Ken Peach (PA, USA) 

X. americanum 84%, X. rivesi 16%, Adams Grass (PA, USA) 

X. amertcartum 92%, X. rivest 80/0, Peach (PA, USA) 

X. americanum 72%, X. rivesi 28%, Apple (PA, USA) 

X. americanurr~ Fin 8 (WV, USA) 

FI6. 2. Relationships of 16 populations of the xipttinema americanum group. Dendrogram obtained from 
presence and length of restriction fragments of amplified internal transcribed spacer regions. "%" is the 
proportion of X. rivesi or X. americanum in mixed populations of cluster 5. Drawing courtesy of Fundamental and 
Applied Nematology. 

X. americanum populations from Washing- 
ton and the population of X. bricolensis 
from British Columbia were similar. An X. 
americanum population from California 
and the population of X. pacificum from 
British Columbia were in the same cluster. 
Two populations of X. rivesi from Iowa 
and Quebec showed no differences in re- 
striction sites. The Parlier population from 
California described as X. americanum 
sensu lato (9) and an X. americanum popu- 
lation from Iowa and Oregon were clus- 
tered together, but not with the X. ameri- 
canum populations from Washington or 
from California. The  populations from 
Pennsylvania and West Virginia that had 
been identified as X. americanum, X. rivesi, 
or mixed populations of  these were clus- 
tered together.  This indicated that  all 
these populations were mixed, and that 
even the so-called pure populations con- 

tained a small proportion of the other spe- 
cies. Thus, a very low fi-equency ofX. amer- 
icanum could be detected in a population 
ofX. rivesi, and a low frequency ofX. rivesi 
was detected in a population of X. america- 
num. 

This molecular approach is capable of 
separating species within the X. americanum 
group. For example, rDNA analysis indi- 
cated that the X. americanum Parlier popu- 
lation was in a separate cluster from X. 
rivesi. The validity of  X. bricolensis and X. 
pacificum, well separated from X. america- 
num or X. rivesi, was confirmed. Xiphinema 
pacificum was described as a new species 
from British Columbia (16) somewhat re- 
sembling X. californicum; RFLP showed 
that the type population ofX. pacificum was 
clustered with Murido, a California popu- 
lation that is morphologically identical to 
X. californicum (D. J. F. Brown, unpubl.). 
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B e c a u s e  t h e  P a r l i e r  p o p u l a t i o n  was t h o r -  
o u g h l y  c h a r a c t e r i z e d ,  we c o n c l u d e d  o n  t h e  
bas is  o f  th is  R F L P  d a t a  t h a t  t h e  t h r e e  X. 
americanum p o p u l a t i o n s  f r o m  W a s h i n g t o n  
a n d  C a l i f o r n i a  c l u s t e r e d  wi th  X. bricolensis 
o r  X. californicum w e r e  p r e v i o u s l y  m i s i d e n -  
t i f fed.  

T h e  d e s c r i b e d  t e c h n i q u e  m e a s u r e s  var i -  
a t i o n  b e t w e e n  spec ies  o t h e r w i s e  d i f f i cu l t  to 
s e p a r a t e  by  s t a n d a r d  m o r p h o m e t r i c s .  T h e  
d i s t r i b u t i o n  o f  r e s t r i c t i o n  sites in  D N A  se- 
q u e n c e s  r e p r e s e n t s  a n  e x t r e m e l y  sens i t ive  
too l  to  m e a s u r e  g e n e t i c  va r i ab i l i t y  b e t w e e n  
i n d i v i d u a l  n e m a t o d e s ,  p o p u l a t i o n s ,  sub -  
spec ies ,  o r  h i g h e r  levels  o f  taxa .  

D e s p i t e  r e n e w e d  e f f o r t s  to  r e so lve  t axo-  
n o m i c  u n c e r t a i n t i e s  in  t h e  i n c r e a s i n g  n u m -  
b e r  o f  spec ies  in  t h e  X. ame,~canum g r o u p ,  
q u e s t i o n s  r e m a i n  a b o u t  spec i f i c i ty  o f  v i rus  
t r a n s m i s s i o n ,  va l i d i t y  o f  spec i e s  d e s c r i p -  
t ion ,  a n d  s y n o n y m y  o f  species .  T h e  R F L P  
a p p r o a c h  s h o u l d  a l low f o r  t h e  c o r r e l a t i o n  
o f  i n t r a p o p u l a t i o n  h e t e r o g e n e i t y  a n d  spec-  
i f ic i ty  o f  v i rus  t r a n s m i s s i o n .  I t  will c o m p l e -  
m e n t  t h e  m o r p h o l o g i c a l  a n d  b i o l o g i c a l  
m e a s u r e m e n t s  o f  p o p u l a t i o n s  e x a m i n e d  
d u r i n g  t h e  i n t e r n a t i o n a l  c o l l a b o r a t i v e  
p r o j e c t  o n  this  g r o u p  o f  n e m a t o d e s  a n d  
t h e r e b y  h e l p  r e so lve  t h e  m a n y  q u e s t i o n s  
a l l u d e d  to  in  th is  s y m p o s i u m .  
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