
Diacyl, Alkylacyl, and Alkenylacyl Phospholipids of 
Meloidogyne javanica Females ~ 

D. J. Chitwood aud L. R. Krusberg 2 

Abstract: T h e  phospho l i p i d  compos i t ion  and  acyl, alkyl, and  alkenyl  g roup  composi t ions  of 
diacyl, alkylacyl, and  alkenylacyl  phosphoglycer ides  of M. javanica were invest igated.  Phospho l ip id  
was compr ised  of 61.7% chol ine phosphoglycer ide ,  22.0% e t h a n o l a m i n e  phosphoglycer ide ,  a n d  
smal le r  quan t i t i e s  of  six o ther  lipids. Phospho l ip id  fatty acid was more  u n s a t u r a t e d  t h a n  neu t r a l  
l ipid fat ty acid and  conta ined  61.3% octadecenoic (18:1) acid. Fat ty  acid at  the  1-posit ion of 
diacyl phospho l ip ids  was shor te r  and  more  sa tu ra ted  t h a n  tha t  at the  2-posit ion.  C o m p a r e d  to 
chol ine  phosphoglycer ide ,  e thano lan t ine  phosphoglycer ide  conta ined  less 18:1 and  20:5 a n d  more  
18:0 and  20:0 acid. Alkenylacyl  and  alkylacyl c o m p o u n d s  compr ised  34.6% and  9.3%, respectively, 
of the  e t h a n o l a m i n e  phosphoglycer ide  bu t  only 0.5% and  0.6% of the  chol ine  phosphoglycer ide .  
Alkenylacyl  and  alkylacyl e t h a n o l a m i n e  phosphoglycer ides  conta ined  a smal le r  percentage  of 
20-carbon po lyunsa tu ra t ed  acid at the i r  2-posi t ions t ha n  did  the i r  diacyl ana logue .  At  least 95% 
of the  alkenyl  and  alkyl grottps were 18:0 compounds .  T o m a t o  roots did  not  con ta in  alkenylacyl  
or  alkylacyl phosphoglycer ides ;  thei r  occurrence in M. javanica is a s ignif icant  b iochemica l  
difference be tween the n e m a t o d e  and  its host.  Key words: l ipids, e t he r  lipids, p lasmalogens ,  fat ty 
acids, tomato ,  root -knot  nematode .  

Even though plant-parasitic nematodes 
are rich sources of lipid (7,16,18,22,23), 
knowledge of their phospholipid composi- 
tion is limited to the polar lipid (i.e., 
phospholipid plus glycolipid) or phospho- 
lipid fatty acid composition of Meloidogyne 
arenaria, M. incognita, and Globodera 
solanacearum (18,22). More information 
about nematode phospholipids is needed 
because phospholipid molecular species 
composition is an important variable among 
animal species, tissues, and organelles (10). 
Furthermore, in addition to the more com- 
monly studied diacyl phosphoglycerides, 
alkenylacyl (or plasmalogen) and alkylacyl 
phosphoglycerides (Fig. 1) occur in many 
animals, but presence of these ether-contain- 
ing lipids in plant-parasitic nematodes is 
unknown. The purpose of this study was to 
quantify the phospholipid composition, in- 
vestigate the occurrence of ether-containing 
phospholipids, and determine the positional 
distribution of acyl, alkyl, and alkenyl 
groups in individual phospholipids from 
females of M. javanica. For comparative 
purposes, the neutral lipid fatty acid com- 
position was also investigated. 
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MATERIALS AND METHODS 
M. iavanica was propagated on green- 

house cultures of Lycopersicon esculentum 
'Rutgers,' and females from seven-week-old 
cultures were obtained by maceration of 
root sections (12). Lipid from lyophilized 
nematodes was extracted by the method of 
Folch et al. (9). Total  lipid was fi'actionated 
into neutral lipid, glycolipid, and phospho- 
lipid with a column of 100-200 mesh Unisil 
(Clarkson Chemical Co., Williamsport, 
Pennsylvania) (24). 

Fatty acid methyl esters were prepared 
from neutral lipid and phospholipid by 
transesterification with BCl:methanol and 
purified by thin-layer chromatography 
(TLC) on glass plates coated with Silica 
Gel G (E. Merck, Darmstadt, West Ger- 
many) with benzene as the developing 
solvent (20). Methyl esters were identified 
and quantified as previously described (15, 
17). 

Individual phospholipids in the phos- 
pholipid fraction were identified, quanti- 
fied, and purified for subsequent analysis 
by several chromatographic procedures and 
chemical tests (6). Fatty acid methyl esters 
were prepared from purified choline and 
ethanolamine phosphoglycerides as above. 

Because diacyl, alkylacyl, and alkenylacyl 
phospholipids have not yet been separated 
from each other in the intac~ state, they 
were quantified and analyzed as their 
glyceride acetate derivatives. Therefore, 
1,2-diacyl-, 1,3-diacyl-, 1-alkyl-2-acyl-, and 
1-alkenyl-2-acylglycerol acetates were pre- 
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Fig. 1. Ethanolamine phosphoglycerides: 1,2- 

diacyl ethanolamine phosphoglyceride, or phosphati- 
dylethanolamine (a); l-alkyl-2-acyl ethanolamine 
phosphoglyceride (b); and l-alkenyl-2-acyl ethanol- 
amine phosphoglyceride, or ethanolamine plasmalo- 
gen (c). 

pared from choline and ethanolamine phos- 
phoglycerides, separated by three T L C  
systems, and quantified by photodensitom- 
etry (6). We assumed that  the small 
amounts of 1,3-diacylglycerol acetates were 
artifacts, resulting from acyl migration 
in 1,2-diacyl compounds, and we discarded 
them. Positional distribution of fatty acids 
in 1,2-diacylglycerol acetates, acyl and alkyl 
group compositions of 1-alkyl-2-acylglycerol 
acetates, and acyl and alkenyl group com- 
positions of 1-alkenyl-2-acylglycerol acetates 
were determined as previously described (6). 

The  presence of plasmalogens and alkyl- 
acyl phosphoglycerides in tomato roots was 
determined. Lipid was extracted from 
lyophilized roots by the method of Nichols 

(21), and phospholipid was isolated from 
total lipid as described above. Presence of 
alkenylacyl phospholipids was determined 
by HCl-reaction T L C  (25), which detects 
aldehydes derived from alkenyl groups. 
Presence of alkylacyl phosphoglycerides was 
determined by saponification of phospho- 
lipase C hydrolysis products and subsequent 
T L C  (4), which detects liberated alkylgly- 
cerols. 

Results presented are the means of three 
separate experiments with separate harvests 
of nematodes, except that alkyl groups were 
analyzed only twice. 

RESULTS 

Lipid content of M. javanica females 
was 40.5% of the dry weight. Weight  deter- 
minations of the three major lipid fractions 
are presented in Table 1. Neutral lipid was 
the major lipid class, followed in abundance 
by phospholipid and glycolipid. 

Table 1. Lipid composition of Meloidogyne 
javanica. 

% of nematode 
Lipid class % of total lipid dry weight 

Neutral lipid 84.2 34.1 
Glycolipid 2.5 1.0 
Phospholipid 13.3 5.4 

Choline phosphoglyceride was the most 
abundant  phospholipid followed by etha- 
nolamine phosphoglyceride and six other 
compounds (Table 2). 

Table 2. Phospholipid composition of Meloid- 
ogyne javanica. 

Phospholipid % of total 

Choline phosphoglyceride 
Ethanolamine phosphoglyceride 
Serine phosphoglyceride 
Sphingomyelin 
Lysophosphatidylcholine 
Inositol phosphoglyceride 
Diphospha tidylglycerol 
Phosphatidic acid 

61.7 
22.0 
7.0 
4.1 
2.6 
2.4 
0.2 

Trace 

The  fatty acid compositions of neutral  
lipid, phospholipid, and choline and etha- 
nolamine phosphoglycerides are shown in 
Table 3. Over half of the fatty acid in each 
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Table 3. Fatty acid composition of neutral lipid 
(NL), phospholipid (PL), choline phosphoglyceride 
(CP). and ethanolamine phosphoglyceride (EP) from 
Meloidogyne javanica. Results are expressed as rela- 
tive percentage of total fatty acid from each lipid. 

Fatty 
acid* NL PL CP EP 

10:0 0.01 0.00 0.00 
12:0 0.11 0.00 0.00 

iso-13:0 0.01 0.00 0.00 
iso-14:0 0.00 0.01 0.03 

14:0 1.9 0.10 0.08 
iso-15:0 1.2 0.24 0.16 

15:0 0.00 T t  T 
iso-16:0 T T 0.01 

16:0 7.8 1.7 1.8 
16:1 2.5 1.0 0.94 

iso-17:0 0.64 0.62 0.47 
17:0 0.00 T 0.01 

iso-18:0 0.00 0.24 0.01 
18:0 6.2 8.0 4.9 
18:1 74.6 61.3 68.0 
18:2 0.48 3.7 3.1 
18:3 0.08 0.18 0.30 
20:0 0.24 4.0 1.3 
20:1 1.9 4.1 4.3 
20:2 0.05 0.07 0.22 
20:3 0.39 1.3 0.90 
20:4to 6 0.07 1.8 0.83 
20:4~03 0.36 1.4 0.87 
20:5 0.77 9.5 11.4 
22:0 0.11 0.22 0.18 
22:1 0.15 0.48 0.32 
24:0 0.49 0.00 0.00 

*Fatty acids are represented by a system in which 
the first number represents the number of carbon 
atoms and the second represents the number of 
double bonds. 

~-Trace amounts detected. 

was 18:1 acid. Neu t r a l  l ipid con ta ined  pro- 
por t iona l ly  more  16:0 a nd  18:1 acids than  
phosphol ip id ,  wh ich  con ta ined  greater  per- 
centages of po lyunsa tu ra t ed  20-carbon acids. 
E t h a n o l a m i n e  phosphoglycer ide  con ta ined  
larger p ropor t ions  of 18:0 a nd  20:0 acids 
and  smaller  percentages of  18:1 and  20:5 
acids than  d id  chol ine  phosphoglycer ide .  

Results  of  pho todens i tome t r i c  quantif i -  
ca t ion of  T L C  plates u p o n  wh ich  diacyl-, 
alkenylacyl-, and  alkylacylglycerol  acetates 
had  been separa ted  are presented  in  T a b l e  
4. T h e  majo r i ty  of the glyceride acetates, 
and  hence  the pa ren t  phosphol ip ids ,  were 
diacyl compounds .  Alkenylacyl  and  alkyl- 
acyl phosphoglycer ides  comprised  near ly  
half  of  the e tha no l a m i ne  phosphoglycer ide  

Table 4. Classes of choline phosphoglyceride (CP) 
and ethanolamine phosphoglyceride (EP) from 
Meloidogyne javanica. Results are expressed as rela- 
tive percentage of total CP or EP. 

Phosphoglyceride 
class CP EP 

1,2-diacyl 95.5 54.9 
1,3-diacyl 3.4 1.3 
1-alkenyl-2-acyl 0.5 34.6 
l-alkyl-2-acyl 0.6 9.3 

0.00 
0.00 
0.00 
0.02 
0.36 
O.58 bu t  only  abou t  1% of the chol ine  phospho-  
o.o3 glyceride. 
o.o2 T h e  1-position of  diacyl  e t h a n o l a m i n e  
2.o phosphoglycer ide  con ta ined  more  18:0, 
2.9 
o.55 20:0, 22:0, 20:1, and  22:1 acids than  the 2- 
T posi t ion,  wh ich  con ta ined  more  iso-15:0, 

0.46 16:1, 18:1, 18:2, 18:3, 20:3, 20:4, and  20:5 
16.0 acids (Tab le  5). T h e  fat ty acid composi-  
54.6 tions of  the a lkenylacyl  and  alkylacyl com- 

5.6 
0.20 pounds  resembled tha t  of  the 2-posit ion of 
3.8 their  diacyl  analogue;  however,  the ether- 
2.9 con ta in ing  l ipids con ta ined  smaller  per- 
0.11 centages of  20:3, 20:4oJ 6, and  20:5 acids 
1.7 
1.3 (Table  5). Alkenylacyl  e t h a n o l a m i n e  phos- 
l.~ phoglycer ide  con ta ined  greater  p ropor t ions  
4.4 of  iso-15:0, 16:1, 18:1, and  18:2 fat ty acids 
0.5o and  lesser percentages  of  14:0, 16:0, 18:0, 
o.74 and  20:4oJ 3 acids than  its alkylacyl analogue.  0.00 

Grea ter  quant i t ies  of  iso-15:0, 16:0, iso- 
17:0, 18:0, 20:0, 22:0, 18:1, 20:1, and  22:1 
fat ty acids were at  the 1-position of  diacyl  
chol ine  phosphoglycer ide  than  at the 2- 
posi t ion,  where  larger amoun t s  of  16:1, 18:2, 
20:2, 20:3, 20:4, and  20:5 acids occur red  
(Table  6). Insufficient quant i t ies  of  alkenyl- 
acyl and  alkylacyl chol ine  phosphoglycer-  
ides were ob ta ined  for sat isfactory acyl, 
alkenyl,  or  alkyl g r o u p  analysis. 

Alkenyl  and  alkyl g r o u p  composi t ions  
of  a lkenylacyl  and  alkylacyl  e thano l amine  
phosphoglycer ides  resembled each other ,  as 
95% of the total  alkenyl  or  alkyl g roups  
were 18:0 c o m p o u n d s  (Table  7). Unsa tu-  
ra ted  alkenyl  or  alkyl g roups  were no t  de- 
tected. 

Ne i the r  a ldehydes no r  alkylglycerols 
could  be der ived f rom t o m a t o  roo t  phospho-  
lipids. 

D I S C U S S I O N  

T h e  l ipid  con ten t  o f  females of  M. 
javanica (40.5% of  dry  weight)  was s imilar  
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Table 5. Fatty acid composition of the l-position of 1,2-diacyl ethanolamine phosphoglyceride and the 2- 
positions of 1,2-diacyl, l-alkenyl-2-acyl, and 1-alkyl-2-acyl ethanolamine phosphoglycerides from Meloidogyne 
iavanica. Results are expressed as relative percentage of total fatty acid at each position of each phospho- 
glyceride. 

Fatty Diacyl Diacyl Alkenylacyl Alkylacyl 
acid l-position 2-position 2-position 2-position 

iso-14:0 T* 0.03 0.00 0.00 
14:0 0.27 0.41 0.22 2.0 

iso-15:0 0.13 0.69 1.0 0.49 
15:0 0.08 0.09 0.02 0.08 

iso-16:0 0.03 0.01 0.01 0.09 
16:0 4.0 3.0 2.0 13.4 
16:1 0.81 3.3 5.0 2.5 

iso-17:0 0.89 0.34 0.51 3.3 
17:0 0.04 T T 0.03 

iso-18:0 0.13 0.15 0.03 0.08 
18:0 88.4 2.1 1.1 6.0 
18:1 31.0 63.4 75.1 62.9 
18:2 0.74 8.9 I 1.0 2.2 
18:3 0.00 1.0 0.43 0.53 
20:0 10.7 0.00 0.50 0.09 
20:1 6.4 0.53 0.50 0.28 
20:2 0.44 0.09 0.09 0.13 
20:3 0.00 2.9 0.19 0.00 
20.4o ° 0.00 1.8 0.28 0.30 
20:4o 3 0.00 2.7 1.1 4.7 
20:5 0.00 8.7 0.84 0.85 
22:0 3.0 0.00 0.00 0.00 
22: l 2.9 0.00 0.00 0.00 

*Trace amounts detected. 

to that of M. arenaria (39.6%) and M. in- 
cognita (46.3 %) (18). Larvae of M. javanica 
have been reported to contain 30-40% 
lipid (23,30). The phospholipid content of 
M. javanica (5.4% of dry weight) was 
slightly higher than the polar lipid content 
of M. arenaria (4.4%) and M. incognita 
(3.9%) (18). Although richer in total lipid, 
MeIoidogyne is a poorer source of phospho- 
lipid than the free-living nematodes Turba- 
trix aceti (10.2%) (6) and PanagreUus 
redivivus (7.9%) (26). As in T. aeeti (6) 
and the animal parasite Trichinella spiralis 
(5), glycolipid comprised about 1% of the 
dry weight of M. javanica. 

Phospholipid from M. javanica consisted 
largely of choline and ethanolamine phos- 
phoglycerides, which are also the most 
abundant phospholipids in T. aceti (6), P. 
redivivus (26), and several animal-parasitic 
nematodes (1,2,5,13,14,28,29). However, the 
ratio of choline to ethanolamine phospho- 
glyceride varies greatly among these genera. 

Although previously unknown in plant- 
parasitic nematodes, alkenylacyl and alkyl- 

acyl phospholipids comprised 34.6% and 
9.3%, respectively, of the ethanolamine 
phosphoglyceride. However, 99% of the 
choline phosphoglyceride was of the diacyl 
type. In T. aceti, ether lipids were found to 
comprise 53.7% of the ethanolamine phos- 
phoglyceride and 10.8% of the choline 
phosphoglyceride (6). Similarly, mam- 
malian alkenylacyl and alkylacyl phospho- 
lipids are predominantly ethanolamine 
phosphoglycerides (11). 

The plasmalogen content of muscle from 
Ascaris lumbricoides females is about twice 
that of reproductive tissue (2). An interest- 
ing coincidence is the occurrence of greater 
levels of plasmalogens in T. aceti, a migra- 
tory nematode, than in the sedentary fe- 
males of M. javanica, which contain a 
smaller percentage of muscle. The plasmalo- 
gen content of larvae of M. javanica would 
be of interest and would likely be higher on 
a dry weight basis than that of adult fe- 
males. 

Alkenylacyl and alkylacyl phospholipids 
were not detected in tomato roots. These 
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Table 6. Fatty acid composition of the 1- and 2- 
positions of 1,2-diacyl choline phosphoglyceride from 
Meloidogyne javanica. Results are expressed as rela- 
tive percentage of total fatty acid at each position. 

Fatty 
acid 1 -position 2-position 

iso-14:0 0.01 0.02 
14:0 0.13 0.11 

iso-15:0 0.37 0.06 
15:0 0.02 0.03 

iso-16:0 T* T 
16:0 4.0 0.99 
16:1 0.63 1.9 

iso-17:0 0.95 0.05 
17:0 0.02 T 

iso-18:0 T T 
18:0 7.6 1.0 
18:1 77.6 57.6 
18:2 0.57 7.1 
18:3 0.00 0.84 
20:0 1A 0.00 
20:1 6.0 1.3 
20:2 0.14 0.44 
20:3 T 2.9 
20:4o 6 0.00 2.2 
20:4~0 ~ 0.00 2.6 
20:5 0.00 20.7 
22:0 0.24 0.00 
22:1 0.38 0.00 

*Trace amounts detected. 

lipids are usually considered to be absent in 
higher plants (3), al though small amounts 
of plasmalogens may occur in developing 
tissues of a few species (19). In any event, 
abundance of plasmalogens and alkylacyl 
phosphoglycerides in M. javanica is a sig- 
nificant biochemical difference between the 
nematode and its host and could be ex- 

Table 7. Alkenyl and alkyl group compositions 
of 1-alkenyl-2-acyl and 1-alkyl-2-acyl ethanolamine 
phosphoglycerides from Meloidogyne javanica. Re- 
sults are expressed as relative percentage of total 
alkenyl or alkyl group. 

Compound Alkenyl groups Alkyl groups 

14:0 0.02 0.00 
16:0 0.09 1.4 
17:0 4.0 0.00 
18:0 95.8 95.2 
19:0 0.10 2.3 

Unknown* 0.00 1.2 

*Emerged shortly before 19:0 on both polar 
(ethylene glycol succinate) and nonpolar (methyl 
silicone) gas-liquid chromatographic columns. 

ploited by an appropriate chemical control 
agent. 

Polyunsaturated fatty acids were concen- 
trated in the phospholipid of M. javanica, 
rather than in the neutral  lipid. A similar 
abundance of polyunsaturated acids in 
phospholipid or polar lipid occurs in M. 
arenaria (18), M. incognita (18), T. aceti 
(8), P. redivivus (26), and T. spiralis (5), 
but  not in Globodera solanacearum, in 
which triglycerides and free fatty acids are 
more unsaturated than polar lipid (22). 

The  major phospholipid fatty acid of 
M. javanica was 18:1 acid, as it  is in M. 
arenaria and M. incognita (18). The  pro- 
portions of a few phospholipid fatty acids 
differ slightly among the three species, but  
the reproducibility of such differences is 
unknown. An apparently conspicuous dif- 
ference is the report of iso-18:0 content of 
7-10% in polar lipid from M. arenaria and 
M. incognita, whereas the value obtained 
in the present investigation for M. javanica 
is 0.2%. Although it is possible that  such a 
difference occurs, it is more likely that the 
iso-18:0 fatty acid methyl ester chroma- 
tographed in the previous study predomi- 
nantly consisted of 18:0 dimethylacetal, 
which had been produced from alkenyl 
groups during transesterification and had 
not been separated from methyl esters dur- 
ing purification on an alumina column (6). 

Choline phosphoglyceride from M. 
javanica was more unsaturated than etha- 
nolamine phosphoglyceride. A similar situa- 
tion exists in T. aceti (6). Lack of data pre- 
vents comparison to other nematodes, but  
the situation is reversed in most other or- 
ganisms (27). Association of saturated fatty 
acids with the 1-position and unsaturated 
acids with the 2-position of phosphoglycer- 
ides from M. javanica is a feature shared 
with T. aceti (6) as well as most other or- 
ganisms (10). 

Alkenylacyl and alkylacyl ethanolamine 
phosphoglycerides from M. javanica con- 
tained fatty acids similar in structure and 
quanti ty to those at the 2-position of their 
diacyl analogue, but  the latter contained a 
greater percentage of polyunsaturated acid. 
A similar situation exists in T. aceti (6). 
Such comparisons have not  been frequently 
performed in other organisms, but  mam- 
malian plasmalogens generally contain a 
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l a r g e r  p e r c e n t a g e  of  u n s a t u r a t e d  f a t t y  a c i d  
t h a n  t i le  2 -pos i t i ons  o f  t h e  c o r r e s p o n d i n g  
t l iacyl  c o m p o u n d s  (10). As  i n  T. aceti (6), 
e t h a n o l a m i n e  p l a s m a l o g e n  f r o m  M. ]avan- 
ica c o n t a i n e d  l a r g e r  p r o p o r t i o n s  o f  18:1 a n d  
18:2 ac ids  a n d  s m a l l e r  p e r c e n t a g e s  o f  16:0 
a n d  18:0 ac ids  t h a n  d i d  a lky l acy l  e t h a n o l a -  
m i n e  p h o s p h o g l y c e r i d e .  

A p p r o x i m a t e l y  95 % o f  t h e  a l k e n y l  a n d  
a lky l  g r o u p s  f r o m  M. javanica w e r e  18:0 
c o m p o u n d s .  U n s a t u r a t e d  a l k e n y l  a n d  a lky l  
g r o u p s  w e r e  n o t  d e t e c t e d ,  w h e r e a s  t h e y  oc- 
c u r  i n  s m a l l  a m o u n t s  i n  T. aceti (6) a n d  
c o m p r i s e  o v e r  h a l f  o f  t h e  a l k e n y l  g r o u p s  o f  
t h e  a n i m a l  p a r a s i t e s  A.  lumbricoides (2) 
a n d  Diro[ilaria immit is  (13). T h e  p h o s p h o -  
l i p i d  a lky l  a n d  a l k e n y l  g r o u p  c o m p o s i t i o n s  
o f  o t h e r  n e m a t o d e s  w o u l d  b e  o f  i n t e r e s t ,  as 
w o u l d  s tud ies  o f  n e m a t o d e  p h o s p h o l i p i d  

m e t a b o l i s m .  
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Pararotylenchus n. gen. 
(Pararotylenchinae n. subfam., Hoplolaimidae) 

with Six New Species and Two New Combinations 
j .  G. Baldwin and A. H. Bell 1 

Abstract: A new subfami ly ,  Pararo ty lenchinae ,  (Hoplo la imidae)  is described.  I t  inc ludes  a 
single genus ,  Pararotylenchus n. gen.,  six new species, attd two new combinat ions ,  Pararotylenchus 
(syn. Tylenchorhynchus) brevicaudatus (Hopper ,  1959) n. comb.  a nd  Pararotylenchus (syn. 
Rotylenchus) pint (Mamiya,  1968) n. comb.  Para ro ty lench inae  is s imi la r  to cer ta in  o the r  
Hoplo la imidae ,  such  as Roty lench inae ,  wi~h respect  to mos t  characters  i nc l ud ing  the  shor t  tail, 
t he  posi t ion of the  phasmi ds  nea r  the  anus ,  and  the  relatively grea t  d is tance  of the  dorsal  g l and  
orifice f rom the base of the  stylet  knobs.  T h e  lip region,  as observed wi th  the  s cann ing  electron 
microscope,  conforms to the  basic p a t t e r n  for Hoplo la imidae .  T h e  labial  disc is r o u n d  wi th  slit- 
like amph id i a l  open ings  at  the  lateral  sides of the  pe r iphe ry  of the  disc. T h e  dis t inct ive anter ior-  
mos t  l ip a n n u l e  is s egmented  into six sectors. Unl ike  o ther  Hoplo la imidae ,  however,  the esopha-  
geal g lands  of Pa ra ro ty lench inae  form a basal  bu lb  s imi lar  to tha t  of Ty l enc ho rhync h i dae ;  o the r  
characters  do not  resemble  Ty lencbo rhynch idae .  Specimens of Pararotylenchus have  been  re- 
covered only  f rom cool regions  at h i gh  elevat ions a nd  Pacific coastal areas in the  Wes t e rn  Un i t e d  
States, J apan ,  a n d  Korea.  Key words: t axonomy,  scann ing  electron microscopy,  esophagea l  glands,  
new species, new genera,  new subfami ly ,  morpho logy .  

Preliminary examination of specimens of 
several nematode populations indicated that 
they represented at least six species requir- 
ing a common new genus to accommodate 
them, but their relationship among other 
Tylenchida Thorne, 1949 was not readily 
apparent. The esophageal glands of these 
specimens comprised a basal bulb similar 
to that of Tylenchorhynchidae (Eliava, 
1964) Golden, 1971 (2,5,8,16,17,18), but ad- 
ditional characteristics such as tail length, 
positions of the phasmids and dorsal gland 
orifice, morphology o[ the head region, and 
strong ventral curvature of heat-killed speci- 
mens suggested a similarity to certain 
Hoplolaimidae (Filipjev, 1934) Wieser, 1953 
(2,5,9,17). Specimens considered in the pre- 
liminary observations included material 
collected by Professor G. Thorne between 
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1924 and 1936 in Utah. Thorne labeled 
these specimens as Rotylenchus sp. but in 
most cases did not designate a species. Sim- 
ilar specimens have been collected by the 
junior author since 1962 from sites in Utah 
and California. The new species closely re- 
semble two previously described species 
which also possess a glandular basal bulb, 
Rotylenchus pint Mamiya, 1968 (7) and 
Tylenchorhynchus brevicaudatus Hopper, 
1959 (6). The original description of T. 
brevicaudatus is based on three females and 
four males. Paratypes are deposited in the 
University of California, Riverside (UCR) 
Nematode Slide Collection, but the holo- 
type and allotype are no longer available 
from the collection originally designated for 
these specimens. 

The present study was initiated to de- 
scribe six new species of a genus, Pararotyl- 
enchus n. gen. (para Gr. near) in Pararotyl- 
enchinae n. subfam., of the Hoplolaimidae. 
Words used in forming specific epithets are 
Latinized from the Greek. The species are 
P. blothrotylus (blothros Gr. tall and tylos 
Gr. knob), P. colocaudatus (kolos Gr. 
stunted and cauda L. tail), P. megastylus 
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