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Heterodera glycines in Indiana: II. Morphology of 
Geographical Isolates 1 

J. FAGHIHI,  J .  M.  FERRIS, AND V.  R .  FERRIS 2 

Abstract: Although much morphometric overlap occurs among five geographical isolates of Het- 
erodera glycines in Indiana, significant differences in means exist among the isolates for various 
comparisons of  second-stage juveniles. By using combinations of  means, most of  the isolates can be 
distinguished from the rest: e.g., the Vanderburgh County isolate (southern Indiana) has the longest 
esophagus, tail, and tail terminus; the Vigo County isolate (also from the south) has the shortest 
esophagus; the White County isolate (northern Indiana) has the shortest tail and tail terminus and 
the greatest total length; the Benton County isolate (north) is the shortest. Morphological similarities 
and differences do not appear to be coordinated with reproductive behavioral patterns we observed 
in the northern versus the southern isolates. 

Key words: soybean cyst nematode, Glycine max, soybean, Heterodera glycines, Indiana, morphology, 
races, geographical isolate. 

Various attempts have been made to dis- 
tinguish geographically separated popula- 
tions and (or) races ofH.  glycines Ichinohe 
on the basis of  morphology (5,6). Golden 
and Epps (2) reported significant differ- 
ences in tail length of  three such popula- 
tions and in the length and shape of the 
hyaline part of  the tail terminus of second- 
stage juveniles. Golden et al. (3) suggested 
that tail length might be used to differ- 
entiate among races of  soybean cyst nema- 
tode (SCN). Koliopanos and Triantaphyl- 
lou (4) also found significant differences in 
length of  tail and tail terminus of  second- 
stage juveniles of  four populations. We 
compared behavioral, morphological, and 
protein differences among five isolates of 
H. glycines from Indiana. Three  of  the iso- 
lates were from southern Indiana, where 
SCN has been known to occur since 1973. 
Two of the isolates were from nor thern 
Indiana where SCN was discovered more 
recently. We have reported differences in 
the ability of the isolates to reproduce on 
soybean breeding lines and cuhivars (1). 
Our  objective in this study was to compare 
morphologically the five indiana isolates. 

MATERIALS AND METHODS 

Isolates of SCN, the same as those of 
Faghihi et al. (1), were maintained in the 
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greenhouse in the original field soil plant- 
ed with Glycine max (L.) Merr. cv. Williams. 
Counties from which the isolates were col- 
lected, plus a letter to indicate whether  the 
county is in the north (N) or south (S) are 
as follows: Posey (S), Vanderburgh (S), Vigo 
(S), Benton (N), and White (N). 

Data were analyzed by one-way analysis 
of  variance (one-way ANOVA) and Dun- 
can's multiple-range test. Student's t-test 
was used to analyze data collected from 
cysts and eggs. The  assumption of  nor- 
mality was checked using the Shapiro-Wilk 
test for normality. Specific details for han- 
dling each life stage were as follows: 

Second-stage juveniles: Several hundred 
randomly selected cysts were mechanically 
ruptured and the contents placed in a Baer- 
mann funnel. Second-stage juveniles were 
collected after 24 and 48 hours, killed and 
fixed in 4% formalin, mounted on slides, 
and measured using a camera lucida. The  
following measurements were made on 100 
specimens from the White County (White) 
and Vigo County (Vigo) isolates and 40 
specimens from Benton County (Benton), 
Posey County (Posey), and Vanderburgh 
County  (Vanderburgh)  isolates: total 
length, stylet length, esophagus length, dis- 
tance of  excretory pore from anterior end, 
width of  widest part of  body, tail length, 
length of  tail terminus, and width of widest 
part of  tail terminus. In addition, the width 
of the esophageal bulb, and the length and 
width of  the genital pr imordium were mea- 
sured for the White (N) and Vigo (S) iso- 
lates. 

Males: Male specimens obtained by in- 
cubation of infected roots from green- 
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Fro. 1. Diagram of  cyst ofHeterodera glycines show- 
ing me thod  for  obtaining standardized measure-  
ments.  A = neck length. B = cone length. A + B + 
C = total length. D = width. 

house cultures were killed, fixed, and mea- 
sured in the same manner as the juveniles. 
The  following measurements were made 
on 100 specimens from White and Vigo 
and 40 specimens from Benton, Posey, and 
Vanderburgh: total length, stylet length, 
length of  esophagus, distance of  excretory 
pore from anterior end, width of  widest 
part of  body, and tail length. In addition, 
width of  the median bulb and length of  
spicule were also measured for the White 
(N) and Vigo (S) isolates. 

Cysts and eggs: Cysts and eggs were mea- 
sured from the White (N) and Vigo (S) iso- 
lates only. Measurements of  randomly se- 
lected cysts were difficult to make because 
of  the nonuniform shapes of  cysts. Further, 
published literature references were not 
explicit as to procedures followed by pre- 
vious researchers. The  following scheme 
was developed to improve the consistency 
of  measurements (Fig. 1): 1) The  outline 
shape of  a cyst was traced with a camera 
lucida. 2) To  standardize measurements of 
neck length, a French curve was used to 
continue the contours of  the main body in 
this region and a straight line was drawn 
between the points where the sketched 
curve intersected the outline of  the main 
body on either side. 3) The  measurement 
for neck length (A, Fig. 1) was made from 
the straight line to the anterior end of  the 
body. 4) A similar procedure was used to 
standardize measurements of  cone length 
(B, Fig. 1). 5) Total length was estimated 

by measuring the distance along a curve 
following the mid-line of  the body, rather 
than measuring a straight line between lip 
region and tail tip. 

To  determine the number of  eggs per 
cyst, each cyst was mechanically ruptured 
to release its egg contents after measure- 
ments of  the cyst were completed. Length 
and width of  randomly selected eggs were 
measured using the camera lucida. 

RESULTS 

Second-stage juveniles: Second-stage ju- 
veniles from the five Indiana SCN isolates 
separate into 2-5 groups by using selected 
significant differences in morphometric 
characters (Table 1). On the basis of  total 
length, the five isolates can be separated 
into three partially overlapping groups. 
Mean length of  juveniles from the White 
isolate differs from that of  all other iso- 
lates. A difference in mean length occurs 
between the Vanderburgh and Benton iso- 
lates, but neither differs from the Vigo and 
Posey isolates. Small differences in length 
of stylet exist, with the Posey isolate dif- 
ferent from all others. The Vigo plus White 
isolates differ from the Vanderburgh plus 
Benton isolates. Using esophagus length, 
the Vigo, White, and Vanderburgh isolates 
can be differentiated from all others. The  
Posey and Benton isolates cannot be sep- 
arated from each other by this measure- 
ment, but  they can be separated from the 
other three isolates. Using the distance of  
the excretory pore from the anterior end, 
the five isolates can be divided into three 
groups, with the Vigo isolate separated 
from all others, the White plus Posey iso- 
lates forming a second group, and the Ben- 
ton plus Vanderburgh isolates a third. 

Only the Vanderburgh and White iso- 
lates can be differentiated on the basis of  
tail length. The  Vanderburgh and Vigo 
isolates differ from the rest in length of  tail 
terminus but cannot be distinguished from 
each other by this measurement. Similarly, 
the White, Benton, and Posey isolates can- 
not be separated from each other using the 
length of  the tail terminus. 

In the ratio of  total length over esoph- 
agus length, the White and Vigo isolates 
differ from each other and from all the 
rest; however, no differences occur among 
the Benton, Vanderburgh,  and Posey iso- 
lates. Using the ratio of  total length over 
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TABLe 1. Summary  o f  characteristics of  second-stage juveniles showing significant differences (P = 0,01) 
among  five isolates o f  Heterodera glycines f rom Indiana.  

Number Composition of groups* 

Characteristic of groups 1 2 3 4 5 

Total  length0~m) 3 416.8 a 450.9 c 432.9 b 424.8 ab 423,6 ab 
Stylet length(t~m) 3 24.7 c 23,8 b 24.5 c 23,7 b 23,3 a 
Esophagus length(/~m) 4 173.3 c 163.8 b 178.7 d 160.2 a 170,0 c 
Excretory pore  opening  ~ m ) t  3 96.9 c 93,1 b 97.9 c 91.3 a 93.4 b 
Tail length(~tm) 2 43.2 ab 41,6 a 44.3 b 42,8 ab 42.9 ab 
Tail t e rminus length(um):~  2 22.5 a 22.1 a 24.5 b 24.4 b 22.6 a 
Total  l eng th / e sophagus  length 3 2.41 a 2.76 c 2,42 a 2.66 b 2.50 a 
Total  l eng th / s ty l e t l eng th  4 16.9 a 19.1 d 17.6 b 17.9 bc 18.2 c 
Total  l ength /d is tance  o f  

excretory pore  5 4.32 a 4.84 e 4.42 b 4.65 d 4.54 c 
Total  l e n g t h / t a i l t e r m i n u s  3 18.6 b 20.6 c 17.7 a 17.6 a 19.0 b 

Based on one-way ANOVA of data from 40-100 juveniles per isolate. 
Data in rows followed by the same letter are not different (P = 0.05) according to Duncan's multiple-range test. 
* 1 = Benton isolate (north). 2 = White isolate (north). 3 = Vanderburgh isolate (south). 4 = Vigo isolate (south). 5 = 

Posey isolate (south). 
t Distance from anterior end to opening of excretory pore. 

Distance from beginning of hyaline area to posterior end of body. 

length of  stylet, the Benton and White iso- 
lates differ significantly from each other  
and from the rest. The  Vanderburgh and 
Posey isolates differ from each other, but 
the values for each overlap those of  the 
Vigo isolate. In the ratio of  total length 
over distance of  the excretory pore open- 
ing from the anterior end, all five Indiana 
isolates can be differentiated by small but 
consistent differences. Using the ratio of  
the total length over tail terminus length, 
the White County isolate can be separated 
from the rest, the Vigo plus Vanderburgh 
isolates form a distinct group, and the Ben- 
ton plus Posey isolates form another group. 

Males: Males of  the five Indiana isolates 
can be separated into three groups on the 
basis of  significantly different morphomet-  
tic comparisons, but composition of  the 
groups varies depending on the particular 
comparison used (Table 2). The  Vigo iso- 
late can be separated from all other  isolates 
by stylet length, the Posey plus White iso- 
lates form a second group, and the Van- 
derburgh plus Benton isolates comprise a 
third. Marked differences in esophagus 
length separate the extremes (males of  the 
Benton and White isolates), but  much over- 
lap exists among the isolates. Vigo males 
differ in tail length from all the other iso- 
lates. The  noticeably shorter tails of  these 
males can be readily observed under the 
microscope, even without measurements. 
Males of  the Vanderburgh plus Posey iso- 
lates form a second group based on tail 

length, and males of  the Benton plus White 
isolates comprise a third. 

The  groupings overlap for distance of  
the excretory pore opening from the an- 
terior end. Males of  the White isolate differ 
from males of  all other  isolates, except 
Benton. Benton and Vigo males cannot be 
separated, but the Benton males differ from 
males of  the Posey and Vanderburgh iso- 
lates. 

Based on the ratio of  the total length 
over width, the Vanderburgh and Posey 
males differ from each other  and from 
males of  all other  isolates. No differences 
exist among the Vigo, White, and Benton 
isolates. The  Vigo and White isolates differ 
from each other  and from the other  iso- 
lates in the ratio of  the stylet length over 
body width, but males of  the other isolates 
do not differ from each other. Small, but 
distinct differences in the ratio of  esoph- 
agus length over stylet length separate the 
Benton and Posey males, but the values for 
the other three isolates do not differ from 
each other. The  Vigo and Vanderburgh 
males are distinct in the ratio of  tail length 
over distance of  excretory pore opening 
from the anterior end, but  no differences 
exist among Posey, Benton, and White iso- 
lates. 

Cysts and eggs: Significant differences 
were found between the White and Vigo 
isolates in the total length of  cysts, the width 
of  eggs, and the ratio of  total length over 
width of  cysts and eggs (Table 3). Neck 
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TAaLE 2. S u m m a r y  o f  character is t ics  o f  males  showing  signif icant  d i f fe rences  (P = 0.01) a m o n g  five isolates 
o f  Heterodera glycines f r o m  Indiana .  

Number Composition of groups* 

Characteristic of groups 1 2 3 4 5 

Stylet l eng th  (,am) 3 27.5 c 26.7 b 27.4 c 25.7 a 26.3 b 
Esophagus  l eng t h  (~m)t  3 178.9 a 193.7 c 188.1 bc 191.3 c 180.4 ab 
Excre to ry  pore  o p e n i n g  (~m):[: 3 130.9 ab 130.2 a 138.3 c 134.1 bc 137.4 c 
Tai l  l eng th  (#m)§ 3 7.83 c 7.66 c 6.72 b 5.49 a 6.98 b 
T o t a l  l eng th /wid th[ I  3 44.5 b 44.3 b 41.3 a 44 .2  b 48.1 c 
S t y l e t l e n g t h / w i d t h  3 1.02 c 0.98 b 1.02 c 0 .94 a 1.03 c 
Esophagus  l e n g t h / s t y l e t l e n g t h  3 6 .46 a 7.26 c 6 ,88 c 7.43 c 6.86 b 
Tai l  l e n g t h / d i s t a n c e  o f  

excre to ry  po r e  3 0 .059 c 0 .059 c 0.048 b 0.041 a 0 .050  c 

Based on one-way ANOVA of data from 40-100 males per isolate. 
Data in rows followed by the same letter are not different (P = 0.05) according to Duncan's multiple-range test. 
* 1 = Benton isolate (north). 2 = White isolate (north). 3 = Vanderburgh isolate (south). 4 = Vigo isolate (south). 5 = 

Posey isolate (south). 
~" Distance from base of esophagus to anterior end. 
:~ Distance from anterior end to opening of excretory pore. 
§ Distance from anal opening to posterior end. 
I] Measured at widest part of  body. 

length and cone length of  cysts are also 
different. The  mean number  of  eggs per  
cyst (200 +) does not differ significantly be- 
tween the two isolates. 

DIS C US S ION 

Previous workers (5) have found consid- 
erable overlap in morphometr ic  measure- 
ments of  SCN populations. We also found 
such overlap, but  in spite of this, significant 
differences in means were found for a num- 
ber  of  morphometric  comparisons of  the 
five Indiana isolates. A problem is that large 
numbers of  individuals must be measured 
to obtain reliable data, and this reduces the 
usefulness of  morphometrics as an impor- 
tant tool for distinguishing among isolates. 
However, in special cases morphometrics 
might be used in conjunction with other  
measures of  difference. 

Morphometrics of second-stage juve- 
niles seem to have more utility for differ- 
entiating our Indiana isolates than do mor- 
phometrics of  other life stages. We cannot 
use tail length to separate our five isolates, 
as did Golden et al. (3) for their races, ex- 
cept to distinguish between the White 
(shortest tail and tail terminus) and the 
Vanderburgh (longest tail and tail termi- 
nus) isolates. The  White isolate has the 
longest total length, whereas the other iso- 
late from northern Indiana (Benton) has 
the shortest total length. These extremes 
are reflected in the comparisons of  ratios 

of  total length over the length of  the esoph- 
agus, stylet, and the distance of  the excre- 
tory pore from anterior end; hence these 
particular morphometrics might be useful 
in separating the White and Benton iso- 
lates from each other. Certain isolates are 
consistently located at one extreme or the 
other  for several morphometric  charac- 
ters. In addition to having the longest tail 
and tail terminus, the Vanderburgh isolate 
has the longest esophagus and distance of  
excretory pore from anterior end. The  
Vigo isolate has the shortest esophagus and 
distance of  excretory pore from anterior 

TABLE 3. M e a s u r e m e n t s  (in t~m) o f  r a n d o m l y  se- 
lected cysts (n = 50) and  eggs  (n = 100) f r o m  two 
Ind iana  isolates o f  Heterodera glycines. 

Cyst Egg 

Vigo White Vigo White 
Measurement (south) (north) (south) (north) 

L e n g t h  (t~m) 717 .6"*  764.3 
W i d t h  (~m) 440,3  434.2  
L e n g t h / w i d t h  1.6** 1.8 
Neck  l eng th  

~ m )  71 .3"  80.1 
Cone  l eng th  

(/zm) 100.2" 106.8 
W i d t h / c o n e  

l eng th  4.5 4.1 
N u m b e r  o f  

e g g s / c y s t  204.8 219.6  

103.8 103.5 
43 .9**  46.6 

2 .4** 2.2 

* Significant difference (P = 0.05). 
** Significant difference (P = 0.01). 
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end; these measurements might be used to 
separate these two southern isolates. 

We were unable to find any morpho- 
metric characteristics that distinguish iso- 
lates from southern counties from those of  
northern counties, and the morphometric  
similarities and differences do not  coincide 
in any way with our reported observations 
(1) on similarities in ability of  certain o f  
these isolates to reproduce on various 
breeding lines and cultivars of  soybeans. 

Morphometrics of  males are less useful 
for separating Indiana SCN isolates than 
are measurements of  second-stage juve- 
niles. The  male stylet and tail are shortest 
in the Vigo isolate and the longest in the 
Benton  isolate. Similar d i f ferences  be-  
tween these two isolates are found in com- 
parisons of  ratios of  these characters over 
body width and distance of  excretory pore 
from anterior end. Morphometrics of  cysts 
are difficult to use because variability in 
cyst shape makes comparisons unreliable. 
By following a consistent scheme of mea- 
surement, a few significant differences were 
found between cysts of  White and Vigo 

isolates (the only two isolates compared). 
Morphometrics associated with eggs ap- 
pear to be of  little use in differentiating 
among isolates. 
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Heterodera glycines in Indiana: III. 2-D Protein 
Patterns of Geographical Isolates 1 

V. R. FERRIS, J. M. FERRIS, L. L. MURDOCK, AND J. FAGHIHI 2 

Abstract: Protein patterns obtained by two-dimensional polyacrylamide gel electrophoresis for 
three isolates of Heterodera glycines from southern Indiana appear qualitatively similar and have 
higher pairwise Jaccard similarity coefficients with each other than with isolates from northern 
Indiana. Three  isolates from three northern counties share proteins not present in the southern 
isolates, but as a group the northern isolates are less similar to each other than are the southern 
Indiana isolates. 

Key words: soybean cyst nematode, polyacrylamide gel electrophoresis. 

This paper continues our detailed com- 
parative study of  five isolates of Heterodera 
glycines Ichinohe from geographically sep- 
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arated areas of  Indiana. The  isolates were 
originally collected (3) from three counties 
in southern Indiana, where soybean cyst 
nematode (SCN) has been known to occur 
since about 1973, and from two counties 
in northern Indiana, where infestations 
were found more recently. We also include 
quantitative data about our previously ana- 
lyzed isolate from Pulaski County, also in 
northern Indiana (5). Earlier we reported 
(3) that although all of  the isolates except 
one (from White County in the north) are 


	MAIN MENU
	PREVIOUS MENU
	---------------------------------
	Search CD-ROM
	Search Results
	Print

