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Host Response to Meloidodera spp. (Heteroderidae) 
M. MUNDO-OCAMPO and J. G BALDWIN 1 

Abstract: Host responses to Meloidodera ~toridensis Chitwood et al., 1956, M. charis Hooper, 
1960, and M. belli Wouts, 1973 were examined on loblolly pine, peony, and sage, respectively, 
with light, scanning, and transmission electron microscopy. In each case the nematodes induce 
a single uninucleate giant cell. The giant cell is initiated in the pericycle and expands as 
it matures. The mature giant cell induced by M. floridensis is surrounded by vascular 
parenchyma, whereas that caused by M. charts and M. belli coutacts xylem and phloem. The 
cell wall of giant cells induced by all three Meloidodera spp. is generally thicker than that 
of surrounding cells, with the thickest part adjacent to the lip region of the nematode. The 
thinner portion of the wall includes numerous pit fields with plasmodesmata, but wall in- 
growths were not detected in a thorough examination of the entire wall. The nucleus of 
a giant cell induced by M. goridensis is highly irregular in shape with deep invaginations, 
whereas those caused by M. charts and M. belli include a cluster of apparently interconnected 
nuclear units. Organelles, including mitochondria, endoplasmic reticulum, and plastids of 
giant cells caused by Meloidodera, are typical of those reported in host responses of other 
Heteroderidae. The formation of a single uninucleate giant cell by Meloidodera, Cryphodera, 
Hylonerna, and Sarisodera, but a syncytium by Atalodera anti Heterodera sensu lato, might be 
considered in conjunction with additional characters to determine the most parsimonious pat- 
tern of phylogeny of Heteroderidae. Key words: callose, giant cell, Heteroderoidae, histo- 
pathology, plasmottesmata, wall ingrowths. Journal of Nematology 15(4):544-554. 1983. 

Heteroderidae differ among genera in 
the type of host responses they induce. 
For example, species of Heterodera sensu 
lato and Atalodera induce syncytia (4,14, 
15,16,19,20), whereas Sarisodera hy- 
drophila Wouts and Sher, 1971 and Hy- 
lonema ivorense Taylor et al., 1978 induce 
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a single uninucleate giant cell (21,24). 
Host responses of some genera of the Het- 
eroderidae, including some species of Me- 
loidodera, have not been described. 

Meloidodera spp. have been associated 
with several species of cultivated and non- 
cultivated plants (6,12). Comparable de- 
tailed studies of host responses, including 
transmission (TEM) and scanning (SEM) 
electron microscopy have not been re- 
ported, although limited light microscopy 
(LM) of a few hosts is available (12,23). 
The need for further work on Meloidodera 
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host responses has been emphasized pre- 
viously (10,14,21). 

The  present study gives a more com- 
plete description of the host response in- 
duced by Meloidodera floridensis Chitwood 
et al., 1956 and compares it to that induced 
by M. charis Hopper,  1960 and M. belli 
Wouts, 1973. 

MATERIALS AND M E T H O D S  

A culture of M. floridensis on loblolly 
pine (Pinus taeda L.) was obtained from 
North  Carolina. Roots of peony (Paeonia 
cali/ornica Nutt.) infected with M. charis 
were collected at Badger Canyon, San 
Bernardino, California. Limited material 
of sage (Artemisia tridentata Nutt.)  in- 
fected with M. belli was collected at the 
type locality, German Flats, near  Salina, 
Utah. 

Root  pieces were processed for histo- 
logical examination,  and examination was 
with bright field and Nomarski interfer- 
ence LM as well as SEM and TEM.  Gen- 
erally, specimens were prepared as pre- 
viously reported (21). 

LM: Infected roots were fixed in glutar- 
aldehyde, embedded in Paraplast Plus, 
sectioned at 8 ttm, and stained with 
safranin and fast green (21). For Nomarski 
interference LM, roots were embedded in 
Spurr's resin and sectioned at 2 ~m. Some 
resin embedded sections were slightly 
stained with toluidine blue; others were 
stained with methylene blue and azure II, 
specifically for detection of wall ingrowths 
with bright field LM (8). 

SEM: Root  segments (about 3 mm 
long) infected with M. charis and 3I. belli 
were fixed in glutaraldehyde. Some seg- 
ments were cut to expose infected tissue, 
and the cytoplasm digested (21); all were 
postfixed in osmium tetroxide (OsO~), crit- 
itcal point dried, and examined as pre- 
viously reported (21). However,  root  seg- 
ments of pine, the host of M. [toridensis, 
contained resins which interfered with ob- 
servation of the cell wall surface when 
prepared as above. T h e  technique was 
modified as follows: Samples were cut in 
50% ethanol, transferred to 95% ethanol 
for 10 rain, and cleaned with a small brush 
prior to fixation. Fixation, cytoplasm di- 
gestion, and critical point  drying were 
completed as above. 

TEM: Root  segments infected with M. 
floridensis and M. charis were fixed in 
glutaraldehyde, postfixed in osmium tet- 
roxide, embedded in Spurr's resin, sec- 
tioned, stained, and examined as previ- 
ously reported (21). Since only limited 
material infected by M. belli was available, 
tissue was not processed for TEM.  

RESU LTS 

Meloidodera [toridensis, M. charis, and 
M. belli induce a single giant cell in lob- 
lolly pine, peony, and sage, respectively. 
Although giant cells induced by the three 
species resemble each other in many re- 
spects, morphological variations occur. 

No external  symptoms such as galls or 
lesions were visible on infected roots, but 
females were partially or totally embedded 
in root tissues (Figs. 1,13,15,17). Meloi- 
dodera floridensis initiates tile giant cell in 
the pericycle of pine, and it is restricted to 
the inner periphery of the vascular cylin- 
der (Fig. 1). T h e  vascular cylinder can be 
identified by the position of the pericycle, 
which is the outer  boundary. Th e  peri- 
cycle is located by its relationship to lateral 
roots which originate from it (Fig. 1). T h e  
giant cell remains surrounded by vascular 
parenchyma cells, which are continuous 
with those of the pericycle (Figs. 2,3). 
Hyperplasia commonly occurs in cells ad- 
jacent to the giant cells; however, no hy- 
per t rophy or necrosis was observed. 

Meloidodera charis and M. bel;i also 
initiate giant cells in the pericycle, but  as 
the cells enlarge they extend into the vas- 
cular cylinder which in some cases be- 
comes greatly distorted (Figs. 13,17). T h e  
mature giant cell directly contacts xylem 
and phloem which are the major  compon- 
ents of the vascular cylinder (Figs. 12,13, 
17). We observed one exception in which 
the giant cell partially extended from the 
pericycle into the cortex. Both hyperplasia 
and hyper t rophy of the adjacent tissues 
may occur (Figs. 4,17) Secondary invasion 
by fungi sometimes occurs in giant cells 
and surrounding tissues. 

Giant  ceils induced by Meloidodera 
spp. vary in shape and size depending on 
the nematode and host species as well as 
stage of root development  at the time of 
infection, Generally, giant cells vary from 
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70 to 180/~m wide and 135 to 520/zm long, 
but those caused by M. belli may be as 
long as 650 ffm (Fig. 12). Apparently only 
one female is associated with a single giant 
cell, although several adjacent females may 
induce several giant cells in close proxim- 
ity (Fig. 4). 

Giant cells induced by the three Meloi- 
dodera spp. are similar in cell wall mor- 
phology but differ in the structure of nu- 
clei. The  cell wall is generally tlticker 
than that of surrounding cells, with the 
thickest region adjacent to the lip region 
of the nematode (Figs. 2,5,6). The  thinner 
part of the cell wall has a high frequency 
ot pit ileitis with numerous plasmodes- 
mata, particularly in regions where the 
giant cell is adjacent to vascular tissue in 
roots infected by M. charis and M. belli 
(Figs. 16,18,19,20,29,30). Pit fields with 
plasmodesmata also occur in giant cells 
caused by M. ]loridensis (Figs. 19,20,23), 
and a callose-like material frequently oc- 
curs in conjunction with pit fields (Fig. 
22). Detailed examination of cell walls of 
giant cells induced by Meloidodera spp. 
indicated no wall ingrowths or protuber- 
ances adjacent to vascular elements. 

The morphology of nuclei differs 
among giant cells induced by the three 
Meloidodera spp. Nuclei in giant cells 
caused by M. floridensis are highly irregu- 
lar in shape and include deep invagina- 
tions (Figs. 3,20,21) which are best eluci- 
dated by serial sections. Thus,  isolated 
sections sometimes give the impression of 
a multinucleate condition because, in a 
given plane, some lobes appear to be sepa- 
rated (Fig. 2). In addition, in some planes 
of sectioning, portions of cytoplasm are 
completely surrounded by nuclear mate- 
rial (Fig. 21). The  nucleus includes a vari- 

able number  of nucleoli (Figs. 3,20). Gen- 
erally the nucleus o[ a giant cell is about 
five times larger than nuclei in adjacent 
cells (Fig. 20); no mitotic activity was ob- 
served in the giant cell. 

The nucleus of a giant cell caused by 
M. charis is morphologically distinct from 
that induced by M. floridensis. Early in 
its development, the nucleus enlarges; it  is 
roughly spherical and includes a variable 
number  of vacuoles and nucleoli (Figs. 
5,7,26). However, a mature giant cell in- 
cludes a cluster of apparently intercon- 
nected nuclear units, as viewed in serial 
sections (Figs. 8,9,10,11), and occasionally 
the nuclear membrane appears to be dis- 
continuous. In some cases invaginations of 
the nuclear membrane occur which re- 
semble invaginations observed in plas- 
malemmas associated with pinocytosis 
(Figs.27,28). The  nuclei of giant cells in- 
tluced by M. belli resemble those of giant 
cells caused by .M. charis (Fig. 14). 

Organelles of giant cells caused by 
Meloidodera spp. are typical of those in- 
duced by other Heteroderidae. Mitochon- 
dria are numerous, hypertrophied, and 
hetermorphic varying from elongate to cup 
shaped (Figs. 24,31). Endoplasmic reticu- 
lum (Fig. 25) and vacuoles of variable size 
(Fig. 20) are particularly abundant,  and 
free membranes in the cytoplasm are usu- 
ally present (Fig. 29). Plastids and lipid 
bodies were observed in giant cells induced 
by M. charis but not in those caused by M. 
floridensis (Fig. 32). 

DISCUSSION 

Meloidodera spp. induce cells in host 
tissue which resemble the single uninucle- 
ate giant cells caused by H. ivorense (24), 

It111 
\ \ \ \ \  

Figs. I-7.  LM cross sections of g ian t  cells caused by Meloidodera floridensis and  Meloidodera charis 
(Nomarski  optics unless  indicated).  1) M. tloridensis e m b e d d e d  in  root  of  p ine  (br ight  field). Arrows 
indicate  posi t ion of pericycle. C = cortex,  GC ----- g i a n t  cell, L R  = lateral  root, Ne = nematodes ,  VC 
= vascular  cylinder.  2) Giant  cell induced  by M. floridensis su r rounded  by vascular  p a r e n c h y m a  (VP). 
T h e  thick cell wall (Tk) is ad jacent  to the  feeding  posi t ion of the  nematode .  N = nucleus ,  V = vacu- 
ole. 3) Giant  cell caused by M. [toridensis showing  t he  invag ina ted  nuc leus  (N), in  contras t  to nu -  
clei of ad jacent  vascular  p a r e n c h y m a  cells (VP). N u  = nucleoli ,  V = vacuole.  4) Adjacen t  g ian t  cells 
(GC) induced  by two ind iv idua ls  of M. charis. Not e  cell hyperplas ia  in s u r r o u n d i n g  pro toxylem and  
p ro toph loem.  5) Gian t  cell of M. charis it~ an  i n t e r m e d i a t e  stage of deve lopmen t  wi th  thick cell wall 
(Fk) ad jacent  to nema t ode  lip region.  N = nuc leus ,  V = vacuole, 6) Gian t  cell induced  by M. charis 
in advanced stage of deve lopment .  Th ick  cell wal l  (Tk) occurs ad jacent  to nema tode  lip region.  
Nuc leus  (N) composed  of cluster  of nuc lea r  un i t s ,  7) Nuc leus  of a g iant  cell induced  by M, charis 
in an early stage of deve lopmen t  showing  vacuoles (V). 
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Figs. 8-14. LM of giant ceils caused by Melo idodera  charis in peony roots and Meloidodera belli in 
sage roots (Nomarski optics unless indicated). 8-11) Sequential sections through nucleus of a mature 
giant cell induced by M. charis showing cluster o[ apparently interconnected nuclear units. 12) Longi- 
tudinal section of a giant cell (GC) caused by M. belli (bright held) showing original position of head 
of nematode (Ne) (dislocated in preparation) anti adjacent xylem (X). N = nucleus, V = vacuole. 
13) Cross section of a root with partially embedded M. charis female (Ne) in a feeding position (bright 
field). Giant cell (GC) is located adjacent to xylem and phloem within the vascular cylinder (VC). 
C ~ cortex. 14) Longitudinal section of a giant cell induced by it/, belli; giant cell includes nucleus 
(N) composed of interconnected nuclear units. 

S. hydrophila (21), a n d  the  nonhe t e ro -  
der id ,  Rotylenchulus  macrodoratus (3). 
F u r t h e r m o r e ,  p r e l i m i n a r y  obse rva t ions  in- 
d ica te  a s imi l a r  hos t  response  to Crypho- 
dera utahensis B a l d w i n  et  al. ,  1983 
( M u n d o - O c a m p o  a n d  Ba ldwin ,  u n p u b -  

l i shed  observa t ions ) .  A s ingle  u n i n u c l e a t e  
g i a n t  cell  p rev ious ly  was cons ide red  to  be  
u n u s u a l  (3,24), bu t  more  r ecen t ly  i t  has 
been  shown to be c o m m o n l y  i n d u c e d  by  
H e t e r o d e r o i d e a  (2 l).  

T h e  bas ic  host  response  to i n fec t ion  
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Figs. 15-18. SEM of Meloidodera spp. and infected roots. 15) Mature females of M.  belli in feeding 
position at root surface. 16) Giant cell caused by M. belli showing pit fields (PF) in the internal cell 
wall surface (cytoplasm digested). 17) Young female of M. charis (Ne) fnlly embedded in root. Giant 
cell (GC) occurs adjacent to xylem and phloem within vascular cylinder (VC). Note hyperplasia and 
hypertrophy of adjacent tissues. C = cortex. 18) Enlargement from Fig. 16 showing numerous pit fields 
(PF) ill the internal cell wall. 19) Pit fields (PF) on the internal cell wall of a giant cell induced by 
M. floridensis. 
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by Meloidodera spp. was consistent a m o n g  
pine, peony, and sage, but the host range 
of this genus may be large (6,12), indicat- 
ing a need for analysis of responses in 
additional plant species. Prel iminary re- 
ports of M. charts on ridgeseed euphorbia  
and okra describe the response as "uni- 
nucleate giant cells" (12), al though illus- 
trations have not  been published. Infor- 
mation on the number  of giant cells caused 
per nematode and their internal  morphol- 
ogy was not previously described for M. 
[loridensis; however, photographs suggest 
a single giant cell (23). 

Ruehle  (23) reported that giant cells 
induced by M. floridensis " . . .  developed 
in the region of cortex not infected with 
mycorrhizal fungi, in protophloem and in 
protoxylem in both slash and loblolly pine 
roots." In addition, a giant cell was illus- 
trated and surrounding tissue labeled cor- 
tex. Different authors have since consid- 
ered the giant cell induced by this nema- 
tode to he distinctive among heteroderids 
in that it occurs in the "cortex" (10,14,15). 
However, our  observations indicate that 
the giant cell is init iated in the pericycle 
as in those formed by other  Meloidodera 
spp. T h e  pericycle is identified by its rela- 
t ionship to lateral root  initials (5). Paren- 
chyma cells surrounding the giant cell in- 
duced by M. floridensis are within the 
vascular cylinder and are thus vascular 
parenchyma. We suggest that cells sur- 
rounding the giant cell as illustrated by 
Ruehle (23) are mislabled "cortex." 

The  walls of giant cells induced by 
Meloidodera spp., like those caused by S. 
hydrophila and Atalodera spp. (20,21), 
are thickened in the region adjacent to the 
nematode lip region, which may be in 
response to stylet penetrat ion (21). T h e  
degree of thickening is greater in giant 
cells induced by M. ]?oridensis than in M. 
charts or M. belli and most nearly resem- 
bles that associated with S. hydrophila. 

One of the most significant features of 
giant cells induced by Meloidodera spp. 

is the apparent  absence of cell wall in- 
growths. Wall ingrowths increase surface 
area of the plasmalemma and characterize 
"transfer cells" which reportedly play a 
role in short-distance transport  of solutes 
(11). T h e  ingrowths are usually located in 
portions of the walls of some nematode- 
induced syncytia or giant cells which are 
~djacent to xylem and phloem elements 
(10,14,15,16). Wall  ingrowths are partic- 
ularly evident in host responses to species 
of Heterodera sensu lato, Meloidogyne, 
and Rotylenchulus macrodoratus (10,14, 
16). T h e i r  presence together with modified 
nuclei, distinct vacuoles, and increased 
numbers of mitochondria  and Golgi, led 
Jones and Dropkin to consider them "ex- 
aggerated muhinuclea te  transfer cells" (14, 
16). 

Wall ingrowths do not occur in host 
responses induced by certain other seden- 
tary nematodes such as Rotylenchulus rent- 
forints (2,16,22) and Nacobbus spp. (17), 
nor were they observed associated with S. 
hydrophila or Atalodera spp. (20,21). De- 
spite predictions of their presence in giant 
cells caused by Meloidodera spp. (14), our  
observations did not  support  this hypothe- 
sis. We conclude that  wall ingrowths are 
absent in giant cells induced by Meloido- 
dera spp. Serial sections stained with fast 
green, methylene blue, azure lI,  and tolui- 
dine blue have been previously used to ob- 
serve cell wall ingrowths (3,8,11,18). Fur- 
thermore, we did not detect ingrowths with 
SEM or TEM,  although walls adjacent to 
vascular tissue were thoroughly examined. 

Although wall ingrowths are absent in 
giant cells induced by Meloidodera, trans- 
fer of solutes may occur through abun- 
dant  plasmodesmata, as proposed for other  
sedentary Tylenchida ( 14,15,17,20,21 ). 
These plasmodesmata are concentrated in 
pit fields which occur in the thin part of 
the giant cell wall adjacent to vascular pa- 
renchyma. T h e  plasmodesmata in giant 
cells caused by M. floridensis are frequently 
associated with an accumulation of an 

i / / / /  
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Figs. 20-25. TEM cross sections of giant cells induced by Meloldodera floridensis in pine roots. 20) 
Large invaginated nucleus (N) of giant cell and smaller nucleus (N) of adjacent vascular paren- 
chyma cell. Cell wall with pit fields (PF). 21) Nucleus enclosing areas of cytoplasm (C) in deep in- 
vaginations. Nu = nucleolus. 22) Pit field showing accumulation of callose. N = nucleus of adjacent 
va~ular parenchyma cell. 23) Pit field with faint indication of plasmodesmata (Pd). 24) Distorted 
mitochondria (Mi). 25) Endoplasmic reticulum. 
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electron-lucent material, presumed to be 
callose and similar to that observed in 
syncytia induced by Nacobbus aberrans 
(17). Jones and Payne (17) suggested that 
this callose accumulation is a plant de- 
fense response which protects plasmodes- 
mata during cell wall dissolution; however, 
wall dissolution does not  occur in giant 
cells associated with M. floridensis. Hughes 
and Gunning  (13) note that aldehyde fixa- 
tives may induce a wound reaction in some 
tissues, including callose accumulation at 
plasmodesmata. This might explain our 
observation of caliose accumulation in 
giant cells caused by M. ftoridensis. 

The large, deep invaginations of the 
nucleus in giant cells induced by M. [tori- 
densis result in an immense surface area 
of the nuclear membrane facilitating ex- 
change between the nucleus and cytoplasm, 
which may indicate a high rate of me- 
tabolism in the giant cell (14). The  cluster 
of apparently interconnected nuclear units 
in giant cells induced by M. charts also re- 
suits in a larger nucleus-cytoplasm interface 
than if the nuclear material was concen- 
trated in a single sphere. Presence of nu- 
cleoplasm extending free into the cyto- 
plastn with a discontinuous nuclear mem- 
brane suggests burst nuclei. I t  was not de- 
termined if this phenomena is part of the 
morphogenesis of these affected nuclei, or 
if it was an artifact of material preparation. 
However, the nuclear membrane of giant 
cells caused by M. [toridensis prepared un- 
der identical conditions was consistently 
intact. 

Other organelles in giant cells induced 
by Meloidodera spp., including hetero- 
morphic mitochondria,  endoplasmic retic- 
ulum, and free membranes, are abundant,  
as previously reported in other host re- 
sponses (14,15,20,21). 

Meloidodera has been considered dis- 
tinctive among Heteroderidae because of 
the primitive expression of most of its char- 
acters, including the subequatorial vulva, 

striated cuticle in females, and absence of 
a cyst (9). It has also been described as 
a "link" between Meloidogyne (root-knot 
nematodes) and Heterodera sensu lato (cyst 
nematodes) (1). Chitwood et al. (1) and 
Wouts (26) suggested that other subfam- 
ilies of Heteroderidae evolved from Meloi- 
doderinae (i.e., Meloidoderinae in the 
sense that includes Meloidodera and Cry- 
phodera). More recently, Verutus Esser, 
1981, which has primitive characters sim- 
ilar to genera in the Meloidoderinae, has 
been described (7). However preliminary 
observations of plant  roots infected by 
Cryphodera indicate that it induces a single 
giant cell similar to that of Meloidodera, 
wtiereas Verutus induces a syncytium-like 
plant response (Mundo-Ocampo and Bald- 
win, unpublished observations). 

The  pattern of responses of plant hosts 
to infection by Meloidodera spp., as well 
as responses to nematodes of other Hetero- 
deridae (20,21), is a parameter which can 
be used in interpreting phylogeny of the 
family. However, the character "host re- 
sponse" cannot be used independently; 
rather it must be considered in combina- 
tion with the wide range of additional 
available characters to determine the most 
parsimonious (sensu Wiley [25]) pattern 
of phylogeny of Heteroderidae. 
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Figs. 26-32. TEM of giant cells caused by Meloidodera charis in peony roots. (26) Portion of 
nucleus in early developmental stage showing vacuole (V) and nucleohls (Nu). 27) Two adjacent nu- 
clear units (N), Note invaginations (I) of the nuclear membrane, Nu = nucleolus. 28) Slightly 
lobed nucleus (N) with nucleoli (Nu), ! = invagination, 29) Pit field (PF) of giant cell (OC) and 
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cleus. 30) Pit field showing plasmodesmata (Pd), 31) Mitochondria (Mi). 32) Plastids (PI) and densely 
stained lipid bodies (DB). 
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