The Comparative Cellular Architecture of the Female Gonoduct Among
Tylenchoidea (Nematoda: Tylenchina)
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The female reproductive system has been shown o
. 1981,
3}, and the celiular morphology with respect fo

he important in nematode systematios (Geraey
19t

number and spatial arrangement of cells seems o be

spectfic and constant for many nematodes species, De-
tailed examinatons of the few
i plant-par

parasitic, nematodes have |

reproductive systen
Asitic,
1 undertaken {(Geraert,

of free-living ¢ as well as inse

1975, 1976; Geraere er al,, 1980, 1980b; Chizhov, 1981,
‘ and Switiam, 1986; Chizhov and Berezina,
WEby, Recently, Bert e all (2002, 2003) fo-

cused on the gonoduct structure of t‘IH{(éE)&H"‘cHiUC
nomatode famities Praylenchidae, Heteroderinae and
the genus Meloide Analvring the suacture of ox-
pelled gonoducts explores informative new morpho-
Although molecular
based Tylenchoides phylogenies are advancing {Sub-
botin e al, 2006), morphological characters may
provide a valuable independent character set to be
mapped on molecular-based branches or 0 construct

logical comparative characters,

wotal-evidence phylogenies, Whereas the vastly superior
resolution of an clectron microscope has been shown
wr provide an improved phyvlogenetic signal {e.g.,
Lhang and Baldwin, 2000; Baldwin et al,, 2001), the
herein presented dissection technique generates new
morphological data on a relatively less time expensive
base compared 10 ransm
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ion electron microscopy.

Furthermore, additional morphological characiers are

essential for & more substantiated differengation of
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plantparasitic nematode taxa which ofien posses a de-
ceptively similar anatomical patiern.

The objectives of this study were (0 achieve (i) a light
microscopic detailed gonoduct analvsis of 68 popula-
ttons of 42 species of I\h nchidae, Belonolaimidae and
Hoplolaimidae in order to complete the knowledge of
the female gonoduct suructure within the Tylenchoi
dea, and to develop (i) a complementary ulirasiruc-
wral study of the oviductspermatheca region of
Melvidogyne incognita for improved insight in our LM-
obtained data and o clarily relationships,
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Nematode spec
ar cultures (Table

*s were obtained from soil samples
- Extraction and examination of

the female "t’pl‘()('iuctwt‘. Systern was based on the
method of Geraere (1973), Le., bisecting the specimen
at the vulva region with a \nmﬂ scalpe Linduced xpul-
siony of gut and gonad. Nematodes were Turther pro-
essed without removing nonreproductive tissue to
wold damage. The gonoduct expulsion procedure was
repeated undl at least 20 preparations could be ob-
served for cach population (except as noted). Prepara-
{UICH, Leu-
- agueous solution of orcein in acetc
acid) or observed

RS were t‘itiwr‘ stained with acetic oreein
ven, Belgium, &

mounts with
sfaining, a stronger differen-
taton of the nudlel is achieved, whereas without stain:
ing, the general cell morphology is betier preserved.
H we celludar morphology of the ovary was only partly
(or not} studied with light microscopy, as it ‘zumcci UL
o be difficult o observe all stractures; only the ripens
ing zone of the ovary contains distinct cells &x-"iiich could
isnalised with the techniques used here.

divectly in temporary
the light microscope. By

wer Lypes
this study: a Rei-
Asrsiria) and an

{Olvinpus optical, Tokvo, Japan).

and llustrations were prepared using a
camera lucida; the drawings were prepared using ﬂlmw

‘,{ht microscopes were used durix
t Zotop (Reichere-Leica, Vienna,
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gorady and gono
ynsists of funcaonal zones,
germinal zone, the growth zone and the
ripening zone. The oviduct is the constricted region
Betweern ovary and spermatheca. The erm uterus
here restricted to the eggshe
demarcared as eolmnar

branch,

genital svstem, consists of an ovary {

duct.

The ovary co three

natnely, the

ormation region {also
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Techiology Administration, Dae

rows are visihle} of the gonoduct; & constriction may be
i the uterus and the uterine sac, the
uterine sac follows the uterus and wrminates in the
The classifica
tion of the studied organisms is largely hds';c::d on De Ley
and Blaxier (2002}, but below family level on "a reap-
praisal of Tylenching” {see Maggent coal., 1987}
Expclled gonoducts of Meloidogyne incognila were ex-

present hetw

vaging, which is connected to the vulhw

amined by transmission clectron microscopy {TEM).
Excised reproductive systems from 30 specimens were
rransferred (o ice-cooled Karnovsky's (1965) fixative,
The fi sectioning and TEM proce-
dures are as ]'}r('r:m.zsl}-' described for in toto specimens
{(Bert et al., 2003},
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A summary of the results is presented in Table 2
Tylenchidae (1 {33 The oviduct of members of
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3 £ - proximal oviduct cells usually ben
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SOVETL |

fus is characterized by a longe

=

of two rows of three or
I

1 slightd svichict that comprises

six oF seven cells,

four cells. I Basirie, Holeodor

5, Neapsilenehus and Psi-

donallv six} celis per row are present

fenehous, Dve (exce

he uterus cells, except for Psilenchus o



366 Journal of Nemaiology, Volume 38, No. 3, Septembe
arvanged in four regular rows (= quadricoiumelia) each
with four to ten cells; the nuclel of these cells are in
most cases distinetly Tnrger than the spermatheca. Six
tightly packed cells between the quadricolumella and
uterine sac, forming a sphincteslike structure, were ob-
served for Tylenchus mouatus, The genital branches of
the didelphic reprodoctive tery of Psi
i are considerably lon,

PUS desti-

 cells do not

s from Gump six

= proximal erxd of ovary ovi <

y comprising 38 to 55 cells, Also, Costencfens.

ookl folygyrus and

syl

tiatly irregular arrangement of the uterus cells,
The spermatheca shows several differences in cellular
architecture within the Tyvlenchidae. The spermatheca

isifenchus display a par-

of Tylenchus (Fig. 1ACY comprises 12 1o 14 cells and is
axial in 70 arcuatus, while partally offset in 7. davaine
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yrus display a ca [?W,- 2A- D,
comprised of 14 cells (excom C 16 cells are ob-

served i O palonicus). The s .;.)unm[h

e

ae of these
Coslenchus species consise of a distinetly offset pouch,
composed of seven to 10 cells, and an axial part, en-
compassing two large colls that sre nearly as long as the
t sac, The mujority of the exa

aifse

{i {. an fl')'r:.\,.sj;;




AR Journal 3, Sepiterider 20H

pecimens display tvo particularly small cells that con-
nect spermathecs W ers.

L by oan
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comprises only 10 w0 12 cells. The spermatheca of A
2y wenerally s 14 cells;
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ks vhl g mnm;)e ¢
s Cepid ) is char-
speruatheca comprised of 12 cells;
the spermatheca cells of O epius are clearly arranged in

while in . g
spermatheca cells are more randomly distributed, The

Fl

this species. The g

acterized by an axi

four rows of three cells, hexalinea
spe ::mtlummiuw transition s indistinet in Cephalen-
ehus, and this is cspecially the case in G
the :s,pmzzmtiu;q.d and uterus cellular
prarvabie.
Fhe Has
frs wnd Neopsitenchas un‘m‘-m’ en
comprised o Ih o H
lz‘m s;{ ) m‘l zwi‘iii in ifﬂ.wmf whzi >

lepius, where
FOpRLCTR are com-

2o species studied as well as i‘}niﬁem’fru'm thy-

(Fig. 313 have a
Th{ s Lmatha ca 15
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hc:r axial :;pef.r'l11"310l.%‘u:1<_‘1ek of ;\Q‘wr;j.r,wf!(fwf:im ¢ )zrz,c'zgmdr,-vz& (Fig.
3F} shows a remarkable variation in length, ranging
rom short and ovalshaped o long and oylindrical; the
pumber s does not vary with size. In Pyl
Ay, the spermatheca comprises

of cell rifiis

aestiarius (Fig,

avial sac of 18

a long

to 20 cells; the spermatheca cells are
elongated except for two more distal-proximally Hat
tened cells that connect spermatheca to uterus.
Relonolaimidae (Fig, 4): The oviduce and uteras struc-
ture is comparable in all examined Belonolabmidae spe-
how-
ever, in several specimens the oviduct cells are difficul
1o observe since they are compressed befween ovary
and spermatheca, The uterus comprises three distine-
tive

cies, The oviduct consisis of two rows of four cells;

cells. Each row encome
passes four to five c&ll*; inn Geocen

idens, G.omicrodorus, haes dubius, N, ¢

revvs of ]d.l'i;;t. columnar

s nolhus, G breo-

vlenchorh

five 1o seven cells in E,!. cf. nun"»m, G quadrifer, T, v

tralis and T, microphasmis, and seven to nine cells in 7
HROXTIIES,

The spermatheca within the Belonolaimidae is axial
to offser, spherical to distinetly lobed in shape, and the
rremher and arrang i

sement of its cells is
el w_wr‘n'mlf eca of G
cd ol 12 cel

species specific,

(Fig. 4A) is com-
iable in arrangement, with
distal cells in (rm‘nl.ézas.miném with the n\:ldmi (("U TOWS,
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the fwao
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often with unclear cell boundanes,

spe mmihu{t of {n-,
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lohes, which are more pronounced in the wee of

sperm two oolls,

build up cach offset fobe, More proximal, six cells cone

stitute the axial part of the theca; the

» largest
ey

ils arc positioned unttuEE i

cwhile two w0 four si
LLOTLS.

(S

s are connected wi the
The spermatheca s::r," .
AE K} usually comprises 3“’ zc]?s 3 tc;théi size and in
variable
charactes

e

dutins {Fig.

position (14 cells observed i a few specie

s #

ristic bend ocours a the juncdon of the sper-

<th{f wters. i*}c \p{‘z“mnhi ca of 7. frm“'{,"fim,\v-

rmathiees

srm s wider distal component and six
aualier cells, of which two cells connect
Spery
nent. The sper ]
prises 12 to 14 cells, with two distal ce Hh; < c,nme:‘iing {4

the oviduct and two proximal cells connecting to the
wieras; the remaining cells are variable in shape and
arrangement. The spermatheca of T2 maximuy (Fig. 41)
consists of only cight to 10 cells with indistnet cell
boundaries; two relatively large cells, resembling uterus
cells, connect spermatheca to uterus,

The spermathecs of N {Fig. 4]) is offset
and comprises 12 to 14 cells with distinctly crenate cell
bhoundaries; two farge cells form the connectic
uterus. The spermatheca outline of Amfilime
rus {Lig. il'} is bellshaped. The cellular architecture is
variable; 12 to 14 cells of inconsistent shape and size
have crenate or smooth cell hourndaries.

Hoplolaimidae (Iig. 33 'The oviduct of the examined
iio;)ioi(m‘nimw species porsistentdy comprises two rows
of four cells, which can be difficuit (o discern since the
oviduct is often compacted between ovary and sper-
matheca. The uterus consists of thiee cell rows,
row being four 1o five cells fong.

The spermatheca of Helicorylenchus comprises 12
cells; the extent 1o which the spermatheca is offset dif-
fors within the species studied. The spermathecs of L
of, dibeystern and H. preudovobustus (Fig. 5 AB) {(from the
latrer onlv a Emnt(d number of ex

eelus ohseurus

n 1:0 the

each

vwded gonoducs
were available) is only partally offset: the spermatheca
cell boundaries of /. of. dikysiera ave slightly crenate. H.
varicoudaius and H. canadensis {(Fig. 5 €.} have a maxi-

mally offset spherical spermatheca; the proximal ovi-
duce cells reach the distal uterus cells, Helicatylenchus
whustus andd FLof,

~

; fereearve characterized by a
pair of cells, situated between spermatheca and uterus,
that are larger than spermatheca cells but smaller than
werus cells,

The spermatheca of the Rotylenchus species studied
{Fig. 5F,F,H) likewise comprises 12 cells, except L4 cells
in The sment of the spatial sper-
matheca celi of B ownifirmis is variable, while in R goad.
eyt two distal spermatheca celis us connect with the
aviducr, and mwo proximal pum.uheu. cells connect
with the uterus. Two rows of three ey cells can
form a sphincrer-like structure between the iricohu-
mella and uierine

e dissection.

<‘LIE§§£”

smaiic

s {ohscrved in Hotylenchus goodeyi
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) Scuteltone )
spermatheca comprizing 12w 14 cells with anclear
boundaries. The spermatheca of Hoplol
{Fig. 5H) is weakly differentiated v {8
and consists of nine o 12 celis; the exact number of
cells could not be determined since the spermatheca
LEEETHS ©

(Fig.

(IEmEs

e

wition is not clear-cut. The nature of seve
cells ocourring bet

een spermatheca and tric

Tvlenchoidea gonoduct: Bert of a

15 not obvious for H. ¢4 4
like pattern but are morve compact {only a imited num-
ber of gonoducts were examined, n = 4).

The oviduct of Ronylenchielus veni
sents the Rowviencl

mis, which repre-
idinac in this study, consists of two

rows of four cells. The remaining celiular gonoduct

- architecrare could not be unambiguousiy determined

the cell boundarte

o
ey

€

appearad indistinedy and only
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proximal end o

a Hmited sumber of gonodues were successfully ex-
truded, The spermatheca apparently comprises 12 w
17 variably arranged cells. The
transitton is indistinet, and the uterus cells appear o be
arranged in th

Meloinema {F

S atheca-uterus

¢ unclear rows.
ig. BIh
Meloinema 18 similar to thar of the Belonolaimidae and

Hoplolaimidae: the oviduct consists of two rows of four

¢ orehard,

’,mlv, ovi ovidaen spo spoermath

The gonoduct structure of

i uterus of Belonolaimidae. A) Geo
ik Lokeren, including LM photo :
Gy T micraphasmis, H) T ventvedis, i) |
s et aterus, Scale bars = 10 g

cells, an oval spermatheca is comprised of 12 1o 14, and
aterus cells are arranged in three rows. However, each
s not consisg of a lmited number of cells, but
the exact number of cells in this elongated wterus could

row ddoe

not be dete mamed
:H’!‘HJ‘ : 15i s YA 4 " puiduct .‘i’}fﬂ""' L
o vegion of Meloidogyne incognita: Previous LM

the Lfnnmluu of the genus

vesults have shown that




Y ovi,

ar architeciure o
ricstus, £2) H. dectus, 13y FL oo
: denal end of o

uterine sac. Scale bars = 1 pm,

Meloidogyne typically consists of an oviduce that is ¢o
prised of wo rows of four cells; is spherical sper-
mathecs s composed of characteristic lobe-like pro
truding cells that have often interlaced cell boundarie
and the wierus cells are armanged in three elongated
cell rows (see Bere et al, 2002). As seen by TEM, two
facing oviduct cells are connected o each other only
for 4 1o 5 pm; adhe

-

s éE.z BOEONS STren E.{TEE en the cor-

Lt

e
g

il distad part wterus of Hoplolad
; Ay
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wdevi, By Scu s agryplio HY R

L Between uterus and

nection (Fig. 6B,C). The umen of the oviduct is ex-
wemely narrow {Fig, 6C). The oviduct cells are filled
with lipid droplets, strongly stained lamellar bodies,
and rough endoplasmic reticalurm, Mitochondria are
concentrated around the variably shaped nucleus. The
oviduct cell membrane displavs several invaginations,
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Froo 6 TEM study oviductspermathecs region of M
sal section throagh oviduct €) Detad] lumen oviduct, D Ob
e

tad ened ol ulerus, E) Det
el cell bound-

sembransus anspory, Fi crpnathioca
i v nuclens: ol pocke

ua, e rotgh endoplasuric reticulam,

cular bhodies are in connection i
the cell {Fig, 61L.E). At the base of eac
nection between two adpcent cells is sinuot
Mierotubul

sperathe

a wall can be less than 1 am
¢ of the lebes. The spormuatheca nucled
are similar o the oviduct nuclel and
i, The uterine wall is relatively

de
1 {net shownd, The spermathecs has a wide I presence of an egg {uterus not shown}, The uterus cell

(W

connect o the cell membranes in this  sucle
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dense, rich mitechondrin and endoplasmic retico

b,
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sehidae
witl fwer rows of three 1o seven o
OF Mmay not be offses and s oo nprised « F10 0 20 cells:
the werus cells are wrranged in four rows, Based on g
limited number of

Femades of the Ty taxa possess an oviduct

HE ~;g wrmathecs may

poputations studied, the

mathers cellular morphology, and morve part
the number et part of the sper-
mathecy, can provide an addittonal ool o characterize
species within the gonus Tylenchus

of cells in the of

For example, the
spermatheca of T weuaius s not offser, while 7. elegany
has an offset part of four colls and in 70 dovainet Bve to

Brzeski
Aavainel and

{1999), whao s

1. eleon

, o mindmal bat consistent differ
ence in spermatheca cell compaosition between these
species provides an additdonal argument to maintain
the two as valid specics. Conversely, the Filenchus popu-
fations apparently show reladvely high inwaspecific

ariability of the gonoduct. Filenchus species are particu-
oty difficudt o characterize, and the study of addis
tional morphological gonoduct attributes does not
solve this problem. Only & quaries appears (o be con-
sistently different from the {‘n:hc::r described Fitenchus
species in having an offs
markably, the nee of a spermatheca can not
always be discerned brom in toto material; when a sper
matheca appears to be absent or is described as being
i ya mpanifest alier
This 1s in disagreement with the results of
{19880, who noted & negative
correlation between tail fength and development of
spermatheca for their studies of

et spermatheca pouch, Re-

actual pre:

absent, a distinet spermatheca s wlws
dissection.

Chirhov and Bererina

Filenchus species.

The cell composition of the gonoduct in Coslenchus
{with exception of O costetus) and Aglenchus (Atylenchi-
nae Skarbilovich, 1459} i comparabie with that ob-
served in filenchus and Thvlenchus {Tylenchinac).

Cian-
the oviduct and spermatheca structure in B
codorus and Neopsilenchus is different

versely st-
by the
presence of a slightly helical oviduct consisting of two
rows of five cells and a spermatheca comprised of 16
cells, These gonoduct attributes appear characteristic
for the Be )Ecu derinac Khan, 1964, Although the oviduce
and the spermatheca outines resemble those of Bo-
Psilenchus sty
erital system and @
15 ir

ria, Hol

lecdorinae,
paired
than &

tarius differs in having

¢

a4

rus conlaining
v organized cells. Considering the di-
ahlphu uunuehul arrangement and presence of phas-
mids o the taih, Ryss (19493), Sturhan and Rehi (1995)
and Siddigi (2006} stared tha the placement of Py
gh obvio

Mee

chis inte a separate, sy paraphvlenc,

Bert el nl, 373

Tylencholbdea gonoduot

SHMED *1}}}}{ ared me :rz‘irvjz."tz
sthication of Palenchus in the

Raski, 19

sence of g ¢

According o the current *Aufh'. z]w “sh—
fear quulmni nnella, or tricolumella, does
not allow one ign the position of Psilenchus o
either Tvlenchidae or Dolichodoroiden on the basis of
s characier alone,

Y
87 i

10 @

The Cephatenchus species studied (Tvlodorinae Par

amonov, 1967) are distinguished by their elongated ovi-
duct, which comprises fve o seven cells in each of the

v rows of oviduct cells; this is higher than hithero
re ;)c:szﬁl im 1he E\Eenumx?m Other Tylodorinae (Eu-

: : enchus and Tylodorus)
Emw i)ee m duu.tufz‘;xed by tiw spatial sequence of an

elongate spermatheca followed by a transition zone of

several cells, Ave or six cells in each row of the crusta-
formeria-part of the uterus, a second transition zone of
several cells and a long utenne sac (in ot observations
by Geraert and Raski, 1987).

Belonolaimidae and Hoplolaimidae show an overall
nilarity in the spadal arrangement of the gonoduct

&

cells: two rows of four cells constituie the oviducy the
spermatheca comprises eight o 14 (mainly 12) celis;
and the vterus s composed of three cell rows {tricolu.
mella). The highest diversity is observed in the number
and spatal arrangement of the spermatheca cells, es
pecially within the genera Georenamus and Tlencherlyn-
chies, The \pt’i::mﬂuut autline in Geocendamus species

{(based on in toto observations) has previously been
wsed in descriptions, For example, G (Merlinius) nothus
and 4 sdoris are iqmwu to have a bi-
tobed spermathecs when the spermatheca is [lled (Bry-

ki, 19498}, However, closer examination after dissec-
ton can rehine these species delimitations. The sper-
matheca of . nofhus four lobes, while €,
microdorus comprises only wo lobes {independent of
the presence or absence of sperm). The spermatheca of
G A Sendvlenchug) guadrifer vesemnbiles the spermathecs of
. canader

(Merlinius) micr

comprises

is and H varicaudatus, while the sper-
matheca of Geocenamus ¢l nurserus s distinedve by the
highly indented spermatheca cells, The spermatheca of
T. (Bilylenchus) dubius {12-14 cqually sized cellsy is
clearly different from the spermatheca of 7. (B
fylenchus) maximus {eighe-10 cells, two large cells proxi-
mally} and more siinilar 1o the sper matheci of 7. { Telo-
frimn'!mu ventralis {12-14 cells, cqually
sizedy. This noticeable spermatheca diversity contra-
dicts €.:(:3£1(,‘l[. {1981}, who reported a constancy of the
spermatheca structure at the tevel for the
Tvlenchomorpha. However, the genus Geocenamus is

ceils rather

generic

considered here in a woad s
and Lue, 187
SIPHCLLPE §

nse {following Fortuner

71, and the questdon ax
the subdivision of Gescenamus a8 ad-
vocated by Siddigi (20003, Yet, the spermatheca diver-
siry of

if the gonoduct

: «F in our study docs not correspond with
known subdivisions within the genera Gescenamus and




Valume 38, No

i, Foweve
altermative

I, Oy At do not E)(ﬁ‘i'i}}%[. Lo

roboration Tent g‘:‘:‘rmi‘i(; def

nition. Ney

s,pfift:ifrs w&i.lm‘m z.hc‘: ga:rt'u'tr:zi ( TEOCET LS 3;‘1(1
feyrichus, The spermatheca o

§5 var

i Helicotylenchus
don; their 12-celled sper-
rn;nint(:n struclure appears to be stable, confirmi
former observitions f, 1981,

The gonoduct structure described in this study for
the Belonolaimidae, Hoplolaiminae, Rowlenchulinac
is to that of the Pratvlenchi-
oblins aberrans) and the Het-

{(Geraey

and Meloinema 1s analos
dae (with excepton of N

The characteristic elongation of the three
uterus coll rows in Melodnems s an attribue sharved with
the Heteroderidae and Meloidogyne (Bert et al,, 2002,
20033, Aldhough the genus Melvnema s classified
Meloidogy m(ﬁ(w its spermatheca is clearly hoplolaimid-
like and does not share the typical Me i'nmle
weristics, namely,

£

eroderinae,

yre charac-
spherical in shape and with lobe-ike
protruding cells. Further phyvlogenetic analyses inchud-
ing molecular data are neces
of Meloinema,

O results obtained for M ite agree well with
the observations of the ultrastrucuire of the gonoduct
in M. jevaniea (MeGlure and Bird, 1976). We refer o
th authors for ar s estended discussion about the
morphological and functional aspects of the Meloido-
e gonoduct. The morphology of the ovidoer was de-
scribed as w remarkably stable stracture within the
tylenchs {Geracrt, T983). Our expanded LM resuls do
not deviate from this, withowt exception, with respect to
the oviduct being comprised of o rows of four cells.

ssary to clarify the position

The very narrow lumen between the two rows of tightly
packed oviduct cells shows clearly that the oviduet s a
constriction hetween ovary and spermatheca, In other
nematodes, e.g., Xiphin theyesine and X,
Van de Velde et al, 1996a, 1990b), the complete ab-
sence of an apparent lumen is known, For X meridi-
e, it s assumed that the oviduct cells ave separated
and pushed aside when an oocyie passes through, this
hecause

¥

WeEridiaiiidin

two or three nuclel are observed at the same
level and the cell membranes of neighboring cclls are

highly intertwined {(Van de Velde et al, Ja).
Meloidogyne, oocvtes pass through the oviduct in a

clearly diffe Mast likely, the oviduct lumen
streiches considerably, and adhering junciions prevent
the separation of two adjoining oviduct cells d uring this
process, Ultrastructural analysis of the spermatheca
substantiates that the Meloidogyne spermathecs s dis
tinctive from that in any other awrrently known nema-
tode genus {Bert et al, 2002), and that the spermathe
o is an exceedingly complex structure.
bBranes are distdnedy invaginated and
surround densely packed rough endoplasmic redeun-
tum. This increased surd

The outer n

could funetion in the
wansfer of mewbobtes, and thus the spermatheca prob-

fce a

.f‘{r"'gllhi':rr Ber 2(Hi6

ably has :
receptacie,

han that of a simple

U”’"ed’ ! s wsed in this study as .
valuate our LM observations of
The latter, relatively easy tech-
aique preserves the three-dimensional structure well,

£ of
= to furihe

& LOSE

expeled gonoducts,

However, with light microscopy some aspects of inter-
pretasor

mav be speculative because tm"n']:}‘n'ylr‘)n‘ii‘;i?
discrimination between the cells of adjacent g
can be difficuin On a subeellular level,
aiel of
much maore ¢

no "ffi

al ui wit
terences

h3

EM, these morphological &
evident.

are
Based on our bmibted TEM data,
ural information does confirm LM observa-
tions. Consequently, it seoms that the LM-based Inter

ultrastruc

pretation of the gonoduct components is justified. The
combination of expelled organs and TEM offers valu-
able possibilities. When a TEM study of a specific organ
is required, itis labor saving o perform this study after
More indivectly, TEM
can be combined with LM swudies of expelled
organs to retain the spatial overview. This is especially
uselul if only a limbted number of sections are studied
by TEM. The combination of TEM on selected sections
related 1o the knowledg

expelling the organ of interest
studios

e of the cellular structure based
on expelled organs is a relatively uncomplicated
moethod that combines three-dimensional knowledge
with ultrastruceural detail.

We conclude that the information associated with the
cellular gonoduct structure offers promising results for
i as for analyzing relation-

Enostic purposes, as well

gonoduct morphology as a valuable component in the
{re) description of (new) nematode species. Further,
gonoduct da together with other morphological data

and molecular data, need to be assessed to infer phy-
logenctic reladgonships, especially in Tylenchina,
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Tvienchoidea gonoduct: Bart ef al. 3
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