Embryology and Life Cycle of Tylenchorhynchus claytoni
Steiner, 1937 (Nematoda: Tylenchoidea)’
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Abstract: Development of Tylenchorhynchus claytoni from unsegmented egg to hatching
takes 135 hr at 22-25 C. The fourth molt lasts 5 to 6 days. During exsheathment the cast
cuticle of the larva separated into two unequal parts, breaking near either the anterior or
posterior end. The life cycle from egg to egg required from 31 to 38 days at 28 C on alfalfa
seedlings and included four molts and four larval stages. Sexual differentiation was apparent
in third-stage larvae. Key Words: Egg-laying, Embryogenesis, Molting, Postembryogenesis.

The tobacco stunt nematode, Tylenchor-
hynchus claytoni Steiner, is considered to be
pathogenic to some agricultural and nursery
crops (13, 14, 19, 21). In 1959 Krusberg
(14) investigated its life cycle, reproduction,
feeding habits, and host ranges. The studies
reported here deal with its embryology,
molting, and postembryonic development
which have not previously been studied.

MATERIALS AND METHODS

Nematodes were maintained on green-
house-grown tobacco (Nicotiana glutinosa
L.) at 22-28 C. Hand-picked gravid females
were transferred to BPI dishes containing
tap water for observation of egg laying. Egg
development was observed in a hanging drop
culture (18). Nematodes in fourth stage
molt were selected and transferred to water
agar (11) for observation of molting, The
study of postembryonic development was
conducted in a 13 X 90-mm soil-filled-con-~
tainer containing a 3-week-old alfalfa seed-
ling inoculated with 100 newly-hatched sec-
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ond-stage larvae. The soil in containers,
replicated four times, was examined at 1-3
day intervals for larval development. Mea-
surements were made on heat-relaxed speci-
mens mounted in 2% cold formalin. Gonad
development was studied in nematodes
stained with 5% acid fuchsin (22).

RESULTS

EcG-LAYING: Eggs were laid unseg-
mented. Movement of the eggs in the uterus
required 2-3 hr to travel one egg length.
When the egg reached the vagina the nema-
tode began to swing its tail back and forth
and this, coupled with rolling of its body,
continued until the vulva opened. Prior to
egg deposition, movement of the female
stopped, and the body became “W” shaped.
Eventually, the egg was squeezed out of the
vulva. The actual emergence of the egg
required 5-10 seconds. After the egg was
deposited the female coiled and uncoiled
several times and then resumed its normal
undulating movement.

EMBRYOLOGY: Eggs were 62-68 p in
length by 20-23 , in width (n=40). A
vitelline membrane was first seen beneath
the shell early in cleavage. The protoplasm
of the egg was granular with an irregular
margin which became smooth prior to the
first cleavage (Fig. 1, A, B). The develop-
mental pattern, given in detail in Table 1,
was based on 75 eggs.
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Fic. 1. Camera lucida drawings of egg cleav-
age in T. claytoni. A. Unsegmented egg after
laying; B. Egg prior to the first cleavage; C-F.

Two to five-celled stage; G. Shifting blastomeres
at five-celled stage; H-J. Six to eight-celled stage.

MOoOLTING: Prior to the final molt, larvae
were sluggish or inactive. The stylet ap-
peared less refractive, and the esophagus be-
came very faint. The stylet knobs disap-
peared first and then the shaft. The apex
remained intact and was later shed with the
vestibular extension and cephalic framework.
A flask-shaped hyaline cavity appeared
which surrounded the apex. Soon the head
started to pull back from the cephalic frame-
work. A short sclerotized tube developed
behind the hyaline cavity indicating the ini-
tiation of a new apex. As the head pulled
farther back, the hyaline cavity diminished
and the new apex was completed. This was
followed by the formation of the shaft and
then the knobs. Later the knobs gradually
increased in size. The lumen of the esophagus
and the valve plate of the medium bulb be-
came distinct. Development from the time
the knobs disappeared to the completion of
the stylet required 56-72 hr. After the
stylet was completed the nematode resumed
its activity. The old cuticle appeared pliable
and loose around the body. An unknown
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TasLE 1. Chronology of embryogenesis from egg
deposition to egg hatch. The labelling of blas-
tomere embryogenesis was according to the
system of Boveri (3).

Hr since egg
deposition Developmental sequence
3-4 First division at right angles to

the longitudinal axis of the egg pro-
duced cells S, and P: (Fig. 1, C).

9 S; blastomere (regarded the an-
terior cell) divided equally into an
anterior “A” and a central “B” cell
(Fig. 1, D).

10 “A” cell divided obliquely into an
a-cell and an “a” cell (Fig. 1, E).

10.5 P, cell divided into S. and P: cells
(Fig. 1, F).
14 Cells shifted position resulting in

“B” and S. cells becoming triangular
in outline (Fig. 1, G).

16 “B” cell divided into a g and a
“b™ cell (Fig. 1, H).

17.5 S: cell divided into an E and a
MST cell (Fig. 1, I).

19-20 P. cell divided into a S: and a Ps
cell resulting in 8-celled stage egg
(Fig. 1, I}. Polar body between
vitelline membrane and egg shell ob-
served.

20-30 Simultaneous cleavage throughout
the egg.

30-35 Formation of blastula.

35-45 Formation of gastrula. Cells began
differentiating into ectoderm and en-
doderm.

45-68 Hyaline region formed at anterior
end of egg which gave rise to the
mouth, head, and esophageal region.

68 Embryo moved and rotated within
egg.

70 Formation of a tadpole-shaped
larva.

74 Larva became vermiform.

74-95 Larva rapidly elongated and in-
creased its activity.

95-125 First molt occurred within the egg.
A stylet was first seen during the
molt.

125-135 Larva moved frequently and vigor-

ously, alternating with several im-
mobile periods lasting 0.5-2 hr. Egg
shell appeared to become more flex-
ible. The stylet repeatedly punctured
the anterior end of the egg. Egg shell
ruptured and larva emerged within
seconds. The rounded polar body
remained within the empty egg shell.
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Fic. 2. Exsheathment in T. claytoni.
of cuticle (Post Cut.) split;

A. Anterior part of cuticle (Ant Cut.) split;
C. Prior to exsheathment unknown material (Ukn Mat.) accumulated on the
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B. Posterior part

old cuticle. (Bas Blb — Basal Bulb; End Ant Cut. = End of anterior part of cuticle).

material gradually accumulated between the
old and the new cuticle near the end of either
the esophagus (Fig. 2, C) or the anal area.
Later the old cuticle split at one of these
two areas (Fig. 2, A, B), and at exsheath-
ment the shorter part of the old cuticle,
either the head or the tail portion, was ex-
sheathed first followed by the rest of the
cuticle. The break between cuticle segments
was usually a smooth circular split, but oc-
casionally it was jagged. The fourth molt
lasted 5—6 days.

DEVELOPMENTAL STAGES: Three larval
stages occur between hatching and the adult
stage. Characteristics important for dis-
tinguishing the various larval stages were:
structure and length of gonad, body length,
tail length, and tail width. The measure-

ments of the different larval stages were
presented in Table 2.

Second-stage larva.—Genital primordium
measured 8-10 p long and was located at
the right of the ventral chord at 58-62%
of body length. It consisted of four cells, two
large germinal cells between two small cap
cells (Fig. 3, A). During the molt the genital
primordium enlarged and measured 12-14 4
in length.

Third-stage female larva.—The female
gonad differed markedly from the male
gonad at this stage. Two germinal cells of
the genital primordium were separated by
two to four somatic cells, one germ cell
entering each end of gonad (Fig. 3, B). The
gonad measured 20-26 n long. During the
molt the gonad extended in length and



104

Journal of Nematology, Vol. 3, No. 2, April 1971

TaBLE 2. Dimensions of Postembryonic Stages of T. claytoni.

Tail Tail
Stage Length Width Stylet length width
Second-stage 212-214% 12-15 15-17 23-29 10-12
(228.0) (13.5) (16.2) (26.0) (11.2)
Third-stage Q 382-432 16-20 18-21 30-37 12-15
(400.6) (18.0) (19.0) (32.3) (13.9)
Third-stage ) 330-402 15-19 17-19 23-33 10-14
(358.4) (16.9) (18.2) (29.5) (12.5)
Fourth-stage ? 504-598 22-24 19-21 32-40 14-16
(553.3) (23.0) (20.1) (36.2) (15.3)
Fourth-stage 3 435-523 20-23 18-20 33-38 16-20
(501.0) (22.2) (19.0) (37.3) (18.4)
Female 638-720 24-28 21-23 35-40 15-19
(689.5) (26.6) (22.3) (37.7) (17.6)
Male 595-695 21-25 20--22 42-51 15-17
(648.1) (23.4) (21.4) (44.1) (16.5)

+ Measurements in x« (n = 20).

ranged from 62-86 u. A cap cell was lo-
cated at both ends of the gonad and each
was adjacent to a big germinal cell and sev-
eral somatic cells. At the middle of the
gonad a group of somatic cells multiplied
to form a widening region. Four specialized
vaginal primordium cells were differentiated
in the ventral chord opposite the widening
region of the gonad (Fig. 3, C).
Third-stage male larva—The number of
cells of the gonad remained the same as in
the second-stage larva, but the posterior cap
cell increased in size. The gonad measured
17-24 p in length. Early in the molt the
gonad was six or seven cells (Fig. 3, I).
This was followed by the multiplication of
cells at the posterior end of the gonad re-
sulting in a spindle-shaped arrangement (Fig.
3,Y). The gonad increased to 50-55 u long.
By this time the cloacal primordium became
visible and was oval in shape (Fig. 3, J).
It consisted of a group of cells which later
gave rise to the spicule and gubernaculum.

Fourth-stage female larva.—FEach germ
cell divided into two or three cells of equal
size, the somatic cells and the vaginal
primordium cells increased in number (Fig.
3, D). The gonad was 96-105 u long. Dur-
ing the molt the gonad was distinctly more
developed than in the previous stage. The
anterior part of the gonad ranged from 115~
162 u in length, the posterior one measured
from 126-173 x (Fig. 3, E).

Fourth-stage male larva.—The gonad
measured 71-97 p in length. The cloacal
primordium increased in size (Fig. 3, K).
During the molt the gonad joined with the
cloacal primordium (Fig. 3, L). By this
time spermatocytes and sperms were ob-
served. Development of the spicule, guber-
naculum, and the caudal alae was completed
at the same time as the stylet. The gonad
increased to 290-330 p.

Adult—Measurements of adults in the
present study generally confirmed those
given by Steiner (2) and Allen (1) in their

Fic. 3.
Adult).

-

Stages in the development of male and female gonad (L = Larva; M — Molting; Ad =
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description of the species. Steiner reported
29 longitudinal striations on the middle
region of body regardless of the sex, whereas
I consistently found females with 26 longi-
tudinal striations, and males with 24 or 26
(Fig. 6, F, N).

LiFe CycLE: Males were required for
reproduction (14). The life cycle from egg
to egg required from 31-38 days at 28 C on
alfalfa seedlings, with four molts and four
larval stages. The egg stage lasted 3—4 days,
the second-stage 7-8 days, the third-stage
6-7 days, the fourth-stage 7-9 days and
the preoviposition period of the adult was
from 8-10 days.

DiscussioNn

The first cleavage of the egg of T. claytoni
results in two blastomeres. At the two-celled
stage the cleavage of the eggs is delayed in
P, cell, but the S; cell continued to divide.
The P, cell does not undergo cleavage until
the four-celled stage. Delayed cleavage has
been also reported in other nematodes: one
blastomere at the two-celled stage does not
divide until the six-celled stage in Dity-
lenchus dipsaci (25), the five-celled stage
in D. destructor (2), and the four-celled
stage in Aphelenchoides dactylocercus (17).
By contrast, the two-celled eggs of Ra-
dopholus similis (22), Hemicriconemoides
chitwoodi (8), Criconemoides xenoplax
(18), Helicotylenchus vulgaris (24), Nacob-
bus serendipiticus (5), Rotylenchulus par-
vus (6), Xiphinema diversicaudatum (10),
Pratylenchus scribneri (16) and Hoplo-
laimus indicus (7) divide consecutively re-
sulting in 4 cells in tandem.

In an animal-parasitic nematode, Ascaris
megalocephala (4), the third cleavage gives
the T-shaped four-celled stage which pro-
duces a bilaterally symmetrical embryo. In
T. claytoni a bilaterally symmetrical embryo
is observed at the five-celled stage. This
stage also exists in H. indicus (7).
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Cleavage in T. claytoni begins shortly after
egg-laying. It takes about 14% of the total
development time to reach the 8-celled stage
and about 54% to reach the vermiform larval
stage. In some Xiphinema spp. and Longi-
dorus spp. (10), 15% of the total embryonic
development time is required for the forma-
tion of the eight-celled stage and 45% for
the appearance of a vermiform larva.

During the molt the formation of the new
stylet of T. claytoni follows the same pattern
as described for R. similis (22), D. de-
structor (3) and P. scribneri (16). The
stylet apex is formed followed by the shaft
and knobs, but no sclerotized rings in the
region of the shaft is observed in T'. claytoni
which is similar to R. sirilis (22). During
the exsheathment in Paratylenchus nanus
(9), Seinura spp. (11) and Longidorus
africanus (15) the entire cuticle is shed in
one piece. In contrast to this, the cast cuticle
of T. claytoni separates in two pieces as re-
ported for Haemonchus contortus (20) and
Caenorhabditis briggsae (12). In the latter
two species the splitting of the cast cuticle is
only from the anterior end. The splitting of
the cast cuticle of H. contortus (20) is initi-
ated by the formation of a refractive ring in
the cuticle near the anterior end. In T. clay-
toni no refractive ring is found. The sites of
cuticle split are associated with an accumula-
tion of unknown material observed during
molting. It is possible that the unknown
material produced by nematodes plays a role
in splitting the cuticle.

The life cycle of 7. claytoni is similar to
that of other parasitic nematodes with four
molts and four larval stages. Sex can be
differentiated in the third-stage larvae as also
reported in D. destructor (2) and N. seren-
dipiticus (4).

LITERATURE CITED

1. ALLEN, M. W. 1955, A review of the
nematode genus Tylenchorhynchus. Univ.
Calif. Publ. Zool. 61:129-165.



10.

11.

12.

13.

LiFre CYCLE OF

ANDERSON, R. V., aNnD H. M. DaARLING.
1964a. Embryology and reproduction of
Ditylenchus destructor Thorne, with em-
phasis on gonad development. Proc. Hel-
minthol. Soc. Wash. 31:240-256.

ANDERSON, R. V., anp H. M. DarLING.
1964b. Spear development in Ditylenchus
destructor Thorne. Nematologica 10:131-
135.

Bovery, T. 1892. Ueber die Entstehung des
Gegensatzes zwischen den Geschlechtszellen
und den somatischen Zellen bei Ascaris
megalocephala. Sitzungsber. Ges. Morph.
Physiol. Miinchen. 8:114-125.

CLARK, S. A. 1967. The development and
life history of the false root-knot nematode,
Nacobbus serendipiticus. Nematologica 13:
91-101.

DasGupTa, D. R, AND D. J. RASKL
The biology of Rotylenchulus
Nematologica 14:429-440.

DasGurTa, D. R., Siya NaND aND A. R.
SesHADRI. 1970. Culturing, embryology
and life history studies on the lance nema-
tode, Hoplolaimus indicus. Nematologica
16:235-248.

Fassurioris, G. 1962. Life history of
Hemicriconemoides chitwoodi Esser. Nema-
tologica 8:110-1186.

FisHER, J. M. 1966. Observation on molt-
ing of fourth-stage larvae of Pararylenchus
nanus. Aust. J. Biol. Sci. 19:1073-1079.

FLEGG, J. J. M. 1968. Embryogenic studies
of some Xiphinema and Longidorus species.
Nematologica 14:137-145.

HEecHLER, H. C,, aND D. P. TAyLOR. 1966.
The molting process in species of Seinura
(Nematoda: Aphelenchoididae). Proc. Hel-
minthol. Soc. Wash. 33:90-96.

JANTUNEN, R. 1964. Molting of Caeno-
rhabditis briggsae (Rhabditidae). Nema-
tologica 10:419-424.

KRUSBERG, L. R. 1956, Studies on the tes-
selate stylet nematode. Phytopath. 46:18.
(Abstr.)

1968,

parvus.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23,

24.

25.

Tylenchorhynchus claytoni » Wang 107

KRrRUSBERG, L. R. 1959. Investigations on
the life cycle, reproduction, feeding habits
and host range of Tylenchorhynchus
claytoni. Steiner. Nematologica 4:187-197,

LAMBERTI, F. 1969. Exsheathment in Longi-
dorus africanus (Nematoda: Dorylai-
moidea). J. Nematol. 1:94-95.

RoMaN, J.,, anp H. HIRSCHMANN. 1969.
Embryogenesis and Postembryogenesis in
species of Pratylenchus (Nematoda: Ty-
lenchidae). Proc. Helminthol. Soc. Wash.
36:164-174.

Rowseg, T. W. 1969. Embryology of Aphe-
lenchoides dactylocercus. J. Nematol. 1:26.
{Abstr.)

SESHADRI, A. R. 1964. Investigations on the
biology and life cycle of Criconemoides
xenoplax Raski, 1952 (Nematoda: Cri-
conematidae). Nematologica 10:540-562.

SHER, S. A. 1958, The effect of nematode
on azaleas. Plant Dis. Rep. 42:84-85.

SOMMERVILLE, R. I. 1957, The exsheathing
mechanism of nematode infective larvae.
Exp. Parasitol, 6:18-30.

STEINER, G. 1937. Tylenchorhynchus clay-
toni, n. sp., an apparently rare nemic para-
site of the tobacco plant. Proc. Helminthol.
Soc. Wash. 4:33-34,

VAN WEERDT, L. G. 1960. Studies on the
biology of Radopholus similis (Cobb, 1893)
Thorne, 1949, Part III. Embryology and
postembryonic development. Nematologica
5:43-52.

Wang, L. H,, anD S. A, SHER. 1970. The
life cycle of Tylenchorhynchus claytoni
Steiner, 1937. (Nematoda: Tylenchoidea).
Second International Congress of Para-
sitology. J. Parasitol. Section II, 56:481.
(Abstr.)

Yuen, P. H. 1966. Further observations
on Helicotylenchus vulgaris Yuen. Nema-
tologica 11:623-637.

YukseL, H. S. 1960. Observations on the
life cycle of Ditylenchus dipsaci on onion
seedlings. Nematologica 5:289-296.



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

	7121_103: 
	pdf: 



