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Abstract. Pratylenchus macrostylus japonicus Ryss, 1988 is elevated to the
specific rank as P. japonicus, a new status based on the morphological
differences observed by an optical and scanning electronic microscope. This
species was primarily distinguished from P. macrostylus Wu, 1971 by
having shorter spear (18-2 1 wm vs. 21-28 um). Obvious morphological
differences are: i) steadily cask-shaped vestibule extension of cephalic frame
work in P. japonicus instead of simple widening vestibule extension in P.
macrostylus; ii) undivided en face pattern (Group 1) in P. japonicus instead
of differentiated median segment (Group 2) in P. macrostylus, iii) much
reduced median inner sensilla at the margins of ora aperture in P. japonicus
instead of norma sensilla in P. macrostylus, iv) lip region continuous to
body contour in P. japonicus instead of offset lip region in P. macrostylus.
and v) three lip annuli in P. japonicus instead of two in P. macrostylus. The
PCR amplification product, including two ITS regions, a 5.85 gene, and
small portions of the 18S and 28S genes of the IDNA obtained using F194
and F195 primers, was a single fragment of about 800 bp. The restriction
patterns and the DNA fragment sizes obtained after digestion of 10
endonucleases Alu |, Dde |, Hha |, Hinf 1, Taq |, Hae |ll, Mbo |, Nsp V. Pst
I, and Sau 96 | were presented.

Key words: Taxonomy, Nematoda, Pratylenchidae, morphology,
molecular characteristics, new status.
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Introduction

Pratylenchus macrostylus japonicus Ryss, 1988 is a hematode parasite of trees, such
as Quercus spp., Eriobotrya japonica Lindley, and Prunus sp., in Kyushu and Honshu.
Japan. The subspecies was recorded three times in Japan as Pratylenchus sp. 1 (Gotoh
and Ohshima, 1963), Hoplotylus sp. (Gotoh, 1974), and Pratylenchus macrostylus Wu.
1971 (Minagawa, 1982). Minagawa (1982) gave a detailed description and illustrations of
the nematode. An origina type of Pratylenchus macrostylus Wu, 197 1, was designated
for a Canadian specimen. Though being poorly described, the type specimens were
characterized by the conspicuous spear (needle-like apparatus of mouth) of 21-25 pm
long; the largest spear among the congeneric species so far known from the world.
Because the Japanese populations had a short spear of 17-21 um long, Ryss ( 1988)
transferred the nematode to a subspecific rank of P. macrostylus. Hartman and Eisenback
(1991), after the carefully made morphological study of North American populations,
suggested again that the Japanese nematode might be closely related to, but different
from, North American P. macrostylus, because the spear length, the primary
distinguishing feature, was much shorter than that in the types. However, Japanese
materials have never been comparatively studied with North American populations nor
they are subjected to a scanning electron microscopic (SEM) study for the surface
morphology. Therefore, the status of the Japanese nematodes was unclear.

Because the taxonomic characters of nematodes are mostly quantitative morphometrics
exhibiting frequent intraspecific variations, recent nematode taxonomy has inclined to use
DNA characteristics, especialy Internal Transcribed Spacer (ITS) regions of ribosomal
DNA (1DNA), to identify species (Zijlstra et al., 1995; Orui, 1996) or to reconstruct
phylogeny (Ferris et al., 1993). A combination of the Polymerase Chain Reaction (PCR)
amplification of ITS regions of rDNA and a Restricted Fragment Length Polymorphism
(RFLP) analysis (PCR-RFLP) was successful to characterize the morphologically
recognized Pratylenchus species by species-specific molecular patterns (Orui, 1996).

The objectives of this study are 1) to describe P. macrostylus japonicus in detail with
respect to surface morphology and molecular features, and 2) to determine the taxonomic
status of the Japanese nematode through designation the required lectotype specimen.

Materials and Methods

SEM examination. Specimens stored in TAF were processed in 30% to 100% ethanol.
critical-point dried, coated with platinum-vanadium (20 nm), and examined in a Hitachi
X-650 SEM at 10 kV.

Preparation of the specimens for measurement and drawing. Observations were made
on the specimens killed by gentle heating, fixed in TAF (triethanolamine + formalin:
Courtney et a. 1955) and mounted in dehydrated glycerin by the quick method of
Seinhorst (1959). The specimens were observed and measured at oil immersion 2.400 x
for al features by a Olympus BH-2 light microscope equipped with Normarski
interference contrast.

Molecular analysis. An isolate taken from the rhizosphere of cherry tree at Tochigi
Prefecture was directly separated from the soil with the Baermann funnel technique. A
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single individual was used for the extraction of template DNA. The DNA was extracted
according to Orui (1996). The PCR primer set (F194 and F195 primers) synthesized
following Ferris et a. (1993) was used for PCR amplification of the two ITS regions
including the 5.8S gene and small portions of the 18S and 28S genes of rDNA.
Amplification were performed,using a DNA therma cycler (PTC-100, MJ Research.
Inc.) at the thermal condition described in Orui (1996). The amplified products were
stored at -20°C until use. The amplified DNA was separated by electrophoresis through
2.0% Metaphor Agarose (FMC Corp.) gels in 1.0 x TBE buffer. Ten endonucleases
(BRL Life Technologies, Inc.) were used to digest the PCR amplified product: Alu |, Dde
I, Hha |, Hinf L, Taq |, Hae I, Mbo |, Nsp V, Pst |, and Sau96 1. Digestion was
conducted in a mixture of 5 pl of the amplified product, 1 1! of endonuclease and 14 pl of
buffer for at least 6 hrs. at the appropriate temperature. Restriction patterns were analyzed
by electrophoresis through 2.0% Metaphor agarose gel, as described earlier. The gels
were stained with ethidium bromide solution (0.5 mg/ml), and were photographed using
Polaroid type 667 films (Polaroid Corp.) on a UV transilluminator.

Systematics
Pratylenchus japonicus Ryss, 1988 n. stat.

Pratylenchus macrostylus apud Minagawa, 1982 (nec Wu, 1971)
P. macrostylus japonicus Ryss, 1988

Measurements.

Lectotype (female): L=423 um;L'=399 um;a=24; b=5.3; b’ =3.3; ¢ = 17.0:
¢'=25; V=872 % V' =92.6 %; spear = 19.0 um; MB = 61 %: G| =314 %: G2 =
5.4 %; U = 1.5; Tail/V-a= 84.4 %; E.P. = 17.2 %; Ph. = 60.5 %.

Paralectotypes (female): Measurements of the paralectotypes from Nishigoshi.
Kumamoto (primary syntypes of this species) are given in Minagawa ( 1982). Only the
data of newly designated paralectotypes from Nara and Tochigi are given herein in Table
1
Description.

Female (n = 18, Based on Nara population): Body rather dender (a = 31.7 *
2.62) curved ventrally when heat-relaxed. Annuli 0.9 pm+ 0.10 (0.8-1.0) wide at mid-
body. Lip region tapers anteriorly, rounded and elevated, 3.1 um=+ 0.18 (2.8-3.3) high.
7.7 mm £ 0.32 (7.2-8.2) wide, continuous to body contour. Labial framework
moderately developed, laterally extending into body at 1 to 2 annule; vestibule extension
well developed, cask-shaped. Lip with 3 shallow annuli on both sides (Fig. 1 B-D).
which often indiscernible by light microscope but distinct in SEM image (Fig. 3 B). In en
face view of 1<t lip annule (Fig. 3 A), ora aperture ova and widened, with 6 pore-like
inner sensilla at margins, median sensilla indiscernible (Fig. 3 E); amphid apertures slit-
like and oblique; median segment fused to lateral segment (Group 1 sensu Corbett and
Clark, 1983). Cephalids not seen. Spear 19.8 um=* 0.70 (18.3-21.3) long, 2.6
times£0.13 (2.3-2.8) as long as head diameter. Spear knobs massive. 3.7 um= 0.33
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oesophageal region; B-D,

E, vulval region showing empty spermatheca and anteriorly inclined vaging;

ratylenchus japonicus n. sat. — Female. A,
, variation of tails. Scale bars = 10 um.

Fig. 1. P
heads;
F

M
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Fig. 2. Morphologica variation in tails of Pratylenchus japonicus n. stat. Scale bar =
10 um.

(3.3-4.6) high, 4.7 pum * 0.34 (4.3-5.6) across; 1.3 £ 0.14 (0.9-1.5) in width / height
ratio; shape rather constant, mostly flattened anteriorly or rounded, never indent or
sloping posteriorly. DGO 3.3 pm=+ 0.34 (2.9-3.9) from spear knob base. Metacorpus
oval, occupying about a half of the corresponding body diameter; valve conspicuous. 60
pm £ 4.3 (5 1-66) from anterior body end, or 63 % = 11.6 (42-74) of oesophagus length.
Oesophageal basal lobe (Fig. 1 A) extending 132 um* 12.3 (108-156) from anterior
body end, ventrally overlapping intestine 46.3 pm+ 11.1 (29.5-66.8) or a distance of
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2.8 times*0.65 (1.6-3.8) the corresponding body diameter. Oesophageal nuclei usualy
line up (Fig. 1 A). Excretory pore 83 um+ 7.3 (65-92) from anterior body end, 95.6 %
+ 14.8 (62-108) of oesophageal length, and 74 £ 2.6 (71-77) (n= 4) body annuli from
anterior body end; annuli between anterior body end and excretory pore 1.1 pm in
average width. Hemizonid lenticular, 2 to 3 annuli long, level with or immediately
anterior to excretory pore.

Gonad outstretched, 126 um* 22.3 (87-162) (n = 17) long; ovary with oocytes
generally in a row (rarely partially doubled); spermatheca indistinct, empty, when
observed rounded, at 44 pm(n = 1) from vulva, 9.2 (n= 1) long, 7.9 um (n= 1) wide,
1.2 (n= 1) in length/width ratios (Fig. 1 E). Uterus with tricolumella of 15 cdlls. Post-
uterine branch undifferentiated, about as long as vulval body diameter (U= 0.9 £ 0.24)
(Fig. 1 E). Vagina narrow walled, anteriorly inclined to body axis, 8.8 umzt 1.37 (6.6-
10.0) (n=5) long, or 56 % = 6.6 (48-63) of vagina body diameter.

Tail 30 um+2.9 (24-34) long, with 22 (19-26) annuli, distinctly conoid; apices
rounded; termina cuticular portion moderately broad and much elongate, 3.2 times *
0.35 (2.6-3.8) as long as ana body width (n= 25); posterior half distinctly denderer than
anterior half due to rather extensive tapering from anus to middle level; termini with some
variation in shape (Fig. 1 F-M; Fig. 2): mostly rounded (52 %: Fig. 1 G, J, Fig. 2 A-D),
often bluntly pointed (33 %: Fig 1 H; Fig. 2 F), rarely flattened or concave (9 %: Fig. 1
K; Fig. 2 E, J), and very rarely clavate (Fig. 1 F); terminus smooth, without evident
annuli around. Tail terminal cuticle rather thick, 5.5 pm=* 1.47 (2.9-9.2) thick: phasmids
pore-like at anterior half of tail, centered in lateral fields (Fig. 2 H; Fig. 3 T), 11.0 um =
1.09 (9.2-12.4) (n= 8) behind anus or 62.9 % * 2.91 (59.5-68.8) (1= 8) from tail tip.

Lateral fields 5.8 um + 0.19 (5.6-5.9) (n=3) wide, i.e. 34.8 % + 3.80 (31.0-38.6) of
the widest body diameter, consist of 3 equaly spaced bands separated by 2 narrow but
deep inner grooves (Fig. 3 F); amost plain in mid-body region (Fig. 3 F); and areolated
a tal region (Fig. 3 1). Lateral fields never extend tail tip; inner band fused to single
groove shortly before phasmid (Fig. 3 1).

The amplified product of ITS regions in rDNA is a single fragment of about 0.8 kb
(Fig. 4, lane 1). The redtriction patterns and the DNA fragment sizes obtained after
digestion of ten endonucleases are given in Fig. 4 (lanes 2-1 1) and Table 2.

Males: Unknown.

Type material and locality.

Lectotype: 1 female, Nishigoshi, Kumamoto Pref., collected from Quercus
acutissima, 16. iv. 1979, leg. N. Minagawa. Specimen is deposited at the Herbarium and
Insect Museum of the Nationa Ingtitute of Agro-Environmental Sciences, Tsukuba City,
Ibaraki, Japan (NIAES).

Paralectotypes: 49 females, Nishigoshi, Kumamoto Pref., collected from Quercus
acutissima Carruth., Q. dentata Thumb. and Q. serrata Murray, 16. iv. 1979, leg. N.
Minagawa; 25 females, Mt. Nijo-san, Taima Town, Kitakatsuragi-gun, Nara Pref.,
collected from unidentified tree, iii. 1987, leg. T. Mizukubo; 3 femaes, Kokubunji
Town, Shimotsuga-gun, Tochigi Pref., collected from cherry tree, 1996, leg. Y. Orui.
Specimens are deposited at the NIAES and the Laboratory of Plant Nematology, Kyushu
National Agricultural Experiment Station (KNAES).
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Table 1. Measurement of Pratylenchus japonicus n. stat. from two locations in Japan.
(females; data in Um).

Taima, Nara Kokubunji, Tochigi

HW/TAF/GE © HW/TAF/LP ®
Characters min - max mean =*S.D. C.V. n min - max mean * S.D. CV. n
L 404 - 616 (521 + 583 ) 11.218 454 - 553 ( 520 =463 ) 89 3
L 375 - 590 (491 = 587 ) 12.0 18 424 - 526 ( 491 = 459 ) 93 3
a 247 -36.0 ( 31.7 =262 ) 8.3 18 282 - 324 (298 x 1.86 ) 6.2 3
b 56 -7.1 ( 64 %056 ) 8.8 12 55 - 6.6 (61 £044) 73 3
b 31 -51 (40 =049) 12.2 16 35 -43 (39 x033) 84 3
c 133 -235 (176 £ 283 ) 16.118 165 - 20.6 ( 185 x 1.67 ) 9.0 3
c 26 -38 (32 £035) 10.7 18 24 - 29 ( 27 =020 ) 75 3
v (%) 843 -882 (862 x 121 ) 1.4 18 85.7 - 877 ( 868 =0.82 ) 09 3
V' (%) 903 -931 (915 £ 0.77 ) 0.8 18 913 - 922 ( 91.8 = 041 ) 04 3
VL 347 - 538 (449 =543 ) 12118 389 - 485 ( 452 =440 ) 97 3
Gl (%) 16.9 -31.1 (242 + 398 ) 16517 174 - 232 (212 £264 ) 125 3
G2 (%) 14 -44 (27 +£080 ) 30115 22 -40 ( 32=x073) 228 3
Spear 183 -21.3 (19.8 = 0.70 ) 35 20 183 - 20.8 ( 193 = 0.70 ) 36 3
Oesophagus 70 - 156 (97 =268 ) 276 16 82 - 90 ( 8 =31 ) 37 3
MB (%) 416 - 740 (632 * 116 ) 18.3 16 65.7 - 67.2 ( 66.3 = 0.67 ) 1.0 3
Excr.pore 65 - 92 ( 83 *733) 8.8 14 71 - 97 ( 83 £6.00) 72 3
Excr.p./L (%) 141 -183 (160 =121 ) 7.6 14 6.1 - 174 ( 167 + 055 ) 33 3
V-a 28 - 52 ( 41 60 ) 14418 37 - 41 ( 40x19 ) 46 3
Tail 236 - 340 (300 %287 ) 9.6 18 268 - 30.1 (281 = 141 ) 50 3
Tail/V-a 50.6 - 104.7 ( 73.7 = 129 ) 17.6 18 651 - 73.7 (706 £391 ) 55 3
Annule width 0.8 -1.0 ( 09 £010) 104 6 09 - 13 ( 10=x019 ) 190 3
PUB 85 -196 (134 x 299 ) 22215 124 - 183 ( 161 = 264 ) 164 3
8] 05 -15 (09 =024 ) 26215 0.8 - 13 ( 11 025 ) 227 3
Spear/Head width 23 -28 ( 26 £013) 52 19 23 - 25 ( 24 +£0.09) 38 3
m (%) 50.0 - 56.7 (529 % 167 ) 3.2 20 484 - 522 (502 * 1.49 ) 30 3
SPM length/width - (12 = ) 1 ( * )
LFW/body width(%) 31.0 - 386 (348 £38 ) 109 3  34.6-346 ( 346 ) 00 3
REX 71 -77 ( 740 + 258 ) 35 4 70 - 75 (723 £205) 28 3
Tail annuli 19 - 26 (219 =220 ) 101 9 22 - 26 (243 £ 170 ) 70 3
Phasmid 92 -124 (11.0 = 1.09 ) 100 8 98 - 151 ( 124 £ 262 ) 211 3
Ph. (%) 595 - 68.8 (629 +291 ) 46 8 500 - 634 (567 x671) 118 3
Knob width/height 09 -15 (13 =014 ) 10920 12 - 13 ( 12 £0.03) 25 3
Oes. overlap 295 -66.8 (463 = 111 ) 239 12 458 - 47.8 ( 465 = 0.93 ) 20 3
Head height 28 -33 (31 =018 ) 5.9 17 2.7 - 33 ( 29 =021) 72 3
Head width 72 -8.2 (77 £032) 4.2 20 75 - 88 ( 81 £0.56) 69 3
D.G.O. 29 -39 (33 *034) 10.3 14 33 - 36 ( 34 +£016 ) 47 3
Knob height 33 -46 ( 37 =033) 9.0 20 29 - 36 ( 33 £023) 70 3
Knob width 43 -56 (47 =034) 7.3 20 37 - 46 ( 41 £0.39) 95 3
Oes. (lobe) 108 - 156 (132 * 123 ) 9.4 16 130 - 136 ( 132 £ 26 ) 20 3
SPM length 92 -92 (92 * ) ( x )
SPM width 79 -79 (79 = ) ( x )
Max body w. 137 -209 (165 + 1.85) 11.3 18 157 - 196 ( 175 = 163 ) 93 3
Vaginal body w. 124 -17.7 (146 * 1.39 ) 9.5 18 137 - 164 ( 148 £ 111 ) 75 3
Anal body w. 79 -111 (93 *082) 8.8 18 98 - 111 ( 105 + 053 ) 50 3
SPM/V-a (%) 112 - 112 ( 112 = ) 106 - 111 ( 108 =21 ) 19 3
Overlap./Body w. 16 -38 (28 065 ) 23512 23 -30 ( 27 x029) 107 3
Tail cuticle 29 -92 (55 + 147 ) 267 15 52 - 65 ( 6.0 =0.56) 93 3
PUB/V-a (%) 165-581 (336 +109) 18815 ( + )

Abbreviations: V-a= vulva-anus distance; PUB= post vulvar uterine branch; SPM=spermatheca.
¥ Killed in hot water (60 “C), fixed in TAF, and processed by glycerol ethanol method.
® Killed in hot watt (60 “C), fixed in TAF, and processed by lactophenol method.
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Table 2. Fragment sizes (bp @) resulting from digestion of an ITS region of
Pratylenchus japonicus n. stat. with 10 endonuleases.

Enzyme DNA fragment sizes (bp)
Alu 1 350 (s V), 80

Dde | 550, 230; 50
Hha | 400, 330, 110
Hinf | 400, 180, 150, 130
Tag | 450, 310, 70
Hae |11 500, 330

Mbo | 430, 370

Nsp 1 480; 350

Pst 1 470, 3x0

Sau96 1 500, 320

“ Fragment sizes are approximate; some small fragments (< 50 bp)
may not bc measured.
» A "s"in the parenthesis indicates possible superimposition of two fragments

Diagnosis and relationships.

Pratylenchus japonicus n. stat. is characterized by the first lip annule with distinctly
convex anterior margin, long and stout spear (18-2 1 pm), posterior vulva (V= 84-88 %).
empty spermatheca, shorter post-vulval uterine branch (PUB = 9-20 um; G2 = about 3%
), and dender tail with smooth tail terminus. This species resembles P. macrostvius Wu.
1960 and P. brachyurus Godfrey, 1929, by having elongate spear and posterior vulva.
Pratylenchus brachyurus differs from P. japonicus by having flattened first lip annule
with angular lateral edges and stout tail terminus. Pratylenchus japonicus is primary
distinguished from P. macrostylus by having shorter spear (18-21 um vs, 2 1-28 pm).
Although difficult to ascertain, 3-annule lip of P. japonicus differ from 2-annule lip of P.
macrostylus. There are further considerable differences of taxonomic importance
between the two species, which are mentioned in the discussion.

Discussion

Hartman and Eisenback (1991) and Ryss (1988) distinguished the Japanese P.
macrostylus from North American populations because of the differences in spear length.
However, stable in many Pratylenchus species it may be, the spear length is one of the
quantitative characters. It is not determined if the character in this species will be
subjected to the variation due to environmental or genetic factors.

Comparing with the full redescription and the detailed SEM images of the North
American P. macrostylus provided by Hartman and Eisenback (1991), it was found that
further taxonomically critical differences laid between the two geographic populations as
follows: i) P. macrostylus has the vestibule extension of cephalic frame work that is
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simply widening posteriad, but the structure of P. japonicus is steadily cask-shaped, i.e.
it is widened a middle and constricted at the posterior end; ii) en face pattern of P.
macrostylus by SEM showed the differentiated segment that can be classified into Group
2, but P. japonicus has undivided face pattern (Group 1); iii) en face image showed
normal 3 distinct inner sensilla at the margins of oral aperture (total 6), but since P.
juponicus has much reduced median sensilla it appeared to have only two inner sensilla
(total 4: Fig. 3 E). We consider that these differences in the above-mentioned

Fig. 3. Light microscopic (A, G, H) and scanning electron microscopic (B-F. 1)
photographs of Pratylenchus juponicus n. stat. from Japan. A, anterior body end
(lateral view); B, lip region showing 3-lip annule (lateral view); C & D, lip region
showing plane face (en face view); E, first lip annule showing much reduced
median inner sensilla (en face view); F, laterd fields showing deep inner incisures,
G- |, tails (lateral view).
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Fig. <1. An amplified internal transcribed spacer region of the rDNA from a single
femae of Pratylenchus japonicus n. stat. and its restriction patterns obtained after
10 endonuclease digestion. Ethidium bromide stained 2.0 % Metaphor agarose gel.
Sides, BioMarker (Bio Ventures, Inc.); lane 1, amplification product without
digestion; lane 2, Alu |; lane 3, Dde I; lane 4, Hha I; lane 5, Hinf I. lane 6, Tag 1.
lane 7, Hae 1l1; lane 8, Mbo |; lane 9, Nsp V; lane 10, Pst I; lane 11, Sau9%6 1.

characteristics between the Japanese and North American populations are regarded as
specific rather than subspecific level. A specific epithet for the Japanese populations
should succeed a previously designated subspecific epithet, the "japonicus"(Ryss,
1988). Then, the Japanese populations are elevated to the specific rank as Pratvienchus
Japonicus Ryss, 1988 n. dtat. in this paper. A lectotype and a large part of lectoparatypes
for the new species are chosen from the syntypes of P. macrostylus japonicus Ryss.
1989 that had comprised specimens measured and described by Minagawa ( 1982).
Specimens form Nara and Tochigi are also designated to be paralectotypes, because the
morphological and molecular characterization of this new species are perfomed on these
specimens.

The eukaryotic rDNA repeat consists of three genes (18S,28S, and 5.8S), interna
and external transcribed spacers, and an external nontranscribed spacer region. The
sequences of rDNA genes are highly conserved. However, because there is less
conservation within the ITS regions, the PCR-RFLP pattern of the ITS regions in rDNA
is a useful tool for the taxonomy of eukaryotic organism including nematodes (Hyman
and Powers, 1991; White et al., 1990). It was shown that the sizes of PCR products
were variable between species belonging to the genus Pratylenchus, i.e.; ca. 7.50 bpin P.
penetrans and P. vulnus, or ca. 1100 bp in P. coffeae and closely allied undescribed
species (Orui, 1996). Orui and Mizukubo (not shown here) found that the PCR amplified
products were clearly distinguishable two fragments in the species of P. brachyurus, P.
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neglectus, P. zeae, and P. crenatus. Determined products sizes were identically 700 and
750 bp for P. brachyurus, P. neglectus, and P. zeae, or 800 and 900 bp for P. crenatus.
Therefore, the single amplified product of P. japonicus n. stat. of ca. 800 bp was unique
among the species. The DNA fragment sizes obtained after 10 endonucleases digestion
shown in this study were also unique among the Pratylenchus species. Because the PCR-
RFLP fragment sizes are species-specific in the morphologically recognized Pratylenchus
species (Orui, 1996), these molecular data can be useful taxonomic characters for the
specific level. Present PCR-RFLP data for P. japonicus n. stat. will be helpful to
distinguish this species from the North American P. macrostylus, when the PCR-RFLP
study of the latter is performed.
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