
1972 

(Pin nematode) Paratylenchus Micoletzky, 1922

Gracilacus Raski, 1962 
(9)

(8) (20) 43 
(9)

Lee (1998) (10)

(Meloidogyne spp.)

(Paratylenchus spp.) 

2007

Chen (4)

Paratylenchus spp.

(Scanning electron microscope, SEM) 

(morphometrics) DNA

(ribosomal DNA, rDNA) 

6 (populations) 

P. lepidus Raski, 1975 2008 Chen (7)

9 

Gracilacus spp. 5 G.

bilineata Brzeski 1995 G. aculenta (Brown,

1959) Raski, 1962

2005 5 

(Sugar apple, Annona squamosa L.) 

Paratylenchus minutus Linford in Linford,

Oliveira & Ishii, 1949. Chen (4)

P. lepidus P. minutus

Plant Pathology Bulletin 18: 167-174, 2009

Paratylenchus minutus (Nematoda:

Criconematoidea, Tylenchulidae) 

1, 5 2 3 4

1. 

2. 

3. 

4. 

5. dychen@tari.gov.tw +886-4-2330-2803

98 7 24 

. 2009. Paratylenchus minutus

(Nematoda: Criconematoidea, Tylenchulidae) . 18: 167-174.

2005 2008 4 

4 Paratylenchus minutus Linford in Linford, Oliveira & Ishii,

1949 

SEM (morphometrics) 5.8S 

ITS-1 ITS-2 18S 28S DNA (ribosomal DNA,

rDNA) GenBank 

P. minutus rDNA 1052 bp ITS-1 ITS-2 5.8S 

395 bp 204 bp 152 bp

DNA Paratylenchus minutus



(Sweet orange, Citrus sinensis Osb.)

(Buntan, Citrus grandis f. buntan Hay.) 

P. minutus P. minutus (type locality) 

(Hawaii) (Oahu) (type host)

pineapple, Ananas comosus (L.) Merr. (11)

(new record species)

4 (

Pmin1-4)

2-3 

1-2 

4 100 

(modified Baermann's funnel

method) (9) 24 

(Stemi SV6, ZEISS) 

(total genomic DNA) 

2 % (2 %

formaldehyde solution) 

3 

(SEM) 

4-5 

(MC80, ZEISS ) 

Chen (1)

SEM

(cryo-

field emission scanning electron microscope, JSM-6330F,

Jeol, Tokyo, Japan) (5)

rDNA ( 5.8S 

ITS-1 ITS-2 18S 28S ) 

(polymerase chain reaction, PCR) 

(cloning) Chen (3)

rDNA 

Chen (1)

P. minutus rDNA (

, consensus sequence) Pmin1 

3 3 

Pretty program (GCG, SeqWeb 3.1.2 ) 

(multiple sequences alignment)

P. minutus 

(1052 bp, GenBank, Accession No.

EF126180) P. minutus 5.8S

ITS-1 ITS-2 

GenBank (NCBI, National center for biotechnology

information, U.S.) P. lepidus (1026

bp, Accession No. EF126178) (4)

Hemicriconemoides kanayaensis (1043 bp, Accession No.

EF126179) (6) rDNA BestFit program

(GCG, SeqWeb 3.2.1 ) 

SAS 

GLM (1999, V8.2) 

4 3 

P. minutus

Pmin3 c EP 

2 3 (P<0.01) (

) Pmin1 Pmin3 VL VL/VW 

(P<0.01) Pmin1

a (P<0.01) 

c'

Spicule EP P ABW 5 

(P<0.01) ( )

rDNA Pmin1

3 P. minutus 

Pmin2 Pmin3 Pmin4 3

3 2 1 

6 1050 1053 bp

P. minutus (1052 bp) 

(similarity) 97.6-100.0 % 99.4 %

P. minutus P. lepidus

86.5 % Gracilacus bilineata 

G. aculenta 76.2 % 78.1 %

P. minutus ITS-1 ITS-2 5.8S 

395 bp 204 bp 152 bp

P. minutus 

'C' 

10.0 m (8-12 m) ( A 

B) (annules)

( C A) (stylet knob)

2.8 m (2.3-3.3 m)

(procorpus) (median bulb) 
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(isthmus) (post-

esophageal bulb) 

(intestine) (hemizonid) 

(excretory pore) ( C)

(anus) 20 m (16-24 m)

(vulval flaps) (

D B) (lateral field) 4 

(areolation) 1.7 m (

B C) (monodelphic)

(spermatheca) 

8.0 m (7-9 m) ( A)
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Table 1. Comparisons of the morphometrics of Paratylenchus minutus female populations isolated from Taiwan and three
known populations

Location and host (Code)
Beinan Shanshang Taitung City Madou Hawaii 4 Topotypes 5 Martinique 6

Character 1

Sugar apple Sweet orange Sugar apple Buntan Pineapple Anthurium sp.
(Pmin1) (Pmin2) (Pmin3) (Pmin4) (paratypes)

n 15 15 16 16 - 17 10

L (mm) 0.23 0.01 2bc 3 0.25 0.02a 0.22 0.01c 0.24 0.02b 0.267 0.26 0.23
(0.20-0.24) (0.22-0.28) (0.19-0.24) (0.19-0.27) (0.24-0.31) (0.20-0.29) (0.196-0.244) 

a 23.6 1.9ab 24.8 2.0a 22.8 1.6b 24.6 1.8a 19.1 20 19.9 1.8
(20.0-26.7) (21.7-27.8) (20.0-25.6) (20.0-27.5) (16-24) (18-23) (17.2-22.6)

b 3.4 0.2ab 3.5 0.2a 3.2 0.2b 3.5 0.2a 3.68 4.0 3.6 0.2
(3.1-3.8) (3.2-4.0) (2.8-3.6) (3.0-3.9) (3.4-4.1) (3.4-4.3) (3.3-4.0)

b' 6.5 0.4a 6.4 0.4ab 5.9 0.4b 6.5 0.7a - - -
(5.7-7.1) (5.6-7.0) (5.4-6.9) (4.9-7.6)

c - 12.8 1.0a 11.3 0.4b 13.1 0.9a (12-18) 16 16.1 1.8
(11.6-15.0) (10.5-11.6) (11.9-14.1) (13.7-19.6)

V 83.1 0.8a 82.0 1.0b 82.3 0.7ab 81.9 1.5b (80-84) 82 82.0 0.6
(82.0-85.0) (79.4-83.4) (81.0-83.4) (77.8-83.6) (81-84) (81-83) 

Stylet ( m) 17.1 0.7ab 17.8 0.7a 16.6 0.6b 17.5 0.9a (16-21) 17 18 1
(15.7-18.0) (16.7-19.0) (15.0-17.6) (16.0-19.2) (16-19) (16.6-19.9) 

EP ( m) 58 3b 61 4a 54 3c 59 3ab - 56 55 3.2
(52-63) (56-68) (48-59) (51-63) (47-61) (50-60) 

P 25.4 1.3a 24.2 1.2a 24.3 1.1a 24.9 1.4a - - -
(22.6-27.6) (21.9-26.4) (22.5-26.0) (23.3-28.2)

VL/VW 4.6 0.4b 5.2 0.5a 4.9 0.3b 5.3 0.4a - - -
(3.8-5.4) (4.5-6.0) (4.3-5.4) (4.6-5.9)

VL ( m) 39 3b 46 4a 39 3b 43 5a - - -
(34-43) (39-53) (34-43) (33-50)

VW ( m) 8 1a 9 1a 8 1a 8 1a - - -
(7-9) (8-11) (7-9) (7-9)

1 n = no. of nematodes; L = body length; a=body length divided by the maximum width; b = body length divided by distance from
head end to posterior end of esophageal gland; b' = body length divided by the length from anterior end of body to the median
bulb; c = body length divided by length of tail; V = ratio between distance from vulva to anterior end of body and total body
length in %; EP = the distance from excretory pore to the anterior end of body; p = ratio between the length of EP and body length
in %; VL = distance from vulva to tail end; VW = body width at vulval position. 

2 Measurements in the form: mean standard deviation (population range), "-" = no data. 
3 Data in each row with the same letter were not significantly different at 1% level by LSMEANS/TDIFF. 
4 Linford, M. B., et al., 1949 (11)

5 Raski, D. J., 1975 (15)

6 van den Berg, E., & Cadet, P. 1991 (19)



( B)

(spicule) (gubernaculum)

2.7 m (2.4-3.0 m) (bursa) (

C)

P. minutus Pmin3 c 

EP 

Pmin3 

Pmin3 2 rDNA 

(1050 bp, 1052 bp) P. minutus

99.6 % 100 %

Pmin2 a 

rDNA 

4 P.

minutus

4 Paratylenchus

minutus

(paratype) (11) (topotype) (15)

(v ) (stylet ) 

(L ) paratype topotype 

0.22-0.25 mm 0.267 mm, 0.26 mm

a 22.8-24.8 

19.1,20

b 

(3.2-3.5 3.68)

(3.2-3.5 4.0)

3 

(0.21-0.23 mm) paratype 

0.258 mm topotype 0.25 mm a c

(spicule ) 3 
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Table 2. Comparisons of the morphometrics of Paratylenchus minutus male populations isolated from Taiwan and three
known populations 

Location and host (Code)

Character 1 Shanshang Taitung City Madou Hawaii 4 Topotypes 5 Martinique 6

Sweet orange Sugar apple Buntan Pineapple Anthurium sp.
(Pmin2) (Pmin3) (Pmin4)

n 10 12 12 3 3

L (mm) 0.23 0.01 2a 3 0.21 0.01b 0.22 0.01ab 0.258 0.25 0.215 
(0.22-0.24) (0.19-0.22) (0.19-0.24) (0.22-0.27) (0.22-0.28) (0.209-0.221) 

a 29.7 2.5a 26.3 1.2b 27.0 2.3b 24.4 25 23.9 (n=1)
(25.6-32.9) (23.8-27.5) (23.8-31.4) (22-27) (23-27)

c 11.2 1.0ab 10.9 0.8b 12.1 1.2a 14.4 17 15.9
(10.0-12.8) (9.1-12.2) (10.0-14.7) (12-19) (15-19) (15.7-16.3)

c' 3.3 0.5a 3.3 0.4a 3.0 0.3a - - 1.8
(2.5-4.2) (2.9-3.8) (2.5-3.3)

Spicule ( m) 14.7 0.6a 14.3 0.3a 14.6 0.7a (16-19) 17 15.5
(14.0-15.9) (13.7-14.7) (13.5-16.0) (15-18) (15.1-16.2)

EP ( m) 52 4a 51 3a 51 5a - 54 48.7
(46-57) (46-56) (40-56) (49-59) (48.5-49.2)

P 22.9 1.7a 24.1 1.2a 23.7 1.8a - - -
(20.9-25.5) (21.9-26.5) (19.0-25.5)

Tail ( m) 21 2a 19 2ab 18 2b (14-19) - 13.4
(18-24) (18-23) (15-20) (12.9-14)

ABW ( m) 6 1a 6 1a 6 0a - - -
(5-8) (5-7) (6-7)

1 c' = tail length divided by anal diameter of body; ABW = anal body width, the others see table 1. 
2, 3, 4, 5, 6 See table 1.
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Paratylenchus minutus A B, (Vu, ) C, (EP, Hz,
MB, PeB, ) D, (An, Vu, ) A-D = 10 

Fig. 1. Photomicrographs of Paratylenchus minutus female. A & B, Full body (Vu, vulva); C, Anterior region (EP,
excretory pore; Hz, hemizonid; MB, median bulb; PeB, post-esophageal bulb); D, Posterial region (An, anus; Vu, vulva).
Scale bars in A-D = 10 m.

Paratylenchus minutus SEM A, (LAs, ) B, (LF, 
VFs, ; Vu, ) C, (Ins, ) A-C = 5 

Fig. 2. SEM photomicrographs of Paratylenchus minutus female. A, Anterior region (LAs, lip annules); B, Tail region (LF,
later field; VFs, vulval flaps; Vu, vulva); C, Middle region (Ins, incisures). Scale bars in A-C = 5 m.



P. minutus

(West Indies) 

(Martinique) P. minutus (19)

(0.22-0.25 mm 0.23

mm) P. minutus

EP p VL/VW VL VW 5 

P. minutus 

P. minutus 

P. lepidus 

P. minutus

(0.22-0.25 mm 0.30-0.33 mm)

(16.6-17.8 m 23.5-24.0 m)

P. lepidus

Paratylenchus sp.

P. minutus 

rDNA 

( )

Paratylenchus spp. 

( 0.5 mm)

(intraspecies)

(interspecies) 
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Paratylenchus minutus A, (EP, Sp, ) B, (EP, 
) C, (Sp, Tt, ) A-C = 10 

Fig. 3. Photomicrographs of Paratylenchus minutus male. A, Full body (EP, excretory pore; Sp, spicule); B, Anterior
region (EP, excretory pore); C, Posterior region (Sp, spicule; Tt, testis). Scale bars in A-C = 10 m.



rDNA (non-

transcribed region) (2, 3, 4, 5, 6, 7, 12, 14, 16)

(internal transcribed spacer, ITS) 

(species-specific

primers) (13, 17, 18)

GenBank 

P. minutus rDNA 

P. minutus

(cabbage) (okra) (mung bean)

(radish) ( Anthurium sp.) 27
(11, 19) 2005 5 

Huang (1972) (9)

Paratylenchus sp. 

41 

P. minutus 
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ABSTRACT

Chen, D. Y. 1, 5, Ni, H. F. 2, Yen, J. H. 3, and Tsay, T. T. 4 2009. Identification of a new recorded pin

nematode Paratylenchus minutus (Nematoda: Criconematoidea, Tylenchulidae) in Taiwan. Plant

Pathol. Bull. 18: 167-174. (1 Plant Pathology Division, Agricultural Research Institute, Wufeng,

Taichung, Taiwan; 2 Department of Plant Protection, Chiayi Agricultural Experiment Station, TARI,

Taiwan; 3 Agricultural Extension Center, National Chung Hsing University, Taichung, Taiwan;
4 Department of Plant Pathology, NCHU, Taichung, Taiwan; 5 Corresponding author, E-mail:

Dychen@tari.gov.tw, Fax: +886-4-2330-2803)

Four geographical populations of Paratylenchus sp., were isolated from the rhizosphere of sugar

apple, sweet orange, and buntan using modified Baermann's funnel technique in Taiwan from 2005 to

2008. Based on the data of external morphology, morphometrics, and the sequences of ribosomal

DNA (including complete 5.8S gene, internal transcribed spacer ITS-1, ITS-2, and partial 18S and

28S gene), the four populations of pin nematode were identified as P. minutus Linford in Linford,

Oliveira & Ishii, 1949, a new-recorded species in Taiwan. In this study, morphometric data and SEM

photos for this pin nematode were also measured and taken. The representative sequence of rDNA

fragment of P. minutus, a total length of 1052 bp with ITS-1 (395 bp), ITS-2 (204 bp) and 5.8S gene

(152 bp), was  firstly submitted to GenBank database. 

Keywords: pin nematode, sugar apple, identification, ribosomal DNA, Paratylenchus minutus


