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fasciculata and the root rhizosphere of Vanda subconcolor, both of which were imported from Thailand, using
a modified Baermann funnel technique. The taxonomic status of the two intercepted Aphelenchoides
populations was determined through comprehensive morphological and molecular analyses. [Methods] For
morphological analyses, nematode specimens were extracted, fixed, dehydrated and permanently mounted in
anhydrous glycerin on glass slides. Specimens were photographed, measured and illustrated using a Leica
DMi8 microscope. Morphometric measurements were carried out and analyzed in accordance with the de Man
formula. For molecular analyses, genomic DNA was extracted from individual fresh nematodes. Two sets of
universal primer pairs were employed for PCR amplification targeting both the 18S ribosomal DNA (rDNA)
and the D2-D3 expansion segment of 28S rDNA. The resulting PCR products were subjected to separation,
purification and sequencing. The newly obtained rDNA sequences were edited using DANMAN software
package, compared against the NCBI database via BLAST, and subsequently deposited in the NCBI GenBank
database. Phylogenetic analyses were conducted using a suite of bioinformatics tools: PhyloSuite v1.2.3 for
extracting related species sequences and identifying the best-fit evolutionary model, MAFFT v7.313 for
sequence alignment, MrBayes 3.2.7 for constructing Bayesian inference (BI) phylogenetic trees, and iTOL v6
for tree visualization. [Results] The population densities recovered from 7. fasciculata and V. subconcolor
were approximately 10 ind per 100 g leaves or roots, respectively. Both populations exhibited morphological
similarities to 4. besseyi, an economically significant plant-parasitic nematode characterized by a star-shaped
tail tip and classified within the Aphelenchoides Group 3 as defined by Shahina (1996). Comparative
morphological and morphometric analyses revealed that the nematode population from 7. fasciculata closely
resembled the Fragaria x ananassa-associated population of 4. pseudogoodeyi from Florida, USA, exhibiting
overlapping ranges for all morphometric data except the b ratio. Similarly, the nematode population from V.
subconcolor demonstrated morphological characteristics consistent with the Medicago sativa-associated
population of 4. medicagus from the United States, with overlapping measurements for all parameters except
the ¢ ratios in females. Phylogenetic analyses based on 18S rDNA and the 28S D2-D3 rDNA sequences
further demonstrated the distinct evolutionary relationships among the two Aphelenchoides populations. In the
18S BI tree, the population from 7. fasciculata formed a well-supported independent subclade (posterior
probability, PP = 1.00) with 4. pseudogoodeyi, while in the 28S BI tree, it formed a moderately supported
independent subclade (PP = 0.98). Concurrently, the population associated with V. subconcolor clustered
robustly with 4. medicagusin in both the 18S and 28S BI trees, resulting in well supported independent
subclades (PP = 1.00). [Conclusion] Based on an integrated analysis of morphological and molecular
evidence, the nematode population derived from T. fasciculata was identified as 4. pseudogoodeyi, whereas
the population from V. subconcolor was identified as A. medicagus. Both of these nematode species represent
new geographical records for Thailand, while 7. fasciculata and V. subconcolor also serve as new host record
species for the two nematodes, respectively. This study significantly enhances our understanding of the
ecological characteristics, geographical distribution, and host range of Aphelenchoides nematodes.
Furthermore, it offers a scientific foundation for formulating effective plant protection strategies and
phytosanitary measures, aimed at mitigating risks associated with importation of plants from Thailand.

Key words: Aphelenchoides pseudogoodeyi; A. medicagus; Morphological characteristics; Molecular

characteristics; New geographical and host records
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D2-D3 XFPABEAT 100 7 orbre fJE, WXk
YEE . MR o) A AN B Y R A TR I B
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H 2~3min, PR AIRIELE H
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45 H 5 M0k (Wang et al. 2019, Oliveira
etal. 2022) BATHLE AT, VP E 2 UK 7
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B DNA R ES 7 &%
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D2-D3 X H# R IE 519 D2A Rl [A5]14)
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HKe W AT 7 51 1A% % GenBank $(4f7 J, 3
PR L) P 51 3T

M GenBank T EiAH KT T) 4L HUBREE S
IEAUFHIY) 18S rDNA Al 28S rDNA D2-D3 X ¥
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Fig.1 Morphological characteristics of female from Thailand population of Aphelenchoides pseudogoodeyi
a. WERHUE; b TIEX; o d RFTES, HRRALAE SR e MBI, £ 4B g TEMZRIE: h PIIIAUEHITEEE; i &
FEFBMIK: j~n. B

a. Entire body; b. Pharyngeal region; ¢, d. Anterior body part, excretory pore indicated by arrow; e. Lateral field on mid-body; f. Gonad region; g.

Uterine and spermatheca; h. Vulval region; i. Lateral field on tail region; j - n. Tail.

I CE 10); UPEERMINE, WMINESEML K, SATFHEER 21.4% ~45.4% (B 1Th); B
MISZAGREEE:, AW, TRREL, FER IR, wmilREARSE, 3 84 AR E R
R, TR T, FERERG (B 1g); oA (B 1 ~n).
P TE R, BT sl 5B e 50 M K.
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0B 20 REYEE, Mg, 5,
e vn e, HERZE, 3 B 4 ANfIlge R R
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X REMALRAL TR (B 2m) o ZH4
BRAM.

22 REFHMEIILRRNTTEE

221 WTILBRAREFPEE %R
T 18S rDNA #128S rDNA D2-D3 X F Bt I3~
WA, KT 2 4% 18S rDNA 41, KJF
43924 1 635 bp (GenBank &35 PP159010)
11619 bp (PP159011), LA} 3 %k 28S rDNA
D2-D3 X741, KEE53908 692 bp 656 bp
733 bp (PP171559 ~ PP171561). ZEEHEIER
AV T L R EERY 2 2% 18S 1DNA 751, 7ER
WA Z T8 2 558 0.19% (3/1 558), At
] S R X 3 i oy B 70 4k SR 22 1R 1)
ZE St /NN 0.06% (Z= E A PP159010 5 L
FihFE KT692674, 1/1 558), AN 0.39% (%
B A B PP159011 5 U274 /K A% b ) Fh B
KT692681, 6/1 549); Sirflfhsaie 7] 4 &
(A. fujianensis, FJ520227) [Fh[a] 27N
1.38% (PP159011 5 FJ520227, 22/1 558) &=
1.45% (PP159010 5 FJ520227, 23/1558). WK
e R BTG T) £k R E N 28S tDNA D2-D3 [X [
F, MEERZRAN 0% ~ 1.38% (0/518 ~
7/518); 5 Hoth [ S A X T 190 BT )
SRR 2 R /N A 0.19% (GREFREE
PP171560 53 [H #h % A FHE MK294343,
1/631), KA 3.02% (ZEMEE PP171560 1
PP171561 5B FEE KY123693, 19/631). 5
AR 7518 J1 4 L (3 ERP R MH844701)
ZIRZERN 14.57% (FREFHE PP171560 5
MH844701, 92/631) ~ 15.45% (% [& F it
PP171559 5 MH844701, 97/631).

222 WTIRBTGREZMEE XTZAEEEAT
18S rDNA A1 28S rDNA D2-D3 [X B #4714l
B, 3157 146K 1 639 bp i 18S rDNA J£ 51
(PP159012)F11 264 672 bp [128S rDNA D2-D3
X7 (PP171562). Z&[H JTARZFIEER 18S
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Fig. 2 Morphological characteristics of Thailand population of Aphelenchoides medicagus

a~i MEd: a MERAUA; b BIEX; o kX d BHEMR #oRHRSL e X f g ARG b, @ JBES; jn. HER: 0 MEdud

s KRS 1~n RB#H, #ikmREAR.

a - i. Female: a. Entire female body; b. Pharyngeal region; c. Head region; d. Pharyngeal glands, excretory pore indicated by arrow; e. Lateral

field; f, g. Gonad region; h, i. Tail; j - n. Male: j. Entire male body; k. Anterior body region; 1 - n. Tail, caudal papillae indicated by arrows.

rDNA £ 28S rDNA D2-D3 X FF)r il 5E Tl 2.2.3 REFMBINLKEHENRERES
T HSEEREER 18S 1DNA (MH844707) Al #HF 3T 18S rDNA £l 28S rDNA D2-D3 [X ¥
28S tDNA D2-D3 [X (MH844701) J¥4s45e4 %, RN AESBWE T KRG KEW

AHIE],  FPREIE] 720 2 57 7t 18S rDNA RGKEN (K 3) &, fu
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Fig. 3 A Bayesian phylogenetic tree of Aphelenchoides species based on 18SrDNA sequences

K3 EF 18SrDNA FHIKIETIBERNHEI RGEREWN

BT 4K 18S tDNA FAHIELRT, SINFFEALI T SCATSE R R, FE45 & A28 AL 5 IS IERIN S 234 (B GTR +1+ G #AD,
W T —AN TUH-07 50% 22 BSR4 . B AR 9SSRI R IS H (posterior probabilities, PP) KT 0.70. A SCH #3153 1) 551 FHH 14
R BN I RFREEAML B 540, 78 GenBank ', *y DTG T12k 1 A. besseyi, ** NAREIT TILR I A. fujianensis, ***AiF 7]

JBLE . Aphelenchoides sp..

A Bayesian 50% majority-rule consensus tree was inferred from nearly full-length 18S rDNA sequences alignment using the general

time-reversible model of the sequence evolution with a correction for invariable sites and a gamma-shaped distribution (GTR + I + G). Posterior

probabilities greater than 0.70 are provided for relevant clades. Newly obtained sequences in this study are highlighted in bold. Scale bar indicates
expected changes per site. * 4. besseyi, **A. fujianensis, *** Aphelenchoides sp. in GenBank.
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Fig.4 A Bayesian phylogenetic tree of Aphelenchoides species based on the D2-D3 expansion segment of the 28S
r DNA sequences

T4 i 28S rDNA D2-D3 X F81 LU 5T FE S EAL B SCRTTE I (IR, 45 & AR A s KB IEAMIN S 2045 (R GTR + 1+ G 4
A, HEWTT — A DUHT S0%Z2 BN SRR . A AR OS2 I IR R B2 (H (posterior probabilities, PP) KT 0.70. ASCHUB RT3 17
BRI TR B . B RFTREGANL A TUAE 4. /£ GenBank 1, *y VIVHIB TIZR ML A. besseyi, ** NAREEIH JILR M A. fujianensis,

#k g T JB 4k Bt Aphelenchoides sp., *NEWTIE L 3 Aphelenchus sp., ")yl 714k . Aphelenchoides obtusus .
A Bayesian 50% majority-rule consensus tree was inferred from the D2-D3 expansion segment of the 28S rDNA sequences alignment using the
general time-reversible model of the sequence evolution with a correction for invariable sites and a gamma-shaped distribution (GTR + I + G).

Posterior probabilities greater than 0.70 are provided for relevant clades. Newly obtained sequences in this study are highlighted in bold. Scale bar

indicates expected changes per site. * 4. besseyi, ** A. fujianensis, *** Aphelenchoides sp., * Aphelenchus sp., ™ A. obtusus in GenBank.
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BT 65 K TR Hir) 18S rDNA 751, Bk
fEN AN BEM R K2 i T & R

(Bursaphelenchus tokyoensis) F1[5| FEFAAZ A1
T (B. conicaudatus) 1] 2 %5 . 5267
FIKEES A 1 603 bp, HA4E 442 NH UG
BAZ AT (parsimony-informative sites), 118 /~¥.
HIHL g (singleton sites) 11 043 AN &7 5

(constant sites). 7t 28S rDNA D2-D3 [X &4t
KEM (K4, HEE 100 KiE7] R R
[¥] 288 rDNA D2-D3 X751, AR AE RS
ML TE J) 2k U (Robustodorus subtenuis)
FE RpAIg 7146 (R, megadorus) ) 2 %
JF 5. BT HIK BN 631 bp, H A f14E 328
MRS B, 62 MERFIAL A 241 AV &
Lo FETWAERFA SRR REKE
PR, RERAEREFE S I O HkaE i
T IRIE T4 R FEAE 18S tDNA UL HpRt o DA
EEEE JERMEERN 1.000 RE—H
LAY 3C b, TMIFE 288 tDNA D2-D3 X BI B LA
HMEBEE FRMEMERN 0.98) RIE—AH
S b FRETACE R RS B E N T2 R
HETE 18S rDNA #128S rDNA D2-D3 [X I H-Hf
WA U R EEE RMZREN 1.00) 4
ARAEF — ML b IXEeSE R, R
RACRELE T) 2 HOMOE Jy iy IRIE 70 2y, M
e BN I 2 R B As T T 2
3 Wik

ENIS W WIS B ) A S v |
BOR PP FRE T2 PR EEREAT T TSP RHIE %
B, AT 4K 18S tDNA 1 28S tDNA
D2-D3 XA RGUR H 0 tr, MR 7 @ H %
] SR A8 R AL IR 7] e M ol o IR 70 26
H, A B E AR T RN E T
TJE .
vty R 70 42 ORI 5 0 70 28 R ) 22 [

FELETE AR A THE J7 T35 5 B A6 SOk iR
PIFRHE B i BEARALE . R IRIg T iR [
TR (R0 THE -5 S A (1) 36 18] 21 FEL R ]

FPPEE (Oliveira et al. 2019) FHEL, X b {EAF
TEZESE, HARMITHE R B = FE B A B
HE. FFE, HIEW 7% R EMES G
R EE B 15 FI#E (Wang et al. 2019) AL,
MR o (EAEES, HRME MR THE S
VEAEBREEEMNMEES. ETinekm
18S rDNA #1 28S rDNA D2-D3 541 143 #r
B, Bt IR 7048 R E 75 0 ) 2k U 2R [ A
T -5 AR 2 1B 1 22 5 T el P AS ) 2 ]
AR EERGKEM T, Bl R4
HORVE RS TR R T A R SRR A A
BRI Se . A RENERGE R E R
i, #F2FS% T Oliveira % (2019) Al
Subbotin Z¢ (20200 MIWFFEEER, FTHIER R
4t R B M5 Oliveira 2£(2019). Wang 5(2019)
FI Subbotin % (20200 MIHFFLLER—3. Lib
PRAN 22 [ 1 7] 2% HRPR 55 506 SRR 1 o
EMHE EARERNZES, FTRe 5 MITH 4 &
MEEE ., ESHEAE ENERA L. ARt
RIS FW R ER L, #t— D880 FE
WIEE T, A E T IR RN T2k U4y 2R
AT o

de Jesus &5 (2016) #ikiE, EFHMHAR
BHTA RN O RIKAE (Oryza sativa) FHEL
Fh-¥ (forage grass seeds) DL 57 L #skm i
WL (A. fujianensis), FFRIZL BT
TS S5 (Brachiaria brizantha) F7KFE
R4 . Oliveira % (2018) 7£ 35 FE % Hik
PN R BAR i T) 2k AR e i%g, FfiJ5 Oliveira
& (2019) BE— BT RN, R e SE[E
B BIA N5 DU ) 4 3L AR Y i, @it
PR G AT BUR LSS, R IZLL A
ER G WA FES), (ARGEERY K.
BT T AV FFFAESS T, Oliveira
25 (2019) 4 2018 R I “HREEIG I L d”
Hrdr G B IR I H, AN de Jesus
& (2016) %@ nIE PR, 55 E E A A A
ZAHLNE A% (Zingiber sp.) FhEESLPR 11y
B IR T4 e R R J) 4 3 LAY
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I (Oliveira et al. 2022), {HEWHE N g2
YLK F.(Oliveira et al. 2019) & §55% (Asplenium
nidus) MENH A (Lilium speciosum) (Santos
etal. 2021) MY, 2024 451 H, B
TP 0 A Z ] B ) PRAE R LA A B3R
ol RIBTI &, X — RIS IZ R U P 73
MAZFEFILFE. g2 ERTR, b IR 714 R
5K KZF (Panicum maximum)~ 155 E
., AEE R (B decumbens) Wi, L%
(Hosta sp.)~ % SHIR. EMA S B,
M EfF (forage grass seed ) KEFIR AL X FY
EZPEYIA D, HHWER AR R T H A
FE. B, ZERIEME. SRR AR
4 .

Wang %5 (2019) X798 H T 2017 45\
5 B B 5 E R g ) e AT T8
E, HEBNETERITILR. BEENLRE
MR RE ., mEAERE, SEGETAYE
HHEATEZE TR, HEHEHRK
(reproduction factor, Rf) #JKT 1, FBHHX}
IR TUMHED ) 2 RS (EBEE 2021).
2023 11 A, EWHERER A0 NZR H i 5
AR R Rz TI &, 8T Hh B 5y
AAEF EHCFK. R IW, BHREEIILRS
EfE. Mo, mOUMAREFEEYER, Ha
AT H Az [ .

FEMA ) 4 g ek, [F]— M AN [E] e
(2 A v R H I ZE 5, AN [EIRP R 26
HMTHE A TR S, X533 B
T E NI, S EF A A M5
MERA KA. Fl: 1948 545, KFETREHR
Jo5 I SR AR H A ST 8 44 K Ra T 70 2
(A. oryzae Yokoo, 1948) (Yokoo 1949), Allen
(1952) N HIEERFAEATI THE TCi%45 DG
WX 7, TR KAgE 7] & E N DL
IR AT AR Oliveira 5% (2019)
A1 Subbotin 5§ (2020) HIHFTT, Z5ETHAFM
Gy, AR SRR DU )4
SEPR ER—ANE AR, A=A R

BRI 9 DITEIE 12, AR KB HI A
IKFEIE TI A, TR Gk 2R 55 2 M ) ) A
2 R VP 1g J] & H C Aphelenchoides
pseudobesseyi) (Subbotin et al. 2020). 7E 1930
£ 1950 AR, DIPUHE 7] 2 )™ AR Guse [H 4 %
BRI A, B R E 44 SRR T4 d (4.
fragariae, Christie, 1932); Oliveira 55 (2019)
W, VR 7] & A EE (de Jesus et al.
20160 Nl IRIE T2, /KA i DLg
T TV 2R L SEBRAR KR T2 by, WG 2 AEKFE ™
DX 3l AR ) “ORAB T ARG I 7 R0 R 4
WK T) &, MEAE PR 7]t Hit
AL, REMSIR YL RLAE G T JE 2 bR T AR
T)E N DLPa g T2 b, 3B Rl IR 70 4
HONVER DUV T) 2y MR Gk 7) 4
b T oKFEW T4 Ak, B IRIg IRt 52
FH2%< (Oliveria et al. 2019, Subbotin et al. 2020) .
sEAh, CAHRIER AT R S 200 2 MOEP) ) DG
W J]£: 3t (Duncan et al. 2013), LR 2T X
() DIPETE 7] 2y, B DLPE G 70 42 th 2 & A 1)
Gk, BT, AN 7) 8 £k Ui 180 Fh(Wang
et al. 2019), Hr HAAEIREIRRIE ] 8L
B 5 PRI A g —H, B T]EZm
[f)5341 3 (Group 3) (Shahina 1996), ZZlit
H 29 Fiig J]Zk H (Oliveira et al. 2019, Wang et
al. 2019).

WL R JEAE N — e R, Hhie
A1 X UITEIE TI 2, FRENE J] 2 AN g 48
WL H (A. ritzemabosi) JTAAEYIFIN B
Vg EOT B fEE, PR (de Jesus
etal. 2016). FFRMEAERRE, KAEE I
P RE KRG b B R 2t FBUK
FERRAE 5.4%% 71%2 [8](Nguyen et al. 2007,
Khan et al. 2012, FEffi%5 2012, Tiilek et al.
20230, T HEFME, XL TR O 2
] S A X B NS 1A 35 A2 ) 44 55 (de Jesus
etal. 2016, Xiang etal. 2016, CABI 2022). H
T TL R E AT BN 2, R
e iE, B IR S Gk R, 1
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RILB H T2 R E 5 i 7]k dL, R TR
A5 P 1L SO, 5 SCERC E
FASRAIEAR B, ASHIE 7T BRI LE AN S5 I T
FAREZESR, [FIRE LT M A AN EF
WREEIR, XRYIZPIFE T T fef
NZ R E EABE A . ER KA E
TEATS T TR RS . B DAL B
SRR, thONIEY) DRI AR T
PEAtE ok OB RO AROR TR Bt — s i
TN RIIEE AU RIS THEWF RGH T, U
SRR Al TR XU, O e A A AE
Vo ORI AR RS E A AR R A CHR -
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Appendix 1 Morphometrical comparison between Aphelenchoides pseudogoodeyi Thailand population and

original described American population (Unit: pum)

FFAIE

Characteristics

WAEREL L1 2= [E Fh
Thailand population on
Tillandsia fasciculata

R K2 AR R

Florida population on strawberry

Oliveira et al. 2019

£ 1 % & Number of nematodes

A& Body length, L

WK/ B R PR FE Limaximum body diameter, a
A/ A i 25 T - S e A P B

L/anterior end to pharynx and intestine junction distance, b

R/ B 22 S T MR R 5 ) B
L/anterior end to pharyngeal glands end, 5’

/)R K Litail length, ¢
JEK/ALTTAAAFE Tail length/body diameter at anus, ¢’
NHETEN TN EENES S

Anterior end to vulva distance/L, V (%)
M4 Stylet length

J& Tail length

J& X 4% Lip diameter

JEIX =i % Lip height

FREIEERI T BE Metacorpus valve length
N ETEN SR 7REs Y WIS

Anterior end to pharynx and intestine junction distance

A HT N 2 HEMEFLI B ES Anterior end to excretory pore distance

I KA 98 Maximum body diameter

NTI 7444 %% Body diameter at anus

BT 404458 Body diameter at vulva
RTA B AR B Anterior genital tract length
BITTRIALI T FE B Vulva-anus distance (VA)
J&i IHF 5 32K Post uterine sac length (PUS)
PUS/VA (%)

X % ¥ Lateral field width

I K B ARFEKE Max mucron length

1599
658.8 +74.7 (571.0 - 782.6)
278+3.0 (215 - 32.5)

6.9+0.6 (6.1 - 7.9)

48+03(3.9-5.1)

15.6+1.3(12.3 - 16.8)
3.1+0.2(2.8-3.6)

69.6 £ 1.1 (66.5 - 70.5)

12.8+0.7 (11.0 - 13.4)
422+4.0(36.1 - 48.9)
77+08(64-92)
3.0+04(24-38)
52+0.5 (4.8 - 5.6)

95.6 + 6.8 (86.1 - 105.9)

87.1£6.7(76.8 - 95.4)
240+3.5(18.3-28.7)
13719 (11.1 - 16.4)
223+35(17.0 - 28.3)
195.9+44.9 (123.9 - 254.3)
163.2+26.8 (103.5 - 192.9)
522+72(37.3-613)
327+6.6(21.4-454)
39+£04(32-45)
21+05(1.3-28)

1699
721.2 (663.8 - 776.0)
33.9(29.1 - 37.8)

10.3 (9.6 - 10.8)

5.0(45-5.3)

17.2 (153 - 18.6)
34(3.1-42)

69.7 (68.5 - 71.6)

12.2(12.0 - 12.7)
42.0 (40.0 - 44.5)
7.1(7.0 - 7.5)
3.0(2.8-3.1)
53 (4.9 - 6.0)

69.9 (64 - 74)

79.4(75.0 - 86.1)
214 (18.0 - 26.3)
12.2(10.4 - 12.9)
19.4(17.8 - 21.8)
175.2 (151.5 - 192.0)
175.5 (165.3 - 187.0)
383 (32.6 - 47.5)
21.9(17.6 - 28.7)
41(3.2-50)
29(2.1-38)

BHELLFAME £ brifEZE (JEH]D IR, Data are expressed as mean + SD (range).
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