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Meloidogyne enterolobii Intercepted from Ficus microcarpa Seedlings from China during Import Plant Quarantine.
Kazuki Nakae, Shigeyuki Sekimoto” and Takashi Iseki (Research Division, Yokohama Plant Protection Station, 1-16-
10 Shin-yamashita, Naka-ku, Yokohama, Kanagawa, 231-0801, Japan. ”Yokohama Plant Protection Station) Res. Buil.
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Abstract: In March 2023, root-knot nematodes (RKNs) suspected to be Meloidogyne enterolobii Yang and Eisenback,

1983 were found in Ficus microcarpa seedlings from China during an import plant quarantine inspection at Nagoya

port, Japan. We identified the RKN population as M. enterolobii and reported the molecular, morphological and

morphometrical characterization of this population. Phylogenetic analysis based on sequences of COII-16S rRNA and
COI of mtDNA, and D2-D3 of 28S rRNA genes revealed that the intercepted population clustered with M. enterolobii
and clearly differed from other RKN species. Moreover, the host pathogenicity test confirmed that E microcarpa is a

host of M. enterolobii. To the best of our knowledge, this is the first record of M. enterolobii from F microcarpa.
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[EIPE 77 2.~ WV Ficus microcarpa Wi K 2> 5 Meloidogyne enterolobii
Yang and Eisenback, 1983 L §tbi b & 27+ ¥ F 27 H3FEH
SN 7zo Meloidogyne enterolobii VX iy B vk o 47 B HI 1) & —
DZAHESN TV B ARBREED AT Ty F 2y O—H
Ty BVENORAZER L TV L EERRTH L, KO
EHPHIZIE <. b= b Lycopersicon esculentum (= Solanum
lycopersicum) X° 7 4 A Glycine max Z5kk % Wi HAE$ 5 2
ERHESINTVEN, TNETOLIAT Va3V M
enterolobii DHF TR TH 5 L ) #iE1Z 4 (CABL 2020 :
EPPO, 2024), 2T, WEEN V2 VHR2 LIRS
7oA ATy F 2T OBZF R OTBRARAZ TV, B
LAY M. enterolobii T A Z & #fEiRT 5 & L H1c, R
BRIZE ) Y 2= VS M. enterolobii DR EMMTH D Z &%
MR LIZDT, ZORRIZOVTHET 5,
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2. BEFENRAE
(1) DNA JhiH

DNA #ilitt ¥ v b ISOHAIR (=v R¥ Y=, HiD) ZHW
7RSI X L MR 54500 DNA Z2HiH L7z. 25
A F27 5 2 LIRS I 1 k% e THE 2 WIBT L. % 1mm
PUJ5 DA AR THEWZ K ERY . DNAHIH N Y 7 7 —
20pL % AN720.5mLF 2 — 712 A % A7z DNAJH N »
7 7 —i%. ISOHAIR IZiRfF ST w5 0.01 xdhtiNy 77—
(TE Buffer (pH8.0) T#H) 18.5uL. Enzyme Solution 1.0pL
O Lysis Solution 0.5uL ZiR& L72d 0% vz CAYE, 2014),
55C 30 4 95T 10 43 CHLHL L 7=, Bp A5 4 K 80uL % il
ZTHMLZD D% A DNA & L7z, & ToOHM DNA (Xl
NS 2 £ T-20C THRAE L 726
(2) PCR J UNEIEBCH T

I M2 ¥ F1Y 7 DNA @ COI-16S rRNA #3182 08 COT 3 3%
A NI 28S rRNA # 15T @ D2-D3 #HI2 2T, PCR KU
WILB Y ENT %47 5 720 3 b a2 ¥ K 7 DNA @ COI-16S
rRNA SISO BIEIZ 13 C2F3 (5 -GGT CAA TGT TCA GAA ATT
TGT GG-3' ) KU 1108 (5 -TAC CTT TGA CCA ATC ACG CT-3")
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Fig. 1. Ficus microcarpa seedling from China infested by Meloidogyne enterolobii. (A) Whole seedling; (B) Root gall; (C) Adult female
in root; (D, E) Perineal patterns of females. Scale bar, 10pm.

(Powers and Harris, 1993) @75 4 ~—+%t v k%, COI #%
DOMFEIZIZIB3 (5" -TTT TTT GGG CAT CCT GAG GTT TAT-3' )
KO JB5 (5°-AGC ACC TAA ACT TAA AAC ATA ATG AAA
ATG-3") (Derycke et al., 2005) DT I 43—ty b&zZnhZ
W7z, $72, 4% 28S rRNA #IZT- 0 D2-D3 FHIR O BRI X
D2A (5 -ACAAGT ACC GTG AGG GAAAGTTG-3") KU D3B
(5 -TCG GAA GGAACC AGC TACTA-3") (De Ley et al., 1999)
DFIA4<v—ty bEHW, PCRIZKIS%ARZ 20nL & L,
COII-16S rRNA #IH O HETE TIid. s T & 125 X PrimeSTAR
Buffer (5mM Mg* plus) (% % 554 F, #%HE) % 4.0pL,
dNTP Mixture (2.5mM each) # 1.6uL. %75 4 ~— (10pM)
% 0.4uL. PrimeSTAR® HS DNA Polymerase (2.5U/uL) (% %
S84 F) % 0.2uL. $8 DNA % 2.0uL K 0@ 25 K %
11.4pL M 2 720 COI #HI% % OF D2-D3 $HIK O HETIiF. e 2
& 1210 x Ex Taq Buffer (20mM Mg” plus) (% % 5 /54 %)
% 2.0uL. dNTP Mixture (2.5mM each) % 1.6uL. %751 ~—
(10uM) # 0.4uL. TaKaRa Ex Taq® Hot Start Version (5U/pL)
(#5954 %) % 0.1pL. $7% DNA % 2.0uL & OV 252 7K
% 13.5uL M 2. 720 PCR Bt i& ¥ —~< V¥4 2 5 — GeneAtlas
G (7AT v 7. ) ZMH L7z, PCRIRESMIE, COI-
16S rRNA #38 Tl 94C 2 DB, 94T 145, 48T 145
72C 257 % 35 % A4 7 W RN 72C 5 43 DfiiE L L. COIL
Tl 94T 2 5 OB, 94T 158, 46T 158, 72T 30
w3504 7 ViTo7ze F72. D2-D3 HHIE T 94T 2 55 D E
ZEMEH, 94T 140, 53T 308, 72C 1% 3544 7 VL O¥
72C 5 53Dk & L7zo PCR #EY % ExoSAPIT™ (Thermo

Fisher Scientific. 7 AV #) TH# L. BigDye® Terminator
v3.1 Cycle Sequencing Kit (Thermo Fisher Scientific) 2 & %
YA Ny = v ARG E T o 72, BigDye® Xterminator™
Purification Kit (Thermo Fisher Scientific) THF# L,
SeqStudio™ Genetic Analyzer (Thermo Fisher Scientific) %
WizF A L b= v AR &) IR & e L7,

45 N 723 3L /%) % F v T NCBI @ BLAST O Ml [FI M3 %
17 721, MEGA 11 (Tamura ef al., 2021) P MUSCLE T
ZHERFNT T4 A ¥ PRIV, RUEIC &) R & R L.
7—bFA T v 7HE (1,000 ) (Felsenstein, 1985) 12 & 1
DB IE MR L 72 AICc (corrected Akaike Information
Criterion : #iiIE ARG Ham L) 1TIeD W Tl 22 AL E 7V
% 34 L. COI-16S rRNA 48 & O COI # I 12 1X GTR + G
EF )NV A, D2D3#HIICIE GTR + G + T EF VA L 720
Yo L FO A RAT 3 MR R 5 AR IS DWW TERM L, 155 N zELH]
X DDBJ 2L (727t y ¥a vy vv— LC822789-
LC822791) o
(3) MR T 54 ~—% M7z PCR

Meloidogyne enterolobii i FF 5L 1) 7 4 <~ — MeF (5"-AAC
TTT TGT GAA AGT GCC GCT G-3') KU MeR (5 -TCA GTT
CAG GCA GGATCA ACC3”) (Long et al., 2006) % H \ T
PCR #4f7o 7z PCRIZKIEF® % 10pL & LT, U T &
1210 X Ex Taq Buffer (20mM Mg* plus) (% #5514 %)
% 1.0pL. dNTP Mixture (2.5mM each) % 0.8uL. %77 1 ¥~ —
(10uM) # 0.2uL. TaKaRa Ex Taq" Hot Start Version (5U/pL)
(551954 %) % 0.1pL, $7% DNA % 1.0uL B OV 858 7K
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RL 728 B L. R SEROMER R O Z 570 5 Rl
DFGFHEREAT o 720453 5 N MER IO W TIIR B ITA (&
R OTLREBIS:) . UMM HOIO ) 55 517 2 Hi4)
HIZOWTIEBEFAIAE (COLHBD Y —F7 Y AR M.
enterolobii FESF N 7 5 4 ~—% /2 PCR) # ZNZE ATV,
T8 L 72 % A5 M. enterolobii T 5 &9 a2 MER L 720
B, BRRXE 6 KA. REMXZ 3 KMELE L. BREX S HMH
WA TR U723 g, el 1 R N2 o oS o 9 7
5L L7z 2 WIZhH 1 % A IS 72,
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BRRUEZR

1. BEEENRE
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I B B 5 A 48 > COII-16S rRNA #H35, COI #i% } O° D2-D3
PO W TH LB ZRE L2 E 2 A, Z 2N 662bp,
393bp K O 716bp OIRFERANAF S, WM OFEIRIZHB T

b 5 KR THERY 23 5e &2 —3 L7ze 2 d72%, DDBJ (2
& 1R O KB OB & B ik L7z, Thb oS % H
WT BLAST MEZ AT o 7oA, WTMoFEBIZBWTD
GenBank (288t ST\ b M. enterolobii DYEILEH] & & WA
FEZR L, b &AM Z R L7z COIL-16S rRNA i
(MN809527), COI %38 (MH399805) & ¥ D2-D3 #iik
(MT193451) O¥iILECH] & DA Pk 221 100%. 100%
JK¥99.7% T o7ze 72, T RN ORER, WIT DM
WIZBWTHH I S NG RESNE M. enterolobii O %
L4527 L—FIZ&EN, wFihbEWwT7T—FA M7 v 7l
(99-100%) TN/ (Figs. 2-4),
(2) TN T 5 4 ~— %7z PCR

Meloidogyne enterolobii Fi4¢ 517 7 4 <~ —% 72 PCR D
M, LR L 729 Y VAT T M. enterolobii W45 i) 72 % 4
Z @ PCR #Y (¥ 240bp) DNy FAHER S 7= (Fig. 5)o
ATTF AT b=V TRIONY FIZHER I N> 72,

2. WRERFHHRZE

MR O R DO TLBBLE O R, IS PIBULF.GHIRT
MIERLMARICEWEZ LTBY., BSEPRE2LEDT
Hotze T, HFRRIIAHE T, BTS2 THo 72 (Fig.
1D,E)o IS DEMIE. M. enterolobii DJFit#k (Yang and
Eisenback, 1983) 12B1F 2 &M O4FME £ —F L7, 2
S OILREFHAE I Table 1128 L7ze SRR O O£
VPR DS < A4 EH 3Tk ¥ F 2 Meloidogyne incognita
(Kofoid and White, 1919) Chitwood, 1949 @ FHMEIZ D> 72 B
DD, FOMOMEIZB BLe A2 M. enterolobii @ FHIAE o i PH A
Thotze T2 2HHMORIIZEM Y & %255 RBiIER
5FIRIA THAZWITWDS Z L H M enterolobii DY & —
L7

3. EEEER

KRR TR SEERIBE SN h o725 HEX TR
BB 2 SERASBIZ S 7z (Fig. 6)0 ORI 55 5K
R OPID ) AL . TEREF IR A R BRI A Z 1T -
7o Zh, MERROKBEROEBIZE TIZMmARETHEAI
7o MEAR & Bk 72 M. enterolobii DA R SN ze T2, 28]
& 7B mHNHRE TR £ ToME kT COol #Hido
HIERCH A3l A M To8 0L S 7zl fk o3 IERCE (LC822789)
=T LaMRTHEL LT, M enterolobii \ZFEYFS
744 X0 PCREWOMIELZTHER L (F—54WK). Zh
5D ENS, M enterolobii 3 H Y =< WIZHEL, EiHBR
e THED Z L EMRL.

D Eo#RL Y PERES Y 2 VIliRPHFER I N4
T F 2R M enterolobii LRIETHE EHIT. AV v
WASMEMBUOFEFRY CTH 2 Z AW S,ICLT, Fx D
BHIRY . AREIIA Y 2 <05 D M. enterolobii D)Lk &
%5,
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M. enterolobii (KF993632 Costa Rica)

— M. enterolobii (KY084501 Vietnam)

0.20

Punctodera chalcoensis (HM640928)

Fig. 2. Phylogenetic relationships between Meloidogyne species as inferred from analysis of the intergenic COII-16S rRNA gene
sequence using the Maximum likelihood method under the GTR + G model. Numbers at nodes indicate bootstrap values
(1,000 replicates). New sequence is indicated in bold.
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Fig. 3. Phylogenetic relationships between Meloidogyne species as inferred from analysis of the COI gene sequence using the
Maximum likelihood method under the GTR + G model. Numbers at nodes indicate bootstrap values (1,000 replicates). New
sequence is indicated in bold.
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Fig. 4. Phylogenetic relationships between Meloidogyne species as inferred from analysis of the D2-D3 of 28S rRNA gene sequence
using the Maximum likelihood method under the GTR + G + I model. Numbers at nodes indicate bootstrap values (1,000

replicates). New sequence is indicated in bold.
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Table 1. Morphometrics of second-stage juveniles of Meloidogyne species. All measurements are in um and are in the form: mean +

SD (range).
M. enterolobii M. enterolobii M. enterolobii M. incognita
Character China China USA India
This study Yang and Eisenback Brito et al . Khan et al.
(1983) (2004) (2017)
n 10 30 20 20
L 4384 +5.1 436.6 +16.6 461.1£15.9 410.5+21.5
(430.0-450.3) (405.0-472.9) (433.0-481.0) (365.0-456.0)
w 139+04 153+0.9 15+0.4 13.4+0.6
(13.1-14.4) (13.9-17.8) (14.5-16.1) (12.5-14.3)
Stylet length 10.1+0.2 11.7+0.5 10.9+0.3 104+0.3
(9.9-10.7) (10.8-13.0) (10.4-11.5) (10.0-11.0)
DGO 3.5+0.14 3.4+£03 3.8+0.3 32+02
(3.2-3.7) (2.8-4.3) (2.94.1) (2.9-3.3)
Tail length 53.3+1.5 56.4+4.5 56.4+2.9 49.5+£2.2
(51.4-56.6) (41.5-63.4) (50.5-61.2) (46.5-53.2)
Length of hyaline 10.5+2.2 11.1+2.6 11.9+1.1
part of tail (6.8-13.4) i (5.0-14.7) (10.5-13.3)
a 31.6+0.9 28.6+1.9 30.8+1.2 30.8+1.9
(30.4-33.3) (24.0-32.5) (28.3-32.5) (28.0-34.2)
[¢ 82+0.2 7.8+0.7 82+04 83+£0.5
(7.9-8.5) (6.8-10.1) (7.6-8.6) (7.5-9.6)

10 NC PC M

Fig. 5. PCR amplification products obtained using Meloidogyne
enterolobii species-specific primers Me-F/Me-R. Lanes:
1-10, Root-knot nematode from Ficus microcarpa
seedlings from China; NC, Negative control (water); PC,
Positive control (DNA lysate of M. enterolobii); M, 100bp
DNA marker.
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