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Identification of Anguina funesta in Lolium multiflorum from the United States

YU Luzhen, SONG Shaoyi, LI Shuai
(Shanghai Customs, Shanghai 200135)

Abstract: Anguina funesta is an important economic species of Anguina listed as a quarantine pest by several countries. In
2021, a population of Anguina sp. from the seeds of Lolium multiflorum from the United States was intercepted at the port of
Shanghai. Only the larvae were isolated from the sample, and accurate identification could not be performed. A combination
of morphological and molecular methods for detection was used. The nematode sequence was amplified by 28S universal
primers and obtained a 742 bp sequence, which was 100% similar to A. fumnesta registered in GenBank. The internal
transcribed spacer (ITS) region was amplified and sequenced to obtain a 778 bp sequence of 99.86%~ 100%, similar to A4.
funesta in GenBank. The phylogenetic tree based on 28S and ITS sequences was constructed. The results revealed that the
sample clustered with 4. funesta in GenBank. Based on morphological and molecular biology characteristics, the Anguina

spp. was identified as A. funesta. The Shanghai port is the first in China to intercept A. funesta.
Keywords: Anguina funesta; Lolium multiflorum; morphology; molecular phylogeny; identification; Anguina
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&, % P Ah Tz eyt Py S8 IR B T 4R
YRR R, BIRFE R 2 B AR AR S
MF R —, % R PR E R, T AKE %, w5
BB DLk g Y%L R b s, 1978
A, WROROR AR 38 B 22 M 5591 3k 232 Sk AR
HUfr TR G AN i i 2 e h s %4
WA 77 EAEIN, FEAHEN L T E B
FEAEAE 1, A e A AR GeRE A, T EAE R 2 B )
LA E T Ak,

U F B AL LR X EY . & Aok e EROR, €
B R B AR AE S BORRIE g oK B B & R IR
OB IR G FE AW A 5%, TPz Ry i
RN, BOER & TR T XY R R, 2
2 G R AS e 10 S5 6T, HORF R AR Dy HUE YSgR
T ) b - InF, SRR N R R AL ) Fob -, B fi R b+
F) 32 T 2 B S A% R Y. HORT, iR A £
(R M) SRR TG 394 43 A, 76 3R 1 R 4 A

P E R R OK EE A2 E IR 5 E . 2020
O, WEEIFEMEFRREL 155t BHFEREPE
MAEFERE AR, WEEE (Festuca) EHIF-HK (Poa
pratensis) F1 2 32 B J& (Lolium) 554 25 Hi P FHE
i 90% LA L ik 0, BOE R4k duit 2 3
B JE R AR, WO BE R O BRI  XURS AR
[F I, B N5EJE B M T g0 Ab Bl AR 7
BE AR A 3047 2 By OB R . sk B 2 Xt
BR R R RE % AR, Mp iz A NIREZIA R 2% .

2021 4, bl O R T2 EERAE 2 L EE
FRh R AR BN & R, TR R 2 R A
Tl FR A AR 4y J, T (SRR A 4y BT 25 AR HE AE T 25
E o R KHATEERF S5 THEMFME SN TE
X BT AR (0 6 2 U 4 AT S e, DL O R A
PEHR T T HER 45 1% 2 MRt R =55

1 MRS 5%

11 &H9E

HE 5 R T RE R ORL 2R R JE 2R HLUTE Bl 1 A B,
KR AL G R A AR B & U > . Bl )
Y5 B A e A B B R oD i A S S
% Meng 2% (97 R I BEAT T BB, BARI R - 1) FR
HU RS2 B R 129 100 g 8]\ 1 L B (49 % 300 mL
ZIFE£R), In/K Z %) 800 mL, FH B B b 4 +F & B Fh 1

SEAIRIE, B E 1~2 d; 2) A IR R ke b b
30 s ¥ BE AR I B I R R B R, B E ] (SR
Ko B 7 YUK, ¥ BB OK B % F oK Rt
JE B B R ) — BN B (R AL AR 8 0.85 mm,
i FL 42 N 0.0385 mm) H, I K 45 vk & O
Ji o K T 0 Y 0 AR O A b R R L, Ry
Rrs 3) 1] B8 A H BB N 7K &2 49 800 mL 2 J5 B A ER
208R, HE 1~3 K. BIREHITE o S .
12 EEFEE

¥ o AT R 2 84 ), O R
(ZEISS Imager. Z1) N # 47 & W & . 1 BN &
(AxioVision Rel.4.8), Jf % H De Man 2 2%t 45 & it
ATt
1.3 FEMFLERE

1.3.1 % DNA #2HX

FHBRET PR E 4 U3 2%, RN 25088 7 K gk %
3, & H . BRI 240 ViR 28 i, FH PR o
B¢ E| % £ B, K F DNeasy Blood&Tissue Kits (Qiagen)
T &R EL 2R B DNA.

1.3.2 @AY PCR ¥ 1

K 28S 3@ A 51 ¥ % 2k i DNA # 17 PCR 9™
1. 5198 D2A (5'-ACAAGTACCGTGAGGGAAA
GTTG-3"), D3B (5'-TCGGAAGGAACCAGCTAC
TA-37) ", S F 2% i ITS 3@ A 51 9 %) £ . DNA
1T PCR ¥4 51 %14 F194 (5'- CGTAACAAGGTA
GCTGTAG-3"), 5368r (5'-TTTCACTCGCCGTTAC
TAAGG-3") """,

PCR % J¥% 4 % f,#% : 10 x PCR Buffer (Mg~ free)
(TIANGEN) 2.5 uL, Mg”" (25 mmol-L ') (TIANGEN) 2
uL, dNTP Mix (2.5 mmol-L ™) (TIANGEN) 2 uL, 3| %)
(5 pmol L) (L AEM TAEA AT &) % 0.5 uL, 1
#% DNA 2 uL, Taq DNA % &% (5 U-uL ') (TIANGEN)
0.4 uL, ddH,0 15.1 pL, & ARF 25 L. § 27 R
94 °C 3 min; 94 C 30s, 55 °C 30's, 72 °C 90 s, 40 &
;72 °C 10 min. #3577 WLE 1.5% B IR0 iR 1 <
TAE &M LK, EB Yeti s AR 8 R A 04T -

¥ BT 19 PCR P~ i b ifg 46 K3 IR AR 4 A =
R, 45 i 5 51 B Seqman B4 e X 5 #E 4T R 3 A0
P2, J £ GenBank 9 BLAST, # 17 /% %1 4 #r, i
— B FH MEGA 6.0 3 DL KA SRV 44 3 5% 4t ik
1.
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2.1 EAEARSNIHE
2.1.1 JEEHR

4l 2 AR U S BE Y B IXCOF, B 4i
g, FIERSS, DEFIEERER /N AE IR, fE ik
R AT AR, R E RN, g1 5B TE R A
W, AN B 55 . AR H], NLTTA B & (B 1),
2.1.2 WA

AHIEFE BUHCHL B B b A %) L T8 28 I o B R 56
R i 8 HL A 05 - 5 Meng 51 3R () D BEATT LE, a.
by o FHEFK B, R B IEBRK S B8 5 55 {E
KW E s R BB — 2, (0 L HUE G L A
B EFED.
22 28S RITS FIIRGAEH

2.2.1 28S FEH Mt
2 At A FORR i EUR (R 2R g H, 0 3R

3 742 bp 1] DNA J7 %] (R4t 5 5% 5 MH OM403184),
5 GenBank "' & 3% B A. funesta W) J¥ 5 A L 1 18
100.00% (& Fii 5 MG321209) (K 2). 3T 28S X 5
SRR ) R R R, R 2 1 5 GenBank
Hp O S B BUPERLRL 28 B AL funesta £ T 7] — 3E AL A
(Bl 2).
222 ITS #5404

ZWBEEI FRERM R & g, &
ITS Il 5 k73 K FBE ol 778 bp 15 91 (R 45 % 3 =
OM403183), 5 GenBank "1 & 3% ] 4. funesta (1] AHf2A
P 7K 99.86% (& Fii 5 KM114435)~ 100.00% (& Fii
5 KM114438. KM114439. AF396347) (& 3). it T
rDNA-ITS [X 77 F1 A4 22 1 5= Ge gk AL B v I, I 77 3R 45
¥ 55 A. funesta £ T [Fl— @A E (K 3).

3 ik E54ie

Hy T [ B R g A 2, BE K 0 KR
Flr, o6 3 R R A B 1 L R 2 R R A

B 1 HIEr kR R SHHE
Figure 1 Morphological characteristics of juvenile Anguina funesta
a: R b MRATES; o AP 4 RJEEE; e—f: BEX (PEE); g—h: BEF; i—j: BIENX ) k. EEEE.

a: entire; b: anterior region; c: middle region; d: posterior region; e— f: esophagus (middle to posterior regions); g— h: tail; i—j: esophagus (anterior

region); k: genital primordium.
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Table 1 Comparison of measured values between different populations of juvenile Anguina funesta

UZo R AT TUR % [
Morphological characteristic Population in this study Population from the USA
FEAZL Numbers of samples 15 _
&% Body length (L)/um 852.1 £31.8 (757.8~886.1) 836.2 +14.6 (815.9~865.7)
A 50.0 £ 1.8 (44.9~52.6) 50.4 + 1.8 (48.0~52.9)
B 4.5+0.3 (4.0~5.0) 4.6+0.2(42~4.6)
C 129+0.4 (12.1~13.4) 13.2+£0.8 (12.3~15.1)

1414 Stylet length/um

JEHK Tail length/pum

& Esophagus length/um

HFEIEERK Medium bulb length/um

FF & TEER 9 Medium bulb width/um

&% Body width/um

AEFH JR Jt 28 R ¥t Genital primordium to end of tail/um

189.1 +12.8 (170.0~214.0)

398.2 +31.4 (337.6~439.3)

9.2+ 0.3 (8.8~9.7)
65.9+2.6 (61.9~70.7)

8.0+ 1.0 (7.0~10.0)
63.3+3.3 (55.9~68.0)
183.0 £ 7.1 (172.5~194.4)
17.0 + 1.1 (15.0~19.0)
8.5+0.5 (8.0~9.0)
16.6 + 0.7 (15.0~18.0)
396.7+31.1 (351.5~480.2)

16.8+ 0.9 (14.8~17.9)
8.4+ 0.4 (7.6~9.0)
17.0 £ 0.4 (16.3~17.9)

ARRK S RRETE AL BRARK S AT 2 il S KRR IE: CARKERKIE. 55 N REEER R RAME~ R KRE.
A: body length/maximum body width; B: body length/ esophagus length; C: body length/tail length. The data in parentheses represents the minimum to

maximum values.
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Figure 2 Phylogenetic tree of Anguina sp. based on 28S sequences (maximum likelihood, ML)
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ANNHE,
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W THE S B B BEROR, A RS REE

R p s B AR AN IS, B
FIURL 28 HLRT 4 QR 28 B (Anguina wevelli) EUAL R 2%
N R A, IR L R S N ST A R
Bl gz vt e B TR B L L i
BL b B i BURL 22 I 3 T A X D BOAE R 2
0 R FS 97 2 S T BT BE LE (64%~T72%) KT B
& FRL e B (/N T 50%, 8 18 60%); BUAE R 2k,
M RUAZ A (K 16~ 28 pm) A T BT B AURL 28
(K 25~40 pm) " T bR AR LR R A WA E
TRAERR 70 BB, HERA BT 4 25 02 3R IR A o

— B B, M2k R 2 R A AR 1
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Figure 3 Phylogenetic tree of Anguina sp. based on ITS sequences (maximum likelihood, ML)
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