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i OE [B8] #ermBaoh e s B SO I Planococcus vovae 544, i MR B AZAH R SO0
I IR E AR E A [FiE] BREHEa IS4, 3T COl i) HCO-LCO X751, #|FH NCBI
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A new invasive pest in China: Planococcus vovae (Nassonov, 1909)
(Hemiptera: Coccomor pha: Pseudococcidae)

k%
WU San-An LI Yu-Ang XU Han
(The Key Laboratory for Silviculture and Conservation of Ministry of Education, Beijing Forestry University, Beijing 100083, China)

Abstract [Objectives] To determine whether Planococcus vovae (Nassonov, 1909) is synonymous with Planococcus
juniperus Tang, 1989 or a new invasive pest in China. [Methods] In addition to comparing the morphology of adult females
collected from Beijing and Inner Mongolia, new sequences in the HCO-LCO region of the COI gene were compared to those
in NCBI using the Basic Local Alignment Search Tool (BLAST. Phylogenetic trees were then constructed using the Bayesian
inference and Maximum likelihood methods, and the genetic distance between the COIl sequences of different specimens was
calculated. [Results] Many morphological differences are apparent between adult females from Beijing and those from Inner
Mongolia. COIl consistency between specimens from Beijing and Inner Mongolia, and between specimens from Beijing and
French P. vovae, are 99.85% and 95.13%, respectively. Beijing specimens and P. vovae from France and Spain clustered in a
single clade on two phylogenetic trees and had a genetic distance of 0.In contrast, there is a genetic distance of 0.05 between
European specimens and those from from Inner Mongolia. [Conclusion] P. vovae is not synonymous with P. juniperus Tang
and is therefore a new invasive pest in China.
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2| g LA BTAR ZEFATEL P ( Williams and Moghaddam,
1999; Danzig and Gravrilov-Zimin, 2010, 2015;
CABI, 2021 ). 7F F{d4% i #f1/E Chamaecyparis.
#1J& Cupressus. Jill#1J& Juniperus FlE 1) Thuja
% 4 J& 20 ZFFIFR} Cupressaceae f%) ( CABI,

2022 ), DA RIS IO IR e, [
IR S s, AT, A ERE
VERE, 3Rt kd . Bk, BORMiEEEA
EHHIH . G BORRI R ZE RG22 E K
AR A B 1 ( Uygun et al., 1998; Ulgenturk
et al., 2004, Moghadam, 2006; Graora €t al.,

2014 ), CABI (2022 ) U HAHAMEA FHAEY)

FEAABSOK ) Planococcus juniperus Tang,
1989 Az MIfEMZEZA (1989 ) #KHE 1984-1985
AFR H N S I AL AL Sk AR AL B I R AS
B —ANFA, 50 (1992 ) W BEFhES 2 i A
)& Crisicoccus, H2E#HHM A Crisicoccus
juniperus, FFCABCHAEFARER I, Danzig and
Gravrilov-Zimin (2010 ) 73 A MEHZFRA )
THOLT , ARG R L 45 UK 2 R A i
SUKPIT M) S 44 AL B, 5 Rt Bl B ScaleNet
F* ] (Morales etal., 2022 ),

2020-2022 4F, FEILHUT 21U BB I
UG EASMOR LRI, 2% N HIMES R bR
A, AR AU SRR 4 A SO i
ASCRIE S F MG FAEY S G 0 ik, 1Al
RN E SO RS SRV SO W R R AR
FEAL BTG B AR AL SE A B R W 2 A5 A A AR B L
Ky, IR B AR AR SOk I 2 75 R 3 BB A=
E IS AP

1 #MREFEZE

1.1 R

IR UNE23@5) L AN R 1 5 . N AW VN <050

By ) SR R BR A S b 22— A P S A Sk T A
¥ Juniperusrigida ( 3CH ] NMR %7k, TA)
s AR SO R A AL KA (BTC) Al
A 5 ARk K 2% £ e A2 #1 Juniperus chinensis
(BLC) K XTI J. sabina ( BLS) I JH T3
J AR AR ] 8 RS R T R AE 75% 2T,

o3 FIUF I REG RAEAE 100% 2 BEw
12 WEHE

121 HRERAEE HTPIRERIRGBE A
WAl 25 712k H Borchsenius (1949 ) /-4 1Y)
AR B AR AR T o
122 H£EBFIIFRE 58N CO I5E
b4, Hr NMR, BTC. BLC. BLS 4 4%
FIRAHIF TS, HARFHEI N GenBank T £k
WA, PRSI S 0L 1, Hrh i SISOk
B2 %%, 1 ok ABEMG (GenBank J75145:
JQ085557 ) ( Abd-Rabou et al., 2012), 1 £¥H VY
PEAHFEM, ( GenBank J741%5: JF714206 )( Beltra et
al., 2012). 4 ZHFIFH R A 3 Sl pi e,
f DNeasy i &#2H, PCR ¥ #4fii A S1000
PCR #17, CO /¥ 45|49 C1-1554F/C1-2342R,
PCR R ZRFIRH 25 uL iR 72, DNA #i4i 1 pL
C1-1554F/C1-2342R( 5-CAGGAATAATAGGAA-
CATCAATAAG-3" ) ( 5'-ATCAATGTCTAATCC-
GATAGTAAATA-3' )(( Deng et al., 2012 )4% 1 uL .
2x Premix 7.5 uL. ddH,O 14.5 uL., PCR JZJ¥ %%
PFIEEZR #% (2020 ) i Y S 451 . % PCR
SERREAREA TR, M0 TAE b mt B %R E
WE AR R R ST
123 HFEE KB WEIEGITIH
ContigExpress BFHAT RS A | S, SRJETE
NCBI Li##47 BLAST [T, DI E T
MFFFPZE (2%, 2020) .
124 HFREXRME A TSR
EmF, R F5 8 MEGA v7.0.26 ( Kumar
etal., 2016 ) ¥ H e ¥%, I/ MUSCLE ( Edgar,
2004 ) HeXf. BESUE CO [ 5KIEAS)T AN &R
% kB W E R 5E 4 7E PhyloSuite v1.2.2( Zhang
etal., 2020 ) H5E i, K FbXT S #9751 T Gblocks
( Talavera and Castresana, 2007 ) 7EERIANIZS S
BB T RBRHES LT A9 53 o 16 He K AR 1
( Maximum likelihood, ML ) #1013 iE
( Bayesian inference, BI) 1E R IEBELH
POFPIE] SE 2R A0 i, TRR 6 1R 8 A 7R )
ModelFinder ( Kalyaanamoorthy et al., 2017 ) 2
HE. DIEBkRE#Y I Crisicoccus matsumotoi fE K
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Tablel Mealybug species studied and their GenBank accession numbers for CO 7 sequences
o i PB4
5 No. K Species secession | % No. K Species secession
number number
1 AHEE S8 Planococcus citri MG813762 17  Planococcus lilacinus KU254159
2 Planococcus citri MG813760 18  Planococcus lilacinus KY372632
3 Planococcus citri KY372846 19 KBS Planococcus minor  KY373094
4 Planococcus citri MG813767 20  Planococcus minor KP692658
5 Planococcus citri KY372905 21 Planococcus minor KX015106
6 JCAERBLOB Planococcus ficus KY373122 22 Planococcus minor KY372523
7 Planococcus ficus JQ085548 23 ML Planococcus vovae  JQ085557
8  Planococcus ficus KY372626 24 Planococcus vovae JF714206
9 HEEELUBG Planococcus kraunhiae  KY373125 25 BEBkBEHI Crisicoccus matsumotoi GU936933
10 Planococcus kraunhiae KY372698 26  Crisicoccus matsumotoi KP692520
11 Planococcus kraunhiae KP981071 27  Crisicoccus matsumotoi HM474110
12 Planococcus kraunhiae KP692649 28  Crisicoccus matsumotoi KY373028
13 Planococcus kraunhiae KP692651 29 NMR OP654154
14 FEEELOR I Planococeus lilacinus KY373178 30 BLC OP654156
15 Planococcus lilacinus KP692656 31 BLS OP654155
16  Planococcus lilacinus KX015097 32 BTC OP654157

SNEE, 7 HKY+I+G+F iR (2 WIFEfTiafT,
2 000 000 1), f#i F§ MrBayes 3.2.6( Ronquist et
al., 2012 ) t g D Jr R . ] 1Q-TREE
( Nguyen et al., 2015) 7 HKY+I+G4+F £ A
T, R KA .

125 BEEEESN BELHEEMGH MEGA 7
) Kimura 2-parameter ( K2P ) AR
BEUBY CO I 4TEM 75 Tl N st G #E B .

2 GR59H
21 EEETR

KAt R bRAS, HMER R AR S S
Kosztarab I Kozar ( 1988 ), Cox FlI Ben-Dov
(1986 ), Cox (1989 ) #1 Williams & Granara de
Willink ( 1992 ) X} A% #1880 #5 iy Planococcus
vovae [ AR FZ: KRR TR o e AR A A B [5]
¥, K& 3mm, 5529 1.7 mm. filffg 8 17, 4L

2 %F, JE RS A SERE L, R 1A, R,
T . RIFLEE 14-18 XF, FEHIFLEEA 2 HR4E
I, FRRECE D, A T RIS X
EIRAMRRN, RIGZETTH , /NMOTER T ; £
& BRI S T s 27 BT 43 AT 5 = A RO T
HEwmE (K1),

K H S S T AR AT, O R R Y S
EESHYIEMZAEA (1989 ) XA #a T LUk in
Planococcus juniperus Tang F J5 4 1 i F14 K —
B, MER UG R AVE SO AL, B TTICEDIR
it M BT KO 17 X (I 2),

22 HDFEMEHR

X ER 4 ADFES T DNA 9738 7,
315 CO [ I FA, I A% %) NCBI B8 .
221 5 NCBI EHFFILEX  JLaitemiy
CO /%Iy H 5k HLEM P. vovae

( GenBank J3°415: JQ085557 )VLHL A 99.85%;



R — A RRIE A H R——ELoh i (R E . K H . Bine) - 967 -

B 1 RABsURLER H( 77 K osztarab and K ozar , 1988 )
Fig. 1 The adult female of Planococcus vovae
(adapted from Kosztarab and K ozar, 1988)

NS SRR B CO 7 R IES 41 5ok B 2
i) P. vovae ( GenBank J¥415: JQ085557 ) VL
J¥ 4 95.13%.

222 RZEERERXFR AT COMFILHT
5, LIBERE K Crisicoccus matsumotoi A #h
HE, HEST B SO Y T Fh 21 iy DL i B A 5 KA
SR ILIEL 3 F1IEL 4,

M 3 FIE 4 ATLCE B, DL Fis K
USRS 1 70 LA B, BA Z 5751
Planococcus citri. P. minor, P. lilacinus, P.
kraunhiae #1 Crisicoccus matsumotoi %k 1
X, i P ficus 7E 2 32 b ok A L E PG BEA 1Y
P. vovae I 3 R HALE RS R 1 3, X
FERRT 95%, WHEAKWHESEY—3, 5§
ZIE BUH IR
223 mEEEE CEATPEICE . I L E

B2 #RBESUMMBER SR (FiHnEMZER, 1989)
Fig. 2 The adult female of Planococcus
juniperus(adapted from Tang and Li, 1989)

B S UyRESHIBAZIE B 0, NS i kRS S5 HiA
FEA TR AL R B 40 0.05 (R 2) -

3 HZit5iTie
31 EEELRBEMRNBY HRHaBLH

i P. vovae

i DAL MR A A RS | LEXT,
TP XS | RGER T T S R
BT, RIS ENE, fedt st AT A
A T A -5 A Uk [ A PR A AR AR
(it A Rl — B, BAR A SO 8 P vovae.

3.2 #RBLEH Planoccus juniperus Tang 3£
EHBUBM MRS

N 52T A SR ok B LR RS S0R I Y i
M, SR SOB W 7EME B HEOE S A PTIX
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Crisicoccus matsumotoi KP692520 1

| Crisicoccus matsumotoi HM474110 1
\WE Crisicoccus matsumotoi KY373028 1
0.794 Crisicoccus matsumotoi GU936933 1
———  NMR

Planococcus vovae JQ085557 1

Planococcus vovae JF714206 1
BTC

L .

L BLC

Planococcus lilacinus KY372632 1
Planococcus lilacinus KU254159 1
Planococcus lilacinus KX015097 1
Planococcus lilacinus KY373178 1
Planococcus lilacinus KP692656 1

0.87

0.982

0.939
0.609

0.999 Planococcus kraunhiae KP692651 1
W: Planococcus kraunhiae KP692649 1
1 ——— Planococcus kraunhiae KY373125 1
Planococcus kraunhiae KY372698 1
0.667 Planococcus kraunhiae KP981071 1
— Planococcus ficus KY373122 1
0.8 L Planococcus ficus JQ085548 1
Planococcus ficus KY372626 1
0.952 Planococcus minor KY373094 1
Planococcus minor KP692658 1
0.53 0.563 Planococcus minor KY372523 1
W: Planococcus minor KX015106 1
1 Planococcus citri MG813762 1
W: Planococcus citri MG813760 1
0916 ——— Planococcus citri MG813767 1
Planococcus citri KY372905 1
0.945 Planococcus citri KY372846 1

B3 EFCO/EEBEINHNMHER (45X EHFAHRWHER )
Fig. 3 Thephylogenetic tree conducted based on the CO / barcoding sequences using Bayesian inference
(the number s above branches show posterior probability)

Crisicoccus matsumotoi KP692520 1
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Crisicoccus matsumotoi KY373028 1

T
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TE Planococcus lilacinus KY373178 1
58 Planococcus lilacinus KP692656 1

82
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59

92

{ Planococcus kraunhiae KP692651 1
58 Planococcus kraunhiae KP692649 1

Planococcus kraunhiae KP981071 1
TE Planococcus kraunhiae KY373125 1
77 Planococcus kraunhiae KY372698 1

—— Planococcus ficus KY373122 1

97
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L Planococcus ficus JQ085548 1
Planococcus ficus KY372626 1

_: Planococcus minor KY372523 1
94 Planococcus minor KX015106 1

55

58 68

Planococcus minor KY373094 1

T: Planococcus minor KP692658 1
Planococcus citri MG813762 1
ﬂ Planococcus citri MG813760 1

Planococcus citri KY372905 1
TE Planococcus citri MG813767 1
63 Planococcus citri KY372846 1

100

95

B4 EFCOIEEBEINEAMAR (S LHFAERME)
Fig. 4 Thephylogenetic tree conducted based on the CO /barcoding sequences using M aximum

Likelihood

method (the number s above branches show bootstrap)
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* 2 BB R EIRUFE R IEEIES (K2P)
Table2 K2P genetic distances among samples

NMR BLC BTC P. vovae JQ085557.1  P. vovae JF714206.1
NMR
BLC 0.05
BLS 0.05 0
BTC 0.05 0 0
P. vovae JQ085557.1 0.05 0 0 0
P. vovae JF714206.1 0.05 0 0 0 0

A, A EE R, S E A A R N
BRI, (HAME# AR ER . BT CO /
SICRDTH | KRS E SO W S A RO 08 I 119 358
BRI 0.05, 17 [7) & i 2 A KR8 SO0k W Rt
175 7 SO W ) ) 322 4% 575 4 0.016-0.022( Rung
etal., 2008; {E3alk, 2016; £ EAE, 2016 ),
RPN B SOR W B — NS R, AR AR
UMY S48, BRI H AP A Planococcus
juniperus Tang, revived status,

ETUL B, B SOh s 7EdL M &
PR B AR — DRI AR A . VORI
UM I AR E AR HE R R, @IUS RE A
TR SO M FE TR E B 27 3 S0 AT FEREL, AF5E
HAE TR PR T 0 AR ) 2 R R S 3R Y B
PRI

Brigt: NS A0k i P AR BT B B 5T
R B R EEAARN O W R b, TR

S &3k (References)

Abd-Rabou S, Shalaby H, Germain JF, Ris N, Kreiter P, Malausa T,
2012. Identification of mealybug pest species (Hemiptera:
Pseudococcidae) in Egypt and France, using a DNA barcoding
approach. Bulletin of Entomological Research, 102(5): 515-523.

Beltra A, Sotol A, Malausa T, 2012. Molecular and morphological
characterization of Pseudococcidae surveyed on crops and
ornamental plants in Spain. Bulletin of Entomological Research,
102(2): 165-172.

Borchsenius NS, 1949. Mealybugs and Scale Insects of USSR
(Coccoidea). Moscow: Akademii Nauk SSSR, Zoological Institute.
32:116-117, 134-135.

CABI, 2021. CABI Compendium: Planococcus vovae. https://doi.

org/10.1079/cabicompendium.41893.

Cox JM, 1989. The mealybug genus Planococcus (Homoptera:
Pseudococcidae). Bulletin British Museum (Natural History).
Entomology, 58(1): 1-78.

Cox JM, Ben-Dov Y, 1986. Planococcine mealybugs of economic
importance from the Mediterranean Basin and their distinction
from a new African genus (Hemiptera: Pseudococcidae). Bulletin
of Entomological Research, 76(3): 481-489.

Danzig EM, Gavrilov-Zimin 1A, 2010. Mealybugs of the genera
Planococcus and Crisicoccus (Sternorrhyncha: Pseudococcidae)
of Russia and adjacent countries. Zoosystematica Rossica, 19(1):
39-49.

Danzig EM, Gavrilov-Zimin IA, 2015. Palacarctic Mealybugs
(Homoptera: Coccinea: Pseudococcidae), Part 2: Subfamily
Pseudococcinae. St. Petersbury: Zoological Institute, Russian
Academy of Sciences. 213-216.

Deng J, Yu F, Zhang TX, Hu HY, Zhu CD, Wu SA, Zhang YZ, 2012.
DNA barcoding of six Ceroplastes species (Hemiptera:
Coccoidea: Coccidae) from China. Molecular Ecology Resources,
12(5): 791-796.

Edgar RC, 2004. MUSCLE: Multiple sequence alignment with high
accuracy and high throughput. Nucleic Acids Research, 32(5):
1792-1797.

Graora D, Spasic R, Ilic S, 2014. Biology and harmfulness of
Planococcus vovae (Nassonov) (Hemiptera: Pseudococcidae) in
Belgrade area. Pesticidi | Fitomedicina, 29(1): 67-74.

Kalyaanamoorthy S, Minh BQ, Wong TKF, von Haeseler A, Jermiin
LS, 2017. ModelFinder: Fast model selection for accurate
phylogenetic estimates. Nature Methods, 14(6): 587-589.

Kosztarab M, Kozar F, 1988. Scale Insects of Central Europe.
Budapest: Akademiai Kiado. 64—66.

Kumar S, Stecher G, Tamura K, 2016. MEGA7: Molecular evolutionary
genetics analysis version 7.0 for bigger datasets. Molecular
Biology and Evolution, 33(7):1870-1874.

Li Y, 2020. Molecular identification and phylogenetic studies of



- 970 - R B H1 244 Chinese Journal of Applied Entomology 60 %

Coccidae. Master dissertation. Beijing: Beijing Forestry
University. [Z=#%, 2020. 5T 2F 5 R doFh I 4 g
RRGRBHIIE. B2 SC dEat: dbatphlloRs.

Li Y, Wang XB, Wu SA, 2020. Phylogeny of the Pseudococcidae
based on CO 1 gene sequence variation. Chinese Journal of
Applied Entomology, 57(6): 1362-1374. [Z54%, T3, =142,
2020. ANfF] CO T H P F51 X AR R RN B TR G0 &
B RIR LA W R H 2R, 57(6): 1362-1374.]

Moghadam M, 2006. The mealybugs of southern of Iran
(Hem.:Coccoidea: Pseudococcidae). Journal of Entomological
Society of Iran, 26(1): 1-11.

Morales GM, Denno BD, Miller DR, Miller GL, Ben-Dov Y, Hardy
NB, 2022. ScaleNet: A literature-based model of scale insect
biology and systematics. Doi: 10.1093/database/bav118.

Nguyen LT, Schmidt HA, von Haeseler A, Minh BQ, 2015.
IQ-TREE: A fast and effective stochastic algorithm for
estimating maximum-likelihood phylogenies. Molecular Biology
and Evolution, 32(1): 268-274.

Ren JM, 2016. DNA barcoding and database construction of
Pseudococcidae. Master dissertation. Guangzhou: South China
Agricultural University. [{E7 0k, 2016. ¥rnFE H DNA &2
T s 7B B KR g S 2= S TN AEREA
WK ]

Rung A, Scheffer SJ, Evans G, Miller D, 2008. Molecular
identification of two closely related species of mealybugs of the
genus Planococcus (Homoptera: Pseudococcidae). Annals of the
Entomological Society of America, 101(3): 525-532.

Ronquist F, Teslenko M, van der Mark P, Ayres DL, Darling A,
Hoéhna S, Larget B, Liu L, Suchard MA, Huelsenbeck JP, 2012.
MrBayes 3.2: Efficient Bayesian phylogenetic inference and
model choice across a large model space. Systematic Biology,
61(3): 539-542.

Talavera G, Castresana J, 2007. Improvement of phylogenies after

removing divergent and ambiguously aligned blocks from protein

sequence alignments. Systematic Biology, 56(4): 564-577.

Tang FD, Li J, 1989. Observation on the Coccidea of Inner
Mongolia in China. Inner Huhhot: Inner Mongolia University
Press. 42-44. [ T8, 2575, 1989, NEEHIAEHEE. PFRIN:
R NS RS RAT. 42-44 ]

Tang FD, 1992. The Pseudococcus of China. Beijing: China Agricultural
Science and Technology Publishing House Press. 346, 352. [%
BT, 1992. HEBMEE ALat PEALBHH . 346,
352.]

Ulgenturk S, Canakcioglu H, Kaygin A, 2004. Scale insects of the
conifer trees in Turkey and their zoogeographical distribution.
Journal of Pest Science, 77(2): 99-104.

Uygun N, Sengonca C, Erkilig, L, Schade, M, 1998. The Coccoidea
fauna and their host plants in cultivated and non-cultivated areas
in the East Mediterranean region of Turkey. Acta Phytopathologica
Academiae Scientiarum Hungaricae, 33(1/2): 183-191.

Wang YS, Zhou P, Tian H, Wan FH, Zhang GF, 2016. Validity of
DNA barcoding in identification of Planococcus minor (Maskell)
(Hemiptera: Pseudococcidae), a potential major invasive alien
species to China. Acta Entomologica Snica, 59(7): 747-758. [ £
4, FSE, HEE, J1J7, HKHSE, 2016. DNA SJEHHIR
X ORI TEA R ORI R SO W 1) S A RCHERIT Y. R
4R, 59(7): 747-758.]

Williams DJ, Granara de Willink MC, 1992. Mealybugs of Central
and South America. Wallingford: CAB International. 404-406.
Williams DJ, Moghaddam M, 1999. Mealybug species of the genus
Planococcus Ferris in Iran (Homoptera: Coccoidea: Pseudococcidae)
with a discussion of Planococcus vovae (Nasonov). Journal of

Entomological Society of Iran, 18(1/2): 32-43.

Zhang D, Gao F, Jakovli¢ I, Zou H, Zhang J, Li WX, Wang GT,
2020. PhyloSuite: An integrated and scalable desktop platform
for streamlined molecular sequence data management and
evolutionary phylogenetics studies. Molecular Ecology Resources,
20(1): 348-355.



