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Infestation and phylogenetic study of an invasive mealybug
Phenacoccus solenopsis in Hangzhou
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Abstract; [ Background] The cotton mealybug, Phenacoccus solenopsis Tinsley, is an important invasive pest, which has spread
rapidly and caused serious damage in China in recent years. [ Method] During 2009 to 2015, we investigated the infestation of P. so-
lenopsis in Hangzhou. We also identified the plants on which mealybug were present and constructed a phylogeny tree based on mtD-
NA COI sequencing. [ Result] The results showed P. solenopsis were dispersedly distributed in Yuhang, Xiaoshan and Lin’an coun-
ties of the Province of Hangzhou. Altogether presence of the mealy bug 68 plant species from 61 genera and belonging to 38 families
were recorded, among which Capsicum annuum, Solanum melongena, Solanum lycopersicum, Cucurbita moschata, Gossypium sp.,
Sesamum indicum, Dendranthema morifolium, Ixeris polycephala, Portulaca grandiflora and Lantana camara caused the most dam-
age. Based on mtDNA COI sequences, the results showed there was no obvious genetic differentiation among the populations of P.
Solenopsis from Hangzhou. The phylogenetic analysis revealed the P. Solenopsis from Hangzhou shared 99.4% ~ 100% identity with
others from China. [ Conclusion and significance] The results provided the theoretical foundation for the studies of genetic evolution,
invasive ways, prevention and control of P. solenopsis.

Key words: Phenacoccus solenopsis; mtDNA COI; phylogenetic analysis; invasion

FRZ UMY Phenacoccus solenopsis Tinsley X 44 A MR AEZERIMARSE ) 1, & — ™ 8 BB A
FRAERR I, 2 —FP A RE o & £ HAR R Mol 248 7= ekt AR E #5585, 2009;
r L, DA K RS A W 2 R (I R Rk AR, 2009) , TRFR A ATz B

Y75 B HA ( Received ) ; 2015-07-30 3 HHA( Accepted) : 2015-09-13

EL£WH: fiir4d 8 A8 FE4(LY14C140003) 5 AN T H2 K& F 5% 0 (20110533B210) ; AT R AFHALREE S AL B TAE
(2013FR030)

EERN: KAW, &, MAKLW, AR T\ sSRAEED NG FERA, E-mail; lilyzh_hz@ 126.com

* 3 WAE # (Author for correspondence) , E-mail: giong.rao@ 163.com



- 128 - Wi Journal of Biosafety

5505 %

kI O A v <7 N TN S NI £ YN TR B
TR i)t SR Ml 2 9E L 2008 4F, FR SR AR i e TR
VAR B R B, B Bl SR AR i WU T B
VO ZB oM LR EEAN AT R A, T E
FIZ BRI (B 4E, 2012, WHBESE 20145 Bi) K
B 2013 F2%5,2014; 12 T4 2009; EE T«
4 2013 JHVE4E 2010) , i3 GARP A AR
GYHIT TR A A W AE TR ) S KU MR A AR X
e EA R EZHE T AR X AEs X R0
JE—SEER SR MR X AN YT R AR AL X, H
TRTE B B K (e P 55, 2009) o B b KT
2009 4F 1 IR IR S A R 0 1 3 (JRITS 45 2010)
Shy BT B b 0 X RE N R A s A R OE
PARBFIE P A T 2009—2015 4F LM Hb Xk F 45
3 U9 1 43 A7 R TR 100, 5 XoF 12 i DX S 4 063 Wy 1)
mtDNA COT K 4TI P F1 R Ge kA o B, ik 5
SR 0 W I RN B s 4R (S
1 MBS5F*®
1.1 HKREMMBAESZE

2009—2015 4, FERT M 3 [X 2 23k S8 4 oy iy &
WA 7 R, E AWM 2.2 77 hm*, 55 & 541k
e EAERIAR L A S (FEA) 38 5 T o B A FEL
X3k, I A X G DAAETT B S  AR N SRR U
VEYI A, VR A A 4000 S AR Bk 453 0 e R 4
TGRS A, YA AR AR — o B TR R A W
A AT AE A AR N HL A A

fo ER R R B R . (1) BRRE,
Y ERAETRER(<7.53% - m?);(2)hkE, FHE
Y > SR (7.5~45 % - mT);(3) &
RA MY ERERZ (545 3k - m7?), 1
O AT R R F AL, IF i % B 2 1Y 75 0
WYyl 44 S AR OC L R4 FF EAEDIFPS
1.2 HKREMVMOTEE
1.2.1 DNA 423 2015 4E53 5 LM 3 A2 Hh
% AP o LR HE Bk S4By e | Bk H Sk 4k
FAHIRFEEC DNA, 75 40F . ddH, 0 B8k, )
50 WL Z4# % (50 mmol - L™ KCI,10 mmol - L™
Tris pH 8.4.0.2% gelatin,0.45% Tween 20.0.45%
NP40 .60 mg + mL ™' proteinase K) FEf T I 53k
W E T2 PCR A& S THIHE 50 W
F 65 C7K# 30 min, 100 °C /K 10 min, JEEE O

J5 B DNA FESH B T-20 CUKEETIRAT

1.2.2 PCR## 513 Gullan er al. (2003) %
TF,PCR SRR ZR AR 50 wL, Horf ddH,0 30 .
10XPCR Buffer 5 wL . dNTP 4 pL Mg* 4 wL DNA f
B 2L EWES19 (10 wmol - L7')2 pL, FHF514)
(10 wmol + L") 2 L, Taq i 1 wL, SN 5N
94 °C WA 5 min; 95 °C A8 1 min, 52 °C ik
1 min,72 CHEM 1.5 min, I 30 MEFR; 72 C L HE
i1 5 min, PCR =IH-ET 4 CUkA M, PCR
P T 1.5% SR REHHEE I HL VKA

123 Z& KB PCR YL mLAifb)GE %
TR AR AR WO 45 3000 4 2R 5 H A
FHOCTF S FH MEGA 6.06 £ {447 LA 43 4, 3 2o
NI BRI R G R B, IR L IR e

2 HREHW

21 BEES59%H

BUINTT 2009 4F 11 H B IRFE R BT IX & B4k 5
SRR, B 2015 AFARJEC, AN Hb DX 4R S 4 by i 32
BRI TR Al | R AT, G I X AL
T TR 22 T B Ik | A A R A AR 43l
2.0.5.8.2.5 F10.7 hm’,
22 HKREMMTEEWIHE

AR YR A v 3 e IR SR 4 A I 1 B RIS 38
Flol J& 68 Ffr, =2 TRE AhiRE H AR 2R
HAIRRARE G | E 1 R R I R A A, o DR
B A A RN AR AR R B AR 3R R
A8 E 1A 00 (M A 2 T R ™, 32 RIK 100%
HBOmEEEER LR ),
23 HFEERZRFGHUHAR

LA 3 A HBIX Y 26 AHR SR HHI miCOl 3
351, SR R BER/IN A 400 bp , il i Blast H X
G0, BAS 2 SRR AR A AL BR 1 A I 2 b
X YRR LA (BRAE AL HZ-PsO1) , HoAth Ir A R 5L 19 7
GUARBLEE #4928 100% (A% AL HZ-Ps) . i i NCBI
B PR L At Ml DX ) K 5 28 By iy A % 5 LA L
B B mtCOL J¥ 8R4 T Lt , I A 2 R e il 1k
R (EI2)  ristfeiieg (£ 2) . 48R B, AR
U B S 200 93 00y 5 LAt i IX ) K S 4 43 0y SR
—A0r % OS5I EHAL X, v G5dk A&
L5, M B OAE ML 0 4R R4 OB I ( KJI620516
KF878038 . KF878039) #H UL}y 99.4% ~ 100% ; @



55 2 1) SRATTAF W M DCER R A B i 16 35 9 A S R GE A 7 - 129 -

| S N i i (| W O T W< S I 7 Qe
( AB499696) FH L FEE J 99.1% ~99.7% , IR | #
A RS Y 4K 2 45 B I ( KF442959 | KF878057
KC985430) AH AL B Ky 99.4% ~ 100% ; 35 55 I Hh
DX, G0 B P 0 b DX R S 4 B I AH AL E Sk 99.4%
~100% ( KJ530610) , 3& [l Jin A1 4 J& W2 i 5k 5 4
Hr (IN112802) AHLEE Ky 98.4% ~99.1% , Hirhr 3%
2 B3R M Y K 55 40 8 I ( EU267210) 43 1k B

K FABUEAL N 95.6% ~96.4% . B A, 43 3745 B i
(P. solani, KJ620517 ) F1 WA 43 453 iy ( P. aceris,
IN546626) &4k F 4 F3 Wi 1) [ g 300 2 il , AHLARLJEE 43
M 90.5% ~91.4% Fi1 86.5% ~ 86.6% ; 5 HoAth )& 43
A EE, R OB %Y ( Pseudococcus  comstocki,
AB513658) 54k S48 W 1) 3 2% OC R fe il , AR
4 87.0% ~88.2% .,

F1 mMMNBRKRBREMINFEIED S EERE (2009—2015 F)

Table 1 Main host plants and occurrence level of P. solenopsts in Hangzhou regions from 2009 to 2015
28 & i ik el f BRI HiAS
Family Genus Species Plant classification Level Location
258} Asteraceae %5 & Dendranthema 254 Dendranthema morifolium ZAEH R AE Perennial flower  HE Severe 1% Lin'an
H 5 J® Conyza /N RE Conyza canadensis 1~2 A AR Annual and H Severe Ifi%Z Lin'an
biennial herb
T HJE Xanthium & H Xanthium sibiricum 1 4FA B Annual herb i Severe IIfi%¢ Lin'an
WEZRE Ixeris SR Iveris denticulata ZAEHE LR Perennial herb H Severe % Lin'an
Ti %5 %5)8 Tagetes FLAETE Tagetes patula 1 A FEAE Annual flower o Medium  4XHT Yuhang
428 Calendula 42 Calendula officinalis 2 AEH: BAE Biennial flower d1 Medium Q¢ Yuhang
7] H 2%J& Helianthus [a] H 2% Helianthus annuus 1 A2 EL4E Annual flower F1 Medium 21t Yuhang
257 Helianthus tuberosus ZAEHE AR Perennial herb 1% Light Ifi%¢ Lin'an
#iJ& Cirsium HLZE Cirsium setosum LA AR Perennial herb  Medium  Ifi% Lin'an
KIEJE Erigeron —4F3% Erigeron annuus 2 A B Biennial herb #1 Medium % Lin’an
= Conyza INKE Conyza canadensis 1 ZE4E B Annual herb 1 Medium 5% Lin'an
YLEH R Bidens Y25 B Bidens pilosa 1 4B Annual herb % Light I Lin'an
WR} Cucurbitaceae  #JNJE Cucurbita N Cucurbita moschata Bi3% Vegetable H Severe % Lin'an
2 JNJ& Benincasa 2\ Benincasa hispida g Vegetable H1 Medium |54 Lin’an
22 )NJ& Luffa 22 )X Luffa cylindrica 3% Vegetable 1 Medium % Lin’an
JifiEl Solanaceae fiJ& Solanum T Solanum melongena 3% Vegetable H Severe Ifi%¢ Lin'an
Je3% Solanum nigrum 1 A A Annual herb 1% Light %% Lin'an
A& Lycopersicon At Lycopersicon esculentum 3% Vegetable H Severe Ifi ¢ Lin’an
BB Capsicum B Capsicum annuum 3% Vegetable 1 Medium  IIfi% Lin'an
HRZERl Malvaceae Hi )@ Gossypium K 4E Gossypium sp. ZBAEY Economic crop H Severe i Lin'an
KAEJE Hibiscus 21§k Hibiscus cannabinus 1 ZE4 BA Annual herb % Light L Xiaoshan
A% Hibiscus syriacus P53 K Deciduous shrub % Light IIfi%¢ Lin’an
BB Hibiscus sabdariffa 1 #2442 BEAS Annual herb % Light Ifi%¢ Lin’an
FKZEJE Abelmoschus TERKEE Abelmoschus esculentus — Z24F4E A Perennial herb i Medium  Ifi% Lin'an
iR}l Portulacaceae TG WJE Portulaca  KAE LY IE Portulaca gran- 1 FERAE Annual flower #H Severe lIfi*4 Lin’an
diflora
D50 Portulaca oleracea 1 4E4: 378 Annual herb 2 Light IIfi%¢ Lin’an
Bl Pedaliaceae BRRIE Sesamum ZWR Sesamum indicum THEMEY) Oil crop T Severe % Lin'an
DB R} Verbenaceae B2 P}E Lantana LB} Lantana camara (RS E N VNN Evergreen H Severe P Yuhang
semi-vine shurb
Ui R} Amaranthaceae W)@ Amaranthus W3 Amaranthus tricolor e Vegetable F1 Medium  Ilfi%¢ Lin’an
SE T HJE Allernan- 75 0> ¥ T ¥ Allernanthera 2445 Perennial herb o Medium %% Lin’an
thera philoxeroides
ZEF} Chenopodiaceae #EJ& Chenopodium #E Chenopodium album LA B Perennial herb i Medium  Ifi% Lin’an
HELERF Convolvulaceae  HZJE Ipomoea Hz Ipomoea batatas MEVEY Food crop J1 Medium  IIfi%¢ Lin’an
P Ipomoea aquatica i Vegetable #1 Medium % Lin’an
gRk Leguminosae KIZJ&E Glycine Ke Glycine max i Vegetable H1 Medium  IIfi%¢ Lin’an
AKBEEEL Oleaceae L oi)E Ligustrum IK I Ligustrum obtusifolium W E G AR Ever- 1 Medium % Lin’an
green or semi-evergreen shurb
AJBJE Osmanthus FEAEM Osmanthus fragrans W LRI K Evergreen arbor % Light 4Bt Yuhang
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JBIERl Lamiaceae
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HEFL Cycadaceae
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SRR Cyperus
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WEFJE Gardenia
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FRSJE Rhododendron
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L% Digitaria sanguinalis
MR B Setaria viridis
—H 4T Salvia splendens
TS Coleus scutellarioides
LEREEE Hyssopus officinalis
T 3% Brassica chinensis
Sk Cycas revoluta
2 llex purpurea
BEL Polygonum hydropiper
85 ¥ Monochoria vaginalis
=% Chlorophytum comosum
# 4 Ophiopogon japonicus
8% Cayratia japonica

2248 Michelia alba
AR Platycladus orientalis
IR Ficus elastica

W Cinnamomum cam-
phora

HAE Camellia sp.
L4 Photinia serrulata
f’%ﬁ HF Setcreasea purpurea
1A Arachis hypogaea
*EFY Colocasia esculentae

HR-F¥E Potamogeton distinctus

[t Cyperus rotundus
ALK E Viola japonica
HiHRE Euphorbia humifusa
MBS B Rivina humilis
WEFAE Gardenia jasminoides
% Citrus reticulata

K1Y Rhododendron simsii

WEVEY Food crop
ZAEHE B Perennial herb
1 4R A Annual herb

1 B Annual herb
ZAEHE AL Perennial flower
ZAEHE B Perennial herb
ZAEHE AR Perennial herb
#iK Vegetable

HERITA Evergreen arbor
HWERTTA Evergreen arbor

1 4R AR Annual herb

1 FFAHA Annual herb
Z4EHE BLAE Perennial flower
ZAEHE AR Perennial herb
ZAF A2 B B A% Perennial

herbaceous vine

£ T A Deciduous arbor
HWERTTA Evergreen arbor
HEFT AR Evergreen arbor
HWETTA Evergreen arbor

T ER/INEER Evergreen shrub
HERIFA Evergreen arbor

1 AEAE B4 Annual flower

1 4EAE R Annual herb
3% Vegetable

ZAF4 B Perennial herb

LA B Perennial herb
ZAFEA AR Perennial herb
1 A A Annual herb
LA B Perennial herb
HERHEAR Evergreen shrub
HER/INFF AR Evergreen arbor
JEMHHEAR Deciduous shrub
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Fig.1

AEEFEEY EHRREBUE A ER
The damage symptoms of P. solenopsis on different host plants
AZRR; Bl C A #E,

A Sesamum indicum; B: Solanum melongena; C: Capsicum annuum.
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—— HZ-Ps01 Phenacoccus solenopsis (In this study)

K¥442959 Phenacoccus solenopsis (Philippines)

HZ-Ps Phenacoccus solenopsis (In this study)

F— AB499696 Phenacoccus solenopsis (Pakistan)

KF442957 Phenacoccus solenopsis (Viet Nam: Tien Giang District)
KC985430 Phenacoccus solenopsis (India: Delhi)

KF¥878038 Phenacoccus solenopsis (China: Guangdong)

KF878039 Phenacoccus solenopsis (China: Hainan)

KJ530610 Phenacoccus solenopsis (Brazil)

l KJ620516 Phenacoccus solenopsis (China: Guangxi, Hubei, Guangdong)
JN112802 Phenacoccus solenopsis (USA: California)

EU267210 Phenacoccus solenopsis (USA: FL)

KJ620517 Phenacoccus solani (American Samoa)
I ABS513658 Pseudococcus comstocki (Japan: Hiroshima)

JN546626 Phenacoccus aceris (France)

| |
0.01
B2 ET mtDNA COI EEHE MK RE MM RS L ( MEGA 6.06)
Fig.2  The phylogenetic tree of P. solenopsis based on mtDNA COI sequences
*2 ETF mtDNA COI ERE ik 51 (MEGA 6.06)
Table 2 Evolutionary divergence of P. solenopsis based on mtDNA COI sequences

=l g ALHFE Genetic distance

No.- Accession No. 2 3 4 5 6 7 8 9 10 1 12 13 14 15
1 KJ620517 -

2 KF442959  0.086

3 AB499696  0.090 0.003

4 KJ620516  0.086 0.000 0.003

5 AB513658  0.130 0.118 0.123 0.118

6 KF878038  0.086 0.000 0.003 0.000 0.118

7 KJ530610  0.086 0.000 0.003 0.000 0.118 0.000

8 KF878039  0.086 0.000 0.003 0.000 0.118 0.000 0.000

9 JN112802  0.080 0.009 0.012 0.009 0.122 0.009 0.009 0.009

10 EU267210  0.091 0.036 0.040 0.036 0.152 0.036 0.036 0.036 0.033

11 KC985430  0.086 0.000 0.003 0.000 0.118 0.000 0.000 0.000 0.009 0.036

12 KF442957  0.086 0.000 0.003 0.000 0.118 0.000 0.000 0.000 0.009 0.036 0.000

13 JN546626  0.105 0.134 0.139 0.134 0.088 0.134 0.134 0.134 0.138 0.170 0.134 0.134

14 HZ-Ps 0.086 0.000 0.003 0.000 0.118 0.000 0.000 0.000 0.009 0.036 0.000 0.000 0.134
15 HZ-Ps01 0.095 0.006 0.009 0.006 0.130 0.006 0.006 0.006 0.016 0.044 0.006 0.006 0.135 0.006
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