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Molecular identification and phylogenetic analysis of mealybug
species in Ficus spp. based on mitochondrial CO | gene

FU Weiming"*, LIU Zhihong’, CAI Bo®*, LI Huiping’, WU Fuzhong"*°*
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Abstract: [ Aim] Ficus spp. are commonly planted garden plants in the South China. The aim is to identify the species of mealybugs
in Ficus spp. [ Method] The COI gene sequences of 9 species of mealybugs in Ficus spp. were amplified, and their sequence ho-
mology, genetic structure, and phylogenetic relationship were analyzed using bioinformatics software. [ Result] The similarity of 38
sequences of mitochondrial CO I gene reached 99.25%—100.00% , and the interspecific genetic distance of 9 mealybugs was 0.070
=0.173. Nipaecoccus viridis and Dysmicoccus brevipes had the highest genetic distance, while Pseudococcus comstocki and Pseudococ-
cus cryptus was the smallest, which indicated that Pseudococcus comstocki and Pseudococcus cryptus were highly closely related. The
phylogenetic tree was constructed with each mealybug clustered together using known mealybug sequences downloaded separately
from the GenBank database. The results of molecular identification were found to be the same as those of morphological identification.
[ Conclusion] The mitochondrial COI gene could rapidly and accurately identify mealybugs in Ficus spp. and reveal the genetic
structure and phylogenetic relationship of mealybugs. It provided a scientific basis for the monitoring, prevention, and precise control

of mealybugs in agriculture and forestry.
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Fig.1 PCR amplification of mealybugs
1 FECCBIY 2 AR RESOR Y 5 3 P VRSO Y 4 - WG ORI 55 2 B IR IS 5 6. MBI 5 7 AR B e
8 LA A M 5 9 . A% /INBY Y s M Marker 2000,

1: Pseudococcus comstockiy 2. Placoccus citriy; 3 Placoccus lilacinus; 4: Pseudococcus viburniy S Dysmicoccus brevipes; 6. Nipaecoccus viridis;

7: Maconellicoccus hirsutus; 8. Ferrisia virgata; 9: Pseudococcus cryptus; M: Marker 2000.
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Table 1 The information of the mealybug samples and sequences
- REHT N N EREE TR DL
FIRER e o s Sovcnen St
Slno. Locality date Host plant Species rate voucher /%
1 J& ] Xiamen 2013-07-10 &8} Ficus microcarpa BRI Pseudococcus comstocki + FIXM-01 99.85
2 Mangshi 2014-05-30 HEFA Ficus concinna SN Pseudococcus comstocki ++ YNMS-02 99.25
3 Il Shenzhen 2019-08-23 B EHA Ficus virens FELCHK Y Pseudococcus comstocki ++ GDSZ-03 99.70
4 H{M| Huizhou 2020-03-28 A Ficus microcarpa MY Pseudococcus comstocki ++ GDHZ-04 99.55
5 A Mengzi 2012-10-03 HE¥A Ficus concinna W5/ Y Pseudococcus cryptus ++ YNMZ-01 99.25
6  ZJH Huizhou 2014-02-16 AZBHA Ficus elastica & /NBY Y Pseudococcus cryptus ++ GDHZ-04 99.80
7 JBA Longyan 2013-07-06 #&H# Ficus microcarpa & /B Y Pseudococcus cryptus ++ FJLY-02 99.55
8 JE '] Xiamen 2013-07-10 KA Ficus auriculata W% /N Y Pseudococcus cryptus ++ FJXM-03 99.85
9 BN Huizhou 2020-03-28 KA Ficus elastica 5 AWy Pseudococcus viburni ++ GDHZ-03 100.00
10 %Il Shenzhen 2019-11-09 FEMHA Ficus benjamina W5 I Pseudococcus viburni ++ GDSZ-02  100.00
11 [ 1 Hekou 2013-10-16 #1445 Ficus stenophylla 5 A3y Pseudococcus viburni ++ YNHK-01 99.85
12 i3k Shantou 2012-08-21 #&#} Ficus microcarpa FE TS WYY Placoccus lilacinus +++ GDST-01 99.70
13 HH Meizhou 2012-08-22 #A# Ficus microcarpa MR BRI Placoccus lilacinus ++ GDMZ-02  100.00
14 Il Shenzhen 2012-08-23 #&# Ficus microcarpa MBS WY Placoccus lilacinus +++ GDSZ-03  100.00
15 g Zhongshan ~ 2012-08-25 VAR Ficus microcarpa PRSI Y Placoccus lilacinus + GDZS-04 100.00
16 I Guangzhou  2012-09-09 VAR Ficus microcarpa FATERLUKY Y Placoccus lilacinus ++ GDGZ-05 100.00
17 Jii4 Bannan 2012-10-06 RBHE Ficus elastica FAVEELU Y Placoccus lilacinus ++ YNBN-06  99.85
18 JE[] Xiamen 2013-07-10 #&# Ficus microcarpa MRS WY Placoceus lilacinus ++ FJIXM-07 99.85
19 EJH Huizhou 2014-05-21 ¥JRHA Ficus elastica F PERSUK WY Placoccus lilacinus ++ GDHZ-08 99.85
20 e Shaoguan 2012-08—-17 #&# Ficus microcarpa W LMY Placoccus citri ++ GDSG-01 100.00
21 7 Zhangzhou  2013-07-10 ¥&M Ficus microcarpa 1S Placoccus citri ++ FJZ7-02  100.00
22 TETH Mangzhi 2014-05-30 RJEHA Ficus elastica 1B SO Placoccus citri ++ YNMS-03  100.00
23 =% Yunfu 2012-07-26 F¥AW Ficus microcarpa i A iy Nipaecoccus viridis + GDYF-01 99.85
24 3CH Wenchang  2012-08-10 #2HKHs Ficus elastica HEWEH Y Nipaecoccus viridis +++ HNWC-02  99.85
25 Rl Shenzhen 2019-11-09 #4584} Ficus microcarpa HEWEAI Y Nipaecoccus viridis +++ GDSZ-03  100.00
26 %Il Shenzhen 2012-08-23 FAM Ficus microcarpa AKAEE MY Maconellicoccus hirsutus — ++ GDSZ-01 99.70
27 Jl4H Banna 2012-10-06 IRHA Ficus elastica KA SR Maconellicoccus hirsutus — + YNBN-02 100.00
28 Ji[ 1 Hekou 2013-10-16 ¥&# Ficus microcarpa AHES KN Maconellicoccus hirsutus — ++ YNHK-03  99.70
29 &M Danzhou 2012-08-14 ARJBHA Ficus elastica WA FS Y Ferrisia virgata ++ HNDZ-01  100.00
30 &Yl Shenzhen 2012-08-23 AW Ficus microcarpa KA Ferrisia virgata ++ GDSZ-02 99.85
31 L 3E Simao 2012-10-10 ¥URHA Ficus elastica IEARBIIY Ferrisia virgata ++ YNSM-03 99.40
32 2ZJI] Bingchuan  2014-06-03 @& IUAA Ficus altissima WIS Ferrisia virgata + YNBC-04  99.85
33 IZJI| Bingchuan  2014-06-05 HEAA Ficus concinna WA HS Y Ferrisia virgata ++ YNBC-05 99.40
34 %I Shenzhen  2019-11-30 5B Ficus microcarpa WA Ferrisia virgata 4+ GDSZ-06  100.00
35 Yl Shenzhen 2019-12-15 #5# Ficus microcarpa WIS Ferrisia virgata ++ GDSZ-07 99.85
36 H M Huizhou 2020-04-19 #A5# Ficus microcarpa WEI Y Ferrisia virgata ++ GDHZ-08  99.85
37 4N Banna 2012-10-06 KA Ficus elastica T By Y Dysmicoccus brevipes ++ YNBN-01 99.85
38 &M Fuzhou 2013-07-15 #&#} Ficus microcarpa % IR R Iy Dysmicoccus brevipes ++ FJFZ-02 99.70
39 K4 Banna 2012-10-06 403R Chrysophyllum cainito W) BERYY Pulvinaria psidii 100.00
40  7%[E France FRECH Y Pseudococcus comstocki JQ085562
41 HEFE Vietnam W BBy Placoccus citri HM474278
42 E| =4 Philippines FATERLUK MY Placoccus lilacinus HM474306
43 L[E France W5 A Pseudococcus viburni JQ085549
44 3L France BN Dysmicoccus brevipes JQO085558
45 FE American HE R iy Nipaecoccus viridis MH290520
46 Z%[E Tailand ARKEE Y Maconellicoccus hirsutus HM474229
47 #E South Korea &/ NIy Pseudococcus cryptus HM474370
48 [ China WA Ferrisia virgata KP692715

30, which was considered as mild harm, moderate harm, serious harm, and marked as " +" ,

P EAA R ME AR R R 10 SKRUR (5% 10 k) WRREEMESE LA “+ " IR ARMEMCR dUEE 10~30 3k (%30 k) P ARG
FL B+ T FOR BRI AR T 30 KON ESEE UL+ + + IR,

The number of female adults of mealybugs in each host plant was less than 10 (including 10) , between 10 to 30 (including 30) and more than

"+ 4+ " and "+ + + ", respectively.



- 16 - W) i (TRIESC)  Journal of Biosafety %33 4%
*2 BEAEDLHY COl ERRERRZETRS LS
Table 2 The analysis of haplotype and nucleotide diversity for COI gene of mealybugs in Ficus spp.
. %?S@TEL" Py BRI AR )r‘%‘ﬁﬁéi%ﬁ‘fi +%ﬁﬂﬁi¥i@iﬁ§i *l@&’rﬁ'ﬁ
P)Fh Species Poly@omhlc Haplotype Hé:'lpl()t}'fpe Nu'clcot'ldc Avera.genufnbcr of Taijima’s
sites diversity diversity nucleotide differences test
RGN Pseudococcus comstocki 15 4 0.900 0.01020 6.600 -0.62926 **
WG /NIy Pseudococcus cryptus 35 5 1.000 0.02960 19.200 0.83395*
s AWy Pseudococcus viburni 3 2 0.500 0.00300 1.500 —0.75445
T VERELUH Y Placoceus lilacinus 1 2 0.222 0.00034 0.222 -1.08823 **
WERELUMY Placoccus citri 0 1 0.000 0.00000 0.000
HEWEH Y Nipaecoceus viridis 9 3 0.833 0.00693 4.500 -0.82943 ™
A B Wy Maconellicoccus hirsutus 3 3 1.000 0.00400 2.000
WMWY Ferrisia virgata 13 3 0.417 0.00447 2.889 -1.88947"*
W E KK Wy Dysmicoccus brevipes 3 3 1.000 0.00400 2.000
*FIRER B (P<0.05) " RARZERMEE (P<0.01)
* indicate significant differences (P<0.05), ** indicate extremely significant differences ( P<0.01).
*3 HBEEY L TG EEEER
Table 3 The genetic distances of 9 mealybugs in Ficus spp.
By Species 7‘7(7%% *ﬁﬂ!ﬁ Maconel X Friy i Ak Pseudo Pseudoc B
Dysmufoccus F errisia licoceus /VLp(fef?o@us Plac:oclcus P?acqccus —coceus —oceus Psezfdoco?czl
brevipes virgata hirsutus viridis citri lilacinus comstocki cryptus viburni
T IKK WY Dysmicoccus brevipes 0.000
KEARKIY Ferrisia virgata 0.105 0.000
KIEE YWY Maconellicoccus hirsutus 0.125 0.106 0.000
HEMS B MY Nipaecoceus viridis 0.173 0.159 0.161 0.000
1SR Y Placoccus citri 0.123 0.096 0.130 0.158 0.000
B ELURYY Placoccus lilacinus 0107 0.094 0.106 0.157 0.082 0.000
BECKIIY Pseudococcus comstocki 0.110 0.098 0.092 0.138 0.110 0.091 0.000
W&/ Y Pseudococcus cryptus 0.121 0.092 0.112 0.138 0.099 0.078 0.070 0.000
B AT Pseudococcu viburni 0.112 0.110 0.136 0.101 0.101 0.099 0.101 0.092 0.000
2.6 BEEYLBNRZRESN AT RS, RO S/ 2R AR R R i [ e

PURIEARI M, Mega 5.0 8R4FR FHARE
PN R G K BRI 2) , JE COB o A S0k
Wy FEVERE LRI I ORI IO MRS A |
AREE R XA I TG /NI T8 5 GenBank
T # 19 H bR ¥ 51 JQ085562 ., HM474278 . HM474306 .
JQ085549 . JQ085558 , MH290520 , HM474229 . KP692715
1 HMA474370 4353 SR A — 2 , BRI B SR A — 32

RGERE W BN, EIEBSOR ) Rk T
M RPN A Ly BN P 2w MR A A
JE I TR S TR PR R A — S W SO W = F |
IR KRR SR P A IR — 35 T R VR
LU S SO R TR SO Y& RS R
I, BT UASCRTE—E, TER/ MR 25 A
FIE R BN FIRE SR S E R R E— X, 5 S
PR T AR IR AE R, UL /B W AN (7]
PRI ARG BE 2, 50 70 P 3 0 R BE %

BERAE— 3 B 5 EF R AR AR IR B, Wk
WA AP S I E AR A — S MR S A
ANKYIRRTE R CCRY I R[] IR TR YR (H S5 A7)
KRR B LR W RS AL PR B R, HERS B I |
ARBE S iy RS W 5 5 R ey b 5301 5
MH290520 ( 3% [& F B ) HM474229 ( %% [= B |
KP692715 ( H [E A ) F11 JQO85558 ( 72 = Fh e ) b 37
RIE—3, B5RNR B IE S5k i E R4 ok
RBGE YR E A2 IR R G R, fBF
T AL 0 3 RO I ) AN () o 288 R A — S, A ]
3 Ry WA [] s PP SR A — 2, B Rl Y R 45
HERN—3, KW Co I 2 H A BUF I fefgds N F
¥ JEAE DA [ RS R W AR G L 1X 53, 53 S 28 45
REBRFIE B RME, Wk, 2Rk co T 3%
DRy i 2 AR ) 4R, AT DU T B K
WU INE B FUEE ARG LB 5T,
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Fig.2 The NJ phylogenetic tree of mealybugs in Ficus spp. based on the mtDNA CO I sequences
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