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Abstract  [Objectives] The infection rates and taxonomic relationships between Wolbachia strains in the sister species
Ectropis obliqua and E. grisescens (Lepidoptera: Geometridae) were identified by molecular methods in order to reveal the
potential effects of this endosymbiont on these species. [Methods] Wblbachia infection in three populations of E. obliqua
(Hangzhou and Yuhang, Zhejiang province; Wuxi, Jiangsu Province) and three populations of E. grisescens (Xinchang,
Zhejiang Province; Xishui, Hubei Province; and Nanchang, Jiangxi Province) were detected using PCR with three specific
primers for Wolbachia 16S rRNA and the Wolbachia ftsZ and wsp genes. All Wolbachia 16S rRNA, ftsZ and wsp genes from
the three E. grisescens populations and some Wblbachia 16S rRNA and wsp genes from the three E. obliqua populations, were

sequenced and analyzed. [Results] All E. obliqua and E. grisescens populations were infected with Wolbachia. Infection
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rates of the three E. grisescens populations were all 100%, but ranged from 22% to 95% among the three E. obliqua

populations, with positive PCRs showing only weak bands in the electrophoretogram. There were no intra- and interspecific

differences in the wsp sequences of E. obliqua and E. grisescens, however, intra- and interspecific differences in 16S rRNA

sequences were between 0.362% and 0.727%, respectively. There was a 1.647% difference in two ftsZ haplotypes from E.

grisescens, moreover, we were unable to successfully amplify ftsZ from all E. obliqua individuals. A phylogenetic tree based

on the 16S rRNA and wsp sequences showed that all strains of Wblbachia detected belong to the Pip subgroup of the B group.

[Conclusion] All three E. obliqua and E. grisescens populations tested are infected with Wolbachia strains belonging to the

Pip subgroup of the B group, but the infection rate varies significantly between E. obliqua and E. grisescens. These results

provide the basis for future study of the effects of Wolbachia on the biology and ecology of E. obliqua and E. grisescens.
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Table1l Collection information of Ectropis obliqua and Ectropis grisescens samples
/
Insect Sampling locality Population code Latitude/longitude Sampling time (year/month)
Hangzhou, Zhejiang HZ 30.18°N  120.09°E 2014/08-09
E. obliqua .. o o
Yuhang, Zhejiang YH 30.39°N  119.90°E 2014/06
Wuxi, Jiangsu WX 31.57°N  120.20°N 2014/09
Xinchang, Zhejiang XCH 29.49°N  120.99°E 2014/04-05
E. grisescens Nanchang, Jiangxi NCH 28.37°N  115.99°E 2014/08
Xishui, Hubei XSH 30.29°N  113.23°E 2014/09
iagen German DNA
1.2 B DNA B Quag Y
DNA 1%
DNA NanoDrop 2000 /
Andrews 2013 Thermo DNA
0
3 70% 0D260/0D280
1.6 2.0 OD260/0D230 20 25
DNA - 20
PBS
2 mL 1.3 Wolbachia & PCR #&
Precellys Bertin Wolbachia  16S rRNA ftsZ  wsp
DNeasy Blood & Tissue Kit 2 PCR
*2 MEFAsY
Table2 Primersused in thisstudy
o Anneali tTm tre  Product o
Gene Nam ¢ of Primer sequences 5'—3’ fieaTing femperature - Froquct size References
primers Tm bp
16S rRNA 16Sr-wol 99F TTGTAGCCTGCTATGGTATAACT 54 900 O'Neill et al.
16Sr-wol994R  GAATAGGTATGATTTTCATGT 1992
ftsz ftsZ f1 GTTGTCGCAAATACCGATGC 55 1050 Werren et al.
ftsZ rl CTTAAGTAAGCTGGTATATC 1995
wsp wsp F1 GTCCAATARSTGATGARGAAAC 59 580 Baldo et al.
2006

wsp_R1 CYGCACCAAYAGYRCTRTAAA
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2+ bp M1 2345 67 89101112
50 uL 10>=<buffer Mg 1000 .
5.0 uL 10 umol/L 2 uL 2 mmol/L ANTP 750 Sr

Mix 4.0 uL rTaq DNA
DNA 2 uL  ddH,O 34.5 uL
Wolbachia
ddH,0
PCR 95
1 min 72
72 10 min

5U/mL 0.5uL

DNA
DNA
3min 94 1 min
I min 30 s 35
3 uL PCR 1%
BDA digital

AxyPrep DNA AXYGEN

14 Fy 94

DNA
NCBI

nlm.nih.gov/B last.cgi

SeqMan7.1
http:// blast.ncbi.
BLAST
Wolbachia 16S
GenBank
GenBank

DNA ftsZ wsp

Wblbachia
16S rRNA wsp
4 MEGA6.06 Tamura
et al. 2013 ClustalW
16S rRNA
wsp Kimura 2-
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ML MP NJ
1 000
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Fig. 1 Partial PCR products of 16SrRNA, ftsZ and
wsp gene of Wolbachia within Ectropis
obliqua and Ectropis grisescens
M: DNA 1 5 6 10
11 12
M: Marker; 1-5: E. obliqua; 6-10: E. grisescens; 11:
Negative control; 12: Positive control.

16S rRNA wsp
ftsZ 3
1 3
Wolbachia 100%
Wolbachia
WX 95% HZ
YH 46% 22%

22 FRIEMKZREAR Wolbachia £ EE
FHa

SeqMan7.1
NCBI BLAST
GenBank Wolbachia  16S rRNA
ftsZz  wsp 99%
Wolbachia
Wolbachia  16S
rRNA 37 HZ 12 YH 4 WX
21 wsp 26 HZ 3 YH 4
WX 19 Wolbachia
16S rRNA ftsZ wsp 82 XCH 34
NCH 24 XSH 24 16S rRNA ftsZ
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Table3 Wolbachia infection in different geographical populations of Ectropis obliqua and Ectropis grisescens

Number of positive PCRs (%)
Insect ~ Population code  Instars  Sampling size  1¢S ;DNA ftsz  wsp *Subtotal Infection rate
HZ Adult 16 8 0 2 12 >46
E. obliqua - -
Larve 10 4 0 1
YH Larve 18 4 0 4 4 >22
WX Larve 24 21 0 19 23 >95
XCH Adult 24 24 24 24 34 100
E. grisescens - -
Larve 10 10 10 10
NCH Larve 24 24 24 24 24 100
XSH Larve 24 24 24 24 24 100

3 1
*: Number of samples have at least one positive PCRs of the three genes in every sample among the relevant population.

Wsp 852 1 003 533 bp Wolbachia ftsZ AB167352
100% XSH NCH
Wolbachia  16S rRNA 48 GenBank
XCH 34 KT862201 KT862200 15
GenBank KT862198 1.642%
H. bolina Wolbachia 16S E. hecabe Wolbachia ftsZ
rRNA ABO052745 AB107224 99.35%
100% XSH NCH Wolbachia  wsp
48 35 HZ 12 16S rRNA  ftsZ
YH 4 WX 19 GenBank Wolbachia 108  wsp
KT862199 KT862198 6 GenBank KT633949
C. medinalis  HQ336509 H. bolina ABO085181
T. sylvina EU727124 Wolbachia wsp 100%
Wolbachia 16S rRNA
100% 5 WX 2 23 FREFMKZFEREKRA Wolbachia HEHHY
GenBank KU058642 REEE A
KT862198  KT862199 5 3
N. GenBank
vitripennis Wolbachia 16S rRNA
99.88% 3 16S rRNA Wolbachia  16S rRNA 4
0.362% 0.727% 1% ML 2
Wolbachia ftsZ Wolbachia 3  16S rRNA
Wolbachia  16S rRNA B 0 1.22%
XCH 34 H. bolina bolina
GenBank KT862200 C. medinalis T. sylvina

H. bolina Wolbachia 16S rRNA
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x4 BT ERGAEH A Wolbachia 16S rRNA £ EF0 wsp EE F5
Table4 Reference sequences of Wolbachia 16 SrRNA and wsp used in the phylogenetic analysis

Wblbachia GenBank GenBank accession no.
Host species .
Wolbachia type 16S rRNA wsp
Geometridae Epirrita autumnata B — IN543682
Epirrita christyi B — IN543672
Ectropis obliqua B KU058642" KT633949"
KT862199"
Ectropis grisescens B KT862198" KT633949
KT862199"

Hepialidae  Triodia sylvina B EU727124 —
Nymphalidae Hypolimnas bolina bolina B AB052745 AB085181
Galleriidae Corcyra cephalonica B — AY634679
Pyralidae Cadra cautella B — AF020076

Chilo suppressalis B — HQ336513
Cnaphalocrocis medinalis B HQ336509 HQ336507
AF481195
Dichocrocis punctiferalis A — GU166599
Ephestia kuehniella A — AF071911
Ostrinia furnacalis A GU166588
- GU166591
GU166592
GU166594
B — GU166595
. . AF481197
Scirpophaga incertulas B — AF481198
i Phyllonorycter
Lyonetiidae y! Y! A FM883706 FM883704
blancardella
Trichogramma B . AF071923
Trichogrammatidae sibericum
Trichogramma kaykai B — AF071924
Trichogramma deion B — AF020084
. L DQ487096
. Melittobia digitata B — Q
Eulophidae
Pteromalidae Nasonia vitripennis B M84686 —
Pteromalus puparum B EU827689 o
EU827690
Encyrtidae ~ Apoanagyrus diversicornis B — AF071916
. . Diaphorencyrtus B EF433794 -
aligarhensis

Aphelinidae Aphytis melinus B EU981291 —

Encarsia formosa B — AF071918
Psyllidae Diaphorina citri B EF433793
GU563892

Tenebrionidae Tribolium confusum B — AF020083

Coccinellidae B - AF217724

Coleomegilla maculata fuscilabris
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432 4 (Table 4 continued)

) Wblbachia GenBank GenBank accession no.
Host species Wolbachia type 1S RNA e
Chrysomelidae Diabrotica cristata A AY007550 —
Libellulidae Perithemis tenera B — AF217725
Drosophilidae Drosophila melanogaster A 728983 AF020063
pseudoananaEsra(l)eSO e b DQ412081
Drosophila simulans A NR_074437 :gg;gggg
Hippoboscidae o Pseudolynchia B DQ115538 —
canariensis
Tephritidae Bactrocera dorsalis B DQ098949 —
Culicidae Culex pipiens B x61768 AF020061
Culex quinquefasciatus B AM999887 —
Gryllidae Gryllus integer B U83094 —
Gryllus pennsylvanicus B U83090 —
Cicadellidae Cofana spectra B — AF481173
Delphacidae Sogatella furcifera B GQ206310 —
Tagosedes orizicolus B — AF020085
Tetranychidae Bryobia praetiosa B EU499317 —
Tetranychina harti B GQ162484 —
Tetranychus urticae B AY753174 —
Phytoseiidae Metaseiulus occidentalis B AY754820 —
Porcellionidae Armadillidium vulgare B — AF071917
: Sequences marked with "~ are from this study.
P. blancardella A  Woblbachia C. pipiens B Pip
16S rRNA > Wolbachia  wsp 0
1.47% MP NJ ML 0.24% Bootstrap =100 MP
GenBank NJ ML
A B Wolbachia wsp Wblbachia
Wolbachia A B wsp B Pip
Kimura 2-parameter s
Zhou 1998 wp S it
2.5% 16S rRNA ftsZ  wsp3
Wblbachia 4 Wblbachia
ML 3 Wolbachia
Wolbachia  wsp Wolbachia 100% Wolbachia
E. christyi
H. bolina bolina C. cephalonica Maculinea M. alcon M. arion  100%
C. medinalis S. incertulas Wblbachia M.
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Fig. 2 Unrooted phylogenetic tree of Wolbachia based on the 16SrRNA gene sequences with ML method

Sequences marked with ® are from this study. The same bellow.
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Fig. 3 Unrooted phylogenetic tree of Wolbachia based on the wsp gene sequences with ML method
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