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The genetic structure dynamics of Eriosoma lanigerum ( Hausmann)
based on microsatellite markers

YANG Mingming' , TAN Xiumei', WEI Chengmin', ZHANG Yongxiao', WAN Fanghao'*, ZHOU Hongxu'"
'Key Lab of Integrated Crop Pest Management of Shandong Province, College of Agronomy and Plant Protection, Qingdao
Agricultural University, Qingdao, Shandong 266109; *State Key Laboratory for Biology of Plant Diseases and Insect Pests
Institute of Plant Protection, Chinese Academy of Agricultural Sciences, Beijing 100193, China

Abstract; [ Aim] Eriosoma lanigerum, an important quarantine pest in the world, could cause serious harm to the apple tree. In re-
cent years, E. lanigerum spread far in China and caused serious damage. Studying the molecular ecological changes during its inva-
sion can provide basis for comprehensive control. [ Method] We made six microsatellite markers to explore the genetic diversity dy-
namics of E. lanigerum from six areas ( Yantai, Weihai, Qingdao, Weifang, Liaocheng, Taian) in Shandong Province from 2012 to
2015. [ Result] The genetic diversity of E. lanigerum gradually reduced over time in all six areas. The genetic diversity in 2012 was
significantly higher than in later years, and no significant differences were found from 2013 to 2015. Genetic diversity expressed as
the value of gene alleles observed (Na) and expected heterozygosity (He) had a tendency to gradually reduce over time. E. lan-
igerum in all six areas went through the bottleneck effect, detected by analysis of IAM (infinite allele model) , TPM ( two-phased
model of mutation) and SMM ( stepwise mutation model ) , which mainly caused reduction of genetic diversity. The number of alleles
and the genetic diversity index in microsatellite loci Erio20, Erio75 and Erio78 decreased over time. [ Conclusion] The locus of
Erio20, Erio75 and Erio78 are the main loci to cause the decrease of genetic diversity of E. lanigerum. E. lanigerum may have e-
volved a "super clone" genotype to adapt to different environments in China and increase the diffusion range.
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SER YT Eriosoma lanigerum ( Hausmann ) | %]
AL NI INER A L N S S R S RS R L V)
PRARICE g | S — i 8 A0t AR R T o, R TR
EEZE WA RAEY Z — (MRS, 20115 BLHFER
85,2004; T 244, 2011; RifF 74,2007 Ruiz-
Montoya et al.,2015) , >S4 EF0 5 RAELE SR
BYHE RIS 10 A R A 2498 T A R L SRR TR
SRAV | R S A 2 R Ak DA B 8 AR S AT R T
F BRI L 0 it B 5 7 7 U R AR (F
PUfF 45, 2011; Ateyyat & Alantary, 2009; Havill et
al.,2006; Kelm et al.,2004; Nicholas et al.,2005) .
20 28 TS HARAR, 3R 3 G % 22t T 25 7] BT
K H 6% Phelinus mali ( Haldeman ) 1 HE Bt
i AT , RS SR A W R A T BROK P H A
90 AP AT 4fy , 3SR AR ioF MR TR i — 2P e
SE (Ateyyat & Alantary,2010) , 523 [ Z5 16 75 4™ K
fEFIETH, EAR, R E AL BV (R 5,
2012) [ db (5K A& f7, 2002) | K At ( Zhou et al.,
2013) (1L 75 (FEERAE S, 2008 ) T B (25 E W4
2003) HTEEAEHD (EANE,2007; TILRHGSF,2008)
It BB X fa 5 Hls ™ &,

AW T A AR T IS N PR B BRI AR Z AR R R
SRR 4341 AT RE b A FREE R 3R AR e A2 Ak
I, it A5 AP RB S B 0 A= ) 0] P45 722 Ak 1Y) 365 7 e
T (Bt ,2013) . BE > FHEY AR R A b i
M B &z, e ZAETe ROl F G h &% T
HEEM, Ak, SRR A R AR,
FEHORE S B IE A IFF S . Lavandero et al.
(2009) LA R R 27 A S48 0 FhE R A 5% %)
SR8 X LA G MR R g B 238
PE, AL 3~ 11 AN AL WL 2 5 By
0.41~0.93, UEHH 8 X6l T 22 514l S S 4 15F
TR AERIGE . Zhou et al.(2015) 3@t i T EFRIC
] 24 ASSERMEAMEE, KL ZR 1L 7 LRI
DR 19 /N3P SR AR g A B A AH AL Y 35 45 22 FE 1
WAL S T — AR T 2 B R 1 e R 1
PLECECAEE . Timm er al.(2005) 12 ™34 Fr BO
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AFLP ) F-Boxt 5 AF 3 S 40 107 OI0HE £E 58 Fh B 1) a5t 1%
G0 e astAl ZREME A TR ST | A RS SR A A TR R

PURACF A8 A8 5 o R, A OGS SR 20 W ist % 45
SRR IER D

A A T EARIC (simple sequence repeat
SSR) H AR WFFE IR 6 A Hb DX SR 40 1 2012—
2015 4Pt fL ZREEARA IS 0, LU iz B 25 5 B
SRS
1 #MR5R%®
1.1 ¥(ERBUHARE

F 2012 4£ 7 A .2013 4£ 7 H 2014 4 8 H .
2015 4F 8 A TEILZARAE T 51 T Ml
it FRAET R T 6 Ml X R AR S L AR
BERAES ) 24 ANFIEEIL 412 ASEIR AR IFREA A
BRI 100% J07K LB, 7520 °C VKA
HRAERE I
1.2 FERZE DNA 25

SRR HF DNA $2HUZ ] Sunnucks & Hales
(1996) Fil Weir & Cockerham (1984) iy 57 ¥, f§H
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A 10 pL ZY#H (0.45% Tween-20 pH=8.4 [1] 0.45%
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FH 10 L B FAR SR SR AR A A, PRI 90 plL
ZUHI . 65 CIRIA 15 min, 95 CHNF 10 min 5 , fiF
HF-20 CLUR#MH,
1.3 SSR &Y PCR ¥ 1% E kR

SSR 1) PCR FTHIBI#1 (% 1) %112 M Lavandero
et al. (2009) )75k, RNAKRZ (13 plL) : 10xBuffer
(+Mg™) 1.30 pL,dNTPs 1.04 L, I RS540 5
0.26 uL, ddH,0 7.94 plL, Taq fi ( PC1100, Solarbio,
5U0 - pL™") 02 pl, Bt 2 wlo SN FEF .94 C fids
P 4 min;94 C751E 30 s,50~60 CE1E45 5,72 CHEAH
1 min, 3t 35 MER; fiJ5 72 C 7 min, PCR =¥ H
1% REHEEERC LI o3 B , IRk B Yt Je e SR NGE
JEERSAGAN 1 NE e I R UK AR R A 8 = ik LT A
TAA PR FIHEFT STR(short tandem repeat ) #:1
1.4 HiEsiE

HFHAF Popgene (version 1.32) 7R ARl
(R KL R LI (B ( number of alleles observed ,Na) |
ZENT LA % (E (number of effective alleles, Ne) (11
A E T (expected heterozygosity , He ) 1 Nei’s 122
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245 (Nei's expected heterozygosity , Nei ), H-%F i %
FRRES AL AR P 5P B Nm 547387
Horp FEHFARE A Nm= (1/F,—-1) /2 THE A H
(Yeh et al.,1999) ;K J1 FSTAT 2.9.3.2 HE & Fh
FIFE R ZAEPE (heterogeneous stock , Hs ) 145 i JE
& (allelic richness, Ar) ( Franks et al.,2010) ; F]
Fl GENEPOP v3.4 TT5 e 8] 1 35t 1% 0 AL TR 4% P,
(Weir & Cockerham,1984) ; FI| | BOTTLENECK #555
i B 9735 — 8533 SE-467 ( Cornuet & Luikart ,1996) , 1835

3 ANGEARRRRY ( XUAH ZEAR R | TR 48 57 5 R ASE L A
A GEAREAL ) K AN 7] 52 2 1 AR 2 B A7 TR
ISR . BRI AR BN S E B Ry 30% K A
ToBRAENT FEPRIERL S 7093k F %46 58 AR I
#fF STRUCTURE ( Pritchard et al.,2000) %t it 4 F
RESEAT DU B SR 25017, 32047 2 JT IR Y burn-in A1 5
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Table 1 Information of six SSR E. lanigerum loci and their primer sequences

BLsi TR EI-ESTH SIMFFI(5'-3") REEFNIN AR R

Locus Abbreviation Repeat Primer sequence (5'-3") Size range/bp t,/C

Erio3 E3 (TC)10( CTAT) 10 F:GCCAAACAGTCTTATCTTTCC 147~163 60
R:GAATTCGCTGGCTTTGAAAC

Erio20 E20 (CAA)10 F:CGACCTTGAGCCTTTGAAAC 161~179 59
R:CTGGCTCACTTCCTGGTAGC

Erio25 E25 (CAA)10 F:TTGTCACGAACATAAACGTA 100~ 106 50
R:GTACATATTACAACAACAAC

Erio72 E72 (CT)13 F:GCTGTAGCGGGCGTAATAAT 148~ 147 60
R:AACCTTAACCGCCCCTCTAA

Erio75 E75 (TC)12(CT) 17 F:ACGGAGATGAAGGCGTTAGT 134~166 60
R:TCTCTCCGTCTTTCCGTCTC

Erio78 E78 (AG)12 F:AAGTTTAATGGCGTGGGCTA 143~175 60
R:GGGATGGTAAACGAGTGTGTG

2 HEBRENN 22 WIFEE 6 Mt XERBYFHEFHNIEEDL

21 WHRE 6 MRERBTMEBFNHRESHME

H 1 o] LAE B B RS 6 b IX (13
AR 358 15 22 A 1 i B30 3% UL T B AR )
TE P<0.05 7K b, 2824 WA R Na Fil Ne TG i
FRES IR FIE 2012 47 1 HoAh 3 AL 2 AR R 5
P53 m T 2013—2015 47 WA 2012 A1 2013
AR HAEE 1% 2 A B0 1B 3 T 2014—2015
L B ANTE SR EER) Na 1 Ne th BB Z 25, H
2 AN Hb DX SE BRI RhRE 2012 4F B HiAh s 18 22 REPE
TR = T 2013—2015 4 D FhEER) Ne TG
WE XS 2012 4EH) Na Hs He 1 Nei {3 5 2 5
T 2013—2015 4E,2012—2013 4Ef Ar B F & T
2014—2015 4F ;M0 5 AP BRI Na JC i 3% 225, 2012—
2014 41 Ar BE 5 T 2015 4F, 2012 45 Hifl 5 4%
ZREME R B B = T 2013—2015 4F, AR
=6 M HLIX SESLLRF 2012 AF 1L 2 REME 2 S
F 2013—2015 4E,

XF 6 A~ b DX 3P SR 2 B0 AN [ AF Ay R i) 35 4% S
PEFEEL F o 47 35V (P<0.05) 43 (2 2) ml
2012 SEMH G FIRE Fo, 5 HABRRE R AT B 222 5, H
AFRENRE] 22 R B3, 2013 4F R S A R RE
S DT R R SRR P22 R R
SFRTREIA] 22 SRR L35 2014—2015 4F 6 ANl IX 3
SARWFRIRE () F o, B0 25 5, FhEEI] 0 S
AR WK ,2012—2015 4F 6 4~ X [8] Nm A3 6l
34 0.594 ~ 1.012 ,0.902 ~ 1.004 ,0.931 ~ 1.005 .
1.000~ 1.005, H: o1, 2012 4F (%) 3 R 37 AR A PRl 45
Ko X0 TS S A3 O o B A A (] M X ) 35 A gt A%
a3k, BERIRK T EEA— 3
2.3 LIRS 6 MR FEREUFBEE T

3 X6 AN [ s XA [ 4 453 3 SR 403 MoF 1) R 25588
REHEFTREIN (3 3) , & AR TR A5 07 3 P ASE A 3L
AHGEARRGERY NG A G A | 28 22 3P L2 W b e
2014 F1 2015 4F34F B0 2 10 24 6 B2 0 3 ()R 5E
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FLARKIN P<0.05 ) 5 Ja i R L 0 20122014 Al
2015 4FEAE 3 LT #R R B 58 3 1 A G BE o o)
2013 4F7E TG PR A5 07 i DA ASE AR 0 DURE 28 AR B AL R 3%
PR 25 B R 5 FPRE 2012 12015 4ET7E
3B N HR R B A A A R R
2015 4E7E 3 AL S R 1 A4 B A
2012—2014 477 Jg PR 45 437 J DRSS 78 TR RUAH 28 A8 A5

RN PRI 2 W 2 A BE o 5 W WR A 2014 4
163 MR YR F 04 G ), 2012 4
FETC PR S50 5L PR FISURH 28 AR R e 9 1 1)
Ay BERE TR, 2013 AFAE JCRR A5 B R R 3R ik
FHAE B R, Mz, 2012—2015 4ESE R4 IF 6
A HDFRFPHE 25 T AN R B R8N

ENa ENe "He mHs ®Ar = Nei

>
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RIS
Values of diversity index

2012 2013 2014 2015
4} Year
AR B IR C T D 77 BT B T F oA T . Nao SEOLEE K ULINE ; Ne - S5O0 5: K 2206 s He SR 5 12
Hs: FE A ; Ar: AL FE A 32 5 2 5 Nei : Nei's ARG B, ARG A R ERERORARIAF 63 ] 22 57 0. 3 (P<0.05) .
A Taian City; B: Liaocheng City; C: Weihai City; D: Qingdao City; E: Weifang City; F: Yantai City. Na; Number of alleles observed;
Ne: Number of effective alleles; He: Expected heterozygosity; Hs: Heterogeneous stock; Ar: Allelic richness; Nei: Nei's expected heterozygosity.
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Different letters on the column with the same color indicate significant differences among different years.
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Fig.1 The genetic diversity of E. lanigerum in six areas of Shandong Province during 2012-2015
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R2 2012—2015 FLFE 6 MHERFRBYE RS EEDUIEL F, (NBETHT) SERRER Nm (AL ET)

Table 2 Pairwise F¢; matrix (below diagonal) and gene flow Nm (above diagonal) of

E. lanigerum population in six areas of Shandong Province during 2012—-2015

ﬁiﬁiﬁf 2012 TA 2012 LC 2012 WH 2012 QD 2012 WF 2012 YT ﬁtﬁ?ﬁf 2014 TA 2014 LC 2014 WH 2014 QD 2014 WF 2014 YT
2012 TA - 1.004 0989 0984 0.988  0.624 2014 TA - 0995 0997 0992 0.993  0.950
2012 LC 0.004 - 0.987 0.994 0.989  0.594 2014 LC 0.005 - 1.005 1.005 1.005  0.934
2012 WH 0.011 0.013 - 1.012 1.012  0.660 2014 WH 0.004  0.005 - 1.005 1.005  0.938
2012 QD 0.016  0.006  0.012 - 1.006  0.619 2014 QD 0.008  0.005  0.005 - 1.005  0.931
2012 WF 0.012  0.012 0.012  0.006 - 0.666 2014 WF 0.007  0.005  0.005  0.005 - 0.933
2012 YT 0472 0521 0416 0481  0.406 - 2014 YT 0.042 0.048 0.044 0.032  0.047 -
ﬁiﬁiﬁf 2013 TA 2013 LC 2013 WH 2013 QD 2013 WF 2013 YT ﬁtﬁ?ﬁf 2015 TA 2015 LC 2015 WH 2015 QD 2015 WF 2015 YT
2013 TA - 0.975  0.902 1.004  0.995  0.968 2015 TA - 1.002 1.000 1.002 1.005 1.000
2013 LC 0.026 - 0.960 0.977 0989  0.958 2015 LC 0.002 - 1.003 1.004 1.003 1.003
2013 WH 0.103  0.041 - 0.905  0.921 0.918 2015 WH 0.000  0.003 - 1.002 1.001 1.004
2013 QD 0.004  0.023  0.010 - 0.993  0.963 2015 QD 0.002  0.004  0.002 - 1.003 1.002
2013 WF 0.005 0.011  0.083  0.007 - 0.972 2015 WF 0.005  0.003  0.001 0.003 - 1.001
2013 YT 0.032  0.043 0.085 0.038  0.030 - 2015 YT 0.000  0.003  0.004 0.002  0.001 -

TA LT LC W s WH . J8IE T ; QD 75 717 s WE DT T YT A 7T, MR ERn 25 B35 (P<0.05) . FEHFARIE A Nm

=(1/Fg-1) /72 HEME

TA; Taian City; LC: Liaocheng City; WH: Wethai City; QD: Qingdao City; WEF: Weifang City; YT: Yantai City. Bold numbers indicate signif-
icant differences (P<0.05). Gene flow is calculated according to formula Nm=(1/Fy—1)/2.

%3 XA IAM.TPM #1 SMM 3 MEBI 3 FhBE 4 & & FE 13 Fl A9 44
Table 3 Within-population tests for heterozygosity excess according to the IAM, TPM and SMM models

Ay T Taian City T Weihai City #3517 Weifang City (& T Yantai City  F 517 Qingdao City W7 Liaocheng City
Year IAM TPM SMM IAM TPM SMM I[AM TPM SMM IAM TPM SMM I[IAM TPM SMM IAM TPM SMM
2012 0.055 0.656 0.945 0.008 0.008 0.016 0.008 0.008 0.008 0.008 0.008 0.016 0.008 0.016 0.055 0.016 0.016 0.055
2013 0.055 0.500 0.781 0.016 0.023 0.219 0.008 0.016 0.055 0.281 0.500 0.719 0.008 0.008 0.078 0.016 0.219 0.719
2014 0.008 0.008 0.008 0.008 0.008 0.023 0.008 0.008 0.008 0.023 0.281 0.719 0.008 0.023 0.344 0.008 0.008 0.008
2015  0.008 0.008 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.078 0.219 0.344

TAM ; TERR AR S PSR TPM ; SUHT S AR AR s SMM ¢ 326 S8 AR R LR BB 73R R 4 B i 3 1 3% ( P<0.05)

IAM: Infinite allele model; TPM; Two-phased model of mutation; SMM: Stepwise mutation model. Bold numbers indicate significant heterozygos-

ity excess (P<0.05).

WK 2 fras, X4 K=4 0, AK K KAE, 75
STRUCTURE 3 F 52t A4 A K= 4,
i STRUCTURE 3440 #7132 W, 2012 4F 6 A~ ith
X FEON LA ER A RN —2,2013—2015 4F
6 MHLIX LW AHIT , EE i R e, RO — 2k
(E3) , St 2Rt orbras L —2,

XF 6 A DX 32 S A3 W AN [R5 1 AN 5] A7 40 55 o7
B st Z R AR LA T B E M T (R 4) , &
B E20 E75 1 E78 3 M s ZE LT B, 2012—
2015 4 E20 3 £ 1 24 65 BE /K V- Bl B[] 4 7% 2 B
fREEa %, 7F P<0.05 /K I, E20 37 34 1 45 (o 3
K, 2012 4% Ar He F Nei ¥ 8 & & T 2013—
2015 4, H 2013 F1 2014 4F F{E .3 & T 2015 4%,
2012 4E E75 F1 E78 1) Ar . He I Nei B3 8 5T

2013—2015 4£,2013—2015 4F Z [A] 1Y 22 4R i
F. MRS ,2012—2015 4E3E 48 F E20 E75
FET8 3 A o5 14388 1% Z2 A P I Bsf ] 4 7% R I 8
AR
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E3

123456 19 20 21 22 23 24

Fh# Population

71319 F 452,814 20 WIIRTT 33,915 21 BT ;410,162 F 811 ;5.11,17. .23 ¥ LT ;612,18 24 AT,

1,7,13,19; Taian City; 2,8,14,20: Liaocheng City; 3,9,15,21: Weihai City; 4,10,16,22: Qingdao City;
5,11,17,23; Weifang City; 6,12,18,24; Yantai City.

ETF STRUCTURE # 1) 2012—2015 £ 1R A 6 MR FERBGY BN N ETIRE ST (K=4)

Fig.3 Bayesian clustering analysis of E. lanigerum populations during 2012-2015 using STRUCTURE

R4 2012—2015 F3HERBHAE AR REE S
Table 4 The genetic diversity of E. lanigerum using different loci during 2012-2015

i Locus  4Ff)) Year Na Ne Hs He Ar Nei
E20 2012 5.667+1.211a 3.946+0.639a 0.686+0.156a 0.761+0.042a 4.890+1.701a 0.741+0.040a
2013 2.333+0.817b 1.737+0.380b 0.398+0.120b 0.407+0.124h 2.215+0.529h 0.402+0.123h
2014 2.667+£1.211b 1.995+0.143b 0.498+0.037b 0.502+0.040b 2.247+0.382b 0.496+0.039b
2015 2.167+£1.472b 1.157£0.137¢ 0.109+0.096¢ 0.144+0.089¢ 1.895+£0.917¢ 0.142+0.087¢
E75 2012 3.833+0.983a 3.692+0.833a 0.707+0.110a 0.729+0.106a 3.832+0.981a 0.710+0.103a
2013 3.333+0.366ab  2.199+0.233b 0.539+0.044h 0.547+0.047h 2.734+0.716b 0.541+0.046b
2014 2.500+0.548b 2.028+0.035b 0.507+0.009b 0.512+0.009b 2.223+0.259b 0.507+0.008b
2015 2.500+0.547¢ 2.086+0.111b 0.510£0.017b 0.528+0.027b 2.245+0.340b 0.520+0.025b
E78 2012 4.333+0.558a 2.819+0.274a 0.632+0.036a 0.761+0.034a 0.629+0.035a 0.609+0.096a
2013 5.000+0.894b 3.924+0.535b 0.740+0.064b 0.636+0.035b 5.057£1.029b 0.741£0.033b
2014 2.667+0.817b 2.036+0.043b 0.513+£0.016b 0.514£0.010b 2.389+0.483b 0.509+0.010b
2015 2.000+0.000b 2.000+0.000b 0.505+0.009b 0.505+0.000b 2.177+0.296b 0.500+0.000b

Na; ZE (07 3 AU ; Ne « 55437 26 KT SR (8 5 Hs  SE DR A  He IR 5 2 5 Ar: S5 (0 3K H SE BT ; Nei: Nei's B2 G, [R5 EUR S

AR FRE IR AL AR AN [R) 43 1) 22 57 .3 (P<0.05)

Na: Number of alleles observed; Ne: Number of effective alleles; Hs: Heterogeneous stock; He: Expected heterozygosity; Ar: Allelic richness;

Nei: Nei's expected heterozygosity. Different letters in the same column indicate significant differences among different years at the same locus (P<0.05).

3 g

SPAR LRI PR R B ) 8l N, TR AR
2117 A R UL, FE A Y 2 SERE (super
clone) " B ( Zhou et al. ,2015) . ASSCHE I /0 H3E R
ARIF 4 AR A B AL Z R, R 2012—2015 4F 6 4>
B DCSPRAR WE RN 00 815 Z REE A FRIE S, B
S TSN, L ZREMERRARA R T A AR
(Figueroa et al.,2005; Tsutsui et al.,2000), Tsutsui
et al.(2000) 38 32 o T2 5 XF B AR A= W5 8 Linepithema
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