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Population genetic structure of Solenopsis invicta Buren
in China based on microsatellite

Yi-wen HUANG, Xiao-fang HE" |, Yong-yue LU, Ling ZENG" , Dai-feng CHENG
Red Imported Fire Ant Research Center, South China Agricultural University, Guangzhou, Guangdong 510642, China

Abstract; [ Background] As a notorious invasive species, the red imported fire ant ( Solenopsis invicta) has important economic con-
sequences as it causes losses to households and businesses including agriculture since its introduction in China. However, little is
now about the sources of introduced populations and their entry paths. [ Method] The genetic diversity of 15 populations of S. invicta
collected from 14 regions in China and one from United States of America were investigated using microsatellite molecular marker
SSR (simple sequence repeat). [Result]Two to six alleles were found at each microsatellite locus ( total 28 alleles at seven loci) .
The mean observed heterozygosity ( H,) and expected heterozygosity ( H,) were consistent with Hardy-Weinberg equilibrium. A
medium level of genetic diversity was revealed; H, =0.2848, H, =0.2708, I =0.3174, Nei's =0.2629 and P =43.63% . The
mean genetic differentiation index Fg, was 0.4258, indicating that 42.58% of the total molecular variance was attributable to popula-
tion divergence. The high level of genetic differentiation might be caused by geographic isolation and barriers to gene flow (N, =
0.7442). The genetic distance D showed that the genetic distances between Heyuan population and the other populations was rela-
tively higher than any other two populations, suggesting that Heyuan population might be the original source among all the Chinese
populations. On the basis of UPGMA cluster analysis, genetic differentiation was mainly due to geographic separation and trade
movement. [ Conclusion and significance ] Based on our results, there was a significant relationship between genetic distance and ge-
ographic distance for close populations but not for populations far apart. The results suggest that monitoring or quarantine programs
targeting source areas or key transportation routes are crucial for long distance invasion events.
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21 kW Solenopsis invicta Buren J&—Fh A {2 1
R A FE A Y ( Vinson , 1997 ) . 2003 4E 10 A LIk,
KEGWE AR EB I 08 W m
(iR RN N U S W EE s N EAR.E &2
A R A E (Bl BR %, 2008 2014 5 15 ¥4 %5, 2005a
2005b; Wang et al. ,2013) . TE# AR H, % BUES
DR A AR A DR AN ] B2 D 1 ik 17 3 A 45 48 A i &
A BB 5245 o A6 A ) BU(E 75 OC T, He e al.
(2006) T COT BLP o34 1758 13 SRR A%
R IR AP S AR L (R 21 K OBORP R st A5 2 4
P FE & AL X, AR A 45 (2008a,2008b ) A H]
GPO FES 5 [ Aot R AL s F5E 1 R 41k iy
R 2 2R 0y S R ] 3 4% 2 Sk o AT A2
(simple sequence repeat,SSR) [t 22 2 3 o vy Fp
AL AR A s AL AR S DA BRI OC R, HE 2
FEAEY) IR % 5 S5 07 T © A Y 2 il e L b
FENGAFIH] SSR BEAR W PTPAL T 12 B Miscanthus
Wi e Z £E P ( Yook et al.,2014); Wang et al.
(2005) FIH] SSR HA M E 7 1 B HEBUE HIE H
{B & Beauveria bassiana (Bals) Vuill. ik 5L 2
FEPE 0 F BE 25 K 5 78 S W Drosophila melanogaster

Meigen His A7 K i FI ] SSR F AR AT AR OCHIEFE 1Y
#238 ( Prokop & Meinertzhagen,2006) , []B}, 7541
o P ) A o i AT S ATE S RO S e
R, M B EARic e KE N (Aanen &
Eggleton 2005 ; Cheng et al. ,2013)

TAREL KA RORE Y 3515 2540 S He 22 251k
AAA Bl T 500 33— ol (49 A AR Vs 03 I 4 M L A=
ASHNGEAE AR, 17 ELAT Bl M 5 AR R B 4 ) A B
TR, DT >R IBUAT R4 1) 4 it BHL 11 1 — 2D 91, OF
W fEE o AWFFER ]SSR Jr T AR IS B ARBEFE
[ £ OMRDRE ) 35t A5 254, A B RE S 1E— 2D /s 1%
WSCRIRE [F) 7 A 38 A% 78 S B AR, S 4 o 2
PR
1 #MRl5aE=%

1.1 {5 4#

HERLT JCBRE SR BT 4R P AR SR
W 4 AL RBOR A8y (b X)) 79 14 ASFPRE,
A Ko S [ BT 7 1 EL P A 1 S FhAE B FH )R 2R 1Y
ZLMURE St A1, AU 5 X iR 1T 75% B8 95%
WG BT 40 CIRIR KA RAFRIRRA (R 1) &

®1 HlmEERER

Table 1 Information of samples used in the study
Collection sites Number of colonies Collecter Method of preservation

I Z BRI Zhuhai , Guangdong 2 FA[E , MR ELEE Bo-ping Li, Zhuo-ting Lin 75% k51310 75 % Ethanol

I~ % 1l Zhongshan , Guangdong 2 ]I 55 Xiao-fang He 75% k5130 75 % Ethanol

I~ Z %31 Shenzhen , Guangdong 10 RSB ZE Laboratory 75% Wik 110 75 % Ethanol

I ZR % 5E Dongguan , Guangdong 8 ASLH % Laboratory 75% K512 75% Ethanol

I3 35 Zengcheng , Guangzhou 9 F &, 25Kk Lei Wang, Mu-cheng Li SLE ZE ] FF Raising

I~ F. 1L Wushan , Guangzhou 6 &, 2RI Lei Wang, Mu-cheng Li SLBG ZE 1| FF Raising

I Z: 1% % Boluo, Guangdong 4 BEVR Mi Xiong S2H6 2 (A 5E Raising

I ¥ Heyuan , Guangdong 2 R 5282 Laboratory 75% K512 U3 75 % Ethanol

I~ % #§ M Meizhou , Guangdong 1 ZRSLES 2 Laboratory 75% K512 U9 75 % Ethanol

I~ V5 T Nanning,, Guangxi 3 RS ZE Laboratory 75% K512 U9 75 % Ethanol

#8735 ] Xiamen , Fujian 1 B4, 5K Jun Chen,Xiang Zhang 95% K572 S 95% Ethanol

iR 2 Jimei , Fujian 1 47, 5K Jun Chen,Xiang Zhang 95 % FAE 1230 95% Ethanol

TR R M Quanzhou, Fujian 1 FKFH, 255 Xiang Zhang, Yi-wen Huang 95 % K5 1310 95 % Ethanol

Z# Hongkong 2 Y. H. Stephen 75% WikE 1310 75 % Ethanol

B[ 47 [ 25 91 Alabama 2 {i] ¢35 Xiao-fang He 75% KGR 75% Ethanol
12 #BE KOLERATE T 200 L 9 TE Buffer S0 A5 FH4E
121 @tz s DNA SR B0 SRR T DNAL BRRBRIAR AL =9 IR POR 25/ 214 46

HRCT ~ 10 Sk AR, xf % Sk TG 4T DNA i
feo Horp, TR AR | SE86 % 1A 77 i 21 K UG AR, e
TRCAAR I, DR VR 28 P A T IS TP R I A 41

OS2I o IR AR IR0/ 4/ 21 4R R IR 41 DNA $2 i
WA G B DNA, PEAR 25 SR A U6 W] 15 2547
2 (8
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1.2.2  SSR PCR ¥ 2% Krieger & Keller 2 M [ i 4 22 FIAR J37 2647 21 B0 T80 A9 SSR-
(1997) ) SSR 554, &k 8 X5l (£2),3 PCRYHE,

*2 HEAFIt SSR-PCR ¥ &S| M55
Table 2 Sequences of primers used in the SSR-PCR
TR A ANl H 8 BERN L7521
SSR sites Core sequence Length of productions (bp) Sequence (5'-3")
Sol-6 (TC) ,TT(TC)gTT(TC) 19 115 F:TTTACAGCGAATGGAACACG
R:CATTAAGTGCAATTATGCTCGC
Sol-11 (TC) s 155 F:ACTGGAGCCTCCGAGACC
R:CACTCCGGAAGAGTAACTTTGC
Sol-18 (TC) 125 F:ATCATTTTAATTGAAGTCTGGCG
R:TGGGACAAAATCTCAATCCC
Sol-20 (TC) 5 128 F:TCGAAACGCTCCCTCTGT
R:AGCATGAAAAATCGGGAGC
Sol42 (TC) 4 131 F: ATGCCGGTTTTTATTGGTAGG
R:GGAATTTCCGTCGCCATT
Sol-49 (TC) 5 166 F:GTCATCGGTGACCCACAAG
R:GTATCTCGACACGAAACTCGG
Sol-52 (AC);CC(AC),AT(AC), 188 F.CGAGAGCCACATAATATCTATTGC
R:CGTCGCTATCATTGGATAATAAAC
Sol-55 (TC) s 159 F:TGCGAATATCCGGTCGAG

R:CTCGCTTTCTCAGTAAGCCG

1.2.3  SSR-PCR /=4t PAGE #:3  1£ 25 uL ik
Z 11 SSR-PCR =41 il A 5 pL 6 x Loading Buffer
TRA), W15 WL VRS WA T IRE H Dk, 45 i H e
9 80 V H [, LK 100 min, SR TIPS AR YL vk AT
Jeft, B RS2 IE I PAGE Ji¢ & T BER U R Geh ok
BGOSR K s R B EEAE R R Ge b ik A7
Ab3E ) XF SSR-PCR 4 184 4% 545 | AR 4% 50 bp DNA
Ladder #3#fE5>F iR ic b H 09 7 Besr + i &
IR /IN, 0 ST M7 A8 B K 7R 100 ~
200 bp 915 .
1.3 HiELESHH

P PR KRS rh A — 7 B /) DNA 45407 64T
geit, AR MOE ad se gy, R B/ IMKIRID
fEA B Cooeeee (2 Hi F 45,2007 ) . 1 ] Popgene
1325 4 FR e B R 25 SRS b e 0 S0 i A7 52 4
ZHIHT  AEBUE & FREAL T Hardy-Weinberg ~F-f
RET A ZENEN,) ZEMEETHR(P) .
NI S EE B (N, ) ARG RN, ) R
ZREVEFREU( Nei's )  Shannon {5 B850 (1) .= M2
HIE(H,) M2 G (H, ) R N 52 R4
(Fis) JAEZZRE(F ) TR AL R B (Fy,)
FREE] S RIAT (Y, ) Nei's ARfEistfZ HE 5 (D) Filst
AR (1) o #2458 D, FIH] NTSYSpe2. 1 x4

FREZEATAR AL AL - 2475 (UPGMA ) 73147
2 HRE5SMH
2.1 SSR-PCR ¥ iR

75 8 Xl LRI b, A7 7R IX 15
ANEL KRR TR L BTG T B 3 2t A
T IS O o (BAE Sol-52 fi a1 H B 1
ANERLEER, HIA R 2850,
2.2 LIRBUHIRFBE R SR SR

X7 X RIS Z ARG 4 R o kB, T
XL TR G IAE 15 A 21 K WCRP e b A6 0 3] 28
AN, B AR B SRR R 2 ~ 6
A Hrb Sol-20 v i B A e 2 1 SE BRIy 6
A, S0l-6 {37 £ Fl Sol-18 3 i, b i 2557 5L R fe b, AX
K2 A(FR3), XEPIHT SSR-PCR #"H 1y3ixX 7
XA —E B Re . A TR AL R AR
245 Hy fE 0.1957 ~ 0.3582 ZZ [a], SE#1{H R
0.2802; fiIZ«& B H,7F 0.1705 ~0.3199 ZJq], %
BIE40.2623 &AL s 1 S5 SE A R M 5 5
T2 G B2 A — B, AR 228 K, 55 Hardy-
Weinberg P47

15 ALK O PAPIE Y 38% 22 R S H LR 4
5 TRHE LI 555 HE PR B N, 7 2. 1057 ~3.4215 2
], P2 2.7028 s A RAF 57 1k PR & N 78 1.5095 ~
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2.8253 ZJi], -3 2.1066, Shannon {3 B $8 %k 1
1£0.2522 () PHR T°) ~0.3524 ()7 AR Z [8],
B 0.3174; 3RMA G FE Hy#E 0.2433 ()7 VYR T)
~0.3284 (J7ARGRIN) Z 0], 34 0.2848 ; Fii ] 4%
HFE H AE 0.2324 () PURET) ~0.3096 (7RI
ZIa], P34k 0.2708 5 B X Z2 A 1k 45 8 Nei' s 7
0.1977(J7VUFET) ~0.2979 (J7ARIRYI) Z[a],~F- 14

$10.2629; HAFHREN M ZBALEHTEP A
37.17% ~49.73% , - 54 Fh Bt 43.63% , B 5
() AR A e AR 2 T P e T FP R U\i’%
HRT LU Y, APy Shannon {5 8 4848 1. R W44

JEH, TSR Hy LD ZREPESR L Nei's U&
ZBMLRA R P BIEMRK,

®3 TAMIEMSNEET RS F-statistics 15 E i
Table 3 Indices of genetic diversity and genes flow deduced by 7 SSRs primers
1{3{%&? Ny Ny 1 H, Hy Fi Fiy Fyp Nen
Sol-6 2 1.8499 0.4178 0.2849 0.2798 0.1608 0.2718 0.4085 0.7240
Sol-11 4 1.9509 0.5158 0.3582 0.3199 0.2445 0.3381 0.2769 1.3055
Sol-18 2 1.9822 0.4693 0.2906 0.2842 0.1365 0.3028 0.5492 0.4105
Sol-20 6 2.8384 0.4689 0.2897 0.2795 0.1649 0.2962 0.4434 0.6277
Sol42 4 2.1518 0.3794 0.2161 0.1952 0.1608 0.2327 0.3090 1.1181
Sol-49 5 2.4291 0.3589 0.1957 0.1705 0.1141 0.2111 0.4595 0.5881
Sol-55 5 2.6213 0.4943 0.3262 0.3071 0.1494 0.3210 0.5344 0.4355
Ilzii]{ﬁ Average 4 2.2605 0.4435 0.2802 0.2623 0.1616 0.2820 0.4258 0.7442
s WAL R R Ny ABEFE RS 1 Shannon {5 SA8%G Hy: ARG Hp: BUIAREEE; Fis: FENELREG Fir

1u~ﬁ5¢?{;§& Fop: FBERIMEREL N, FIEERIEERE R
N, : Allele number; Ny . Effective allele number;/: Shannon index;

coefficient within population; F;: Total inbreeding coefficient; Fg;:

x4 ISANLABBHIBFEET MU IEM R EHE

Differentiation coefficient among populations; N,

: Observed heterozygosity; Hj: Expected heterozygosity; Fg: Inbreeding

: Gene flow among populations.

em

B LERSH

Table 4 Indices of genetic diversity of 15 S. invicta populations based the 7 SSRs primers

li’moi%lﬁlﬁ Ny Ny 1 H, Hy, Nei's N, P(%)
U Hongkong 2.8157 £1.3516  2.2195 £1.3642 0.3305 £0.1625 0.2891 £0.1544 0.2769 +0.1423 0.2760 +0.0986 13 45.55
Bkif§ Zhuhai 2.2501 £1.4408 1.6539 £0.8742 0.2725 £0.1405 0.2487 £0.1326 0.2416 +0.1255 0.2180 +0.0974 11 38.68
Il Shenzhen 3.4215 £1.2688 2.8253 +£1.5698 0.3524 +£0.2611 0.3284 £0.1644 0.3096 £0.1564 0.2979 £0.1021 14 49.73
A1) Zhongshan ~ 2.9014 +1.9567 2.3052 +1.3726 0.3350 £0.2024 0.3001 £0.1769 0.2854 +0.1620 0.2805 +0.1011 13 46.43
% 5E dongguan 2.5035 £1.9864 1.9073 £1.0258 0.3152 £0.2812 0.2702 £0.2411 0.2588 +0.1888 0.2607 +0.0854 12 41.27
1# % Boluo 2.3804 £1.7452 1.7842 £0.9986 0.2914 £0.1554 0.2599 +0.1328 0.2501 +0.1255 0.2369 +0.0748 11 39.04
13 Zengcheng  3.3524 +1.8754  2.7562 +1.5289 0.3502 +0.2854 0.3210 £0.2165 0.3011 £0.1688 0.2957 £0.1004 14 49.03
J M Guangzhou  2.4102 £1.3526 1.8140 £0.9997 0.3005 +£0.2637 0.2694 £0.1118 0.2561 +0.1054 0.2460 £0.0777 11 39.85
14 Meizhou 2.6459 £1.2854 2.0497 £1.1125 0.3248 £0.2014 0.2815 £0.1633 0.2703 £0.1433 0.2703 +0.0988 12 43.96
Y5 Heyuan 2.5246 £1.3689 1.9284 £1.0366 0.3218 £0.2066 0.2734 +£0.2004 0.2618 +0.1799 0.2673 +0.0860 12 41.85
™ T° Nanning 2.1057 +1.8245 1.5095 +0.7745 0.2522 +0.1889 0.2433 +0.1547 0.2324 +0.1482 0.1977 £0.0551 10 37.17
JE "] Xiamen 2.9569 £1.8637 2.3607 £1.4552 0.3406 £0.2110 0.3124 £0.1556 0.2895 +0.1466 0.2861 +0.1154 13 47.54
£ Jimei 2.8641 £1.6238 2.2679 £1.3688 0.3321 £0.1963 0.2928 +0.1698 0.2816 +0.1520 0.2776 +0.0083 13 46.24
SR M Quanzhou 2.3958 £1.4257 1.7996 £0.9998 0.2942 +0.1555 0.2666 +0.0906 0.2511 +0.0885 0.2397 +0.0881 11 39.77
AL M| Alabama 3.0144 £1.3332 2.4182 £1.5263 0.3478 £0.2114 0.3155 £0.1299 0.2962 +0.9699 0.2933 +0.1044 14 48.38
SEA4{H Average  2.7028 £0.4208 2.1066 +0.1005 0.3174 £0.0961 0.2848 +£0.0821 0.2708 £0.0411 0.2629 £0.0096 12 43.63

Ny WIS BE G Ny BRI SEHEL; 1: Shannon {5 2
BWHG P ZHMIEE R,
N, : Observed number of alleles; N :

heterozygosity; Nei's:

2.3 NHIBFBREE DL
15 DNELKWOHBRFRELE 7 DR ALA F Y

F-statistics 73845 R 0L £ 3, MNFEF T LIFH, 15

TEIR& H()

Effective number of alleles; 7: Shannon information index; H, :

FM s : B A BE; Nei's: WRUERIGIEE; N, £

Observed heterozygosity; Hj: Expected

Nei's standard genetic distance; NV, : Number of polymorphic loci; P: Percentage of polymorphic loci.

AW S BN R o T G B VAL W i
0.1141(Sol49) ~0.2445 (Sol-11) ,F-H{ 0.1616;
F, 24 0.2111 (Sol49) ~0.3381 (Sol-11), 3 ¥ {f
0.2820, FPHEEIAY 530 REL F o 7E Sol-18 i fife KN
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0.5492 £ Sol-11 {37 /5 fr /N 0.2769, Fo, - ¥ {H Ky
0.4258 , M\ Fo AT A1, BERLT KW 42.58% (135
L7855 e M AR PR TREIR], 57.42% (1) 35 A6 75 S5 55 H A
BEAN . BREERI AR N, BB/, 5 L 0.4105
(Sol-18) ~1.3055(Sol-11) , SE-HIE (L A 0.7442

PR LT KO FRFREE ] Nei's prifi it fZ 5 5 D
FBEAEARRIEE 1 W3 5, AERH AT LU, Irifse i
15 ANEL St B o 156 PR PR 22 (] 7 38t 4% A 0L Y
£ 0.7625 ~1.0000 Z [A] , 1 KF 0.6, F X FpEAH

B ZAAAAEE AR E B A FE P S, Nei's 5 ifEist
TR RS D s iy, TSR AT LR 22 18] f) 5t 15
B B RO 0.27 11, A SE MR 1] B =2 ] 3t
Felf B/ N R 0, L e sl 225w . o T RAL
IS SR AR 55 HC At b ZHRD AR (8] 179 388 4% 25 4
£ 0.1248 ~0.2711 Z [a] , BPAHXH 5 T HAU A5 P[]
FREEAL IR S 5 T 5 [ B 7 [ 5 M £k RN 55 1
ZLK IS FRE 2 H] S AZ BE B A 0.0244 ~0.1651 2
IF1), 2 G [ A £ K ORI ] ) 3 A 22 S

RS 15 DA BHEBFREEE Nei's #REBEER (D) MIBEAEME (1)

Table 5 Nei's genetic distance and genetic identity coefficient of the 15 population for S. invicta

FEE A B W b ASE WP om0 BT EIT R N AN MM W
Population Hongkong  Zhuhai  Shenzhen Zhongshan Dongguan ~ Boluo ~ Zengcheng Guangzhou Nanning  Xiamen — Jimei Quanzhou Alabama Meizhou Heyuan
ik sk 09481 09195 0.8206 09232 0.8809 0.8994  0.8950 0.7766 0.8708 0.8708 0.85% 09044 0.8%61 0.85%
Hongkong
BRifE 00533 e 09139 0.8235 0.8860 0.8373 0.8928 0.8919 0.7850 0.8727 0.8727 0.8584 0.8708 0.9210 0.7829
Zhuhai
WY 0.0840  0.0900  seese 09553 0.9598  0.9331  0.9472 09651 0.8468 0.9379 0.9379 0.9460 09213 09631 0.8545
Shenzhen
Jilp 01868  0.1942  0.0458  sees 09178 0.8711  0.8751  0.899 0.7779 0.8638 0.8638 0.8598 0.8478 0.8786  0.7625
Zhongshan
R5E 0079 01210 0.0410 0.0858  seeer 09535 09539 09532 0.8333 09284 09284 09018 09141 0.9338 0.8280
Dongguan
P 01268 0.1776  0.0692 0.1380 0.0477  seme 0.9859 09763 09018 09640 09640 0.%419 09529 0.9490 0.8808
Boluo
By 01061 0.1134  0.0542  0.1334  0.0471  0.0142  sseec 09868 09270 09828 0.9828 0.9531 09692 0.9746 0.8767
Zengcheng
JoM 01100 0.1144  0.0355 0.1156  0.0480 0.0240 0.0133 s 09138 09804 0.9804 09601 0.9493 0.972 0.8827
Guangzhou
BT 02529 02420 0.1663 02511 0.183 0.1033 0.0758  0.0901 st 09704 09704 09141 09560 0.8722  0.7962
Nanning
EIT 01384 01362 00641  0.1464 0.0742 0.0367 0.0173 0.0198 0.0301 s 1.0000 09639 09779 0.9530 0.8449
Xiamen
£k 0134 01362 0.0641  0.1464 0.0742 0.0367 00173 00198 0.0301 0.0000 s 09639 09779  0.9530 0.8449
Jimei
SR 01515 01527 0.0555  0.1510  0.1033  0.059 0.0480 0.0407 0.0898 0.0367 0.0367 s 09514 0.9618  0.8506
Quanzhou
ALM 01005 0.1383  0.0820 0.1651 0.0898 0.0482 0.0313 0.0520 0.0450 0.0224 0.0224 0.498 s 09324 0.8705
Alabama
HEH 01097  0.0823 0.0376 0.1294 0.0685 0.0523 0.0257 0.0282 0.1367 0.0482 0.0482 0.0389 0.0700 s 0.8725
Meizhou
PR 01513 02447 01573 02711 0.1887  0.1269 0.1316 0.1248 02279 0.1685 0.1685 0.1618  0.1386  0.1364 st
Heyuan

R AL BAERIRUEE (1) , % LT Nei's PRt (e R (D) .

The genetic identity data are located above the diagonal line, and Nei's standard genetic distance below the diagonal line.

24 BRESH

HR A Nei's brfiist (L 125, # H NTSYSpe2. 1
(1) UPGMA 3555 15 AN Z1 K Wb 3 A i E 471 R 25 45
Br 25U 1, WNER T LB, REL B L
G302 ARGy 3, Hedring JE AR 5 A R R 22 R A
WAL IR B B e, A E W 0 A st 4% A Ak, R Il ST Y

— 3o SRIGHAMFPHRES 0 2 A>3 SCALRR, LA
5 A R A ol R 22 T £ 2 A5 5 AR A5, o
SR — 35 T HAR SR AR R RE ST 73 o 2 AR
S, v PR A R Vi R SR O — S, TR AN 1
& N BT VRS RN RSE VR T S G
BT 37 L% N bR SO J— A+ 73 S A 73 52



- 136 - HW e 424k Journal of Biosafety

23 4%

#Fi#t Hongkong —_—

i Zhuhai ey
&Y Shenzh

1#5H Meizh I
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r~# Guangzhou —J
Ei1 Ziamen
X Jimei

BTN g

fil| Zhongsh

## Heyuan

Nei's#pilEPE# Nei’s standard genetic distance

Bl 1 LA 3R F Y ) Nei's R R RE RS Y UPGMA SRR K E

Fig. 1 UPGMA cluster analysis using the Nei's standard genetic distance indices for S. invicta populations

3 3tig
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