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Fig. 1 Map of the sampling locations for G. affinis

10 populations came from 10 locations of 3 rivers in Spain, population of BY is in a lake
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Tab.1 Primers and PCR conditions
A 514 KAbp BRI FEPC ERVES IE R HEEF
locus primers size Ta No. allele H,/H, repeat motif

G49 CTCAGTGACTATAAGGGCAAC 149~164 62 4 0.3789 (GT)6, GC, (GT)4, GC, (GT)7
CATAGATTCTGCAGGCAGTG 0.3911

Mf13 GGTCACAAATATAAAGCCACAGAC 157~164 61 2 0.5312 [GT]10
AAAGGCTGCAAACAGTAAAAGTTA 0.4980

Gafmu7 TGCCGATGGATGTTCCTGTTAG 175~204 65 7 0.5938 [AG]22
CACAGAACAACACAGAAACTGGAGG 0.7217

Gafmu6 CGCCGGACAGACCAGCCTCA 197~201 65 4 0.4527 [GA]10
ACGAAGAGAGCAGCGGAGTTTTGG 0.3864

Gafmu3 GCACATAACATGGAAACAGTAAAC 224~278 65 4 0.5861 [GT]33
CTCAGCCGTCATTTAGTCTCAT 0.6567

Gafmu5 AAGCCGCGGATATTCATG 257~276 52 8 0.7237 [GA]7A2[GA]1l
TGGGCCTTGTCTTGCTTT 0.7726

Gaaf 15 TGCATGTGTGTTTGGTAAGG 111~146 63 2 0.3674 (AATG)8
GATCCCTGTTACACTGCTGG 0.3829

Gaaf7 TCCATCCCATTATGACCACAG 156~160 65 4 0.4549 (AATC)31
GCACTTAGAAATGCCTCGC 0.5266

Gaaf 13  ACTTGGTGGCAGATTTCAGG 194~228 63 10 0.6583 (GATT)18
AAGGAAACAACATGCTGGC 0.8009

Gaaf9  GGTGCAAATCCGCAGCTTG 227~239 65 3 0.1199 (ACAG)14
GGGAAATACTCCTGGACTCG 0.2021

Gaaf 10  GAACTGAACCACCCAAAGGC 254~318 67 7 0.3836 (ATCO)12
TCCATCTGGAGACAGGTGTG 0.6568

L5 BEFEESZEM

S5 A PR A A8 0 22 251 1 1 GENEPOP ver-
sion 4.2 (Raymond & Rousset, 1995)71%. ; Neil% 5
f& Z % (Nei, 1978), F;,. F;;. Fy (Weir & Cocker-
ham, 1984)3 5 (i FIFSTAT; D1 - 7 44 4) {11
STRUCTURE version 2P°*"; NTSYSpc2. 1343
i Nei [G 9 W 352 1 B B, SR8 U 43 10 e A4
R LR,

2 4
21 FEHZXR

A5, i Colony /AT & B — K R W
— MR ZATAA A I — DA AR
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Tab.2 The breeder size and the number of different fathers
B O SR VAR IR U SV

mother )%NO,'Off_ = mean SD length max mother )%NO.AOff_ ® mean SD length max

spring  No.father fullsib spring  No.father fullsib
VMS{2 3 2 1.500  0.500 29 2 PP141 5 4 1.250  0.433 23 2
VM83 15 8 1.875 1.269 30 5 PP164 5 1 5.000 29 5
VM123 10 2 5.000  3.000 26 8 BY142 2 1 2.000 30 2
VM124 5 2 2.500  0.500 23 3 BY144 2 2 1.000 21 1
VM125 7 4 1.750  0.829 22 3 BY145 2 1 2.000 21 2
VM126 14 4 3.500  3.279 23 9 BY155 1 1 1.000 28 1
VM127 8 3 2.667 1.700 24 5 BY156 5 5 1.000 27 1
VM128 11 5 2200  0.748 23 3 BY157 5 3 1.667  0.943 27 3
VM129 4 2 2.000 23 2 0YS8l1 41 5 8200  10.496 38 28
CES82 14 5 2.800  3.124 22 9 0Y82 14 3 4.667  3.091 21 9
CES83 16 5 3200 1.166 30 5 0Y83 58 4 14.500 15.660 27 41
CE90 2 2 1.000 28 1 0Y84 18 2 9.000  6.000 29 15
CE91 6 4 1.500  0.866 3 0Y85 23 3 7.667  4.643 29 14
CE152 6 2 3.000  2.000 26 5 0Y86 23 4 5117 28 14
CE163 7 4 1.750  0.829 27 3 0Y87 42 5 8.400  8.333 28 23
EP87 4 2 2.000  1.000 31 3 0Y88 11 4 2750 1.920 34 6
BLS81 17 4 4250 3.112 28 9 0Y9%0 5 1 5.000 24 5
BLS82 28 4 7.000 7.517 35 20 0Y91 3 1 3.000 25 3
BLS83 1 1 1.000 32 1 0Y160 2 2 1.000 21 1
BL84 6 3 2.000 0.816 29 3 CL81 38 9 4222 4939 36 15
BLS8S 2 2 1.000 22 1 CL82 72 9 8.000  7.348 38 26
BL86 2 1 2.000 28 2 CL83 56 7 8.000 11.187 35 34
BL87 1 1 1.000 31 1 CL142 29 5 5.800  5.845 32 17
BA141 3 1 3.000 31 3 CL143 19 3 6333  2.494 34 9
BA142 2 2 1.000 26 1 TV98 14 6 2333 2211 32 7
BAI150 6 2 3.000 2000 33 5 W 13.25 3.25 3.510 27.8 7.604

average
BA151 1 1 1.000 21 1 FrifEZE 15.89 2.03 2.792 4.612 8.939
SD

BAI1SS 6 3 2.000 0.816 28 3

T BIEEIK R CLIMCL2MAE 2 B AKER NN CL2F A — a7 I i ffF i 722
Notes: the maximum number of father is 9 in one family of CL81 and CL82; the maximum offspring number of 72 can be born by one pregnant female
of the CL82 in once time

3 iR

31 BWEHESFHRESW
NG FI7 Z 0 BT (AMOVA)ZS ST 401, A

R R i Bl b NI

R ELp
/Ej‘i‘llmj\

B1177.44%

(%), MixE—-RBHAZHEZE, TRZEL
TR G R R 25 S BRI ] Y 5 4 A S
101522.56%, Ui WI7EREE 2R s AR w T, S
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Tab.3 Genetic diversity
" — rrayTg
pop?jﬁgions A AR Ho H. PIC Fs " I:\Ij; Jf;:j;ﬁlﬁi?jri :
VM 3.545 2.470 0.394 0.474 0.3807 0.170 G49/Gafmu5
CE 3.727 2.587 0.466 0.448 0.3975 —0.041
EP 2.000 2.000 0.657 0.559 0.2677 -0.203
BL 2.909 2.153 0.541 0.487 0.3561 -0.112 G49/Gaaf15/Gaaf10
BA 2.364 1.911 0.480 0.418 0.2058 —0.152
PP 2.545 2.305 0.658 0.519 0.3567 -0.283
BY 2.909 2.512 0.564 0.490 0.4075 —0.156
oY 3.273 2.438 0.533 0.488 0.3877 —0.091 Gafmu7/Gamfu6/Gaaf7/Gaaf13
CL 4.364 2.637 0.513 0.457 0.4084 —0.121 Mf13/Gamfu7/Gamfu6/Gamfu3/Gamfu5/Gaafl3
vV 2.909 2.500 0.589 0.521 0.3944 —0.138
HE
mean 4.727 3.021 0.540 0.486 0.3563 -0.113

e AL IE R AL, ARCFISEAIER R, H PG, H PR GE, PICEZAEES R, FJIERRH
Notes: A.average allele numbers per locus, AR. average allelic richness, H,,. average observed heterozygosity, H.,. average expected heterozygosity, PIC.

polymorphic information content, Fj;. inbreeding coefficients

x4 BWEMBSTHRESN
Tab.4 Analysis of molecular variance(AMOVA) for G. affinis

AR AR H Rl T FESy A5 %
source of variation df sum of squares variance components percentage of variation
BEAKIE] among populations 9 806.881 0.670 13 Va 22.56
BN within populations 1500 3451.428 2.300 95 Vb 77.44

M Va BN Vb, BEA AR 5

Notes: Va. variation within populations; Vb. variation among populations
BUB AR BT DU Y32 M IXCR i Y 3st
178 S FER H RN

32 BEFEIEEEREESHMEMAEFIETREX

i FHPOPGENE version 1.325 4 {43 Nei [¢
L R BRI B L I B (36 5). OY 5 BLEFA . a] 3t
& 1 B8 B K (0.6095), /N RHVME5CEREA,
0.0197, 8t 1% I 25 S F8 AS [R] (1) F B ol b 22 [ 11 3
PN 25 SRR, 2 WF 58 Bl R 382 4% 22 FF 1 R0 st 4% 40
OB B BEAE bR o HRE R ) 35 AR R B RN, R
7N H oA R . s AR OC R B, R Z A
S o BLFIVMBE A [H] 58 £ — 30 5 /N (0.5439)
B KM 8L FE B 2 OY S BLEF IR Z M),
0.6095, H.KJEVMHIBLZ[E], 40.6089, T A1#H
ANFE TR — Z 0 0 5 de K st 4% 2 R M & VMR
CEZ [, 40.9805, HKJZEPPRICLZIE, A
0.8995, A BYMICLZ[H], 40.8993, Hi# M4
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3.3 BFENEESHERER

STRUCTURE#K {4 D1 - 17 R 2 1 v] F T HEAAR
WL AR H TS B i B AR s A5 A X
#tH 8 FISTRUCTURE version 2 U1 37 5 2%
PPN AR BT AR 9 LnP(D) - 250G AT 43 L 3
MAKK Sy, 2 hil i thZe B, S 2 Rtk AT 1
50 0007K 5 & 1Y B /R A] RAE SRR~ B J7 1 (MCMC)
WK, IFE&FmPIAN20 0007 F & 1) 82508
PLSR A5 B 2 G 10 e KT REFR B (K) . 3Lk T
MI~10/9 104 T BERREL . Ry PR B8 1 — B0k,
Xof B AR R HEAT T 10075 54 (K12) . K% E
F1~10, B1745 58 WoR YK=30F, AKKF|HEK
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#5 ETNiRERAETENBEEEEE—BEGALULMEEESEIALKUT)
Tab.S Nei’s genetic identity (above diagonal) and genetic distance (below diagonal)
ﬁﬁg. VM CE EP BL BA PP BY oy CL vV
population
VM 0.9805 0.8643 0.5439 0.665 0.7366 0.8039 0.7613 0.7765 0.818
CE 0.0197 0.8519 0.5789 0.6758 0.7264 0.8122 0.7682 0.7617 0.7942
EP 0.1458 0.1603 0.6143 0.5601 0.7093 0.7798 0.772 0.7291 0.7446
BL 0.6089 0.5466 0.4872 0.6994 0.5759 0.6516 0.5436 0.6794 0.6188
BA 0.408 0.3918 0.5797 0.3575 0.7886 0.7373 0.6441 0.8033 0.7591
PP 0.3056 0.3197 0.3434 0.5518 0.2375 0.837 0.8554 0.8995 0.8832
BY 0.2182 0.208 0.2487 0.4284 0.3048 0.178 0.872 0.8993 0.8684
oy 0.2727 0.2637 0.2588 0.6095 0.4399 0.1561 0.1369 0.8255 0.8568
CL 0.253 0.2721 0.3159 0.3865 0.219 0.1059 0.1061 0.1917 0.8765
TV 0.2009 0.2304 0.295 0.48 0.2756 0.1242 0.1411 0.1545 0.1319
VMCE EP TVBLBAPP BY (0)4 70
60
i 50
oy il t i EX 40
22 30
1 \l ! Lm M‘%
20
10
0
1 2%567 8 9 10 2 3 4 5 6 7 8 9
K 1 K value
E 2 f$MASTRUCTURES #7
. . 3 STRUCTURE JAKF S
gﬂwmmma@ﬁmgﬁw & SARBIAKTS A
KHIKEE D E

FERMPERER - REE. NSRRI AR R
Fig. 2 Assignment of individuals of G. affinis using
STRUCTURE based on sample locations and K=2—6

Colors correspond to each cluster. Each bar represents a single individual

Fig.3 The graph of the number of
the inferred clusters (K) using STRUCTURE
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KRR NEY], M5 VM. CE. EPFX sk Fig. 4 A phylogenetic tree (Neighbor-Joining)

E Muga riverfJ 5L, OYFIBY X PN BEARC R based on Nei’s genetic distance of
LS P OB RO R A K 10 populations of G. affnis
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Microsatellite SSR multiplexed amplification to analyze the phylogenetic
relationship among invasive mosquitofish (Gambusia affinis)

LIU Shiying', SONG Chungao '?, HE Zhihan ¥, LU Yujun ",
WU Haisheng *, WANG Bo', ZENG Yuangin "

(1. Key Laboratory of Freshwater Fish Reproduction and Development, Ministry of Education,
School of Life Science in Southwest University, Chongging 400715, China;
2. The No.14 Middle School of Kunming, Kunming 650106, China;
3. Guiyang No.2 Experimental Middle School, Guiyang 550004, China;
4. Qin'an No.1 Middle School of Gansu Province, Tianshui 741600, China;
5. Linchuan No.2 Middle School of Jiangxi Province, Fuzhou 344000, China)

Abstract: Mosquitofish(Gambusia affinis)is a globe invasive species. In order to analyze why they can invade so
quickly all over the world, 11 polymorphic microsatellite loci were isolated and employed to examine paternity
patterns in 755 samples of 53 families from 10 locations in 3 rivers basins. After sequence genetic analysis of the
multiplex SSR PCRs, we got the best fullsib family and analyzed the phylogenetic relationship. We found that
there are multiple inseminations in G. affinis. The female in the same womb can reproduce a number of the
juveniles, up to 72, with different males, even up to 9. The max fullsib is 41, but the breeder’s size isn’t the max
even not bigger than others. At the same time the max size of the breeder isn’t the female which reproduce the
largest number of the juveniles. The phylogenetic tree shows that the evolution was far away the sea. The 10
populations can be obviously divided into 3 clusters. The conclusion can be drawn that the key reason of the
invasion is G. affinis multiple inseminations. It is suspected that the fertilized frequency isn’t proportional to the
size of female. Their gene flows rapidly specifically when they were in the migratory distance.
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