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Abstract: Islands are often regarded as natural laboratories for the study of biological evolution by ecologists
and evolutionary biologists. Based on microsatellite molecular marker technology, we analyzed the genetic
diversity of three Rattus losea populations in Zhoushan Archipelago, and calculated the related genetic
parameters and the coefficient of genetic differentiation with the software POPGEN 32 and ARLEQUIN 3.0,

respectively. We also calculated the minimum paternal value with the software GERUD 2.0, and found the
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existence of multiple paternity. The results were as following: (1) The average observed number of alleles
(Na) and the average effective number of alleles (Ne) were 8.792 and 5.494, respectively (Table 2); the
average expected heterozygosity (He) and the average observed heterozygosity (Ho) were 0.821 and 0.956,
respectively; the polymorphism information content (PIC) were larger than 0.5 (Table 2), which indicated that
three populations had a high degree of genetic diversity. (2) The average genetic differentiation value among
three populations was 0.040, and the value between Taohua island and Cishan island was the largest (Fst=
0.052), showing a moderate level of differentiation. The percentage of variation among three populations
accounted for 3.98% (Table 4), which indicated that the differentiation occurred mainly within the
populations. (3) Six out of the fourteen pregnant rats (43%) had their embryos with multiple paternity (Fig.
3). The minimum paternal value was 2 (Table 5), and the embryos of the other pregnant rats had only one
father. This study proposed the existence of multiple paternity phenomenon of R. losea populations in

Zhoushan Archipelago, and provided useful information for the study of reproductive strategy and pest

control of R. losea populations.
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ME, H5ERAMER]§e KEGZ AN A 1)k
PR, DRI B WGk 5 AT A A PR A )
2, HZEWREEAEIYFT (Millien 2006).
KB R T B ISEHESI W TT, #HN 9 Byl
YRl Z REE K (Frankham et al. 2013),
H 5 KFE40Fh 8] 3845 434638 in (Cheylan et al.
2010) . X By WP Fh gt A% 75 T (P B 7 2 R v T st
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2% (Portnoy et al. 2012, Janse et al. 2013), 40

HR H & (Microtus oeconomus) (Costa et al.
2016)- i FCH iR (Lasiopodomys brandtii) (Huo
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(Ala-Honkola et al. 2011) 4. £ \EQR T4
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2009, Patzenhauerov&et al. 2013). %¢ EFTiR,
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EHAE 1984). EHL 8 X E 2 MM LAY
AT PCR ¥ (Bh&I555 2017) (R 2), %
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Table 1 Sampling distribution

T By AR AE R (SO ZRHE D JE R H RAERER SR (JD
Population Island area (km?) No. of adult (ind) No. of pregnancy (ind) No. of embryo No. of adult male (ind)
Ll 5 Cishan island 0.64 65 6 31 32
Ayt
Liji]e‘:g island 93.66 29 4 20 14
Bk4£ 1% Taohua island 40.37 23 4 22 12
4L Total 134.67 117 14 73 58

R2 WEEBMRESIMHARESR

Table 2 Microsatellite loci and information of primer sequences

- . . 5 BIGEREE (1C)
first BRI (5'-3) FlEktps  FRAESON bpy ool RKERE
) ; . . Repeat Annealing
Loci Primer sequence Chromosome loci Size range
sequence temperature
F-AGGAAATGGGTTTCAGTTCC
TNF R CAGGATTCTGTGGCAATCTG 20 110 - 140 (AC)so 60.0
F-CAGCAACGACAAAAATGTCC
FGG R-ATCTCCCCAACTGTCAAATG 2 130 - 190 (EDzn 600
F-GATTTGAAGCGATTGTCCAT
APOC3 & GTCTAGCTGCCCACAGGAG 8 110 - 150 S 593
F-GGGAGTAAAAGAGTGCATTCC
MYC R TACCCCAATCCTGAACCAC ! 100 - 150 (AC)zs 540
F-GTACAGGAACACTGCCCTTG
HP R-GGAATGTGTATGTGTGATGACG 19 140 - 180 (GTzs 600
F-CTTCCCTACCTTCTACAAACACTA
IGHE R GTAAACCAAAGAGCATGATGAAG 6 120 - 170 (CA)zs 563
F-TTCAGGTATGATTCGGGAAC
SCN2A - B ATTGGCGATATCATTTCACTAAC 8 120 - 170 (G 581
. F-GTTTCATTGGTCAATGGAAACTTA
D1sMits | C1TTCATTCCTCAATGEAAAC 15 120 - 160 (AC)zs 58.1

R-CTTCCTAATTCCTGTCAAGCAAAT
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4T 77 Z 450 BT (AMOVA), 1 58 4% 20 4k /K F
Dg; 12 GERUD 2.0 3K {HHi & fie /N S A KL
(Fmin), FIWT R BAAEZ EIBILSR (Jones
2001).
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HeFETHEA I DNA Z401E, AgeolAsso 1 15 T #l/b

KT 2.0 4b, HARMKHETE 1.8 ~2.0 2],
2.2 PCR FEY i

PCR 7##J7t ABI 3700 DNA 5511l 5E 1%
HEATH 02, 455 H Genemapper 4.0 FAFH
BL, LLE4) APOC3 Al IGHE ()3 X434 B 5
(E2). HE™H, PCR &R KL, FHILY 14
HoAth A I 5
2.3 BILZRMERBIEEH ST

8 MM LA ST B (Na)
525G SRR (N 43518 8.792 Fi
5.494, FHIMEIRGE (Ho 50l E
¥ (Ho) 437l 0.956 A1 0.821, 8 Mz s34 ki
= Hardy-Weinberg “Vfff (P < 0.005). 3 Mi%
ERFBEHNFHZESHEGEESE (PIC A
0.787, fx Nl B FEE (0.806), AL Ak
16 FEE (0.759) (£ 3), 3 MY AAK
AL ZREE . 3 FREEIE] 1) P8R B B
0.290, o, kAL & FhAE A L 8 FhEE (] 1Y)
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TS5 758 S P 1B 2 R B B 8 A i
AINe FRATTRS 3 AN (1) 352 % P 28 0t P 5 g
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3ANHEE A P E L LR B (Fs»
{8y 0.040, R4 Wright (1950) H%14», Fa
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Fig. 1 Total DNA identification of tissue samples

M. DL2000 DNA 4> T8 Frifk; 1 ~24. 24 NMAFE DNA. M. DL2000 DNA marker; 1 - 24. Total DNA of 24 individual.
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Fig. 2 The GenScan results of PCR products from primer APOC3 (left) and IGHE (right)
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When the absorption peak represents the corresponding base length, the fluorescence in the primer is maximally absorbed.

R3 HERMERESHESH

Table 3 Genetic diversity parameters of Rattus losea populations

ZHERSE

. FEAH SRR ARG R 4 M A5 WA E .
TR i Polymorphism
. Sample Number of Number of effective Observed Expected X R
Population size alleles alleles heterozygosit; heterozygosit; information
yoostty yoostty content
bl
I! th L%. 59 8.875 5.902 0.955 0.833 0.806
Cishan island
BEIE & . 25 8.250 4.931 0.944 0.800 0.759
Taohua island
5@1"5 . 19 9.250 5.648 0.968 0.830 0.797
Liuheng island
R4 3NEBRMEENE BRI SRR R LB
Table 4 Genetic distance and geographic distance among 3 Rattus losea populations
7B Liuheng island Hk{£ & Taohua island J1l1 Cishan island
[h Y ﬁ i
/?7]‘,\-% - 0.282 0.282
Liuheng island
At &
DAL i 18.1 0.302
Taohua island
il &
%J ! -J_ 24.2 25.0
Cishan island

AL T T BERF IR R (km), W A2 B B RN B TR

Data above diagonal represents geographic distance (km), the below diagonal indicates genetic distance.
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Table 5 Analysis of molecular variance (AMOVA) of 8 microsatellite loci among 3 Rattus losea populations

2P Sl SEFJT A Ji #H Sy BRESTE (%)
Source of variation Sum of squares Variance components Percentage of variation
R Among populations 28.75 0.12 3.98
FiEEPY Within populations 884.93 2.79 96.02
S5 53 Total variation 913.68 291 100

HAE 0 ~ 0.05 Z[1], FhfEaIAE(EAR /NI B A% 43
b, AL SRS L SR A K B
£ 0.05 ~ 0.15 Z i), AFESUKF (Fg =
0.052).
2.4 ZBEIBGT

14 RZARAp, WiasuRN 3, HEZ M
NG¥CN 7. 1EH GERUD #3405 fie /N A3
Fmin, AT E & BAAAE S BRI S, HlE
SRR 3. 45 C1. C3. C5. T1. T2. T3
2 BRI IEBRAFAE B0 2 NRA. filtn, C1 22

o
=]

Number of offsprin

=
A

RG%
(3]

Ccl 2 C3 C4 Cs  Co

6 IR 4 ASRIETF - SCA, A
2 MRRRIET H A A

XHFAE B> AN SR IIRRAR, 7T RERI A
SR 4 GERUD 311G (3% 6). {EJTHTIT
(¥ 14 A2 rh, HRIG AL 2 ORI R 1A
6 H, LLBld 43%, RUIA LR 3B WA R
FAAE 2 AR -

3 iTtig
B R A FARCE AR R, A%

L2 L3 L4 TI T2 T3 T4

BEA Litter

B3 MK AS iR RE
Fig. 3 Distribution pattern of embryos and their fathers
C1 ~ C6 Jyl il B A A BRI AS s L1 ~ LA DN A 20 SRR AR RE AR, T1 ~ T4 BRIE R RE 2 R EIG R A . BEOAR A

A AR DA

C1 - C6 represented the embryos of the pregnancy rats of Cishan island population; L1 - L4 represented the embryos in Liuheng island

population; T1 - T4 represented the embryos in Taohua island population. Black represents a father; White represents the other father.
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M 2016).
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