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Abstract: The Norway Rat (Rattus norvegicus) is one of the main pest rodents in Hainan Island, where there
is an important port in South China. However, its genetic diversity and gene flows between rat populations in
Hainan Island and neighbor regions are not clear. In this study, we sequenced the cytochrome b (Cyt b) gene
for 91 Norway Rats from Hainan Island, Guangdong Province, Vietnam, Philippine etc., then analyzed the

Cyt b haplotypes and the level of population differentiation (Fg), and constructed the phylogenetic
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relationship among 60 Cyt b haplotypes from the Norway Rats all over the world. Results show that the rat

populations from Yacheng and Qiongzhong/Chengmai in Hainan Island share no haplotype (Table 1),

furthermore, the two populations are significantly differentiated (Fgy = 0.453, Table 2). However, the two

Hainan populations shared haplotypes with the rat populations in Guangdong Province and

Philippines/Vietnam, respectively (Table 1), indicating possible gene flows between populations in Yacheng

and Philippines/Vietname, and between populations in Qiongzhong/Chengmai and Guangdong Province.

Phylogenetic analysis reveals that most Cyt b haplotypes in Hainan Island and Guangdong Province cluster

into two haplotype groups CIII and CVII (Fig. 2, 3), indicating that the rat populations in Hainan Island and

Guangdong Province may spread from one or more common ancestral populations, which likely spread from

coastal region of Guangdong and Guangxi provinces and arrived in Hainan Island with Li people in the

middle Neolithic (about 3 000 years ago) or before that time.
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Fig. 1 Geographic origin of the Norway Rat samples or the Cyt b sequences in this study

The exact sampling sites in Guangdong Province and Hainan Island were marked with black dots.
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Table 1 Genetic diversity and neutral test of Cyt b genes in seven Norway Rat populations

o NCBI %52 AR Tajima’s D Fu's
KA Hf R T L Ptk , A
. Sample NCBI accession . P 1Y P{d
Collection sites . Haplotypes Nucletide D Fs
size number L P-value P-value
diversity, T
B P Hapl (6) KT808624"
W B iongzhong/ 7 0.000 50
i'%] o Qong g Hap20 (1) HM031682*
Hainan Chengmai 2.68 0.97 11.38 0.55
Island . Hap8 (13) KT808631"
JFEI Yacheng 23 . 0.006 79
Hap9 (10) KT808632
Hap1 (13) KT808624"
Hap2 (1) KT808625"
] %% Guangdong 27 Hap3 (11) KT808626" 0.006 39 3.40 1.00 7.63 0.52
Hap4 (1) KT808627"
Hap5 (1) KT808628"
) Hapé (3) KT808629"
V5 Guangxi 5 Hep? ) KT808630" 0.003 17 1.72 0.98 3.97 0.38
ap
B Hap18 (1) GU592996"
2 F Yunnan 2 " n.a. n.a. n.a. n.a. n.a.
Hap19 (1) GU592997
Hap9 (5) KT808632"
k44232 Philippines 13 Hap10 (3) KT808633" 0.003 73 1.81 0.97 5.15 0.50
Hap11 (5) KT808634"
Hap9 (1) KT808632"
Hap12 (2) KT808635"
FR775888"
FR775889"
Hap13 (4) "
) AB355902
f8 Vietnam 11 AB355903" 0.002 50 -072 0.97 - 183 0.49
Hap14 (1) FJ842277*
Hap15 (1) FJ842278"
Hap16 (1) FR775887"
Hap17 (1) FR775890"
HM217370%
. Hap13 (2) “
Z% [# Thailand 3 HM217481 n.a. n.a. n.a n.a. n.a.
Hap21 (1) HM217429%

P JEAE S T R R R A R AR s+ BORASZISRASDH N Cyt b AR LAE NCBI SRS # &
78 NCBIHU N8I L A 41, P P A — A B8 na FoRiz Ui LT A i .

Numbers in the parentheses following the haplotype are the numbers of individuals carrying each haplotype; The asterisks (*)

represent the NCBI accession numbers of the Cyt b haplotype obtained in this study; # represent Cyt b sequences we downloaded from NCBI;

n.a. represents the data are not applicable.
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Table 2 Analysis of the population differentiation (Fg, lower diagonal) and its significance level

(upper diagonal) for each Norway Rat population

piiata)==3i LI JTR SV E[H(E B

Yacheng Qiongzhong/Chengmai Guangdong Guangxi Philippines Vietnam
R HEI0 Yacheng 0.001 0.054 0.011 0.001 0.000
gf};i :] 7§§engmai 0.453 0.015 0.001 0.001 0.000
7% Guangdong 0.087 0.309 0.006 0.001 0.000
V4 Guangxi 0.400 0.697 0.343 0.010 0.001
k47 Philippines 0.387 0.517 0.315 0.280 0.000
HE Vietnam 0.489 0.710 0.443 0.445 0.445
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MR, CIVAR SR LSRN KR
EAEE R T
2.4 MBS
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5 UM A R B P R S S (R 1,
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BIEdE K BRI S ) &R 70, BiEg. JEH
T A AZRE R 91 H A AL AT,
BT R B R PR RS S (B 4.
3 g
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Fig. 2 Phylogenetic relationship among 50 Cyt b haplotypes of the Norway Rat using MrBayes software
C1~C39 7 Song 4§ (2014) & XA K OUETBA R ERMEA KT 0.70 BB BB EIr s 75 M P Aomiz 3 MR S diAs; C 1~
CVIly Song 4% (2014) & S5 T4 Hapl ~ Hap21 B B4 1 44 1R 5 B0 5 70 il ARG A R BIDRYE: GD. 4R, GX. T

Vi, HN. #F, Yunnan. zF§, Phil. 3EH5, Vie. B, Thai. Z&MH.

C1 - C39 are the haplotypes defined by Song et al. (2014); The clade with posterior possibility > 0.70 is collapsed and colored in grey, and some

posterior possibilities are shown in the grey fans; C I - CVI represent the haplotype groups defined previously by Song et al (2014). The GD, GX,

HN, Yunnan, Phil, Vie, Thai following Hapl - Hap21 represent the geographic origin of the haplotypes Guangdong, Guangxi, Hainan, Yunnan,

Philippines, Vietnam and Thailand, respectively.

KI5 i st (Matisoo-Smith et al. 1998,
Rajabi-Maham et al. 2008, Searle et al. 2009,
Aplin et al. 2011, Jones et al. 2012), [A]i, #4
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YrfeL.
3.1 ¥R R oK WURH B A X AR S5 ) R E R AT
i

T B P S RBERAT IR B AR et
—, WKy EACE R R BT
FUMM Cyt b JE DA e SR FEHE T B 5K B A
HEAL G, LI 1P I 2R 0 1 K B
FRERATILE I Cyt b FAE R, 5L LR
Fse 70 HT SRt SR A PR DL T 9 Sak FRp a8
otk (Fg = 0.453), BEHIPIASFRREIL AR 5
WAL o BRI, AR 3t P T L 46
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Fig. 3 Analysis of Cyt b haplotype groups in the Norway Rats
a. A} Cytb JE[F (1135 bp) #44l 21 MEHEK A2 R K HL ~ H21 AR 1 i Y Hapl ~ Hap2l; PFEI/ N S5
MR/NEE R, DFE IR AR AN R RSk R CIIT ~ CVIY &l 2 s s g : b, Jf524] CIIL CIV. CV . CVIHI CVI{EHE K flFh

R Fi (TN

a. Haplotype network built using 21 Cyt b haplotypes (1 135 bp). H1 - H12 represent the haplotypes Hapl - Hap21 in Table 1; The size of the pie

chart is proportional to the population size and the color of the chart represent the geographic origin of the rats; CIII - CVI is the haplotype groups

shown in Fig. 2; b. Distribution of the haplotype groups in Norway Rat populations.

FW 5T AR WL R KR L A L Y
(Hapl), i Fe 0 22 Ik i) 4 5K Bl 5 3R 5
TR ) K L= — AN LAY (Hap9), 5t 1]
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RIAZ UL BRI 5K ST AR VL 4 5K Bl
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TR R DA R B I A SR R PR (] 11
WAL FRE WIS (Fg = 0.309). Fg [R5
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FAY AU, TR AR B AR R R B
KRR AL R EA AR o fEAR
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S LSRN B AR LR, R AT
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b DX B 5% A SRR ) 5 DAL A L 1) T Bk
o
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WHE W DEBREZMREHTEREA
FKtbA, HITH 4 5 NI 7 L sl % YA
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TN SR B KR DNA, #5&% BN 5% RS 5
PR A3A7 5 NI B B 7 S0 B DIAH O
IR SR A BRI R AAT 24 R TR
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