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Molecular Phylogeographic Analysis of
Chinese White-toothed Shrew in China

LUAN Tiangi', GUO Qiuying', GAO Yi', HAN Meifeng', ZHANG Chunfeng?,
CHEN Huan', CAl He', JIN Zhimin', ZHANG Junsheng', LIU Zhu'"

(1. College of Life Science and Technology, Mudanjiang Normal University, Mudanjiang, 157011, China;
2. Hei Long Jiang Agricultural Economics Vocational College, Mudanjiang, 157011, China)

Abstract: Subspecies differentiation of Chinese white-toothed shrew ( Crocidura rapax) is controversial. In order to clarify
the molecular phylogeographic pattern of C. rapax and provide further molecular biological evidence for taxonomy, this
study analyzed the Cyt b gene sequences of C. rapax (20 samples) collected from Guizhou Province in China together with
Cyt b gene sequences of C. rapax (19 samples) downloaded from GenBank. The phylogenetic tree was divided into three
main clades: C. r. rapax, C. vorax, and C. rapax kurodai. The C. r. rapax is divided into Guizhou, Yunnan, southeast Sich-
uan lineage and central and west Sichuan lineage. The results of genetic distance showed that the greatest genetic dis-
tance was between central and west Sichuan lineage of C. r. rapax and C. r. kurodai (0.1181), followed by between Gui-
zhou, Yunnan, southeast Sichuan lineage of C. r. rapax and C. r. kurodai (0. 1174). The genetic distance between two lin-
eages of C. r. rapax is 0.0195. A similar geographical patterns was also observed in the median-joining network analysis.
The results of median-joining network are consistent with the results of phylogenetic relationships and genetic distance, sup-
porting the view that the sample from Taiwan is a separate species, namely, C. tadae. The C. rapax have no subspecies
differentiation in China, and can be divided into Guizhou, Yunnan, southeast Sichuan lineage and central and west Sich-
uan lineage. Twenty-three haplotypes were found in the 32 samples of C. rapax, and the nucleotide polymorphism was

0.01285. The analysis of population history suggested that C. rapax has experienced population expansion recently, but it

is not a single dramatic expansion.
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1.1 FEARAE
K B B2, 4l AR A 92 SR B2 1R Tl P B A RE AR .
FEACRAE TR S, RAENT R R 20194F 1 H—
2021 4F 10 A, HREREAR 204, Horp 22 b X (26°
21'48" N, 105°55'35" E)FEA 54 (Guizhou AS1~Gui-
%1

zhou AS5) , BET5 M1 [X (26°24/22" N, 105°44'4" E) k¢
A 13 4 (Guizhou BJ1~Guizhou BJ13) , 75 % 7K Hb X
(26°33'1” N, 104°57'18" E) FE7% 24~ (Guizhou LPSI,
Guizhou LPS2) . M GenBank F#% T HiAthHb X #E g
BRI Cyr b FEP 2 FPF) (194)  FEARF B 1,
ARG S APV 27 Bt 52 40 2l W A8 PR 2 Y 25 v
2 (IACUC-MNU-0-401) .

GenBank T4 E R EFH Cy: b B E 51

Tab. 1 The Cyt b gene sequences of Crocidura rapax downloaded from GenBank

FEAR

Sampling location

GenBank 5
GenBank number

A

Sample number

GU358533 Taiwan NT1

GU358534 Taiwan NT2

GU358535 Taiwan NT3
1 BRI E Nantou County Taiwan Province

AB057420 Taiwan NT4

AB062686 Taiwan NT5

AB175086 Taiwan NT6
2 57 & W1l Taichung City Taiwan Province AB115557 Taiwan TZ1
30U VT E Yajiang County Sichuan Province MN690995 Sichuan YN1

MN690996 Sichuan ML1
4 DU 1145 A HL g% E 36 B Muli Zangzu Autonomous County Sichuan Province

MN690997 Sichuan ML2
5 m)llﬁﬂ)ﬁg—]iulong County Sichuan Province MN690998 Sichuan JL1

MN337427 Sichuan XJ1
6 01145 7/N4: B Xiaojin County Sichuan Province MN337428 Sichuan XJ2

MN337429 Sichuan XJ3
7 V91148 H % 2 Ganluo County Sichuan Province KP120863 Sichuan GL1
8 U114 7132 B Derong County Sichuan Province MW682494 Sichuan DR1

MW682360 Yunnan LJ1
9 48 WYL Lijiang City Yunnan Province

MW682357 Yunnan LJ2
10 =AY KT Lushui City Yunnan Province MW682720 Yunnan LS1

1.2 8551k

FHEY ] 55 BURE AR ERILIA ZH 2, Hg R R L PR ZH 2
FHBY -7 e 04T 2 40 DNA 4250, mtDNA ) Cyr b
FE 4751 PCR IR WAK FR 4 50 pl, & 200 pmol /L
1 dNTP, 1.5 mmol/LL i MgCl,, Primer (L.14724/
H15915)"2'4% 10 pmol/L, Tag DNA polymerase 2.5 U
(RSB MR 250 ng. PCR Y"1 (1) [ 1 4%
.94 “CHAETE 3 min; 94 ‘CZEPE45 5,50 ‘CIR & 50 s,
72 CHEAH 45 s, 230 MEFF ;72 ‘CHEH 7 min, 4 CIF

£ o PCRAY 37y 2 Al [T WSO A0 1 (s J% 5 o
HAYEARARAA) .
1.3 Bisib

fifi H EditSeq (DNAStar % £4 £ ) X} i 45 4% 1%
mtDNA Cyt b 3£ 4 ¥ 5] fl GenBank T 2k £ 7 1 JiF
Wi A P 5 (3 1) #EAT7 5 8 4 4, #4581 Clustal W 4K
PFIEAT P A R ZE LE X . ] DnaSP 5. 10 73 #7 5
5 B HC 5 (number of haplotypes, k) 22 25 67 J5 80 &
(number of polymorphic sites,s) , .45 71 22 2574 (hap-
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lotype diversity, h) % 1112 25 5V 154 (average num-
ber of nucleotide differences, i) . ¥ 1 & £ ¥ P
(nucleotide diversity, ) , 715 Tajima’s D Fl Fu’ s £
P PR REREAR OO , AT B PRGN, IS5 R A
KA (a population growth-decline model ) 53 A7 %5 Fit
3 A A DU R BCRE AR AL o R MEGA
5.05 B, oK H B KABLAR % (maximum likelihood ,
ML) # R G2 K A=W FIHT Network 4. 6 14 2
A 9 2% [#] (median-joining network ) 73 47 245 154 1] 1k
R,

2 H#R

2.1 RERHERAZ
V74 R R R R LU AR /N B R (C. shantungensis)

Guizhou BJ10
Guizhou AS5
Guizhou AS3
Guizhou BJ1
65l Guizhou BJ9
Guizhou BJ6
Guizhou LPS1
51 Guizhou BJ3
44l ! Guizhou BJ4
Guizhou BJ12
73§ Guizhou BJ8
Guizhou LPS2
Guizhou BJJ
Guizhou BJ2
7' Guizhou BJ11
—=1 |t Yunnan LJ2
19‘[{zunnan L1
52— Yunnan LS1
I Sichuan GL1
— Guizhou BJ13

ool 47 Guizhou BJ5

35 Guizhou AS4

—I Guizhou AS1

Guizhou AS2
70Sichuan XJ1

Jy
] |

97

98 Sichuan JL1
Sichuan YN1
77|rSichuan DR1
Sichuan ML1
Sichuan ML2
Crocidura vorax 3
99| Crocidura vorax 1
73% Crocidura vorax 2

62

Taiwan TZ1
Taiwan NT6
Taiwan NT5

Taiwan NT2
Taiwan NT3
Taiwan NT4

0.02

AN A MLIE R G ER (K1) . RGER
AR R S0 3 A R AL S - — S e g v RS B AR
B AR PEAL S 5 IR Y R R BRI AL S =R R R
JBe & AR AL S . PR R L SO AE R R
Hh B )4 g I A S A R R B R 5 PP T A A
SCA ], B 5 A R A R R R I Al B B Y
KGR AT RR LT RRGR I PRAR
15 B B P R R AR A S i S W R LA, B S T
FEBERA K E R r B R A T S E A S LR SR
(99% ) 73 LA~ EAL T 2, — > i B T A REAS
B I REAS IR [ DU )1 AR R S H 98 B A RE A A4 18
A SEIN B VU AR 3 A%, 55— ok A )|
Hh R P S 4 R AR R S ) DT R Y R L AT DL
R ACBON W

M. =, WIAREFISR
Guizhou, Yunnan and southeast
Sichuan lineage

A R A P T

Crocidura rapax rapax

DU PG AR R R

Central and western Sichuan lineage

VU B R

Crocidura vorax

20P[) Taiwan NT1 4F$rﬁ%m!ﬁmwﬂl

Crocidura rapax kurodai

Crocidura shantungensis

1 BT Oy b EEMZ LR R BRI ML RS & £ 5

Fig. 1 The ML phylogenetic tree of Crocidura rapax based on the Cyt b gene
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TR T A B R A AP Y 2 N3 R 5 TU R
rJRE RN AR R P RT B 5 O RR A AR R B (R 2) .
A5 R R R R Y 2 1N 2R Ta] Y 3 15 I e/
(0.019 5) , e Ky a5t AL B 2 IR 46 P b S R 48 B
SRR PG ] g R R 5 A R B R I R 2 )
(0. 118 1), Hy 24 pg rh B R AR R W FP 52 M . = 5

IE DIPTSR RS eI Al T U= i A L Dl T
(0. 117 4) , n] DL AR g v i i 4 g 1 -5 4 g o B
EARIAL e iU EUERAE SN PO L )
SR Z ] AR IR . BB AR S R G
KH KRR B SRR A G185 R R
A SE MR LA, RIS T R R

®2 MREBEMREES

Tab. 2 Genetic distances between taxa studied

AR TR LA SN . AR D R A

e ZH KSR R T
eSS . PG A LA
. Guizhou, Yunnan and Central and western . .
Taxa studied . . . . Crocidura vorax ~ Crocidura rapax
southeast Sichuan lineage of Sichuan lineage of .
. . kurodai
Crocidura rapax rapax Crocidura rapax rapax
AR PRI R LA SO L S IR S R
Guizhou, Yunnan and southeast Sichuan lineage of Crocidura rapax rapax
T R A R A 1 PP R A AR 0.0195
Central and western Sichuan lineage of Crocidura rapax rapax ’
ﬁfﬂrﬁﬁi@fﬁ’ﬂ 0.1089 0.1101
Crocidura vorax
14 £
R L 0.1174 0.1181 0.1170

Crocidura rapax kurodai

2.3 g b

HAMZ I (K 2) B 5 2GR T LRI
GOESE SRR RN A sl I e R DT B
R X RN vas R b (T ESh U R R 2R
RUA] R BT 48 K FR o A2 rg B R AR e I
DU e PG R 1% 2R AL T R A 2 B R AT LT, 4%
AT Y R R B 2 S R ER R A T — A%
AR o PO R R R SRS AL, T A R
J5, RIS 5 A v g 4 R S EL A A 1 ) 2%
KFR . AR PR & AR B SR A T A 4%
Pl b7, R B 5 4R R v g R A g 2 D B
MM LR, PAMERINE RS RELT LR
FNBEIE B I 25 3 — 30, Rk A T HIE M
JEERAVRE A SRy b S7 A A L B 65 9 K R R
2.4 BHEZFEERID RS

UETREKRE KRR L HEE A A N4 5 B
(25 SRR SRk 1 5 78 (A2 B BT R AS Sy 2l ST )
F LS, B 5 VS K BRI . AR5 X AR b v RE
RE B WAL S OREAS (324 ) 3R AT T 18 4% ZREE I
Ii LA RSN A 0T . AR RS T BR R Y Cye b BRI 27
G124 1 140 bp , 4 FIAZ 1T FRBREE & & 19 F- 3406 53501 R

A=29. 6% ,T=31.0%,G=13. 2%, C=26. 2%, H:"H T {1}
S, G IS E AR, A+T (& &N 60. 6%,
BT G+C A (39.4%) . JFH4 & 68 A8 S+
57 5., A 45 A T8 2945 AV 15, (parsimony informative
sites ) fl1 23~ FRAR 5237 15, (singleton variable sites ) , 28
S R RSB 5. 9% , A R AT AR R
e B R 1R Z RS RO R 3. ER R TR
WAy 32 AN REAS TR R B 23 S PRSI R AT R 2 REE
0.012 85,

A T BRI Y Tajima’s D 455 (D=-0. 542 1,p>
0.100) R AR H N HAMH, Fu's F. 45 R (F=
-3.771 0,p=0. 014) 2 B EVEFAE (K 3) , rh PRI S
SR AR EE TR RI I T R R AR LAY Ik . R A
FETC A3 AT 7 VR R RE D) s A T ARG, AL A e v B
W TC 202 2 0t 28 (181 3) |, 15 I 42 R rp B R 30 39
UL T AR 5Kk B E A R SR ik

3 it

Tokuda % " EFRE G 2158 E I T AEKE
JB . Kuroda K £ 15 4 J2 B3 Wi 4 A e /)N JBF i) (C.
horsfieldii) W —MEAN, IF HUAWI B 7E G5 35 H
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Fig. 2 Median-joining network of haplotypes (number of mutations of the shortest tree =330)
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Tab. 3 The genetic diversity indices of Crocidura rapax

MRS R

The genetic diversity indices

&R R R
Crocidura rapax (n=32)

Cyt bFEFFFN G E /bp Length of Cyt b gene sequence used
LS Number of haplotypes, &

£ 25450 2580 Number of polymorphic sites , s

AR %2 250 Haplotype diversity, h

WAF R 22 5 F-49%0 Average number of nucleotide differences , i
AR Z R Nucleotide diversity, 7

Tajima’s D

Fu’s Fy

1140
23
68
0. 980
14. 649
0.012 85
-0. 542 1;p>0. 100

=3.771 0;p=0. 014

SRAN S Jameson SFUTE AL E B BRI T RN
W4 55 b — SRR (C. h. kurodai) . Fang 520 4R P&
FEAS2E RT3 , KB C. kurodai 5 F5 /NEF ITEAE
25 INH C. kurodai NST R, Fang %" FLUCF)
B # A AL 38, AR B 1 R B i A 2
i, ALHE 3 A . C. tadae kurodai  C. t. tadae . C. t.
lutaoensis. ITEEAE B A AR 2 SCHRB X L2504 T 6
TS R JFL ] 30 K% 5 %) JBS 0 U 288 T A P R R - 5 rh
Fh(C. r. kurodai) 2% 5 WFH (C. r. lutacensis) =05,
Pl (C. 1. tadae) > . AR RGKRE LR e
PR AT A 2 S A B 25 SRR SR A SR IR

K A 55 1948 R R RO A DA S R UL B
B KRRER. ABFTE S RS A ST &
TR R A g ik S 0 4 L, 8 R R R T
BAT AL

AT b BRI > RPN AR B v RR BD E
Mg U ZR R BT 3 22 A0 g v BB ) 1 v
AR TP d b R K R HED R K
AL E T 5 B IR 57 B SEL B 1 FH 45 i o B
Yo MG &R o ABETEARBERAFIRE R P
I R R RRAS , 3 46 b dul A g i B BT 11 701 2R 2 i
PR ) AT T e — 2D T
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WANG Y X. A complete checklist of mammal species and subspe-
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Fig. 3 The observed pairwise difference and the expected mismatch dis-

tributions for Crocidura rapax under the sudden expansion model
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