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A long distance colonization event of Chinese endemic bat Myotis davidii. YOU Yu-yan', DU
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Abstract; In order to reveal the population phylogenetic relationships and colonization history of
Chinese endemic bat species Myotis davidii, a total of 126 samples from 14 populations in nation-
wide were collected in 2001-2009, taking the mitochondrial control region as the molecular mark-
er. Based on the TCS network diagram of the mitochondrial DNA control region sequences, the 14
geographical populations were divided into three geographical regions, i. e. , mid-east plain region,
southwest plateau region, and south hills region. In the 53 haplotypes, the No. 14 in Zhejiang
Province, No. 47 in Guizhou Province, and No. 50 in Guangdong Province were the ancestors in
the three regions, respectively. Based on Geodis analysis, mismatch distribution analysis, and neu-
trality test, the population expansion events were found in mid-eastern plain region (76.12 and
79. 17 ka BP) and southwest plateau (69. 12 ka BP). In 61.24 ka BP, a long distance migration
event originated from the southwest plateau region to the mid-east plain region occurred. The evi-
dences of molecular biology, bionics, anatomy, and aerodynamics all revealed the long-distance mi-
gration capability of M. davidii.

Key words: endemic species; d-loop; long distance colonization; demography history.
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Hh 5 HAth i A 3h 9 TR [ 4 2R 4k g sl TR SR
P e LA G LA B ) B R AT AT S AN
SN RATRE 1 SR AT, R DG H AR g s A 4y
Az AR SCLL miDNA /B2 FARic, BRA K
LRI 3 AL 2RI | T 45 35F ob i ST T Lok K T B
I e 4 I 1 A E = B HE T R A

1 #REFEE

1.1 FEACREE

30 X R A i R T B R R g 4
AMNESAE T/ (2001 -2009 4F ), e 2805 10 4, Bt
14 A EEADEE (P 1, 1), FEAS RN F GG 5
FLAS AT BB A T AP 5 ORE ( LA 3 mm) . R
LRI FLEREAR ST 1.5 ml AUBERI B DA (-7
T 100% W TC/K CBEGS  N T 50 LE il .
1.2 HAY R BeryaRis

FIH 51 % % P (5°-TCCTACCATCAGCAC-
CCAAAGC-3") Fll F (5’ -GTTGCTGGTTTCACGGAG-
GTAG-3 ) X} mtDNA 48X [( HVI) #1794, PCR
LSRR 25l SRR 30 ~ 50 ng,75 mmol
- L™ Tris-HCI (pH 9.0), 50 mmol - L' KCI,
2.5 mmol - L™" MgCl,,20 mmol - L' (NH,),SO0,,
0.01% (V/V)Tween-20,0.2 mmol - L™ dNTP, 5|4
10 mmol + L' 1 UM TaKaRa Taq DNA % 5 i .
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Fig. 1
davidii.
FREZ PRI WL 1. FRER/ N DR R R/ N . V0 R 22 R A
5 B A A SR SR A O [R BR  f J SR  A 3 A
[X 35— ([l 2) The names of populations were shown in Table 1. The

size of the circle represented the number of individuals in each popula-

H T AT R T B ) 14 S M B

Fourteen populations of the Chinese endemic bat Myotis

tion. The haplotypes were shared among Jiangsu, Anhui and Yunnan
populations. Circles with different signs in three regions were consistent
with the results of the nested-clade analysis (Fig. 2). 1 :F§ /7 BB X
South hills region; I ;1 Z4<#BFJf[X. Mid-east plain region; T . P4
JE X Southwest plateau region. TId] The same below.
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Table 1 Sample size and the numbers of the hyplotypes of
14 Myotis davidii populations

P ) G5 FAR RO
Province City/ county Abbrevi- Samples Haplotype
ation No.
ZH Anhui S Chaohu CH 7 6
Y Anhui FEi#) Wuhu WH 7 6
VLI Jiangsu H2% Yixing YX 10 3
Wil Zhejiang  HTM Hangzhou HZ 17 13
YLPY Jiangxi H-XI L Jinggangshan JGS 11 8
EWS Chongqing JFE& Kaixian KX 2 1
HE K Chongging H % Wulong WL 7 1
17 Hunan 1 Jishou JSH 5
FI Guizhou B X Zunyi 7Y 13 6
2 Yunnan B3 Simao SM 13 2
2:F4 Yunnan ¥ Kunming KM 1
= Yunnan YT Lijiang L) 6 1
IV Guangxi AR Guilin GL 7 2
J" % Guangdong )M Guangzhou GZ 14 4

NS N R R AR P94 C ,3 min; BN
94 CAEYE 1 min, 72 °C ZEf 1 min; 40 1FF;
72 CHEMf 10 min,4 CHRAF. FPGILTGH, BT A PCR
SN REST A5 MR,
1.3 ARG AKFHE

H1 T 55 A ZR VLA M (] A4 B 22 S 852, S
A i 55 A0 SRS R 5, il S
— PR RE 1] 5C &R B9 AT 5. AR SCE X R T B - i
mtDNA #5722 X T(HVT) iz F 5 20 2 A 2 [ 31
FR IR IR T B E R AR L0 D sk A T A
NCPA ( automated nested clade phylogeographic analy-
sis) AT G T 84 TCS 1. 21 A Geodis
2.6. 31t TCS 1. 21 /bl i 8 29 iy ge it 53807
A EE HVI 197 571 19 45 5 R 2R (95% 15 X,
CI). 1 A/ Bl 2R Bl AR Ay 26 TU SR A, 190 245 &1 o 1 1A
B FOIR G R AR PRI 73 4 D 4t g R e 3
2R AT 4%, Geodis 2. 6 4 F T K 0 2R 0
SRR IE R OC 2R | 2 AR e ik A A
SCAG AT RN S R R A B A LA S B X T B
Geit i 2 P 40 A, T Sk THRRAS 1 A 3R
et AT sk SR A
1.4 FREED 5K P sL A I

AR 5 S 308 2o B TR A e A R e P A
AR M. 8 E 43 AR 43 B 38 1 Harpending ~F- 1 8 %4
(raggedness index, r) MM 22FJ5 F1 (sum of squared
deviations, SSD) 1 B &M BUE AT 04T, 5w, 2 r
F1 SSD {H 1Y 5 2 1 P, il Py, >0. 05 B, FFS& FIHED
KA RY. A 56 L JC BR AL A Y (infinite site
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model ) N HEA 154 Tajima D A1 Fu Fs {H 27 0%
TREE <07 24 Py, Fl Py <0.05 I £F5 RS sk A,
FiED™ ok i B ()3 o %5 20 7 = 2uke EATITEE 7
KA LR Y IR S ) S8, WA IR AR Rk
RREATIR T HNEL ¢ I FhEEY 5K B[] ( AFE A T4E R
A B ka BP 7R ) . [RIBS X RREED 5K B[] 19 95%
BEXUAT R, 80 074 (Ma) B R R AL %K
() K 20% . WEFPRE A% T IR Z2 MRk (r ) FH A 2
ZREME Ch) SEAT T LA AP sk A I A st 4% 2
FEMETF R4 % ARLEQUIN 3. 1.

2 & R

2001-2009 4% Ik T3 R H- g A 4 8 A &5 2R 3R
B, R RCE C /b, Holy 20 Y Bl R i B 40

fiicsk.
2.1 HARBEH

BUEC 8 J W HVIL 33407 81 bp MBI &
JP8 A B, T R T SO AS [ b B
W R R I ARBEGE T LASIBR . it X 14 4~ H
HFPRE 126 HOR T RUEIEFEAS HVI(340 bp) 195
BT, G55SR R 53 A PRAR A (3R 1 SRR SRS,
GUO013475 ~ GUO13527 ), Horp 5 A B3 80 e 491) oy
67.9% (28. 6% HIANA) ;17 A FAAZ IR Fipe py Hh
(69. 8% HIAMA) |5 A BAAG AUTE AP ] HL 52 (38. 9%
AR . BT  TR Z e () 0. 062 +
0. 007 , BARERIZ AN (h) SN 0. 997 £0. 127.

Xof 55 3B R ] 249 X 45 A3 A 2R A T 43 BT, A5
3 AN AH I ) A R 0 4% P (T2 ) ARl AR M B

4481 Levell @ CH JSH  GZ 10-18
— &Y 1evel 2 WH @2ZY GL
-- A3 Tevel3 | HZ/YX © WL

— %4 Level4 KX
455 Lovel 5 @ JGS

® YN/YX/WH

2 BT ) R T B R R A S T 1 SR T 45 4

Fig.2 Nested-clade designs on Myotis davidit mtDNA haplotype parsimony network.

ANTRN (AR RN [ bR 5 A [ A 2 AR 2R 25 AT Y SRR OC R IT R (MASEER 1 2R 5 R B AT SRR R I 20 ) 5 N5 BRI
R, AR A (9 B AT AR — R BRI ) 2 A 5 BRI 11 R/ MR SR 222 PR Y 19 S R85 R 44 3 UL 3R 1. Haplotypes in different popula-
tions were in different colors. The lines in different types indicated the genetic relationship among haplotypes ( The genetic relationship among haplotypes
was moving away from level 1 to level 5). Each line represented a single mutation, irrespective of length. The size of the round indicated the number of

each haplotype. The names of populations were shown in Table 1.
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FRAE Bk 3 A X343 00 i 44 R oh AR T JR X (A
6 AR PURE R IX (LR 6 ANFREE) MR
FEBEIX (AL 5 2 ANFEE) . X 3 A X k43 54 75 33,
14 16 AR AL ook B @I (HZ) B s
R 14 SEIME SL(ZY ) PRSI 47 FART M (GZ)
RS A 50, 3 551 S v ZR 91 JE DX P e e Dt DX
5 B DX AR S B 80 rp 4R D IX 9 22 TS
WICWH) FLELHT (CH) B 545 BUTE LR I 2% 151 117 358
AR R (R 52, 8 2). FEHR AR
DX VPG FIAT VLA A — > A5 B 55 L B0 A~
PSR G R 500, Ho YTV I XL (JGS) Y B
Y31 5@ 3 S AR T R S RS (WH) 1Y A5
R 12 FHIE (ERAE 32, & 2) . WiV IALIH (HZ) (5
581 25 S BRI (CH) Ry B A 20 (Bf AL 3-5) R
AR —E (PEARA 2-7 18 2) . R 2R IR R X Y H Ay
PO B AR TE AR 5-1 th. PTG I N Y A
TG 2 B A (SM L) KM ; 4k A% 22 &1 2) 4, &%
T i A5 70t BR G RAE M BER B —E
AL BT B XN PO AERR (GL) AR5 1Y 49 il

K2 Geodis 7347 Xt F B 7 S 4 B0 A&

48 5K (GZ) AR AL 50 F1 52 MSRZ C R
2.2 PPtk Iy s A

Geodis ZMAT R (3 2) , W 2R Jt XA F i
Pty ok A & A e AR 51w iR bR 52
G0 2] Fob A ) B S k. VR e DR X R AR R 42
205 TR IE S R F, dE R 3-3 I MR
o T T S R a7 PR LA A ) g s
T,

T8 3 BE 4 AR A B AR PR B8 X Geodis 43T
() 7 S AT — ARG 45 SR I | TR AR R
X AR A 5-1 PG R i J DX B AL 42 1Y) Taji-
ma’s D fl Fu’s Fs FAEI M B E M RE(E3),
U LH DX 353 o B ST A A S AR TR R G % A
BEY SR F. ARYE A T 4E (Ma) 20% BT R 2878 R
() XFRREED SR i 1R AT 1T 5, 45 H AR J X
A 5-1 FNVE R g JE X A AR 42 19 Tkt
6] 4 9 K 76.12 ka BP (95% {5 X 173.87 ~
45.81 ka BP)F161.24 ka BP(95% E{51X80.99 ~

Table 2 Geodis analysis detected the population historical events

X3 AR AL HE A 3 s =
Region Cladogram Permutation Probability Historical events presumed
X statistic

FPARSE R X 5-1 11. 48 0.003 " ABIL X I AP K Contiguous range expansion
Mid-east plain 52 8.69 0.017* AP B 5 15 28 95 Population isolation by distance events

JMA Total 26. 89 0.324 ToHiE 455 Inconclusive outcome
VU 1 JRL X 33 14. 00 0.046* b B O S B DR VAT AZ FR Restricted gene flow with
Southwest plateau isolation by distance

4-2 7.54 0.029 * K s m R Sk Long distance colonization

JBAE Total 19. 49 0.072 ToHf E 45 5 Inconclusive outcome

B 7 FBZ X South hills SR Total 2.92 0.430 ToHiE &5 5 Inconclusive outcome

* P<0. 05.

x3 KRIREEMEY KEHEN

Table 3 Detection of population expansion events of Myotis davidii

X 45 AL Tajima’s D K5 Fu’s Fs K46 HEHC A A 34T T t(ka BP)
Region Cladogram Tajima’s D test Fu’s Fs test Mismatch distribution  (CI=95% ) (CI=95% )
analysis
Tajiam’ s D Py F, P, Pssp P,
R IX 5-1 -2.12 0.01 -3.28 0.01 0.55 0.49 10. 37 76.12
Mid-east plain (23.65~6.23) (173.87 ~45.81)
52 -1.53 0. 06 -2.57 0.40 0.02 1.00 - -
B Total  -2.10 0.01 -8.86 0.03 0.33 0.28 10. 77 79.17
(23.82~4.26) (175.17 ~31.35)
PG R e R IX 33 -0.46 0. 84 0.15 0. 06 0. 04 0.14 - -
Southwest plateau
4-2 -0.15 0.02 -15.09 0.02 0.43 0.21 8.34 61.24
(11.03 ~3.65) (80.99 ~26.78)
B Total  -0.59 0. 05 -21.98 0. 05 0.16 0.08 9.40 69. 12
(13.08 ~4.77 ) (96.18 ~35.08)
P 7 Fe g IX BMA Total  -1.40 0.08 -11.08 0.20 0. 04 0.23 - -

South hills
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26.78 ka BP). Ak, 38 4k 5 HC 20 A 43 B R e A 6
Xt A ISR 3 A K IEA T R ED TR | 45
TR P AR D DR PG i g JAL X 0 ) R T R
ook, TR 2300 R 79. 17 ka BP(95% EAF
[X.175. 17 ~31. 35 ka BP) #169. 12 ka BP(95% &{51X.
96. 18 ~35.08 ka BP). 45 X Ik YR LD TR A ] FL T [X.
B R S A E /A i 1 B k2R on (X | I N
P, Al P (EAE— L BGE (32 3) . 31T Geodis Al AT
G AT R AG BG 10 25 545 T AR RLRG AR D s
FRTI A EE SR s H 3 BRREED S0 A0 8 7 I A A
N B 7 B DX R AT AT g s .

33

BT T UK A 0 5 28 T A58 DU 20 19 1y 50 gk
R0 A Hp s T SO TR PR -] PR 0 2R
EL X AR 22 Pl ) Rl e 7 ol 7= A T IR R i
Qb T (] — s 30 1 e [ AR A i 8 0 o R T B [
FEAb3Z B KIIE IR | A5 U ) T R B b 34 1) 5%
M. 55 K BVH-08 ( Myotis myotis, VY% IR Z Mk
2} 0.006) "7 1 58 PG & K B W ( Tadarida bra-
siliensis mexicana, ¥ Y B W R 2 M = N
0.045) "R H, K TR B HA 0 R
FREMENE CFIIAT IR ZHE1% 7 5 0. 062 £0. 007 )
FIBAAEI ZREVE (0. 997 £0. 127) , 3% — 45 BB 7R K
PRESRZDT TR r s s .

SR I A [R], K T RCE AR D s R S
TG Bl A A LR s R R R AR
JRIX K RS B2 7 T R sk 4. Bk
FFAY B & AR 24 76. 12 F179. 17 ka BP($ 3).
A TR R AR A TR RA AL T BT A TR R R
WRIATVKIA (130 ~ 75 ka BP) ™). iy T &) vk i <R T+
=, S EK Rl e V- 1 T Ab T X
AR X 28 17 T BOR KA ) i 4= A S BUE S
RS kAE i 3 a  E R P U A A AR
HET SRR A A K VR IR 4R
TR i I o B A 4 AR L TR
B S T R R C el A N R WER I
IR D X 2 A 1) A3 X B B R, S S0y
Mrats e B, Fp AR - D X7 45 A (] 22 B0 A5 A5
FHEIREM I 2) , 2D W R O LA R (41
JE AR ) Sy rpus ) A AR T X P AR

TEV I i R IX, K29 61.24 ka BP K4 T KT
BEU B A B 11 B B A R R (6 3) L X IR B
R AR A0 T R UK LUK B (72 ~ 60 ka

BP) " K R UHR I 7 7H R e SR X 2 R A R AR
S DX L BRI - VT B SR ) AT 21, 4% 194>
PRILTE T 2 A BAE AL JE Bl AR BN 34 B2 53 A1 1) IR
% 3% 5 e E B Py oA B2 R B e 0 iAo
SEEARAL. MG HL ST A Geodis 173 BT 45 5L, #E
N R A B R 050 S T 7 i v i XA X v v
P X (1000 ~ 2000 m) , & £ 55 A% & (200 ~
400 m) FFP AR FRIE IR X . AME DR 28R P AE R R 3 )
PR3 TR TS B CH I ) B R A R B Dy s SR ke,
MAMEF R, P4 Rg = X (72 ~ 60 ka BP) A Xf
TARAE 1000 ~2000 m, AR 26 FE P -7 Js U fie.
i 200 ka BP DLk, PURg @ R X BT 48 2 ~ 3 UK
1 (A B I B N 72 ~ 60 ka BPYPORR
VKA UK B, S TR v 5 B0 A 4 v 1) Ml IX 25 4k
T, VU R e S X e TR M X e S A7 B i
R 3 Pl AR [ IR A DX 2 ) AR R
SR X A7 A B 5 . 76 48 .22 KUY (East Asia
Monsoon) HJYE H T, 1 25 &5 F J XA 068 i B2
T S HAL X A e, FREE AR RN 3O
HE 2l W) 7E VKO FE Y 09 S S R AR BE T i A
JIEES )G R A T 4 SR L, R T R P R X
BRI LD T KBRS HE B K
IR (10. 70 ka BP) AR 20 7 AR BLB) BF 52 X 35
W, 1%25(0.2 ~0.4 Ma) ™ RS (0.012 Ma) ™' 1Y
i QIR 1R B N R R AN E R G LR S B 4PN
RI5 , TR T CE g (%) 38 780 EL A G 3 48 IR 3
JRAEECA R AL M AT B T K BE B kAT
it F3 00 )RS e A P 2 T 5%t 2 B AR
PR W s PRGN ) 4 5 o R X o )0 i 0 7 A %
RE S AMEAIL I I L AT 5K W i B 5L 8 4 g
TP BRI R I , BN e N B EE ( Myotis soda-
lis) 12 o i i ( Vespertilio murinus) P HFE K B
FEME ( Lasiurus cinereus ) ') 25 i % B} s 15 14 2 A K
BB AT HIRE 1 (GERSIE S 400 ~2000 km) . ASHF5T
R DR IR KBRS s R E k8 Tk
2000 km.

— Lok, R = A K R R AR S
SEREST, WK B B I A G .l A SO a1 2E W)
DL KR B AR 2 e 2R s Ko
SEOVEETE  UEW TR DR R B KR TR
HEJ].

Bt Al r B A I LSRR S A AR P e Ao
5 B EE MR LESE P AR T
ARG TR B, Bl T3 L3P B B 69 ).
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