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Abstract: Phenotypic plasticity is the capacity of individuals to modify their phenotype in response to environmental
changes. Fundamental to the way in which organisms cope with environmental variations, phenotypic plasticity is associated
with all types of environmentally-induced variations, including changes to morphological, physiological, and behavioral
processes. The skull morphology of mammals is the most important phenotypic trait, which changes during the evolutionary
process. The Chevrier’s field mouse, Apodemus chevrieri is a nocturnal and species endemic to China, and originated in the
Palaearctic region. A. chevriert is mainly distributed in the Hengduan Mountains and nearby regions of China, including
Zhaotong, Kunming, Lijiang, Dali, and the land around the Lancang and Nu Rivers in Yunnan Province. A. chevrieri
mainly inhabits farmland and its nearby shrubland, and is one of the main natural foci of plague in the Hengduan
Mountains, which is a crossroads of species dispersal. The boreal species of the Palaearctic migrating southward, and
tropical species from the Indochina Peninsula migrating northward, and thus is an area of interest for biologists studying

mammal diversity. Meanwhile, the Hengduan Mountains are located in the west of the Yunnan province, where there are
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many mountains and canyons. From west to east, there are dramatic changes in environmental conditions with changes in
altitude, and noticeable changes were observed in the zone and non-zone landscape. In order to adapt to the different
environments, animals inhabiting the area may exhibit different phenotypic variations, so A. chevrieri was employed as an
ideal model for examining the relationships between phenotypic and ecological adaptations. The analysis of morphology is a
fundamental part of many biological studies. With the development of more sophisticated statistical techniques, the
sophistication of analyses of these types of data also increased. Since the 1980s, there was a fundamental change in the
nature of the data gathered and analyzed, as scientists began to focus on the coordinates of landmarks and the geometric

" revolution" in morphometrics.

information relating to their relative positions. Geometric morphometrics, was hailed as a
Morphological divergence among taxa was estimated quantitatively by analyzing the outline of the mandible. This method
treats the mandible shape globally, and provides continuous data which can be used to compute phenotypic distances. In
order to study the microevolution of species in the Yunnan province, with its special ecological environment, we applied
geometric morphometric methods to the study of skull shape changes in different areas of A. chevrieri distribution, and used
mitochondrial cytochrome b (Cyt b) gene and control region (D-loop) to investigate the gene type. The results showed that
the Kunming and Hengduan Mountain populations ( Zhongdian, Jianchuan, and Lijiang) exhibited obvious morphological
and genetic variations. In particular, the dorsal and ventral of skull in A. chevrieri rarely overlap between the Hengduan
Mountain populations and the Kunming population, with large variations between two populations having been noted.

However, the side and lower side of the skull showed no significant variation between populations. Therefore, this study

indicates that A. chevrieri in the Yunnan Province might be in the process of undergoing ecological speciation.

Key Words: Apodemus chevrieri; skull shape; geometric morphometrics; genetic diversity
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- ERI TSRS D S A4 1 25 T A — 2 R L S W AE X W R 1 s 0 B R RN A A
S RN 15 2 A ) R BR B B E T A 3245 a5, RS I AL AR BE IR F B ARSE Y Skl TR S I 98 AN
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P Rh S0 RIS S L R RS AT SE
1.2.1 Sl Rk g A R

Cardini 25" $2 H VR I A — 25 MR 2 REREAR K/ INIHAT AR K A0 R 0, (B ZE IR 55 R AT 25 5] 1) LA 8%, AR
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Sl KR ARSI 4 G LU BRSk B 2T F R I SE BRI A XA R IR AT T AR e (B 1),
TPSDIG2 X IR I R A TR AR A B, U S B - A AL B ARAT A L 1) A A 5 . i G B
AT L Rk B RS S A A — U Z5 A A Thm I, X R I SR AU r e ST B S N
PRUEFARAER I, B PRIC I W — AR EFRiC 6 W UAL, BT 2/ 38 E A pn 8 i H T Ia m i e dr, R
HIE)J2 GPA (generalized procrustes analysis) , BV e/ INIE 7 AL TR Rt S50, N ITRE FEbm a5 A Jm ik 4 7
TN, AR TR AL

E1 SUERLSEE(a) KEEE(b) SKEME (c) R THEME(d) FRmtRic B
Fig. 1 Landmark configurations on the dorsal cranium (a), ventral cranium (b), lateral cranium (c) and lateral mandible (d) of

A. chevrieri

1.2.2 Ll B R R Ak 3

AR HRARAT (=70 °C) BYJHFBERR A S B ZORLA DNA ( Deoxyribonucleic acid) , Zk K& DNA Y £2 BCR H
13/ A7 0 B AR B R 41 DNA

Cytb 1) PCR( Polymerase chain reaction) 51#J% H] Paibo %5 Fl Trwin 252 48 R FLEh4) Cyt b 3@ 51
Yy 114724 F1 H15915, 5978 w5 KB N4 FERFH] 1140 bp; P 1A R A 50 pL, P& A 10xBuffer 5 pl, 10
mmol/L dNTPs 1 pL.10 pmol/ L 51445 1 pL.25 mmol/ L MgCl, 2 wL.2 U Taq M1 50 ng #5471 DNA F54 .
P18 5594 CHAEYE 3 min; 94 CAEME 30 5,51 CiR 2k 30 5,72 CLEMH 1 min,30 MEFF;72 CLEMH 5 min; 4
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CLAE RN, L8t Rl 28 6 BEOR R PCR 1542,

D-loop &K A5 [ ¥R #iE Bellinvia T %38 Wi FUR (5L 4515312, R A Primer Premier 5.0 {4k 58
Mo T RN 905 bp,

D-L.5-TCTCAGGGCATCAAGAAGAAGGA-3

D-R:5-GAT AAATCCATCTAAGCATTT TCA-3

PR 2K 50 pl, Hh &4 10xBuffer 5 w10 mmol/L dNTPs 1 pL 10 pmol/ L 5144 1 wL .25 mmol/
L MgCl, 2 pL.2 U Taq H§H1 50 ng 2247 #) DNA Ak, §7 34550 .94 CHUZEYE 5 min;94 CZEPE 1 min,52 CilR
K 30 5,72 CHEMf1 1 min,30 MEH ;72 CHEMH 5 min;4 CLA AR,

P48 7y 22 BRI H TR I | BH PR 235 SR ] Glassmilk DNA - 44k A1) & (1R 22 7 Ak g L 1A
HEARABRTAEA D) SEATHEIRE I 2k, DBO™ 9 B A S T A AR 2% % 5 A A ) TR A R R
1.3 HdRab

ARFEAARE S ClustalX BT HOXT, 2 05 647 40 M €0 % R 80 g il X RS0 9F4%, 76 MEGA 3.1
kb 81 Kimura XUCSEOE B850 | LI4R 31 ( Neighbor-joining, NJ) BE RS KL F , IFNH 1 000 [ 2
K56 ( Bootstrap test) fli T 28 GE M 4 A () B A5 BE 5l 1 DnaSP 4.0 BAFGE 4 FRER A5 B ZREME FEAS
A A TR FR S YA 1 R 25 S A% IR 2 FE e ; 78 ARLEQUIN3. 10 %5 4 rp 47 56 [H 43 1k 2 88 ( F-statistics
Fst) FIAPEEE] 81 734 22 5 1 40 #T

JH Morphologika2v2.5 B4%F TS A5 40 24 7 oA 25 3 B S SE 1A 43 . 1 SPSS15.0 4k B 5 10 MBI
AT ST A0 T 1% B A B A R T A 32 MBS A AR BT

2 #R

i MEGA 4 #4F &8k (ND) M@ 48 (181 2) o 55 B/R ARSI I RE a0 R o8 — 32, I F M i
1B 1) BRE U FR (Apdoemus agrarius ) 554 & Rl , H A 3B AR BERGS , B F 28 K2 5 ( Bootstrap ) 247 1 000 YK
25 K6 A5 2] ) 032 52 0 S A T o B v VR LR 4 06 R A, B AT LA W ASBIF 92 00 1 2 v L i

lijiang-26-57D

31 I kunming-2901D

33 |_jkunming-2803D

2% 9! kunming-2602D

suhe-2315D

98 I kunming-2703D

kunming-2902D

kunming-2702D

kunming-2603D

91 kunming-2802D

80  Jianchuan-003D

dali-0801D

lijiang-24-32D

lijiang-22-09D

78 67 | lijiang-24-29D

A. agrarius tRNA-Thr + tRNA-Pro+tRNA-Phe

58 A. peninsulae tRNA-Thr + tRNA-Pro+tRNA-Phe

A. mystacinus tRNA-Thr + tRNA-Pro+tRNA-Phe
A. sylvaticus tRNA-Thr + tRNA-Pro+tRNA-Phe

A. hermnonensis tRNA-Thr + tRNA-Pro+RNA...

100 31 A. uralensis tRNA-Thr + tRNA-Pro+tRNA-Phe
) A. flavicollis tRNA-Thr + tRNA-Pro+tRNA...
99 A. alpicola tRNA-Thr + tRNA-Pro+tRNA-Phe

A. speciosus tRNA-Thr + tRNA-Pro+tRNA-Phe
M. musculus domesticus tRNA-Thr + tRNA-Pro

62

100

99

0.02

B2 ETF Cytb EFFI D-loop FFI#IE R NJ 43
Fig. 2 NJ tree based on Cyt b gene and D-loop sequence of populations in A. chevrieri

(#5973 L WEF M Bootstrapl 000 MIEFR Y A 28 KL 50AE ; B bR R /332K A A5k A GenBank 54 1% )
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Fig. 3 Plots of principal component factors 1 and 2 for dorsal cranium of A. chevrieri
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Fig. 4 Plots of principal component factors 1 and 2 for ventral cranium of A. chevrieri
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®1 ET Cytb EE D-loop FHMBNERMRREESHLE
Table 1 Variable sites and genetic diversity based on Cyt b gene and D-loop sequence of populations in A. chevrieri

A VIR R R

Fh K AR R AR ZHEE
N . Number of L. Average number . L.
Population Number Haplotype diversity ) Nucleotide diversity
haplotypes of differences
i) 3 3 1.00000 7.33333 0.00644
el 2 2 1.00000 1.00000 0.00088
[ITRAN 5 4 0.90000 9.60000 0.00843
E] 8 6 0.89286 7.21429 0.00633

e EE R SRR T LL AR (Fh ) S01 YT 8], 3% 225 (Fst) 35 (P < 0.05) , BERTRAES (£ 2) .

K2 AE#BEZEREER (F-statistics, Fst) REBZEM (XRLT) FAEER (Number, Nm)

Table 2 F-statistics test for pairwise population ( below the diagonal) and P value of F-statistics test and gene flow four populations in

A. chevrieri
HIIX Area i il {1 B
i — 40.26316 0.68166
gl 0.00000( P > 0.05) 6.84573 0.48384
AT 0.01227(P > 0.05) 0.06807(P > 0.05) 1.81438
B 0.42314(P < 0.01) 0.50821( P < 0.05) 0.21604( P < 0.01)

BRI R G R 15 A PG BIAE NI A PP A B 3RO S (1 5) o bk ARSI LL X (o) |
TL SN M — 32, B IR AR 73 NS O 53 b — 5 (A TR 2% e A sE 4 (8D 5)
2.3 e LI R AR RS B Xk o 23 A

He 525 T Cyt b Fll D-loop HEAL I 573 M1k B 2 B 34T AL FHREAS (3 3) FEAR BY ] ) it Al O R 245
BT, 5 R T A L A A IR T A8 S A — 5 RS DG 2R, F i A R PO e ) ey L B e A LA
RIS S B SWA A T —E M5 (K 6) .

56 Jianchuan-003 x3 HUFFHNMMLBRESITHEBER
75 jianchuan-0801
94 | shongdian-2001 Table 3 Haplotypes based on complete of based on cyt b gene and
2 lijiang-24-29 D-loop sequence of populations and in Morphological variation in A.
84 L zhongdian-1704 ..
75 chevrieri.
lijiang-24-32 .
zhongdian-1703 5 KB A ¥ RIS B
NN . H =
kunming-2802 . Skull sample Molecular series )
Location . Haplotypes
lijiang-2315 analysis number
% kunming-2703 _ it 2008071703 ZD1703 Hapl
5 kunming-2902
39 lijiang-26-57 2008071704 ZD1704 Hap2
0.001 28 kunming-2901
28 {Elnming—2803 2008072001 7ZD2001 Hap3
i t a
100*—kunming-2602 B 2009092802 KM2802 Hap12
B 5 ETF Cytb EEF D-loop FF 5y H # %8 NJ # 2009092803 KM2803 Hapl1
Fig. 5 NJ tree of haplotypes based on cyt b gene and D-loop 2009092901 KM2901 Hapo
sequence of populations in A. chevrieri
#6433 L IIECT R Bootstrapl 000 AMEFRE) 146K B 1 P8 5 R 2009092902 KM2902 Hap8

FRIN IR

3 eSS

S B IEUITE R G AL R T HIAORL, AT RED HUE Z RS B A BRI RE R AL AR, A0 F S IHARER T, W IX.
S, A R v DX WAL IA) 9 R A BN R BT A A S Y (HL R A 4 SR TR R A T LA A
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LG T H 2 A Gl MR IESE T O A i sg AL SE AT e B, P52 A9 A [F) 4% S BUX LA B 25 F i) 12
BRAET A, L R B AR AR AR RIS, LA PR RR 5 B4 AR L 3 DX Hh s IX ) A T o
EEARA TR YN T, L SRR 22 5 AN, R RE R e LA BT AN 1 A SN A

56 jianchuan-003
75 jianchuan-0801

94 || zhongdian-2001

95 lijiang-24-29
84 zhongdian-1704
75 lijiang-24-32

kunming-2802
lijiang-2315
kunming-2703

99 kunming-2902

32

39 lijiang-26-57
28 kunming-2901
0.001 28 kunming-2803

100 L— kunming-2602

|7 L |zhongdian-1703

Bl6 SkBHAREET cyt b EEF D-loop FF IR EFEE NJ o (18 frimiLk 350 37m #2825 00 10 Y ST )
Fig. 6 The corresponding sample of skulls and based on cyt b gene and D-loop sequence of populations of NJ tree of haplotypes in A.

chevrieri. (Draw a graph represents the form of the corresponding part of the haplotype)

g Gonk ey Ll RS i O T R T 7 I DA R U T B Y TR 2 AR e A S IRAE AT A 4L X T RE 5
ey LA SV S b A R B R B AR OC S IR T AR AT UG S8 figp &/ S T8 25 0% JtT S A 5 i i) 40, /52
BT 7K AT BB AR BE /K A MBI S R IR A 56 20 PR BRI B 1 AS [ T e 350 e 1L il L s P TR S 2
A, AN SR ORI AT ()42 S Wi R S T B S R R L it DX 8 I AR v AR T R WL
e R A JB b Aty v D A IR RE 5 0 B ) XU AR AT - 3 W XA ) 5 s 5 Al DX 2k
oA TS B WM DR RE TS B K S AR 5 e L A0 BB YRR X A 5 T AR D L e XA R 22 K
TR o W AR IR R 2% X AT g BRI Bk SIS R AR R I R R 2 — AR
TUART I 2500 F22 A AT A TR 7 Lt DX () 01T VL) R S Y DX g Ll Bk B TR S AT T E SR, 45
R L Bk B RC ARTEMBEN A T 8 5 45 B SobiR s B prid s BIHIESE

M TR MR EE ARG ST PR 2250, T B A AR W R AT 25 & A A6 s R e o A6 5 B0 R
(0] S50 K DRI R 1) 22 S Bk M AR Y 35215 434K ( Genetic differentiation ) o FREE [R]85 4046 B RR 2 B FH 3L R 401k
FHL(Fst) FEPFE(Number, Nm) SEH8 bRl i, 36 o0k RN NI R Z s il 22 S R > 3
PRI 2R 7 AN R 22 ] R AR RS T 7 A A BE DRt 2, 6 2 3 IR e P 3 14 35t 4% 722 Ak, 52 e ol () ) A0 R 1
SREAE Y N Nm (BR3P S — S RO ET RS 28 50 — A T A Aoy 4 356 81 7 380 1 P A = A 114 35 PR O
g SR Nim> 1, F AR ] 09 JE R A AP 55 i BEURTRD8 A% S AR /1N 2% Nm>4 I RS ) (1 36 8 58
TR RT3, AL S AT /N s Nm< L BB AT E iy Fast AL 3028 i & 28 T o046 o AR =2 ] 14 26 R
A, T35 PR 23T R B K gt A B B A K st A% A O R B A /N Wirighe ™ 1) B 28 B 25 (Tsolation by
distance) HSIAS H AR FAFAEAE IE B e B G, RVt A% 531k i P2 B 23 Bt o by B 25 %) 18 fom iy 184 0m | A9/
ZHIFIESE TIX—He 7 AR5, Fse TS5 R B, L SRS A RR R 5 Hofh 3 S Fhe fa] i) 26 R 3
EARXSEIN, BN 4 DB AL R | B IR 5 HoAy 3 R ) 4 s PR s 5, vhfe) (G011 il
VL3 A Hb IR B 2 (BT, e BB 8 %) 0 A PRI 1) R/ N R A A — 7 R SAURH G, 33X P B 2 B b B 5 02 5
Wi £ AR () 3% AR I — N B R AT TS Y45 2R SR T Wright B9BF5E. (HARLE R b F1 D-loop A 1Y
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LS 45 LR DNA A 5 DR 2R 5 3 W1 s L A0 U7 A D L 3t B8l A R0 2 Tt B A ) 2B T
A1 3845 Ak, (EL B Y 2 8] Y HE A B AT B AR A , T RE R DR R JLA b ) 3 A JRG A2 Y b gt 1 20
A, R HE AR BIF 4 00 o ] Y g X134 v L0 B T R TE A T R AE 25 W R 1) S B B
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