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Abstract: The genetic diversity of 8 geo-populations of Lasiopodomys brandtii were analyzed using PCR-RFLP and se-
quence analysis based on MHC class I exon 2. The results showed that 6 alleles, 21 haplotypes and 13 restriction enzyme
polymorphic loci were detected, and 3 haplotypes were shared by all the populations. The Chi-square test results suggested
that the 8 populations of L. brandtii in the present study did not follow with the Hardy-Weinberg equilibrium at six restriction
enzyme polymorphic loci. Sequence analysis showed that there were 57 bases mutations. Haplotype diversity (H) and nu-
cleotide diversity (1r,) were 0. 746 5 ~0. 873 3 and 0.006 06 ~0.016 55, respectively. Phylogenetic analyses suggested
that the sampled individuals were clustered into three clades: populations of Xilinhaote, Erlianhaote, Dongwuqi, and Xiwu-
qi were clustered as Zone A; populations of Xinbaerhuzuoqi, Chenbaerhuqi and Xinbaerhuyouqi were clustered as Zone B;
while the Zone C was comprised of the sole population from Zhengxiangbaiqi. And this clustering pattern was consistent with
their geographical distributions. The result of AMOVA analysis showed that regional genetic variation was accounted for
64.08% of the total, intraregional population variation was accounted for 7. 78% , and individual variation was accounted
for 28. 14%. There was a rich genetic diversity among the populations of L. brandtii except Zhengxiangbaiqi population.
The majority of genetic variation occurred among groups and within populations.
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AR IR 1 B A 25 R 58, S ORI AR e
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A= W R 35 A5 27 BB R W, /NI R IR ST ) Fh R
K 32 B9 HOR BR O3 BOst 8 2 FEPE AT, 2 2=
BEHLIEEAS F T 25 BEHH 1Y 255 52 Rl T 312 2K 35 % 78
( Frankham ,2005) , Wang 45 (2011) £ F & T E#»
X NS 2R S BRAB IO | B L IR R L 7K PR e ik
FIIEAE I 4 A7 FC SR FRRR B 3 15 22 B 2 AT
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PR AT B AR A AL BRI Y 0 28 R 6
ZIETC 2 25 5, 4% FIRE N X 0L 2 5 B2 /N T
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2} Hardy-Weinberg “Pfij , 253K U] [ H s 4728
S FERAEAERNREP , o 1E B R A AR T 2
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PRG3R Jr 0 T3 o2 D PRRR Ak AR AR AL T A R i
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Fig. 1 Sampling sites of Lasiopodomys brandtit
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1.2 E[FZH DNA {2815 PCR § i

FH DNA SRR G HIBCEE 4, LA GenBank %553
5k AJ003232  AJ634270 . AF084934 U88933 ,M73960
BC132163 \K0012 (/F3IES %, it 1 X514 Liif
5[4 MF :5-GGAATACGGTACATCTGAG-3’, Fiif3|¥)
MR :5’-CAACTCTCCGCCGCACAAGG-3’; PCR Jx i 7E
PTC-200 #Y DNA #3434, PCR S AR F EUATH
F730 L, H i 1.0 mmol - L' Tris-HCI (pH 8.3),
I.5mmol + L™" MgCl,, 50 mmol - L' KCI,
150 wmol - L™ dNTPs, 5| #) 4% 0.25 pmol, 1 U Taq
DNA 4 fiff,30 ng DNA, JZ i &2 J% 4:94 C A5k
45 5,54 CHE 50 5,72 CHEAf 50 s, 2k 30 PMEIR,
PEFRRT 95 C A YE 5 min, A ¥R 5 4k 2k 72 C LEff
10 min, PCR ¥IH] 1. 5% BraA e fo vk il 3 1%
A TAEY) TR () ey A BR A W 3EA T IE SO
L3 [REERYIBES T

PR A DI Rsally B A9 THE (KGE) A IR
AH], BEOMA R TSR BT, BEY)
TR CBER 8% BRNEHHEEIC LUK HHIR, WUAREE R
1.4 HEHH

i SPSS 20. 0 Xf A U145 R FEAT N TG 11,
Clustal X( Thompaon et al.,1997) #47F#50 LA, A
MEGA 6. 0( Tamura et al.,2013) F R AEIIACE B A
12:(UPGMA ) Xif 2% Rl R 47 B2 40 #7 , | ] Bootstrap
Test K I e R4 BrlsgM:, Arlequin ( version
3.0) (Excoffier et al.,2007 ) %f J& K ¢ 51 dE 47087, ¢
T2 2547 5 %% (number of polymorphic sites,S) , Jf: 1L
Pairwise difference 43I 25 115 B4 8 Z #E44: (hap-
lotype diversity, H) %72 1425 554X ( mean number
of nucleotide differences, ) F1#% 1 g 22 £ (nucleo-
tide diversity,ar, ) , FPRESE F4) A0 b BRAK =y 38 1 iz AR
B F78 43K AMOVA Ak Al

2 #R

2.1 MHCOEEEE B FEYVIRBERREMT

8 /N7 FG I Bl M FRRRE MHC 28358 —4h i
+ Rsa | )34 2] 6 S0 HE R, 13 AR Y] £
AL ET 21 RS AL (R 1) ,3 DA AL 8
AFREIL S 2RI, 6 ANEEY) £ 287 5 1 3
PRI AST & Hardy-Weinberg V-, 1F 8 D
Frali G R AVIR 55 (0.064 5 ~0. 112 9) 45
AL AR (0. 016 2 ~0. 048 4) , HAl A4l
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*1 HERHERMHCIEERE R FEETIERED
Table 1 Genotypic of MHC class Il exon 2 from
Lasiopodomys brandtii after Rsa 1 digestion

BB RO HEU) B 2 /bp
aa 2 25/27/228
bb 1 102/159
ce 2 31/102/128
dd 2 27/102/132
ee 3 21/69/69/102
ff 3 27/35/48/151
ab 25/27/102/159/228
ac 25/27/31/102/128/228
ad 25/27/102/132/228
ae 21/25/27/69/102/228
af 25/27/35/48/151/228
be 31/102/128/159
bd 27/102/132/159
be 21/69/102/159
bf 27/35/48/102/151/159
cd 27/31/102/128/132
ce 21/31/69/102/128
of 27/31/35/48/102/128/151
de 21/27/69/102/132
df 27/35/48/102/132/151
ef 21/27/35/48/69/102/151

G F IR BT A 55 2 G 7 S P RUACR AR — 3,
2.2 MHCIHZEERE IR FFIIFH

8 b PP AL 460 H A (G H FLAG MHC [T 25 3%
B2 A8 P A 21 261 bp, SEHZEA S
R aa ENXF HRE S, 22 DnaSP 3 #r, B R F
FTCosHLas e, $h % B0 57 AR o7 o5, AR
AN 21.84% (1 2) .
2.3 BESWF

F UPGMA &%} 8 A~ A1 [ FH 5l B A 2R 1 7 2R
F AT R AL T MR 9 e 5 AR T VS A s U b
T A ) TE A AR 1 S Ak R R I ST i — 3,
AN TR XA HoAth 2 A4 DS AR B R B 4 T8
AR o Do S DX P VR BRI R AR S B
R HEFTPY 2 BRAR IO FERN IR B — > B0 3 B i
A5 32 5 57 F PR DL 5 VY e DX 3R 3 2 R R A
JHE T EL R A THE 5 Bk B R PR R TR B — A B T
IRy S . X 3 AR OTRI S A B LG
3AXI(KE3)
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27

53

63 70
GGTTTTTGGAATACTGTAAATCTGA TCAACAACGGGACGCAGCGTCATGTGGACAGGTGCATCTTTGACCGCGAGG

126 129

------------ G-GGGG-=-======-====-AATA--===-ACA--=== G--==---

------------- G-GG--T ---=-=--=-=-==-AGTA=---- ACA=--=-G —-----

------------- G-GGGG----==s=mmnm===-AATA- = === -ACA= === Gr-= ===

------------- G-GGT-------=-AC-=--~ cmeecACA = e mmGrmmeem

------------- G-GGT-----CTT----} -AATA-----—~ACA-----G------
160

AGTTCATGCGCTTCGACAGCACCGTGGGCGAGTTCCGTGCGCTCACCGCCATGGGGCAGCCGTGGGCCCAGT&CTGGAACAGCCAGA

s
- --------- AGr—-— oo CAsmmmmmmmmmmee
O S S R S S Acmmmmmmm e

213215

S NI ¢ DR T GAC -—G- ________________
------------------- Go===-GAT=--TG-=-GT=mmmmmmmm—mmemm -

AGGACTACATGGAACGACGGAGGGCCGATGTGGACACGGTGTGCAGACACAACTACGAGATCTCGGATAAATTCCTGGTGCCGCGGA

-------------------- G+ AGAA- -CrnmmmmmmmmmmmmeAmmmmmmmmmmm oo
-------- YNSRI c B c Y.\ o o NN N ——
-------------------- TCIY ¢,V N Sy S ——
------- SRR ¢ MRNc Y.\ R o SIS, Uy W ———
----- G-=-m=-m==-== GGACGCAC:+----T-CA:===----—--J-TAC

B2 A G H R MHC IR — A B T 9 5 7
Fig.2 Analysis of MHC class Il exon 2 of Lasiopodomys brandiit
JrHEA N Rsa TIRGIRES, ) B35 3k R BETIAL AL 180N 7 Sk R R R AL o

Boxes represent recognized sequence of Rsa 1 ; upward arrows represent restriction enzyme sites for Rsa 1 ; downward arrows represent mutation site.

2.4 HEKEARMEHEESHEY

*&%Ei{t}iﬁ%ﬁ&m FR 5N G R AT R
WA 2R T, B SRS BG4 R R,
B X3 Bl 22 A5 S B B T 2R R AT IR 2
FEPER R, A XA B IR 2, C IX S R B e IR (3R
2) , HZAF MR 22 St A W, C IXSR e 5 HL At IX sk
FE 2 (6] B9 35 1% 25 5% B . AMOVA 43 #7 &5 S 3%
IR - £ 1 B e~ S s N~ E A £ )
64.08% , X 3 P9 B B 8] 7 7.78% , Fp BE N N
28.14% . I%EM%T%HJ‘J‘EW‘%@% A1 FCH UM LA 5
FE M L A, LA S B R A X I
Z IR FIRREE P

3 i

m‘iﬁﬁ%ﬁﬁ@iﬂ?%ﬁ‘ﬁi%i%%#‘iﬁﬁ?ﬁ
Fh R RS TR R (B, T SUAY, 2004 55 ,2005 ; %2
MR, 2011) fHAEZS ?%&i%%%ﬂﬁ?@&
LS A= Sy G U5 2K S W D dt R 2 REME I IE AR
Bromham % (1996) F1 Li 5 (1996 ) %} & R Fh EE i 1%
ZREEHEAT TR, G5 R R IZ W R A A A
PEFIAZH R Z FEE AR o Hirota 55 (2004 ) #5745
R 75 KM B Apodemus speciosus B B R A% H
[[EZZ S =TI XL A o RS [ 3 g T
(2007 ) B Tk D-loop J7 51 43 B 1 8 it
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®2 HRKEREESHE

Table 2  Genetic diversity of Lasiopodomys brandtii

i A IR
XL ER DW XW
FEAEL N 68 65 54 53
PAEEE n 11 11 10 10
PRI ZREVE H 0.847 6 +0. 061 3 0.848 9 £0. 061 3 0.837 0 0. 021 45 0.837 7 +0.021 45
ZALTELS 16
B RV H2 R ™ 2.5882+1.694 5 2.707 7 £1.694 5 3.2593+1.879 3 3.3207 +1.879 3
HHREFEM =, 0. 009 92 +0. 002 7 0.010 37 +0. 002 7 0.012 49 +0. 004 1 0.012 72 +0.002 4
. B X FhE C X IRFHE
XY XZ CB 7B
BEAKN 50 56 52 62
BAAEAIE n 12 12 12 7
SR ZHEE H 0.8733+0.013 2 0.869 0 +0.013 2 0.871 8 +0.013 2 0.746 5 0. 126 0
ZNLEELS 18 14
Kt BRI 25 580 4.3200+1.098 3 3.8571+1.098 3 4.153 8 £1.098 3 1.580 7 +1.682 4
BHREZFE w, 0.016 55 +0. 002 6 0.014 78 0. 002 6 0.015 91 0. 002 6 0. 006 06 +0. 001 4
Mt
FEAKLN HEEE n AR Z R H EZSIt B2 w BHREZFEE w,
460 21 0.909 1 £0. 015 21 57 6.756 5 +3.413 5 0.025 88 £0.013 9
i': ER 0. 047 F10.976 .0. 007, Chen % (2010) 3L -2k i {4
% Sl DN 11X ( D-loop ) BFFE T 43 A1 FHEWT LUK £ 18 B Vivi-
Lo xwW venter excelsior FVRFIY) 15t {4 2 REVE , 45 L W% i W Fh
= 2L BRI AR 22 RV AR R 2 B, 201
0 ii . UK, T LU bk 52 2% %) b 25 44 R IR BRI A
] B SRR X AT DT R OR R T KPR 8 R 24
m | PE, Fan 55 (2012) B TARR ML 3R b FEH W5

L 1 1 | 1 |
0.10 0.08 0.06 0.04 0.02 0.00

3 A R H A RER UPGMA R0

Fig. 3 UPGMA clustering graph of eight Lasiopodomys brandtii populations.
SCRARIECTE EAEE, B 2 000 YK bootstrap fili A4S 45 (1) 1 & 43
Fos ER. TidR, XL Bidkisss, XW. PSERBILE, DW. K5
WRRBIOHE, XZ. BE/RBEAME, XY, HE/REAM, CB. PRE/RE
M, ZB. AR R,

The numbers at nodes are the percent occurrence in 2 000 bootstrap repli-
cates; ER. Erlianhaote, XL. Xilinhaote, XW. Xiwuqi, DW. Dongwuqi,
CB. Chenbaerhuqi, ZB.

XZ. Xinbaerhuzuoqi, XY. Xinbaerhuyouqi,
Zhengxiangbaiqi ; the same below.

Sl Myospalax baileyi 8 ANFPE AL ZREE , WF 5T 25
SFAB 7R AZ R0 A R A P T A IR 2
AR, W= 4 (2007 ) %45 5 [l B Microtus fortis
4 DFPFFZORLIR D-loop [X 35t 45 2 35 i/\ﬁfﬁﬂ‘ %
Kigfe B mta&, B2z En B8
(2007 ) Xt 52381 X T4 Vb B, Meriones meridianus F1:
JRVPER M. unguiculatus WIWFZR 45 R B, 2 Y Fp
18 BT B 22 RE R R Y R 22 AR 43 ) R 0. 991
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T A T e R AR e R ) B B, Apodemus dra-
co PRIt 1E ZREE , 45 SRR IIZ R FRLAS AL 2
FEHERZAT IR Z RE MR s P A F R e £
FEPE, BEORIRIE 7 75 (2012) 56T 8 AN 2 BT
EE{_L, 5T R 14 AR 160 JANA

17T R A% 22 R RS A% 45 40 1 43 A, 25 R 3R W
%Wﬂhﬂﬁ R it Z Rk

A R A WAL Y P TR TR, HOK S RE
ﬁ@%&%ﬁﬁt%’*jﬁnﬁﬁﬁ%ﬁf Wi, wift %

FEPE R FH BB Z R TR 22 R R JE 4 ( Taji-
ma,1983) , HLAERIZREME AT IR 2 R OR,
BEIAR M B ZRE PR R . AR 45 L WoR , 8 A Fh
B 460 HA G BL MHC 1T 2835 [H 55 — 4h i T B 4
F DI RUSR A3 AT 5 7S, ok 1 48 1 R A R 4 1 3
RUSTR GG 5, Z2 B TR AT R AR A1, HoAth b i 4l
B FRHAARG G TFREBGREA -,
T K6 o, 13 ANEEYIAL P 6 AN 5 B Hardy-
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Weinberg Py, Horfr 4 A7 o5 HH I0FE 1E 4% U E AP
7R IE R AN 05 1 T o A LB A AT
I B LB AR . P A0 o BT 2R T, B XS R A I 47
ZAMERGE A IXEFP R 2 C DI AR I e ik, 8
APhAE 460 HAR FG R, MHC IT 28 3 R 45 —4h 8 7
M D45 RILAG ) 21 FhEp A AL, B X 1 3 S Fh R
fi R PR de s , A XS 4 DR, C X R
M AWEoErh B XA E R A 2R 4 A
XAl C Xy, R 2 ARl b A X C Xk
mL A LR, AR IRHE RS Y R R
SR LS T Z AR FIAZ AT IR 2 FE VRS, 2 IR
TR ZREE 5 AT IR 2RI AR A, SR A
T 5G, B A 58 A48 T LS LA AU AR E
AR Z FEPE R AU N 5 RS B AR EA L
B R IER B S 2 KA R B, B,
R85 I 52 7 A 3 U R R 4/ N R PR S A S S
T X 5 A% 2 RE AR A9 T 2R R 2 — (R ST,
2004 ; HAEE ,2005 ) o A IG H B ) A2 58 0 A b 2R
WRBE SR 30 FNAG 2 A Be Ak i) XU AR, 5 HoAth
6Ty W Vi 28— R/ INSZ SR Y 152,
TERLI [8] N 28 3 1 Bk 9% 3% 30 ( Elton, 1942 ; Zhong
et al., 1985 ) , FhHERLHE A st 11 1 2y D A 15 4 0 5
ROV BETH B ack s i ()RR R A H IR 2 Mk AR 5=, (1
BB T B FO L7 o5 A PR A T 5 R A
AL LS B E A (Wright, 1943) o LW, iy T4 [R
BUE L AR T, PR A X AR UE LA KA BRI PE Y R
FE T R T L BRI, AT far J I (] P A 28 S AR e AR 2R
R, AT B AL B AV (R AR S AR T IR 24
P BRI TR,

[ N AT 2225 B BT G S ) b B B 352 4% 224
PEACE 1Y 26 5 R 2R T 22 5% 77 AR Y R, Paetkau
S5 (1998) FIJE SR A5 (2007 ) A FER B, R Ay a8t 15 2
FEPEKE 5 AR 09 /N B3 B A OC M . Wisely
45 (2002) X 2B IR Rill Mustela nigripes BYWF5R £ B, K
TR 0352 4% Z2 AR PR 7K B i 8 T Rl B 8 /N R
X SehI 5T 25 R A R PR A i8S 2R P AKCOT- 5 HAh E
(RN 32 AR DG | A 1) 38t 1% 22 RE A 7K K-
W S e T R 5 /IR RE . ASBIFE A SR R WA G
SRR S0 815 Z2 A 1 AKCT- 35 v, (B DX Sl ol 17
F LA XELB DXCE R 0 A Y A A &
FEVERIZ A IR 2 FEPE , C IX 3 A9 1F B8 AP B A 1S
B MBI A] BB AR BB i, A TR H BRUE
P52 B Y 2 G 1 2R B, o0 A I N S

PR IS P9 SHL T e e a8 P S ) S T, A X
L BERR AT A 24  SR WIA EG T RN s FE IR A
RLUF A3 I RE T, PR A6 0 10 22 S 0 s A5 Z e
IR N o U, A DRI AR 23 A1 78 A4S DLK
i B, B XM 23 1 B MR A e D, XS P 9 A
DR L kTP O F) BELR , el 3R 5 R VR RS B 8, HLIXC
S P RIREAR X5, Aol R 22 T ) i AT 5 3t AR 0 5
Z o FRK, C BB T 35 1K s Vb s s o, D
BT &5 H At HR AR 22 i) [N S 3L B A SR
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I C DX IR R 1 2 R PRI A B2 A
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