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Molecular identification of voles in the east of the Qinghai-Tibet Plateau
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Abstract: Using mitochondrial cytochrome b gene ( Cyt b) as a molecular marker combined with phylogenetic methods
( Maximum Likelihood and Bayesian Inference) and genetic distance statistics ( Jukes and Cantor’ s distance) we analyzed
the species composition and geographical distribution of voles in the east of the Qinghai-Tibet Plateau. We sampled 189
voles from 16 localities and sequenced the complete Cyt b sequences ( 1 143 bp) of these individuals. A total of 248 varia—
ble sites and 65 haplotypes were detected. The topology of Maximum Likelihood and Bayesian Inference trees were basically
consistent clustering the 65 haplotypes into three groups ( G1 — G3) respectively forming three monophyletic groups with
known Microtus limnophilus Neodon fuscus and N. Irene and with very high bootstrap support values (100%) . The hap—
lotype based pairwise genetic distances within GI G2 G3 were respectively 0.09% —3.04% 0.09% -0.70% and
0.18% —1.95%; while between Gl and M. limnophilus between G2 and N. fuscus and between G3 and N. Irene were
0.61% -2.49% 0.53% -0.97% and 1.77% -2.22% respectively. Based on phylogenetic and genetic distance ana—
lyses these voles were identified as three species: M. limnophilus (n=135) N. fuscus (n =30) and N. irene (n=24) .

M. limnophilus was most widely distributed ( 10 localities) while N. fuscus ( 4 localities) and N. irene (3 localities) were

confined to small ranges. The overlapping areas of these three species was small. Only one locality ( HN) was inhabited by
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M. limnophilus and N. fuscus at the same time. Our results showed that there were at least three vole species distributed in

the study regions. They were well defined by molecular marker and had certain regularity in the geographical distribution

patterns. Our results provide fundamental information of vole distribution in the east of the Qinghai — Tibet Plateau as well as

an example for molecular identification of rodents in the study regions.
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Table 1  Location of samples and haplotypes included in the present study
°E °N
D . (°E) (°N)
Location Longtitude Latidude Altitude ( m) Species Haplotypes
L X 12 102. 87 35.55 2512 M. limnophilus  H25 (1) H36 (8) H37 (1) H38 (2)
Inxia
,  HAT (1) H48 (1) H49 (8) HS0 (2)
Datong DT 14 101. 26 37.14 3086 M. limnophilus HS1 (1) H52 (1)
. QL 13 100. 19 38.12 3135 N. irene H46 (13)
Qilian
. . HI2 (1) HI3 (1) HI4 (10) HI5
. 37. . ]
Menyuan MY 15 101. 32 7.61 3212 M. limnophilus (1) HI6 (1) HI7 (1)
L XRD 14 98.02 35.90 3221 M. limnophilus  H62 (13) H63 (1)
Xiangride
) , . H53 (7) H54 (1) H55 (2) HS6 (2)
5 X . 325 . 5
Gangeha GC 13 100. 12 37.28 259 M. limnophilus HS7 (1)
GN 6 101. 23 35.78 3303 N. irene HI10 (1) HI1 (5)

Guinan
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1 Continued from table 1

(°E) (°N)
Location D " Longtitude Latidude Altitude ( m) Species Haplotypes
. GD 5 101. 01 35.51 3304 N. trene H6 (1) H7 (1) H8 (2) H9 (1)
Guide
HL 14 102. 31 36.20 3357 M. limnophilus ~ H18 (12) HI9 (2)
Hualong
12 M. limnophilus H20 (1) H21 (3) .H22 (3) H23 (2)
Henan HN 13 101.40 34.64 3477 1 N. fuscus H24 (1) H25 (1) H26 (1) H27 (1)
Zek 7K 13 101. 19 35.29 3509 M. limnophilus ~ H64 (1) H65 (12)
eku
. . H26 (4) H39 (1) H40 (3) H41 (1)
Maqu MQ 13 102.03 34.01 3559 M. limnophilus HA2 (1) M43 (1) H44 (1) H4S (1)
TD 8 100. 22 34.24 3645 N. fuscus H58 (7) H59 (1)
Tongde
. . H28 (1) H29 (1) H30 (4) H31 (2)
Jiuzhi 17 15 101. 50 33.37 3650 M. limnophilus W32 (1) H33 (2) H34 (3) H3S (1)
. . XH 13 99. 65 35.90 3886 N. fuscus H60 (12) H61 (1)
Xinghai
Dari DR 8 99. 07 33.96 4113 N. fuscus z—lll) (2) H2 (1) H3(3) Hi (1) HS
ari

. Qinghai
‘I“ " :!.("1“-
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Fig. 1  Sample sites for voles ( both M. [limnophilus and N. fuscus were sampled in HN)
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1.2 DNA 10 pmol /L. 40 pL. PCR
1.5 mL 95°C 4 min 94C 30 s 51C
Ezup 30s 72°C 1 min 30 s
DNA. DNA 36 72°C 7 mino
Nano Drop DNA 1%
10 —20 ng/pL DNA ( )
-20%C o Sanger (3730 ) o
1.3 1.4
Cyt b L14724B (5 - Chromas ( Chroma
CGAGATCTGAAAAACCATCGTTG - 3’) / H15915 Technology Corporation ) MEGA

(5”7 - AACTGCAGTCATCTCCGGTTTACAAGAC -

37) 114727 - SP (5 — GACAGGAAAAATCATC

GTTG -3’) / H15915 -SP (5’ - TTCATTACTGGT

TTACAAGAC =3°)  (Trwin et al.  1991)
. PCR 1 uL  DNA

10 x EasyTaq buffer ( Mg’ plus)

dNTPs 2.5 U EasyTaq® DNA

5 uL
1.25 mmol/L

2

b

( Tamura et al. 2011)
N o DNasp ( Librado and Rozas
2009)
o GenBank Cyt b
( GenBank 2) ( Cricetulus
griseus) MEGA
(53 I )

Table 2 Accession numbers of Cyt b (53 voles and 1 outgroup Cricetulus griseus) used to reconstruct phylogenetic trees

Species Access number

M. abbreviatus GU809086. 1
M. agrestis AY167213.1
M. anatolicus FJ767741. 1

M. arvalis KP255620. 1
M. bavaricus DQ841693. 1
M. cabrerae JX284284. 1
M. californicus AF163891. 1
M. canicaudus AF163892. 1
M. chrotorrhinus AF163893. 1
M. daghestanicus AY513792. 1
M. duodecimcostatus AJ717744. 1

M. fortis FJ986308. 1

M. gerbei AY513802. 1
M. guentheri AY513806. 1
M. juldaschi AY513808. 1
M. kikuchit AF163896. 1
M. kirgisorum AY513810. 1
M. liechtensteini AY513811. 1
M. limnophilus HQ123612. 1
M. longicaudus AF187230. 1
M. lusitanicus AY513813. 1
M. majori AY513814. 1
M. maximowiczii FJ986319. 1

M. mexicanus AF163897. 1
M. middendorffi AF163898. 1
M. miurus AF163899. 1
M. montanus AF119280. 1

Species Access number

M. montebelli AF163900. 1
M. multiplex AJ717747. 1
M. oaxacensis AF410260. 1
M. obscurus KF839586. 1
M. ochrogaster AF163901. 1
M. oeconomus AB372207. 1
M. oregoni AF163903. 1
M. pennsylvanicus AF119279. 1
M. pinetorum AF163904. 1
M. pyrenaicus AJ717748. 1
M. quastater AF410259. 1
M. richardsoni AF163905. 1
M. rossiaemeridionalis AY513823. 1
M. savii AY513828. 1
M. socialis K(C953626. 1
M. subterraneus AJ717745. 1

M. tatricus AY513839. 1
M. thomasi AY513844. 1
M. townsendii AF163906. 1
M. umbrosus AF410261. 1
M. xanthognathus AF163907. 1
N. fuscus JF906122. 1

N. irene HQ123619. 1
N. sikimensis HQ123604. 1
L. brandtii JF906120. 1

L. mandarinus 1X014233. 1

Cricetulus griseus NC007936. 1
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( Maximum likelihood ( N. fuscus) ;
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Fig. 2 Maximum likelihood phylogenetic tree with all the reference sequences downloaded from GenBank ( See Table 2) ; the Gl

G2 and G3 show haplotype groups; bootstrap support above 50% is shown at nodes
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Fig. 3 Bayesian inference phylogenetic tree with reference sequences downloaded from GenBank ( See Table 2 for details) ; the G1
G2 and G3 show haplotype groups; numbers at nodes represent above 50% posterior probabilities
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Table 3 JC genetic distances ( percent) of among haplotype groups ( G1

JC

triangle mean + SD)

(Gl. G2. G3)

(

= )

G2 and G3) three reference species (lower — left triangle range; upper — right

Gl G2 G3
Group M. limnophilus N. fuscus N. irene
Gl 14.95 +0. 1723 12.43 +0. 1194 1.15 £0. 1201 14.70 +0. 3383 12.45 £0. 3326
G2 13.90 -15.71 — 12.06 +0. 0314 15.43 +0. 1439 0.73 +0. 0176 11.50 0. 1032
G3 11.51 -13.16 11.51 -12.33 — 12.45 +0. 0921 12.10 +£0. 1413 2.08 +0. 0266
M. limnophilus 0.61 -2.49 15.17 - 15. 60 12.33 -12. 64 — — —
14.00 - 15. 28 0.53 -0.97 11.82-12.23 14.96 — —
N. fuscus
. 11.62 -13.16 11.31 -11. 62 1.77 -2.22 12.75 11.51 —
N. irene
R R GenBank ( 2)

The reference sequences of M. limnophilus N. fuscus and N. Irene were downloaded from GenBank ( See Table 2)
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