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Population genetic structure of the ground beetle Chlaenius pallipes from the

Tsinling Mountains based on mitochondrial DNA analysis
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Abstract: The ground beetle, Chlaenius pallipes, belonging to the genus Chlaeniu ( Coleoptera; Carabidae), is widely
distributed in East Asia and overwinters as adults. It is highly abundant in northern China and plays an important role in
agriculture and forest pest control. To understand the population genetic differentiation and demographic history of C.
pallipes from the Tsinling Mountains, a 1,602 bp fragment of mitochondrial DNA ( Cox1-tRNALeu-Cox2) was sequenced for
151 individuals from 13 geographical populations from Gansu, Shaanxi, and Henan provinces. Fifty-seven polymorphic sites
were identified, of which 45 are parsimony informative, 11 singleton variable sites, and a 1 bp insertion. These polymorphic
sites defined 65 haplotypes, among which 17 were common and 48 were private with relatively lower frequencies. The
haplotype diversity (H,= 0.972) was hight but the nucleotide diversity was low (P, = 0.0025). The topologies of the
phylogenetic trees obtained based on maximum likelihood ( ML) and Bayesian inference were similar. Both ML tree and
Bayesian inference tree revealed two clades (a and b) from node d on the trees. In the haplotype network, a five median
vector was employed and several loops were constructed and “star phylogeny” patterns were present. Analysis of molecular
variance (AMOVA ) suggested that most of the variation was due to within-population differences (92.10% ), while

differences among populations only contributed 7.90% of the total. The among-population Fg value was 0.07897 (P<

EE€WA : 1LIVEEHERHT ST H (2012021026-1)
Y Fs B H#A:2013-11-26; [ £& 4 AR B #A :2014-07-29
# W IRAER Corresponding author. E-mail ; xiaochen@ snnu.edu.cn

http ://www.ecologica.cn



94 FER A R TR DNA FP 21 (023 06 i DXIR A2 75 20 FR R ITE 58 A4 4548 20 3053

0.01). Consequently, we conclude that there is obvious genetic differentiation in the C. pallipes populations we
investigated. For the spatial analysis of molecular variance (SAMOVA) , increasing K values from 2 to 12 were selected ; the
F ., values were fairly low and fluctuated. Thus, the SAMOVA tests failed to reveal any meaningful phylogeographic
structure. Furthermore, the results of the PERMUT analysis did not suggest any phylogeographic structure of the populations
sampled based on the mtDNA haplotype data, as total N, (0.114) was not significantly higher than G.(0.101; P > 0.05).
The results of the neutrality tests on the total indicated that both the Tajima’s D and Fu's F were negative values, and the
tests for the values are highly significant (P < 0.01), suggesting demographic expansion. Mismatch distribution analysis
revealed a unimodal frequency distribution of pairwise difference in the total population and in each haplogroup. Both the
neutrality tests and mismatch distribution analysis suggested that this species has undergone a demographic expansion.
Furthermore ,we used the Bayesian Skyline Plot ( BSP) approach to estimated the demographic history of C. pallipes under
BEAST 1.4.7. The demographic expansion time was identified as being between 0.100 Ma to 0.025 Ma. We found evidence
of constant population size before the end of the Last Glacial Maximum ( LGM, between 0.020 and 0.018 Ma) developed in
the Tsinling Mountains. Consequently, we suggest that LGM had little effect on the demographic dynamics of C. pallipes.
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1.2 DNA #£H PCR §" 5 Fniil 7

BULH R LA E A 1.5 mL /) EP & FEE AL & SDS R Z 5 , #1751 3K
SRIGIMAE AR K (45 SDS ARFIEL A 49:1) ,50 CARMEER , R FAR AR - O i d vk b i 4 =2 0, 4
C S HNEEILHE DNA,70% LB SR BB TR TR S T, S5 T 20—30 wL JGH ddH,0
=20 CORFEFEH] . DNA Kl >R F 1% R WHEE S HB UK A
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Table 1 Sampling locations, sample size, and haplotypes of C. pallipes
. ' it (A
RFERL s Eifi HIL/(°) 2L/ () iﬁot (e; 1(Zlifffn)ber P. H
Sampling location Code P Latitude(N) Longitude(E) p ,yP ! d
number of individuals)
T4(1).TI13(2).T23(1).T38
HolaE R LX 6 35.49 102.99 (1), T13(2).T23 (1) 0.0022 0.942
(1).T55(1)
TI(2).T7(1) . T14(1),T20
(2).T22(1) . T24(4) . T25(1) .
Hok VAl 25 34.81 104.15 T39(1) . T40(1) . T41(1) . T43 0.0028 0.960
(1) .T45(1) T48(3) . T55(1) .
T62(2) T63(1) T64(1)
HoR PR XH 1 33.87 105.16 T46(1) N.A. N.A.
H R NH 3 34.46 104.23 T45(1) T54(2) 0.0004 0.667
T5(1).T8(2) . Tl11 (1), T25
H s DB 20 34.06 103.32 (1) . T26(1) . T28(8) . T29(2) . 0.0022 0.837
T30(1) \T58(2) \T59(1)
A & ZQ 3 33.69 104.49 T21(2) \T27(1) 0.0004 0.667
" T5(1).T8(1).T25(1) . T47
T EEES LDY 5 33.93 106.42 (1) .T64(1) 0.0030 1.0
B9 PG s PH B LYX 5 33.52 105.91 T6(2) [ T8(1) . T56(1) .\ TS7(1) 0.0033 0.900
TO(1) . TI1 (1), T21(1) . T
By Tk B NSX 4 33.55 108.55 (?)( ) T T2 (L) (153 0.0021 1.0
TI(1).TI0(1).T12(1),T37
SRS CA 16 34.15 108.90 (1) . T47(2) . T49(3) . T52(4) . 0.0022 0.908

T55(1) JT60(2)
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Sampling location Code P Latitude(N) Longitude(E) p .yPes umbe ' d
number of individuals)

TI(4) . T3(1).T19 (1), T31
§ (2).T32(1) . T34(1) . T42(2) .
32 G 1% LN 19 34. . ) .
SRt 08 110.48 T45(2) T49(2) .T50(1) .T51 0.0022 0.942

(1) \T60(1)

T1(8) . T2(2) .T3(1) . T17(1) .

T31(1) . T33(3).T34(3) .T36
AR A IR LS 31 34.25 111.01 (1) .T42(1) .\ T44(1) .T45(4) . 0.0020 0.910
T60(1) . T61 (1) . T64(2) . T65
(1)
TI(3).TI5(1) . T16(1) TI8
(1) T21(2) . T35(2) .T49(3)
Bt 151 65haplotypes in total 0.0025 0.972

T BN RAE AT 5B 1 XA Py AT IR 2R s H SRS A 5 IR A JR el A A 2R

VTR 481 B LC 13 33.82 111.46 0.0026 0.897

1.3 DNA J#5 53 #

FIFH ClustalX1.83"" $E47 751 HL X}, 3 F BioEdit5.0.6 ( hitp://iubio. bio. indiana. edu/molbio/seqpup/) %k
PEEATF TR IE AT Y], A DnaSP4.10" SRAFGE T A5 0 22 R PR AL T IR 22 REME I 20 A R A, BRAS AL R
55K B AR PAUPX4.02 M g i KRR 12 (ML) B, I F§ MrBayes3.01* 4444 282 U1 11347 ( Bayesian ) %,
IR A T 208 s X4 7 20 B (C. costiger ) B P A (55535 : ING44139-IN644140) 15 R AP, 1817
ModelTest > A4 106 35 e 00 Br B b Y | e e 5 7 GTR+1+G BEAY | ML B 4% 15 o5 1 Sl B3 AR 41 4% P 1Y
bootstrap 1 000 YCHE A HlFEJ5 4815 ; X MCMC 285817 4 5B /RBHREE , LIBEAL e i, iz tr 125 34K,
100 FRHEAT 1 AR USRE T Tracer v. 1.5 WAEE , R4 BUR ERER 2 MR AE R burn—in fH, B i
3125 BRE , MR RORE AR — B TS RIEAT G0, AR5 RGBSR EE A LA B2 45 SR IR B it
Ko [EE, A Network4.5.0.2" 2" &t 13+ Median-Joining R 2 Ry T A B R B IR S R R, Hop =y
RLAEF N TR R T 2 AR A 8RR B S AL AR N g e i — 2D R L,

I Arlequin3. 112 BRAFHET T 43 F 78 55301 (AMOVA ) | rh MRS S0 R B0 A3 A7 430 BT B TEC 5371 43 BT A 28
B R PR P sk AR A | R A5 A50PE SR B8 22577 A1 (SSD) A1 Harpending's raggedness index ( R) #1714 , LA
a8 1000 RS RIS, SR SAMOVATL.0™ JEAT 8% 70 23 [a] st AL 45 40 20 Fr . FEARIE A A1 Y
LB B TR Fo (i, TEARRBIZE T K550 2 3012 #9880, Bz T 1 000 YCE A5, 7]
IS, SR PERMUT ™ (A0 A0 FR AP 75 EAT 33 2R M B 5 A I G R B0 3 A 2 PR B (1, ) R
HEN P14 55 1 Z REMER R (H,) .

FIFH BEAST 1.4.7"3 #4757 Bayesian Skyline Plot ( BSP) AR E T GTR+1+G 5% Number of
Gamma Categories & N 4, K HZ B AN F 4 ( Uncorrelated Lognormal ) , ZHE0°A 15 (group=15) , /R EFR
HE(MCMC) BB 24 250 000 000, HEEAZR N 1 000, 5253 Anddjar %57 #E GTR+1+G R R 5294
HRLR DNA BE P-4 45 2.68%/ Ma,

2 ERESH

2.1 mDNA BEZHEMRARLE

AT T 13 ADJEHE 151 DRCRAMAERICE S IS 1602 bp, Herb 44 882 bp £ miCol FEIH (658 bp
9 miColl KPR 62 bp ) tRNALew [FFAIX , K F] 57 LM 5 A4S 45 D RIAME BALS 11 P RAs
DR A AE tRNALew J¥5) E I — D IREHE AN A, e 65 NHAERL, 235 9 5 T1 T2 .-+ [ T65, Fi
KRBT E FAZ GenBank BURIEMLT, 7515 N IN644074-IN644138, i A FAERIERA 48 4~(73.85% ) J&

http ; //www.ecologica.cn



3056 JAE = 35 %

IR BT A B B R AT BRAS Y , 17 S (26.15% ) S Ji B (R L SR s 0 (3% 1) o A A% 70 2 R M 45 4
(H,)##R 0.972, Wi IR Z AR B (P,) 2} 0.0025, PERMUTE 4ii45 2R BE AL 1Y 1% ZREVERS R (H, =
0.985) FlERE N -t ZREETFE 5 (Hy = 0.885) #MR &1 .
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Fig.2 Maximum likelihood tree of 65 mtDNA haplotypes of C. Fig.3  Bayesian inference tree of 65 mtDNA haplotypes of C.
pallipes pallipes

2.2 RAELERIRNTE 2R B 2R S A

AMOVA Z5 5 i /R A AR S5 2R IE TRE, 5 2182 5009 92.10% , BIEER] A8 S AU 7.90% (£
2) . BB R AL AL FE B F o TERDREIA] g 0.07897 , 28 B 4 k6 30 3k BB | E /K F- (P <0.01) , I WK LT
B R AL EA . SAMOVA KRB02s R Bn A5 m Fo (a7 K=2 2] K=12 e 2 PRk sk,
BA WA, PRI SAMOVA #5305 xR 2 20 R R 21 538 19 43 20 7 125, RWHZ A EA A AE
W1 135 R IZEHE . [RIF, PERMUT 438775 21 A9 R A 3545 40 A5 80 N T G, BYME 23512 0.114 1 0.101
N AEEA BEH KT G fH(P > 0.05) ,Z% Pons Ml Petit 1A PERMUT 43 Hr 45 J 5 SAMOVA #6545
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gik o
®2 REBFHSPH AMOVA 48
Table 2 Results of analysis of molecular variance of C. pallipes
R =Y4s =
5 5K TR Jr TR ,xu',ﬂﬁi SH ST
. L df . Variance Percentage Fsr
Source of variation Sum of squares .
componentes of variation/ %
T a] Among population 12 43.38 0.16Va 7.90 0.07897 **
FHEEP Within population 138 256.90 1.86Vb 92.10
. Total 150 300.28 2.02
# % P <0.01
2.3 MRS R T41

rPE R IR 2 R WY, A0 H AR Fu's Fode 3B
Tajima’s D $8%5UE 5 3} -25.7459 Fil-1.8572, ik 5
el PR (P<0.01) . &K, B 22 J5 1 (SSD)
F1 Harpending’s raggedness index ( R) #6504 A ik 21 i
FHIKF-(P>0.05) , RWZ YR D i AP 5K
FE O AR A3HT 45 A SRR s BRI A (R S) L )
HERIIZYFZ DI FREY 5k, BSP g LR %
WA b DX IR 2 A TR 5K N ) R BOR A TE 0.1—
0. 025 Ma, ZJa B S AR P42, (B7E 0.002 Ma
TEUG PR ] T R a3

3 Wit

55234 B9 HB e 2 B Pheropsophus jessoensis' > Fl
BT Dolichus halensis ( Schaller ) 7' L #% ¥k 2
T REEEA LB S Hy HOR H (B (R R &
FEMEFREL (P,) {HAH XA (P, jessoensis: H, = 0.960,
H.= 0.880,H,=0.963, P, = 0.0037; D. halensis: H, =
0705,H.=0.612,H,=0.769,P, = 0.0033; iR £ &£ H .
H,= 0.985,H =0.885,H,=0.972,P,=0.0025) , $¢F

BT A A 73.85% 3 IR LT AT B A I H, H4 KESHH mDNA 65 M BERHFARE R E
ﬁ ’fEI ﬁ%%{%ﬂ?r ?:\E Hj I)r[_l, 5?? %1& Eﬁ%ﬁ ?E @ Z% 7[5 F1g4 Network of 65 mtDNA haplotypes of C. pallipes

. S T o oty T, A 5 A TR E
3 FA) H AELAE RO ISR PE, UL 2RI il REZE D i

BN | 2 S P B A D R R B K A D sk S (R ke g s B T IR AR R R AT . Avise! I
Hewitt""* WA A 80A% /3 A R PO ST P N AR AT SRS BUAE AR, X — 25 SR VT R 2 th AU S 80 i
RERCSE WA 59 5K T2, ML Fl Bayesian F58 % & ME LAY a BOAT b AT 60 25 5 SR8 RUAR S AHABL, ELP 52
PP 5 o A ST SRR . — A BR ARG KE (star phylogeny) " fEFEREKE — DD« MRS 2 5
PRGBS A AR S FR PR AR 5 BLR A BERR E 2 T R A E k

Avise DA (03 SR AR LA SR A 3% R b EAR 7 . AMOVA 4028 L R A2 7 240 F 3t
1L o3 AR . (B8 R 2R st % 28 5ok B TR REDN oy B8 S g PO A VR 3K 92.10% , T J A 18] 35 4% 728 S e ok 1Y
L/, HeAh , SAMOVA 23 HrFl PERMUTE J3#r 45 SR — B I 28 M X YR 2 75 20 H R REAS A 7E ]I 1 1
HuPREER | 7% Hh X 5 A Y P. Jessoensis FWEEFN D. halensis Fhi ﬁﬁﬂﬁﬁ—iﬁf?éﬁ*@#ﬁ?ﬁmmﬂ o P. jessoensis

http ; //www.ecologica.cn



3058 GO O 5%
JHUANSE K, T D. halensis AR & A ANME/N, A 3000 -
HTWTEBRT e LR RSB AEER ) |
T 1 PR R 1, T L2 5L B B T8 7 B O .

W PRI L S0 A, T2 SRR v g 200 101 E——
s, MR I =R BRSSP F w0 —x— B
ORI TR DR AR B i R £ |
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Fig.5 Mismatch distribution analysis for C. pallipes population
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