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HE R PCR §7 15454 DNA FEREFEEAR /0 dr 1 B0 v i Conocephalus maculates 9 A~ HEFPHE mtDNA 5 X 5 51 (1) 22 5+
Joastfl Z 86, VIBRMIZE RNA ZEH PG, B3R5 00 B0 B 45 mitDNA #41 X B & 2K 4 676 bp, F LA A% T
(37.8% ), C (11.7% ), A (41.3% ) 1 G (9.1% ), FEAIMF] 98 A FIASAL &, o5 ML E 14. 5% , Hod 9 AbBRFEHE A/ B
52,74 REEEAR (40 AN T/CL34 A A/G) 50 AL (18 4~ A/T, 11 D T/G,15 > A/C,6 1 C/G) , HhiE S 46 DEafEHR] | Hrh 4 4
SR ) B R (HO2 \HOS \HO8 1 H10) , FLAx 42 AN & R Al A B A5 50 Gl dE 6 AN Fh i i 3 52 B A% 78 (HO9 | H11 (HIS |
H18 \H26 Fll H38) , A5 K S8 A M 69. 7% |, BRIU I G JE LhAh , AR AT T 5 43 s > 50% . 38k 7 A b
FREE G Py, 225 BT B S AR 530 4 41, 4551128 SC+CQ, GX+FLB+HN+YN , XZ I HB, LIKIE & C. gladiatus
g% JE B &5 C. emeiensis DN B 5 C. melaenus N5 a% C. bambusanus J3HNEE #4885 55 mtDNA #2555 X A58 NJ 2 R G
AL 3 A~ F A LR R A4y 3, o, 4330 A i 28 FiRA R AR, LR AS ST P B U1 0k JE 1L (SC) FER PR TT M (CQ) LASMAY
TAFIEE S B 12 R IRLL AL, AL & BRIE RIS B 4 (FLB) ALV R 2 (IX) LIAM 7 ANFiE; 257 C 1 6 Fhepfmigg
S JENIY 7 A VAT KR EIIE B S (5 A N B BE R b iR i s v 7 NG 2 I T A B g s R N T e
25 5 W25 BRI AR BT L5 ST 43 32,
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Genetic diversity of Conocephalus maculatus of different geographic populations

based on mitochondrial DNA control region analysis
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Abstract: Polymorphism of sequence variations in mitochondrial control region was assessed to explore the level of genetic
variability and differentiation among nine populations of Conocephalus maculatus ( Orthoptera:; Tettigoniidea) from China
and Filipine. PCR was used to amplify the control region fragment in 66 individuals of C. maculatus collected from
Chongqing (CQ) , Filipine (FLB) , Guangxi (GX), Hebei (HB), Hainan (HN), Jiangxi (JX), Sichuan (SC), Xizang
(XZ) and Yunnan ( YN). A mitochondrial DNA ( mtDNA) fragment of 1259 aligned bp was sequenced in these 66 C.
maculatus individuals. The fragment sequenced for each of the 66 individuals that include a partial sequence of rrnS,
control region, trnl, trn(), and a partial sequence for trnM. The size of control region was 676 bp, with nucleotide

frequencies of T (37.8% ), C (11.7% ), A (41.3% ) and G (9.1% ). A Total of 46 haplotypes from 66 mtDNA control

EEWE: HE H ARSI (31101632) ; 1 E I+ F Rl 54 W BH I H (2011M500535 ) ; 208 3 5 5 p R il 24 R o5 & DR IF 3 4
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region sequences were identified, with 98 variable sites (14.5% of total analyzed sites). Only four of these haplotypes
were shared by individuals from more than one population, six haplotypes were shared by more than one individual within
population. The analysis of molecular variance ( AMOVA) showed that the percentage of variation within populations
(62.94% ) was greater than that among populations (37. 06% ). In the hierarchical AMOVE, both the *among
populations’ and  within populations’ variance components were considerable high, the latter was more contribution to
total variances than the former. Levels of genetic variation within C. maculatus populations were higher than among them.
F,, analyses reveals that no significant (P>0.05) genetic differences between SC and CQ, and between any two populations
of GX, FLB, HN and YN. There are significant ( P<0.05) genetic differences between remaining any two populations. We
may be a preliminary clustered them into four groups, SC+CQ,GX+FLB+HN+YN, XZ and HB. Phylogenetic analyses
between the 46 haplotypes based on Neighbor-Joining cluster into three phylogenetically well supported clades. Clade A is
formed with 28 haplotypes from all populations other than SC and CQ; Clade B is formed with 12 haplotypes from all
populations other than FLB and JX; Clade C is formed with 6 haplotypes from XZ population. These results may suggest

that no significant genetic differences among populations, even for those F, analyses significant ( P<0.05) populations.

Key Words: Conocephalus maculatus; mitochondrial DNA control region; genetic diversity; phylogenetic relationship

SPLRAA DNA (mitochondrial DNA, miDNA ) ELAT 544 1] B0 BE ZR 380 4% B DA Ao AR O A | E AL B2
PR, ELAERNR] b YRR TE] LS R 1A B 3 1) 22 A PR AR A R EA T AR 22 S 5 AR Wb BOC R A ST 1Y
B A FARCZ—"  miDNA #5545 R 21 rp i S B A0 AR g X, [R] B, tho J2 B 56 e 30 40 13
K AR SRR IX R, Zhang F1 Hewitt' " A miDNA $5 71 X A5 % 38 A 47 35556 R EGE R AL R G050 25 Fl
W3t 1 Z2 REE RN RE AU 5T , JEAE B S rh il 2 > e s, i T a5 I 5 1) — S 2
9 mtDNA #15] X A+T i e, = 2R H 90% LU b, R A+T 5 X, 3% XS 3 8 F 7 — B2 N
JE SRR I D 20 4 91 I 2 P X S, 7 GenBank B 128 Hh A7 AE R A i/ miDNA £ 3] X 43 1 28 s
PRIEFATH] ., BT, HET mDNA Ffil KPF 75 L sh e Z 8RR B S BT s B AR D, Kim %0
FET mDNA 55 X 790 X ) 2 0 2R 07 8K 0 Gryllotalpa orientalis 5 /> R AR EE (8] i 38 AL S5 4 04T T HIFSE
Fenn %[“]‘UHUET 55 1~ Anabrus simplex AR mtDNA $555] X751, K B H 9128 570 8. 58% A W HAT LI
T A, simplex BFPREIRIE M, ME T B3 B UG R Gampsocleis 5 F 56 AR mtDNA #2 X 751, I %}
mtDNA 5 1l DX 45 K FIH 35 8 R G0 K B R RIHAT TIPS, 16 12 Fhas I H B R mtDNA 5 DX b & B ff
ST IR (TA ) n Fl poly-A #E112

i )E Conocephalus FETEH®A Orthoptera\ﬁ,ﬁ;ﬁ Bk Tettigoniidea\ﬁﬁﬂiﬂ Conocephalinae,, A FAL S
60°FI R L5 45° Z I KX, A B g SR &R 235 100 A F0, PEE 04 22 #5  BHar, Bl s
DT B A 1 A 5% 22 4 vh TR R R R R AT O g R AR SR A5 A LR R, SRR G C
(Anisoptera) maculatus (Le Guillou, 1841) JEHL g & T i) IR R Z —, FE0M T AW ARG g
KU AR, FE TR A B KA A0 BT, o B S SR AR S N A &P A AT T itk — 2k
WFFEEH H miDNA P X B2 AUEE M Re 5, S AR AR B R RS AL 5 A RIS rb 8 LA, G Eh 7 3
FE TR F R EREEASE 9 S HEBEANEE 66 A ANAAY mtDNA s il X 8 H A3 751
1 #R57EE
1.1 Pk

ARHFFE IS S BRI RS FEARR | SRR A JEE AN HA 8 A3k A b [ AR SR AR A T B4 (0 E A T
s ( £ 1), FIEMKKE S C. gladiatus &8 5 & C. emeiensis 5" 5 & C. melas FATH & C.
bambusanus VERHMEEF TH @ BEM RS mtDNA 2] X A5 B 40 bR, BPAMNREE B A, BoEE T
IKGHG PR L RAT 7 SR % S R AT -20°C UK A
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F1 FAARFAANTARMEHENEIESERLIEEHERER

Table 1 Collecting data of geographic populations of Conocephalus maculatus and the information of Conocephalus used in this study

, AR Hh A AR D o 2 A3 90 PR
Fik *% HAﬁ *EFEMS ) BAK RlEsE HAERD R B R
. Collecting Population . Haplotypes and
Species . n GenBank Accession No. : .
locality code their frequencies
BE S C. maculatus FHITM cQ 4 JQ798189—JQ798192 HO1(1); HO2(2); HO3(1)
FEEEPL e S FLB 4 JQ798193—JQ798196 HO4 (1) ; HO5(2) ; HO6(1)
HO5(1); HO7(1); HO8 (1) ; HO9
IR GX 12 JQ798197—J()798207 (2); HI0(1); HI11(2); HI2(1);
H13(1); H14(1)
, ) H15(2); HI6(1); HI7(1); H18
) “'-l N2 _
[l HB 7 JQ798208—JQ798214 (2): HI9(1)
- HO8(3); HIO(1); H20(1); H21
9 [IRENTS J—
T T U HN 9 JQ798215—J()798223 (1): H22(1) s H23(1) s HOA(L)
VLVY R & JX 1 JQ798224 H25(1)
P JE L sc 6 JQ798225—J(798230 HO02(6)
H26(3); H27(1); H28(1); H29
e . (1) H30(1); H31(1); H32(1);
U AR XZ 14 JQ798231—JQ798244 H33(1); H34(1); H35(1)s H36
(1); H37(1)
H38(2); H39(1); H40(1); H4l
=B YN 10 JQ798245—J()798254 (1); HA2(1); H43(1); H44(1);
H45(1) ; H46(1)
KW C. gladiams TALE JQ867458
KB ¥ 5 C. emeiensis VU1 HiEZE JQ867460
TS C. melaenus | P4 Ak JQ867459
Wiz C. bambusanus ) VG355 P4 JQ867461
1.2 Jrik

1.2.1 i DNA #£H

A DNA $RIBCR FH I/ 20/ 4 236 PR 2 DNA $2 0GR £ (AL TianGen AEALBHE AR | B S BHR S
SEREFT LA, A R A DA A T,
1.2.2 PCR 4% K5

Z 8 GenBank B 2 1) B B0 5 2R IR SE R 41 51 ), 5147 SR_J14610 1 TM_N200" "' A7 524,
BHUG RTS8 . SR_J14610 5'-ATA ATM GGG TAT CWA ATC CTA GT-3'F1 TM_N200 5'-ATC CTA TTT
AYG GGG TAT GAR CC-3', T B3 75 g AL T 4 Fh A7 55 J8 B A0 mtDNA #3561 DX R N3 DX B i 473 473
X 3R T ZRAAR rrnS F 0 751 FE X rnd trnQ R trnM F 53751

PCR S B SARFR N 25 wL, 645 10xbuffer ZZ 0¥ 2.5 pL,dNTP mixture (2.5 mmol/L each) 2.0 pL, 5l
1 SR_J14610 F1 TM_N200 4% 1mmol/L, LA Taq polymerase 1.5 U, Bt 2 L, PCR ¥ B47EMF 5Kk C1000™ B AF
MY AT BRI R :94°C THAE1E 2 min,92°C 728 20 s, 52°CIE K 30 s, 60°C #EAH 3 min( {10 &) , )5 30 4
PEER , FHAER AL AR ] 14010 20 s 8RJF 72°C J5 #E4#1 7 min

PCR " 8478 28 1 9% BN WEEE e i ok A6 I, I 1 DNA H- BesE e o i) & ( = 1 A w)) pE47 e 1)
srEaifth, gifbfE PCR =W AfE 42 3] pMD® 19-T ik ( TaKaRa 23 7)) I, £ 56(b 15 37 5 BREL 3 A~ PR vd bt
F ABI 3730XL 4= F 3ff DNA I 5 4G4 73l 03 (_EiEA A Al ) o
1.2.3  DNA JPFEHE T

FIFH SeqMan TR AF 20 Sl a2 I 0 HEA T B X, JEAG A HEBR vT BEH BRI AR, (1] Clustal X 44"
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W ARAT 1 7 571 5 TR B SRR BE DR ZH 7 8] LU X DA 22 mtDNA 4536 X JF 81, B2k A AR RIAMRR 27 1 4
BRI AR Al A/ R R [R5 910 2 SR S [ B A 7Y JF AR IR 547 45 > HOL  HO2 (HO3 |-+, FT ¥ J2 1Y
DNA JF51 238 GenBank BUIE FEARAT , 7515 JQ798189—JQ798254 , 1 Fil MEGA 4.0 #F>) EATHR L&
TMZ AL 3BT, LA TR & 09 4 0 B a0k 8 s | o N R g NPT R a4 SR AR 40 il A R T Kimura
2-Parameter XS HURL Y (1) 2 4 1k R G ot AL A, FF 1000 Bootstrap £ 56 45 4 3 (1 B A5 B, W Arliquin
3.1 T AMOVA S04 7 Al S8 b B R IV 43 Ak 7K S35 40 ( Fostatistics, Fy, ) SR EM 6 R AR, DAk
— RSP AL FRE . 1 FH DnaSP 5. 10. 1 FPE T35 B 308 20 g5 b BEF PR 35 A% I 43 ( P ) R1RH i)
SRR S BB ( Dxy ) SRR ] s A% IR A4 (Da)
2 #R
2.1 JPHIRRIEL R S PR R ST

2 PCR U39  TERE T 35545 66 PIE HE a5 REAS 1Y mtDNA #5501 X &% 57 St 31 rrnS 343 FE 51 FN 37 314
trnd , trnQ A1 trnM FB53 75, X T B RS B 1259 bp, Blast N ## 2 [ 7R 1X 28 RNA F& K ¢ 571 /= B AR 5T
38 3k 5 B3 A LR AR R TR 20 e SR AT R, DD BRI 3 RNA JE DR 7 91 J i 2 AR 75 B 3 0 s A A 1Y)
mtDNA #5 i X 41K 676 bp, ¥ A+T F1(79. 1% ) & T G+C(20.9% ), 676 s, AL 574
A A8 A7 A 98 AN (9 AbBRFEAH A/ TR AL, 98 NN o 74 bR (40 4~ T/C,34 1~ A/G) 50 b K
(18 4~ A/T, 11 A T/G,15 A A/CL6 A C/G) o TR A/ A L BUAFAE , 45 AR AL B — R i I
2, HE 46 A PRAERL BRT R Y SEE0 AMA BB 69. 7% R DUk Ak, AR AR R E 4 b
B> 50% , 46 DEAEHI 4 ASBALERL(HO2 (HO5 (HO8 H1 H10) JyFpfea) dh s HiAy 42 S BAf% 0 Sk 4 Fhre il
AP A 6 A~ (HO9 HI1 HIS HI8 (H26 1 H38) Al Py gz BRAE R 45 B A5 700 L 3178 e BRI 2 11 JLAB
W1,

R2 BEHESEI MHIEFE 66 NMERLKIE DNA R EEMEFFIHAR R TR

Table 2 Variance percentage: computed variance values for the aligned control region sequences of the 66 C. maculatus individuals

FEH K /bp A+T i 75 SN L MBS/ %
Gene Length A+T content Variable sites Total variability
rrnS(HBIT) 397 74.3 47 11.8
mtDNA F il X 676 79.1 98 14.5
trnd-trnQ-trnM (FB73) 186 71.8 17 9.1

2.2 BfEHE RS IE L

R T 253 BT BRI AN (] R ISR i 03 AR A AR AR B X O A HBBRAREHEAT T AMOVA 3B il
Fo 18 . AMOVA Z3HT W], FREER] 978 57 5 37. 06% (>25% ) , RlEN AT 78 520 62.94% (£ 3)

F Arlequin v3.01 BRI Fo A, S5 8n, 9 BEM G a5 B AR 09 F, (5 22 B0, 35043 Rl R 1)
L E R U, U0k SO TR ] L PR sS A & astfL /AL R IR (R 4) . PIPIHWERRD IR M) 1) Py, (22 5 0 25 1
R 2B - DO LLRE AR (SC) A POJT MIBEAR (CQ) Z 18] 5 1 P e JH AR (GX) (AR B 47 15 JE S E K
(FLB) VR EFIATEAR (HN) S5 = r sl IS A (YN (LR RHAZ [ F, (225 AR (P>0.05) , il
TR AL AR R (R 4) . HARFTARERREIL Fg (5255 8% (P<0.05) , /A48 55 1L
At BRI B SRR 43k 4 L, A B0 SC+CQ, GX+FLB+HN+YN, XZ il HB,

FH DnaSP 5. 10. 1 B35 500820 50 5 P e D 0 FRR R 0] A T R A0 (6 5 ) o FPF AR AT IR 4317 (Pi) A
F0—0. 029, AL E (HB) FIPURHIARZ (XZ) i5t4% Z2 HE 7K S-S 5 DUk A LU (SC) 3845 2R 7K 5 A1
TR (RIS S5 B0 a5 A% R B AR B ( Dxy ) 5 B AR 8] 07 A 1 A1 BR AR K ( Da) 43514 F 0. 003—0. 047 FlI
0—0. 044, 4 W FfRE ) A% 1 IR 4 B S A WA 347 11 IR A JE AR B2 P 3 JE S A (FLB ) 55 0 )1 gk JE LA 4 (SC)
2 [a] s B ARAE, BT & ( Dxy) HBUAE D)1 8 L AR (SC) ST MBRA(CQ) Z 1], J5 # ( Da) H BLEJEHE = HT
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5 JE ST (FLB) 15 7 g WS BRI AR (HIN) 22 5], D)1 LR (SC) 555 DRI MR (CQ) Z AN RIAEAR /D
PR TR) A% R B S AR ] P (EEEACAHAT , Ui W I SE R A ] 2500 A — Bk

R3 BORESZ 9 MHIBEFE 66 NMER mDNA EBH K S FLERSHT(AMOVA)

Table 3 Analysis of molecular variance (AMOVA) of mtDNA control region from 66 individuals in nine C. maculatus populations

gt Sl H E=! YE-Z i AR5 I %

Source of variation df Sum of squares  Variance components % Variation Fsr
FhEEE Among populations 8 352.25 5.06 37.06 0.3706
FIEEP Within population 57 489.95 8.60 62.94
ST Total 65 842.20 13. 66
R4 WPES9 MEMBEN F, B
Table 4 The interpopulation F g, values and genetic flow in C. maculatus
cQ sc GX JX* FLB HB HN XZ. YN
cQ 0.35476 0.13288 1.04547 0.03125 0.66171 0.11825 0.24841 0.19876
sC 0.41339 0.09364 0. 00000 0.01127 0.31204 0.08010 0.18176 0.13646
GX 0.65295*  0.72750* 0.18937 2.38852 0.76375 1.10811
JX 0.19298 1. 00000 0. 56900 0.03218 0.17233 0. 45520 0.35993
FLB 0.88889*  0.95685"  0.09475 0.88596 0.41345  23.35718 0. 54666 4.93457
HB 0.27421%  0.44481"  0.24661°  —0.05263 0.37682" 0.71139 1.08198 1.32332
HN 0.67889*  0.75735"  —0.05122 0.59195 0.01059 0.26004 " 0.90144
XZ 0.50160*  0.57903*  0.18408"  0.35451 0.31381%  0.18769*  0.21712* 1.27541
YN 0.55709*  0.64689*  —0.03734 0. 40988 0.04822 0.15890"  -0.05290 0.16389*

+FIR P<0.05, # AUHSKARAS P BRI (] 09 Fgp (225 B TR S AMEOTE

R5 DIEESMIBM A EZEFRS B (T =M Dxy, L= Da)
Table 5 The intra-population and inter-population nucleotide divergence in C. maculates ( the lower triangle: Average number of nuc. subs. per

site between populations, Dxy ;the upper triangle; Number of net nuc. subs. per site between populations, Da)

cQ sc 6X FLB HB HN XZ YN
€O 0.001 0.031 0.04 0.008 0.032 0.027 0.027
sc 0.003 0.035 0.044 0.012 0.035 0.03 0.03
6X 0.043 0.044 0.002 0.008 /e 0.005 /e
FLB 0.045 0.047 0.014 0.015 0 0.011 0.002
HB 0.025 0.027 0.032 0.032 0.008 0.007 0.006
HN 0.042 0.043 0.017 0.012 0.032 0.006 /e
XZ 0.044 0.045 0.029 0.028 0.036 0.029 0.005
YN 0.041 0.042 0.02 0.017 0.032 0.019 0.031
FRBEPIEL intra-population 0.005 0 0.018 0.006 0.029 0.017 0.029 0.024

H AR B nter-population
Dxy: FVREE]F4 RO G BB VAL, Da: FVEE) AL T RN

2.3 RGEHKR

SRHTNT i, AR e i R i DM i 7 i D MR, o B 7 3 miDINA 7] X 1) 46 il 475
FEBIRIEE T 2R G (1) o S5R TR 46 TS RIBORISE N 3 A~ A28 SCRFEERL R 20 32, 7350 A |1 28
ol BAPT AR ZEL B, LA R BRI R LA (SC) FNE PRI MMM (CQ) LIAMI 7 Al s 7352 B iy 12 b
B RE, BL A BR AR SR S JE ST RER (FLB) FIVLVY R B REA (JX) ISR 7 TR ; 7332 C Hy 6 FhEff 7Y
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