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Abstract: Athetis lepigone is a newly recorded insect pest of summer corn seedlings, which was first
found in Hebei province in 2005 and broke out on a large scale in Hebei, Henan, Shandong, Shanxi,
Anhui and Jiangsu in July, 2011. In order to explore its outbreak mechanisms at the population level, we
analyzed the genetic diversity of A. lepigone populations from four provinces of China using mitochondrial
cytochrome oxidase subunit [ (mtCO [ ) gene. The partial sequences (658 bp) of mtCO | gene in 19
geographic populations of A. lepigone were sequenced and analyzed through homologous sequence
alignment. We also carried out the mtCO | haplotype diversity analysis and Tajima’s D test, and
constructed the Neighbor-Joining (N-J) phylogenetic tree and haplotype network of CO [ haplotypes of
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different populations using DnaSP 5. 0 and Arlequin 3. 5, respectively. The results showed that there

were 17 haplotypes and 18 variable sites in the total 203 individuals. The analysis of phylogenetic tree

and haplotype network based on 17 mtCO [ haplotypes indicated that the polymorphism of mtCO [

haplotypes of A. lepigone populations from Hebei province was the highest among four provinces. The

haplotypes of A. lepigone populations from Henan, Shanxi and Shandong were the same as those from

Hebei population. However, the results of Tajima’ s D test suggested that total populations did not

experience obvious expansion in recent history. These results suggest that the level of gene flow among all

populations of A. lepigone is high, and there is not obvious genetic differentiation among populations.
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H)20% , &AEERA /D ) B B E (E R
B, 2012), HTEE_SAZRRBEFER, %
MR TEYFEAR, ARG R X R K
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Table 1 Collecting data of Athetis lepigone in this study

R

Population code

RAEHIX
Collecting locality

Pk AR

Number of individuals tested

CX Wty E Cangxian, Hebei
FN W4t 7 Fengning, Hebei
GC W JL# B, Gucheng, Hebei
AX T4t 2% Anxing, Hebei
YX ]t 5 Yixian, Hebei
FP 4L ELF- Fuping, Hebei
LC W J6483R Luancheng, Hebei
ZD WL IEE Zhengding, Hebei
XJ M JL¥4E Xinji, Hebei
LY I HESE Longyao, Hebei
LX LI PG Linxi, Hebei
QX W JLERE Qiuxian, Hebei
GT b4 ¥ Guantao, Hebei
Yy 75 JEFH Yuanyang, Henan
SQ R I Shanggiu, Henan
QD N7 % Qingdao, Shandong
IN I Z %R Jinan, Shandong
HT 1L PG ¥t 4d Hongtong, Shanxi
Ic I P§%4R Jincheng, Shanxi

HBEA SRAE R
Geo-coordinates Collecting date
10 38.30°N,116.87°E 2011/08/21
11 41.20°N,116.63°E 2011/08/19
10 37.36°N,115.96°E 2011/08/19
12 38.92°N,115.92°E 2011/08/20
11 39.35°N,115.49°E 2011/08/29
11 38.50°N ,114.11°E 2011/09/02
11 37.88°N,114.65°E 2011/08/02
11 38.13°N,114.56°E 2011/08/03
10 37.54°N,115.12°E 2011/08/03
11 37.35°N,114.75°E 2011/08/06
10 36.87°N,115.50°E 2011/08/06
10 36.84°N,115.18°E 2011/08/06
11 36.37°N,115.40°E 2011/08/06
10 35.05°N,113.96°E 2011/08/12
10 34.27°N,115.39°E 2011/08/12
11 36.77°N,119.97°E 2011/08/15
12 36.65°N,117.00°E 2011/08/15
10 36.25°N,111.28°E 2011/08/13
11 39.91°N,116.38°E 2011/08/13

J#31 5 M GenBank Nk 1 7 51 #E 47 £ 7 51 [7] 5
Hoxt, i A RO R . 38 FIER 4 DnaSP
5.0( Librado and Rozas, 2009 ) /7 H.EAfZ I S HE &
(haplotype diversity, Hd ) #1 #  BR £ ¥¢ & 18
( nucleotide diversity, Pi ), A2 #& MEGA 5.05
(Tamura et al., 2011) PR AL BRI EEE & &
WIRELRD , DA MR FH ) /N 3 [ Agrotis ipsilon CO T 3t
RYEJSME, FSREEM B ER RGN, A
p-BEES A SR AL Z [A] 8 fE BE RS . Arlequin
3.5. 1.2 44 ( Excoffier et al., 2005 ) X} Fh i 31T
T8 5 43 BT (AMOVA) . B % B X 4% &1 |y 3K 14
NETWORK4. 6 (Bandelt et al., 1999) gE724:%i o
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TSR CO T B F By PCR 473, 6453 —
BRI CO 1751203 4>, KB 658 bp, HH A
— % F 5 # 17 M L Blast, 5T &K Kk Atheris
pallusiris AN TN —BHEN 93% , FIINH ZHZE

2.1

BIRFIH IR —/E, XEETEDEYIE .

CO I EEMNZTMALAA 18 4, HPZ&
SRR T A, KRR BROR AR T 5 — 1L
b, LA-G/T-C Bl E, XEEFREIE TR X

KA, EHEHA A RN ERE, mR2 A

M, ZREREFHNEFH2.73% , I H mtCOI
Kb A+TEEBEE, ££70.6% ~71.4% 2 Jq], F
¥71.1% , BB A + T i, X2R R%h
TREE R 35 R 20 R — Ptk (FEAT 35S, 20025
Nei and Kumar, 2002), H - S EZXKKEANHHE
) T e o

ASLIGFTY ) — R BERIR AR R CO T £
AR B i i) & B BR T 5 ZE A A ], 3 27 51 R
AEHARV) . HEABRL(Q) MAER(E), H
HARNER(F) S 'R (31.8% ), HICHEER
(V). BRAR(I) . RABK(N) MIZERR(S)
%, T3 NMEWNTHE I NMFEEFRAEMMH, %
AR RN UUUCERER) , RS
] J& i /)N b 2 J8 mtCOI - Bt ( GenBank % %5 Ky
GU438723. 1 ) RS RT3 5 = sk UUU,
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Table 2 Variation sites in CO [ haplotypes of Athetis lepigone and Agrotis ipsilon
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ZB1 - ZB17; — 5 Z R B 4% R ( GenBank % 5% 5 JQ395055 ~ JQ395071) Haplotypes of A. lepigone ( GenBank accession numbers
JQ395071) ; WQ: /Nl j 8% 7 ( GenBank %% 5%5- GU438723. 1) Haplotypes of A. ipsilon ( GenBank accession number; GU438723.1). F [H] The
same for the following tables and figures.

. JQ395055 —
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F3 “RAERESMIEME CO I BENZHE., RHRSHMES K Tajima’s D fiEIe
Table 3 CO I haplotype diversity, nucleotide diversity and Tajima’s D test in
different geographic populations of Athetis lepigone

i LGRS A B BERMEZHE BHRZHE BHRTPEES
R Distribution of N " N - . Haplotype Nucleotide Average number of  H A w ARG TN I 3
Population haplotypes Hmber o diversity diversity nucleotide differences Tajima’s D  Statistical significance
haplotypes
code (h) (Hd) (Pi) (K)

ZB1(2) ZB2(3) ZB10(1)
CX ZB11(1) ZB15(1) 7 0.911 0.00365 2.40000 -0.12736 P>0.10
ZB16(1) ZB17(1)

FN ZB1(10) ZB15(1) 2 0.182 0.00028 0.18182 -1.12850 P>0.10
GC ZB1(10) 1 0 0 - - -

ZB1(9) ZB7(1)
AX 4 0.455 0.00184 1.21212 -0.98759 P>0.10
ZB15(1) ZB16(1)

ZB2(5) ZB9(1)
YX 4 0.709 0.00315 2.07273 1.89576 0.10>P >0.05
ZB11(2) ZB15(3)

ZB1(6) ZB2(4)
FpP 3 0.618 0.00188 1.23636 0.70880 P>0.10
ZB14(1)

ZB1(4) ZB2(4)
LC 4 0.764 0.00293 1.92727 1.50577 P>0.10
ZB5(1) ZB11(2)

ZB1(8) ZB8(1)
ZD 4 0.491 0.00139 0.90909 -1.79107 P<0.05"
ZB11(1) ZB15(1)

ZB1(2) ZB2(3) ZB3(1)
XJ 5 0.848 0.00343 2.25758 1.34004 P>0.10
ZB11(1) ZB15(3)

ZB1(6) ZB2(3)

LY 4 0.673 0.00155 1.01818 1.50194 P>0.10
ZB11(1) ZB15(1)
ZB1(5) ZB2(3)

ZB4(1) ZB11(1)

4 0.711 0.00196 1.28889 0.77501 P>0.10

ZB1(4) ZB2(1)
QX 4 0.733 0.00311 2.04444 0.62848 P>0.10
ZB10(1) ZB17(4)

ZB1(3) ZB2(5)
GT 4 0.764 0.00293 1.92727 0. 49420 P>0.10
ZB6(1) ZB11(2)

YY ZB1(8) ZB6(1) ZB7(1) 3 0.378 0.00084 0.55556 -0.69098 P>0.10
SQ  ZB1(6) ZB2(3) ZB11(1) 3 0.389 0.00118 0.77778 0. 19590 P>0.10
QD  ZB1(9) ZB2(1) ZB11(1) 3 0.439 0.00180 1.8182 -0.37901 P>0.10

ZB1(4) ZB2(4)
IN 4 0.773 0.00371 2.43939 1.74485 0.10>P >0.05
ZB11(1) ZB15(3)

HT ZB1(5) ZB2(4) 7ZB5(1) 3 0. 644 0.00193 1.26667 0.69962 P>0.10
JC ZB1(9) ZB2(2) 2 0.327 0.00099 0. 65455 -0.12670 P>0.10
Total 17 0.650 0.00201 1.32283 -1.49004 P>0.10

population
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22 “HZERBCOI RERNSHESHM
Tajima’s D Fi#

M R BRI FTAFEER 203 SKAEAAM R L
K 17 FpBAAERL, o35l Ar44 S ZB1 ~ ZB17, KT
HHEAERIE) CO T ZHFF423C GenBank, % %5
7 JQ395055 ~ JQ395071, LA /)N b 2 j& 1 g Hh BE
(GenBank %358 GU438723. 1), Xt — S ERK ik
WA FhEEFEAT AR TR Tajima’ s D 434, 45
RIFK3, NFE3 ME 1 ATLIEH, KA X
FEAE ZB1 F1 ZB2,, 7E 17 Fh A% AL v A0 3 B 19
2 ZB1, 542#MER 54.2% (110/203) , &5
SR (YX) ShHAt 18 R A A% AL, H
HORFNEE(GC) M2 MEY 8 TiZ B MA R HIK
AT R W B AL ZB2, 245 22.2% (45/
203) , A 4 MHIX EA K BZIEAL; ZB11 HpEA
A 15 KAMEK, ZB15 BRI 10 KM HA g AE
B BUREAR, A 10 MAERUE B —K, BT
Wl BAE AL, b Ve B R 4 T 3t 4% 2 A
FHo

BAERIZHE B (Hd) R IR ZAF B (Pi) 3T
HPr—DHEAR miDNA 28 5f2 B ) 29845, Hd F Pi
BRI, R BRI 1038 1% Z A P8 E & (Smith er
al., 2006) , H3E 3 ATLLFEH, Hd 4 0.650, Pi iy
0. 00201, #%H R 2 5 % (average number of
nucleotide differences, K) 25 1. 32283, = 7 i [l
0.18182 ~2.43939 Z[a], A [ b 37 B fr) 5% AU
ZHEELE0~0.911 ZH, BHREFELEO ~
0.003712Zd],

Xof 2% R ) A B A% R HEAT Tajima’ s D H R4S
Mot RER (R 3), WHLEEWHAERAR
#, MHAMX KFARAA B2, UBTEK
W 19 bIX Hp, {UF IEE ) — AR RIRAEBOE
WP s B AR R A T K (B2, MR R
fEHRIHEAT Tajima’s D 4347, Tajima’s D= —1.49004,
LERRKE 2 (P >0.10) (Tajima, 1989), FH — K
ZER M AR AEER Y 7 s BB R 42 1 B B R R
ik,

2.3 “HZERHECO] BERZ AP RSHLF
BESH

HR1E MEGAS. 05 F$#2 AL models H 48 21
(N HZRGEHAR (B 1) . WA LIE H,
TRERE CO T RE 17 FrpfER 550 CO T B
R 3, ZERMEE L BLR B 2 1 ZB1 1 ZB2 435
BT b EAAE TN ) 2% 1 B 37 Mt 136 B % B AR

ZIEMRFR(E 2), ZB1 #1 ZB2 5 H A B AR ERA
BHEBIRR, HUGHEN ZB1 1 ZB2 2 — R BRI
) B BARRIEAY

CTRERESABEREEEG(Nm) Ry 1.93, [F
EZ B (Fst) (Hudson et al., 1992) 24 0.11517, #f%
SHERE(Gst) 9 0. 11524, Nm > 1, FKEAFEAE K
LRIV KPR, REARE A AR IR IE AT LAk A
HAEHE, P SR B (BR R 7= A= B B a8t % 4k
(Wright, 1951) , & F#p8£[E] B Fst £ - 0. 08533 ~
0.53886 2 [a]; Gst £ — 0. 04443 ~ 0.44491 2 [a],—
RERIELSFEER Cst 5 Fst ik, H#E/NTO. 15,
RSB AFERESEN L& ESL
(Wright, 1951) , {H 2465 B 4351 5 W6 F 7.
WACEOR . AR W R AR . I
B R EEZE, DR S Abe &
A ALTEBE R RE ] I Gst 2JRTF 0.25, TiB
NHIFREZ S RFTE B2 R, AMOVA 4345
R(EK ) BaRFE AR E2E 5 (88. 48% ) iTim K
THREER B 5 (11.52% ) . — BRIk CO
[ B[R iy BA% AL 2 [H] ZB16 F1 ZB6 ) FE B I i oy
0.038, B BART — A BRIK5IMF /N HLE [R Z 1A
CO I BAfER 2 A AL T PR S 0. 114 (ZB6 5 WQ 2~
i) (%£5).

P —
0.01

Bl ZREREAFRE CO T BRI NI HELR
Fig. 1 Neighbor-Joining phylogenetic tree of CO I haplotypes
of different populations of Athtlis lepigone
P WQ 4P WQ is used as the outgroup; L4 0.01 F8tf4 FE S/ R

R Genetic distance of 0.01 as a ruler; 55382 HE %R 1 000 ¥k
Number of bootstrap replications =1 000.
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DL ENE DR LEL e

B2 ZRERIRAFFEE CO I ZH R AR R4 A
Fig. 2 Haplotype network of CO I gene of different populations of Athetis lepigone

I e B A A R B R ) AR, TR T BN AR R R B A AE [F) — B 2 BT 15 LE o The area of each colored pie diagram reflects

the number of individuals of each haplotype and coloured segments represent the proportion of the same haplotype that occurs in each sampling region.

T4 “RmERE I MHBELAMECO | EANS FERS T
Table 4 Analysis of molecular variance (AMOVA) of mitochondrial CO | gene in Athetis lepigone populations

AR SRR H B I T 245y ARFE G e
Source of variation df Sum of sequences Variance components  Percentage of variation
HEH 18 25.607 0.07747 Va 11.52
Among populations
MW 184 109. 506 0.59514 Vb 88.48
Within populations
JE A8 5 Total 202 135.113 0.67261 100 0.11517
LIEERATLUE S CO I EFESHT ZRERIRK
3 iTig o A A ] 388 4% 2 A5 4t 0 2R GE AL 2 T B 0 T

BAFEN % RRRIEFEAN BE (—B N
H) MRHESR A F, BREE AN RDIE ZHENE
ARG B HUAIRTE 5%, T H AR SR . &
FHRCA AIARZ B MR S EA RS, REHE
B, PR b P Iz R, ER, IRESE R
EF RN, R ELE GRS KT Bk AT
K5E

APFRET mtDNA CO [ 2E F B IEA0 T
WAk, MRS ILAR . LIPS — R B RPN B (S
ZREHEAE A Rl bR B B s G L R, A

o MY, FATWLE 16S rRNA ZEH F Bkt
VO — R BRI FI I 1 AR K P A ] st B e
FERI B RELR R, [HRSE R K 16S rRNA A
EE TR R BRI RSB (R
*K)o B 16S rRNA R EZEFAPRX TR MR | L
Be oA (8] B 5 i B B ( E &3 A £ 55, 20025
WACIR4E, 20085 5KRTIARSE, 2010), {HRTEEK K]
Yreki e sy 16S tRNA 7EF A 1% 70 A L F 4%
TR (RRERAE, 2010; SAEHSE, 2010), Hi,
X T RBE LS 16S tRNA M s 4 S R4k,
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Table 5 p-distance of 17 CO [ haplotypes among different populations of Athetis lepigone

ZB1 ZB2 7ZB3 7ZB4 ZBS ZB6 ZB7 ZB8

ZB9

ZB10 ZBl11 ZB12 ZB13 ZBl14 ZB15S ZB16 ZB17 WQ

ZB1
7B2
7B3
7B4
7B5
7B6
7ZB7
7ZB8
7B9
ZB10
ZB11
ZB12
ZB13
ZB14
ZB15

0.003
0.006
0.002
0.002
0.006
0.008
0.002
0.002
0.002
0.002
0.002
0.008
0.002
0. 000
ZB16 0.014
ZB17 0.006
WQ 0.147

0.015
0.002
0.002
0.015
0.002
0.008
0.002
0.008
0.002
0.008
0.002
0.008
0.003
0.008
0.003
0.150

0.014

0.014 0.000
0.012 0.008
0.026 0.003 0.003
0.008 0.003 0.003
0.014 0.000 0.000
0.005 0.005 0.005
0.014 0.000 0.000
0.008 0.003 0.003
0.020 0.006 0.006
0.002 0.006 0.006
0.006 0.002 0.002
0.020 0.015 0.015
0.012 0.008 0.008
0.193 0.129 0.129

0.008

0.020
0.002
0.008
0.005
0.008
0.002
0.026
0.008
0.006
0.038
0.024
0.114

0.012

0.003 0.020
0.014 0.002
0.003 0.003
0.012 0.000
0.003 0.015
0.015 0.003
0.008 0.002
0.012 0.024
0.008 0.014
0.135 0.129

0.005
0.000
0.003
0.006
0.006
0.002
0.015
0.008
0.129

0. 005

0.002 0.003
0.014 0.006
0.002 0.006
0.002 0.002
0.020 0.015
0.011 0.008
0.141 0.129

0.015
0.003
0.002
0.024
0.014
0.129

0.012
0.008
0.003
0.002
0.175

0.002

0.015 0.014

0.008 0.006 0.002
0.169 0.147 0.220 0.193

MBS R AT AR, FTR . IR, 75453
A R R A T R RETE T bt IX B A R P 4R
2, mHAE A R E R 2R, Hrpmdty
IERE B — AERBURBHAT R R R EE, X
RS T MR BRI R R e EmEA K
(ZSr¥%, 2011) , M 20 R FFLG, WHLE ™
WS ILFEAT SRR, I RICHEATTEATIE F A ph#% Fh
BARKX, N R BRI E T B4 8IS A
B, Fn L EATRE DR, AR, AL
B RBEREEE W ARSAEER M T &, & T
TRERIK CO T BAER BB R G g AL )
PrasREM, — RO (7] 3t B 7 11 2 PR 3 7K
PR, FHEEIBCE BB BB G, TEBOER
SR T B B RO, Ui R R RURS
A Py RV B UK AN SR TR S AR B ROP 3K
TSRS PR TE 5 38 B AR 1R T R B FR 1 A o

ASEY AWPSE T — R BRSSO X
fh, R IIPE, R IR =8 RERBD, B
B A SR R T PR S A th T LA — e R
bR T S BORAR R g e A 5, (AR E AT
TR E R BRI 1 SR LU R e
By, REBE—SY RREEE AR, FNR
FEZ 80 FHRCHE T B SIE, A BB AR A M
ST — R BB L o
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