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Genetic differentiation among geographic populations of Leguminivora glycinivorella
(Lepidoptera: Olethreutidae) based on mitochondrial COI gene sequences
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Abstract: In order to reveal the genetic differentiation among different geographic populations of Legu-
minivora glycinivorella, the gene sequences of mitochondrial cytochrome coxidase subunit I (COJ)
from 214 mature larval individuals of 19 geographic populations were analyzed, and the genetic differ-
entiation and sequence variations were analyzed using MEGA 6.0 and DnaSP 5.0. The results showed
that, among the 408 bp alignment of 214 COI sequences, 46 variable sites and 49 haplotypes were iden-
tified. The diversity index, total fixed coefficient and total gene flow of total haplotypes were 0.8277,
0.59 and 0.17, respectively. No difference in Tajima’s D test among different populations indicated that
there might be no population expansion in recent history of L. glycinivorella. It revealed that there was
less gene flow among different geographic populations of L. glycinivorella. The Guiyang and Du’ an
populations showed obvious observed genetic differentiation with other populations. The whole genetic
diversity and the genetic differentiation were higher. The geographic distance had important influence
on the genetic distance of different geographic populations of L. glycinivorella.
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B, TR K AR b e A e R (A R
46,2014), ZHWJEEME R R, A2 EA X
BAEY A VAR B —, RO E R, e
B R G RS (RIKFESE,1965) , EAL ML=
W37 LA SRR+ A 3 BV E i A . o i i |
H AR S Ak 2 17 45 [ o T o i 3 AR R AL AR
Jb VUL PR AR R AR A A e DL AR LR
KOG X Z FE i i (LRSS, 2014) . HAh i A G
JERUEFPRL, B R R E A IR S50% VL L, iR
W™ 20%~30% , ™ T 5 M) R G ) 7 H AL BT (B A
A4 ,2012).

H AT, T RGO BAIFE EEE T T
JUANT7 1« A2 W) 24 5P (Sakagami et al., 1985 ; 52 4
FRAE,2014) JEAZE(BWEE,2012) AEFRA AL (B
55,2012 254055 ,2012; £52,2012) MEEE R
(Hu et al.,2013) K BiiGE AR CRIG A SE , 2014 ; Song
etal.,2015; X =% 2015) . (HieAA LK G EL
b PR 1) 35245 45 4 S oAby T RGE R D
T A5 (2017) K FH COI 3 PRI X} 4 [ AS [ sty 3 A
KGO BB AL G AT TR 8 s 140
(2015) K H COI.COITF Cyth FE A XF R [E 2L B K
B IR AU R R T T 5 AL R L
T, AEL PR ISR BT R, AAF 5 225 SRS e ]
AR AU K XK B0 b B AR T 11 358 4% 4 A 1
Bl 2RIk COTFER HA B i) B AL R A b 1Y
PR, A B PR R o AL Rt AL Z 40 9
2 H T ARMEE RIS, WNEHSE 8 Spodoptera ex-
igua (24 FIVFEPE,2014) KSR (ELD,
2015; R RFEAE,2017) MY Bl Bemisia tabaci (KB
&5 2016) YL 28 B Galeruca daurica (K-8 &
4 2017).,

AR 1 FHZR R A COTFEEME R4y Fhric, XF
S EIRRFIKE =X 1048 (X)) 419 4~17 B s # R
R R L B0 HURPRR 38 £ 235 4 N AR S A TR 9, 40 #F
AN [v) i SRR 11 388 1% 3 AL R B s A% 2 M6, LA
W2 Ry A TR OG0 HOR [R] B RR
[ R G & B KA RIS L 2R, iR =
AU W FNZR G B A SRS I 2 SRR A
BRI

1 HR57FE

1.1 ##l
PR RGO HEEAL T 20134510 A
E20154F 10 A 78 B 14 24k Ti (SH) A AR

(IMS) F&RI T (HH) , W 5é 3t AR X AR T (CF) |
F2 T (ZLT) , F AR Aole i (HL) K FHT(CO) |
ZEIEL(AT) 127448 225 X (PLD) (R T (SY) |
ARBT (BX) IATH (TL) , b & i N i (Cz) , Bk
VOB LT (YA) , ZRAE M T (SZ) ITIRA TR
M (X2Z), )Pt A 3G X A% 5 (DA) DL S M A
ST (GY) VRKIr E-(DF) 4 10748 (X)) 191l B
KA PRI A RARFEA e T B4 PR 4
FEANFIREAOREARC 8~14 3%, 2214 S AMA Bk
A6 B (BT B AR TR T 0K S, -70°C AR TR
UKFE IR, B H

1) K AX 2% : RNase A fiff . & [ i} K DL2000
DNA Marker ,6xLoading Buffer ,.50xTAE . Bi5H¥ N |
Tag PCR Master Mix ¥ B85 & . Ezup 1 2 sh ¥y 5
[H 2 DNA fi$R3G0) &, A TA Y TR (i) A
PR H . DYY-6C B HL KA, db i i /s — XA
MG48 HI 3 R B84, AT B BE R A AR A PR ]
GelDoc-It BUEER 1% 2245, Ultra Violet Products Ltd..,
1.2 Ak
1.2.1 B 49 K B PCRY 3 4 64 3k B Fein] 2.

W R 20 MU S R A R 28 WU K R
IKARIE T RIS 1k R 5 R Ezup A2 Bl 5
[K2H DNA il P37 G f R AR L R 240 DNA . $2HX
(1) DNA i1 28 0.8% 114 B s B E I HL VK AS I DNA
BRI ARAT T —20°CUKAE T 45 -

H YR B PCRY™ 14 1Y I RS 1 4912 I Simon
et al. (1994) , [ ¥iF 5| ¥ C1-J-1751: GGATCACCT-
GATATAGCATTCCC, 514 C1-N-2191: CCCG-
GTAAAATTAAAATATAAACTTC. 50 pL PCR JZ )i
K& . K ddH,0 18 uL B DNA 2 pL. Tag PCR
Master Mix 25 pL. 10 pmol/L 5|44 2 uL.25 mmol/L
Mg™ 1 pLo ¥ 38 S 4514 - 94°C Fil 28 P 2 min; 94°C
A5 30 s,48°CiE & 30 s, 72°CHE(H 1 min, 35 MR ;
5% )5 72°CHEA# 10 min, 5 uL PCR ¥ T 0.8% 35ifl§
WHEE AT FL KA, 1) FH B B AR 53 BT 22 8 WL 4%
FEHA IR B B 3G B ) ZRFEAR IR (h R
BHEA BRA BT o
1.2.2 BB

T 235 5% F Chromas 34382 B ISR, 18
1 75 B R 2 bR COTE R W sty M 37 51, o Ak B 5
()75 #E NCBI M3 17 BLAST LU XTBfiTA . [
JIMEGA 6.0(Tamura et al.,2013) #17 DNA J¥%1 Lt
X R R AT , T T AR 7 81 A B 2 B PR S 7
BRSO AT R ZME B A AL iR
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PO RS0 R
123 BRERARE AALHE 4T

SR AN AU o B3 85005 4 3t A i DA 7 2R 2 1
Cydia pomonella (GenBank 5% 5 : 1Q027365.1) Ky
AN B A TR DA K e AN () e B o ] 3k A7 B 8
PR E PR RE ] ) R R B . SRR 43 3
BEAGBCRH B R EZ R 1 000K, Network
5.0 %% (Polzin & Daneschm, 2003 )% il A% 100 [ 2
FET, FH AT 7 000 B 45 B R 2 ) e A G 3R
1.2.4 4 S AR BOP AR TR AT

% H DnaSP 5.0 /4 (Librado & Rozas,2009) %}
194> H BRARAE N COTIE N 7 91 BB AU A Y
TEAS MO ERARRE 9 43 A T 0 R 0 U A
FEAS At FRAPREREAS 0 B R 2L B H, AL TR
ZRERE P LT RT3 25 S B K 55 SO WA AE P B
BEI] o722 S AR B W A8 2 S BG4 T 3, T84T
Tajima’s D HPEKGES , Tajima’s D 481 1HE R IE{E RS 15
WIS o e, A — LS B A o4k ;
T A T T BE 4R, PR B4 Sk AEZE RN () 7
TEE 2014)
125 B#HESE T F o5

FRAERE AL o AL AR JE S8 F N G BRI N,
SRR DnaSP 5.0 AF 4 H13R15 . N.<1, iM%
TEAS A AP RE )% AL ) FEZE R N>, R
A 1] 56 DR P KT v, BRER TR 35 A5 43 AR 35 /N o
F.<0.25, R 22 [a) L R A2 i 5, Rh i
BRM AL b S s F.>0.25, WL 2 R & A=
T B35 AE 434k . Y Arlequin 3.5.1.2 84 (Ex-
coffier et al., 2005) #£1T AMOVA 43 1728 54347, 3
TR R O A [ M B RR HE s A% oA T O B A 7
WAL o ARG 45 T 45 R A b 22 1] () b LR 5
| FH GenAIEx 6.41 X {4 f Mantel 5 % (Peakall &
Smouse, 2006 ) A6 56 45 Hs R Feh 7 (8] 52 4% #2555 s B
B RS B A DG o

2 BERE5HM

2.1 WEHLARSTER

L 19 /> H AN EE 1 214 S AMA R DNA R
PHTERRIAR COTFEN A B PCR Y184, SE4551) 214 5%
KGELH COIFH . A ilG, m&REK
J& 4 408 bp 145751 | Bt , T P 9135 8 il Bk
G A, PR ST AL 5 3624, o5 FIri e 51 K 5 1
88.73% ;2 5 0i 13 461>, o5 I P A B 1Y 11.27% 5
fRZMFE B 2340, HE A8 230 KA AL

JUBLA3AS AL CT o 38 5 e A B i 7 s 55034,
T 1A A/GIT =S RN 1A A/C/T =i A7
SO BRI RS COTFE Fr Beh , A LG .C . T
S i 4 i A 28.90% . 15.00% , 19.10%.37.00%,
AT E BB ET CHG &,
22 BENARSREXZESNER

A B 2 315 49 Fh cor BAG T Ay Bl 44 K
H1~H49 (GenBank % 5% 5 : KU601413~KU601438,
KX230797~KX230819) . HLff57I H1 Jy gz pffy
P IR SR AR ZE RN M LASP LB 1 17 A M B
HB BB i, T R AN AR 9 39.72% 5 FLUR
TR AT AR A5 5 Y B R S HE VH21, 43 51 5 T A5 4 )
AN 5.61% ;45 33 M- BAAG T I IR, SR A B
FEAY R G H A4S M B R 1 B UK 1~8 2
], fe /D ARG A HANEE , e 2 i A s
MAELFPRE, PAAERIH2 H3 K HS 5 HE s A4y
TR, e B RS AL R B AR G (B 1) o

FAET R G R B AR R A R S L B
PO A BAIC =AHEB LR, 19 B R
RY BRI, 5 RN Fh R BRI 15 B Fl
C,HE BRI BRI A 2-2) . BT RS
KRB, HS WL R RE TG B 51 3 C; H2
FTH3 A5t HAVEE TR, H R Gk B e h iR
H2 FTH3 R B, Hef H2 1 H3 & 43 3 Bs H
TR N LA, 33 A NSRBI B HZEA R,
A 53 S (R BT BRI, 150 I S B A 2 S A
/N ANBEIE AT 553 3 (1 2-b)

FAAE R A 28 1] BAAE R R G K R B AN [
M PR R G0 A B A SR 2 O B B (]
PR T B AR A T A R A 25
HhFRFREE
2.3 BESHERPERIESTER

BE R B0 19 4 B Rl BERE A A 4 R B
fERIZFERE HoW 0.8277 T TR Z2FE B P2k 0.0089,
KR 14 22 50K M 3.6220( £ 1), KRG L&
25 iy BN RS B R 2R B HLE 0~0.9455 22 1], eIk
R RNTE N FIRE , B BRI A% R A
P, 1€ 0~0.0118 Z [1] , #% 1 2 V- 3% 22 5 B K ¥ 0~
4.8205 Z ], —F F I AL A s N AR RE , e fmi 2
RS BHAPRE . Tajima’s D AT i 25 PEAG I 25 2R &
I, BRI RPN L E R O B 22 5, A
) Tajima’s D "A—1.5946, 4584 i 2 (0.05<P<0.10),
FW R G A0 B E ARG I (8] N A28 D7 W S 1)
FRHED 7
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Fig.1 Network of haplotypes based on mitochondrial COI gene of Leguminivora glycinivorella
H1~H49: COIFEPH AR 5] AR B 78 B4R . H1-H49: Mitochondrial COI gene. Circle areas are proportional
to haplotype frequencies.
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Fig. 2 Molecular phylogenetic trees of 19 geographic populations (a) and 49 haplotypes (b) of mitochondrial COI gene of

Leguminivora glycinivorella using UPGMA method
H1~H49: COI HE P FA% R . H1-H49: Mitochondrial COI gene. XZ, HH, SY, CF, PLD, AT, HL, ZLT, TL, CZ, YA,
SH, JMS, BX, SZ, CC, DF, GY, DA: Xuzhou, Heihe, Shenyang, Chifeng, Pulandian, Antu, Helong, Zhalantun, Tieling,

Cangzhou, Yan’an, Suihua, Jiamusi, Benxi, Suzhou, Changchun, Dafang, Guiyang, Du’an population.
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®1 RERORAEMEFHEE COIERABRZHE ZHER DMK Tajima’s D PIEH1E
Tablel Haplotype diversity, nucleotide diversity of COI gene and Tajima’s D test in different geographic populations of

Leguminivora glycinivorella

ﬁﬁﬁﬁﬁ% IS PRI R &ﬁﬁé%ﬁfﬁ B -5 2: 541 PRI Ffﬂ'h%gﬁ@%ﬁ
Population Haplotype code Haplotype Nucleotide Average number of Tajima’s D Statistical
code diversity diversity nucleotide differences significance
DA H5(10) 0.0000 0.0000 0.0000 - -
GY H1(3), H2(1), H3(4), 0.7564 0.0118 4.8205 -0.5070 P>0.10
H4(5)
Sz H6(10) 0.0000 0.0000 0.0000 - -
YA H1 (5), H8 (1), H10 (1), 0.8485 0.0043 1.7576 -0.9461 P>0.10
H13(1), H14(1), H15(1),
H18(1), H21(1)
Ccz H1 (5), H8 (1), H9 (1), 0.8485 0.0043 1.7727 -1.6446 0.05<P<0.10
H10 (1), H11 (1), H12 (1),
H18(1), H21(1)
CF H1 (8), H7 (1), HS8 (1), 0.6813 0.0031 1.2418 -1.6083 0.05<P<0.10
H21(2), H25(1), H26(1)
PLD HI1(5), H8 (1), H18 (1), 0.7556 0.0033 1.3556 -1.4929 P>0.10
H12(2), H25(1)
CcC H1(4), H16(1), H17(1), 0.9455 0.0062 2.5091 -1.1285 P>0.10
H18(1), H19(1), H20(1),
H21(1), H22(1)
HH H1(6), H23(2), H24(1) 0.5556 0.0030 1.2222 -0.6891 P>0.10
AT H1(5), H21 (1), H26(1), 0.7778 0.0034 1.4000 -1.8319 P<0.05
H28(1), H29(1), H30(1)
DF H1 (3), H4 (2), H8 (1), 0.8214 0.0051 2.0714 0.3364 P>0.10
H31(2)
JMS  HI1(5), H21(1), H23 (1), 0.8333 0.0043 1.7727 0.2606 P>0.10
H26(2), H32(1), H33(1),
H34(1)
BX H1(3), H8(4), H18(1), 0.8485 0.0043 1.7727 -0.4110 P>0.10
H26(2), H27(1), H35(1)
SY H1(7), H8(2)), 0.7053 0.0028 1.1539 -1.0121 P>0.10
H10(2), H21(1), H36(1)
SH H1(5), H23 (1), H37(1), 0.8182 0.0046 1.8546 -1.3282 P>0.10
H38(1), H39(1), H40(1),
H41(1)
TL H1(5), H18(2), H21 (1), 0.8681 0.0039 1.6044 -1.3659 P>0.10
H23(2), H27(1), H35(1),
H42(1), H43(1)
XZ H1 (9), H8 (1), H10 (1), 0.6813 0.0024 0.9780 -1.7289 P>0.10
H18(1), H44(1), H45(1)
ZLT  HI1(3),H21(2), H23(1), 0.8889 0.0041 1.6667 -1.0691 P>0.10
H26(1), H46(1), H47(1)
HL H1(6), H21(1), H47(1), 0.6667 0.0038 1.5556 -1.5729 0.05<P<0.10
H48(1), H49(1)
S Total population 0.8277 0.0089 3.6220 -1.5946 0.05<P<0.10

F55 W BE Rz b FEAEERE A R 45 G T SRR LA RE AR EL . The data in parentheses indicate that the geographical popu-

lation samples are in accordance with defined haploid type sample.

24 BESURTERSMER

DnaSP 5.0 i35 1R, COIFEF K G &0k
SRR E RBF N 0.59, 0L R B G N 0.14, 52
P N, oW 0.17 AR RR B 3 . R0 A4S B
FRE 2 18] 1382 1% 731k R AL FLEAE-0.06~1.00 Z [A]
B ME R G AE-0.03~1.00 2 [i] , K% R 22 S5
K, 7F 1.0556~22.0000 2 [8] , #% # W2 & L& D, 1F

0.0029~0.0517 Z[a], 5 FHAER L FhiE 5 H & b 2
FPREE] Fo. G Ky Dy [EF I R FIHE 17 A b 2
R ] 401, 156 W 3 2 A b B RE 15 & o B D
FE COISERKE LRI mmfe 25 . Ho  #0
RIS T BRI FL(E IR 5] 0.94 LU L 5t
BRI S H e b AR IE (] 1) F (BB 5 K7 R R
410.08 4h, HA 43k 3 0.19 LA 1 (3% 2) .
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AMOVA 4387 7, 21 18] 28 5 5 7 22 LE R
84.12% , ZH NP HFIR) 48 5 o5 T 22 LU 341 1.29% , Fh
P75 S 5 22 LU 14.59% , 22 W 34478 S - 3ok
FZHE] (R 3) o A 3R (R 5% M 2 5 M P 25

[ Mantel #5570 2 B (181 3) , K B0 AP HE
() Py b B PR B 5 35 A5 o AR B A AE B 3 IEAHOG =
0.325,P=0.01<0.05) , 3= B Hb U B 25 i K 0
HORIR] A A4 B A R AR LR R

F3 KERDH 19 M IEFBEBLN K COIERRN S FERDH
Table 3 Analysis of molecular variance (AMOVA) of mitochondrial COI gene of Leguminivora glycinivorella

among groups of 19 geographic populations

SRR FI HiE SFI7 A R 52 A (%)
Source of variation df Sum of square Variance component  Percentage of variation
2| [A] Among groups 2 201.1730 4.6817 Va 84.12
ZH Y FPEER] Within groups 16 25.8510 0.0717 Vb 1.29
FhEE N Within population 195 158.3130 0.8119 V¢ 14.59

Va. Vb Ve F/R T 2417 0%, Va, Vb, Ve are the number of variance components, respectively.
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Fig. 3 Mantel test between genetic distance and the natural
logarithm of geographic distance among 19 geographic

populations of Leguminivora glycinivorella
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