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Genetic structure of the geographical populations of cotton bollworm
Helicoverpa armigera in Shandong Province

Cui Hongying' Song Yingying' Guo Wenxiu' Wei Qiantong’® Yu Yi' Li Lili'
Li Suhong' Men Xingyuan'"
(1. Institute of Plant Protection, Shandong Academy of Agricultural Sciences, Jinan 250100, Shandong Province, China;

2. Department of Entomology, College of Plant Protection, Nanjing Agricultural University,
Nanjing 210095, Jiangsu Province, China)

Abstract: To investigate genetic differentiation and diversity among different populations of cotton boll-
worm Helicoverpa armigera Hiibner in different geographical regions in Shandong Province, this study
explored the population genetic variation and conducted genetic diversity analysis. A total of 109 cotton
bollworms from 14 populations were sequenced and analyzed using mitochondrial cytochrome oxidase
I (m¢ COI) and mitochondrial cytochrome oxidase II (m¢ COII) gene fragments in Shandong Province. A
total of 18 haplotypes (Hapl-Hap18) were identified, with the most frequent being two source haplo-
types (Hap2 and Hap3), which contained the largest number of individuals, 37 and 20, respectively.
Haplotype diversity was highest in the Laiyang region (1.000) while nucleotide diversity was highest in
the Laixi region (0.004 5). The overall F, value of all populations was 0.028, indicating low genetic dif-
ferentiation between populations. GENEPOP analysis indicated no significant correlation between ge-
netic and geographic distances among populations. The results showed that genetic differentiation was
low among different areas of Shandong Province, with no significant genetic difference observed

among populations in different regions.

FEETH IR B AR RE B AL B B TR A A IAT 55 (333 T ) (06202214442062) , 117548 5 S AF & 1150 (B R RS B35 T2
(2020CXGC010802)

* W {5VEH (Author for correspondence) , E-mail: menxy2000n@hotmail.com

Wik H 9 2023-09-06



1594 iR/ AN S 504

Key words: Helicoverpa armigera; Shandong Province; geographical population; mitochondrial gene;

genetic diversity; genetic differentiation

R4 W Helicoverpa armigera (Hiibner) 3 J& T
fife 3o E PRI, St S T P A R A0l 35 ol
Hogly 25 FJUE 7z, BCE A AT 3k 30 281200 2
Filr, g5 A4l A 7= ok B R 2k (SR AL SR -0t
1996; LA X 24E,2020; Rich et al.,2023) . 20t
20 90 AR, AR S e — B A IR [ 5 K K, S B
16 R FA 27 FAVEY 2 7™ 8 (Wu et al., 2008; Lu et
al.,2010) . HWFFEFRMA, AELAR X SIS B, D1 RS2
8 HURE AV e IXI, JU R 2010 4R LUK, fi 8% 1
PR A= BH S 340, 76 FOK AEA S AERAEVEY Lo
F RN E (G EHF%E,2018; Lu et al.,2022) . #4%
AR AR AR I E D 1 25 L, O T AR
AR AT IR R 30% , WARE &2 A A T ™ a i (i
WESE 20185 5K ASE, 2021 ) ¢

RS OB R A B B R M B X 5
(CRALIAFIEE T IC,2007) o ARES HURN [ FPRE i 15 25
Fa 53 B % F HE AL G R R AR B AR LA T
F X (Feng et al., 2009; Jones et al.,2019) . EH
LRI DNA 2 B 1 RGu# o h i el )™
7 W45 1) Jfi Z — (De Mandal et al.,2014) . H T
LR AL BOR PR L P LA XT3N, BT 3 B
BEER RS, O CHTRAEKRE Tk,
B Ha 73 25 2 R BE 44 5t 1% 2% %5 B 58 (Dong et al.,
2021a) . LA I {4 3R S8 AL B8 IV %E T (mitochon-
drial cytochrome oxidase subunit I, mt COI) FIZ ki {4
4 fg t5 2% 4 fL 1§ P FE 11 (mitochondrial cytochrome
oxidase subunit II, mt COII) J& [K J5 51 73 M1 i, S fix
UL A SRR L R 5 75 5 (Ren et al., 20135 % FH
MII%5,2023), {41, Yang et al.(2015) % FH mt COI 3
PR IC 48 7~ T FR [ P4 46 i) 2 B (43515 2 FE K
L I R A BT M S BR800 . Dong et al.
(2021b) K mt COIF mt COIFE F BE 43 Hr il 4%
B ORI Y BT RN 6, e IR LA 2R IK 32
B FOWAS RS2 S RS TR B R I &
K A B E N, a0 ARE FOK HARES
BB R 2 OCE R . A LU AR AN ]
b P DB R A% ERREE 13545 J A b 6 T L 45
BAEZWIeME S LB S, AR T3 E
FES o3 R G E IR ARESE .

AR me COTRI mt COI WA LA RS A
YER A ARl X A 7E LLZR A8 Y 14 A8 Ha 3

FRER) AL A F AT 0 B , R % A% i Bl e
(i 1 2 R Rt 7 AR L, WA 4%t st B
B IALIE B Z MY SC AR, I A TR B LR A
ATV SRR AR DX T AT RORI e ) SR B L e
i o

1 ¥ 5T X

1.1 ##

B R AR AR AL HUR LR 45 i
TR EAEY) b RAERTE 2 2021 429 H b BA), R
£ My IX AL 455 Tof B T R B (115°5421" E, 35°4/8”
N) BB E(116°737" E,35°24"18" N) , ¥ T il K
H.(117°15'14" E,35°32"42" N) , Ifi I i 22 B L (117°
57'50" E, 34°52'15" N) .52 B B (117°5540" E, 35°
39'46" N) , 7 & 17 i N 1 (120°328” E, 36°19'4”
N) . 3EPH 117 (120°3050" E, 36°48739" N) - & T
(119°44738" E, 36°45'57" N) , Z= 22 i B3 17 (116°
28'40" E,36°1239" N) B %8 11 (117°3332" E, 35°
57'43" N) , ¥ 55 T 15 1T (119°25'30" E, 36°834”
N), A 1K AT (120°4752" E, 36°58'19” N) 3k
T (119°5848" E, 37°1330" N ) Fl 4L JF 17 i 30k IX.
(117°18"18" E,34°46'4" N) . H/> R £ Hh it 1 15 Bt
10 B K H A3 FHBRR FH A aS BORE I b R R A
PR, 3L 109 34 i, B R SEAR S . 3~4 0% 4y H B S ik
HTEOET,95% LR, -20 CIRFE

T S A AR - 200 /40 27 35 PR 4 DNA 42 G 5]
&, L MEREAE R A FR A F 5 TransTag HiFi
DNA Polymerase ., 10xTrans7aq HiFi Buffer 1. High
Pure dNTPs, Jb 5t @ &AW EARA BR A A 5 oAl
7327 Sk [ 7= 43 Br 46 . Mastercycler nexus gradient
PCRAY, e 391 AL Y L2 A PR A F
1.2 Fik
1.2.1 DNA 423X PCR ¥ 3 %l 5>

6T FH 240 Bt/ 2H 2 5L DR 2H DN 32 BG 77 2 12 O
A L BL R4 DNA., 2% Gongalves et al.(2019) 5 i
mt COIFl mt COII FEH 519, mt COI 51 W75l F
(5-TAAACTTCAGGGTGACCAAAAAATCA-3")/R
(5-GGTCAACAAATCATAAAGATATTGG-3') ; mt
COII 5| ¥ J¥ % A F (5-TATATGTAATGGATTTA-
AACC-3")/R (5-GTTTAAGAGACCAGTACTTG-3')
PEATY 3G 513 s A TAE Y TR (i) B (i B
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NEG . L DNA AR #HIT PCRY . 25 pL
PCR JZ Wi {4 % A : RNase-free Water 18 uL,10xTrans-
Tag HiFi Buffer 1 2.5 pL | High Pure dNTPs 2 uL,
DNA #i# 1 pL. i 2 17 51 #) % 0.5 uL. TransTaq
HiFi DNA Polymerase 0.5 uL. mt COI & A J )i 72
JF:94 CHUZSE 3 min, 94 C751E 30 5,55 CiB K 30s,
72 CHEA 30 s, 235 DPFI ;72 CALEAH 10 min;
mt COI L [ B F2IF : 94 CTHZASPE 3 min, 94 °CAF
305,52 CiE Ak 30s,72 CHEH 30 s, 23545
572 CALEMI10 min, §HGAYPCR -k 24E T
A TR () I A7 BRA wHEAT )Y, 45 2] me
COI Je mt COITKER | BEF 41
1.2.2 it S AR

W75 45 545 NCBI L i#£47 BLAST LEXT, #fi ik
JITAR 751 7 BEMARES U me COTF me COILIT5)
FrBt. FIH SnapGene A2 H 1.2.1 I 737 45 S 30
FRIEK] . FF DNASP 6 SRR B RIE o | Bps
RIZREVE B BRZAE KRR . Hop, i
R A R TS IR 22 S PSR TR N 728 S A 6
(1) 5 A SRS 5 PR I 58 2 AT S E L 4 Taji-
ma’s D,Fu’s F,,Fu and Li’s D*#1 Fu and Li’ s F*
(Rozas et al.,2017) . FIH Arlequin 3.11 K154
[Fi) oo A4 18] 1) 3] 22 2R 2 P, 352 15 BE B =F o/ (1-F;)

(Narum & Hess,2011) ., Fg, B{E R SRS L5010
IFREE , 0<Fg,<0.05 I, Fff Lo o1k s 0.05<F<
0.15 B, BhAE R BE 434k 5 0.15<F<0.25 B, FliE % A
Bl 431k 5 Fg>0.25 B, B HE A B 53 4k (Wright,
1977) o AR 28 B 25 FE VTSRS [RIRIRE ] 1) b LR 25
JH GENEPOP Web 15315t 14 I 5 15 b I 2 1] 1Y)
FHIEHE (Rousset, 2008) . & JH Popart ver. 1.7 8744
PRI 25> 2 /] IR SR R SR B G
% (Leigh & Bryant,2015) .

2 ERESH

2.1 WRERMBRERNRBPHS

XA S AN [R] MR 64T me COI S me COITY)™
B, MY AR AR 14 A FREERY 109 4% mt COI Je mt COII
ot e 50 ¥ e 5 W v U 55 F5 45 200 me COL K mt
COIFHPHER B BOIPFIHK B 1306 bp., 4R
5 18 A~ FpA5 A Hap1~Hap18,, H P K f =5 1Y) PRA
A1 & Hap2 Fl Hap3, 5351 B 37 > F1 20 S o0 ==,
350 BRI 1Y) 33.9% 1 18.3%. PR AU Hapl A1
Hap4 537l 9 NFPE 5322, B4R Hap6 H 8 4 Fh
4y . Hapl0.Hap12 Hapl3 Hapl5 .Hapl6.Hapl7
S Hap18 R =2 B AU A5 3 vu it SR PR
FE3 3K 3 B SN AR I B A (3R 1) 6

F1 LHEBERELRENEXMBE RFAERNSH

Table 1 Mitochondrial haplotype distribution of Helicoverpa armigera in different regions of Shandong Province

T T T St L N T B O e B S e B B AN
Haplotype heng- Juye Sishui Lgn- Me.ng- Jiao- Laixi Pingdu " Xintai Zhu-  Lai-  Lai-  Xue- 3K
wu ling yin  zhou cheng cheng yang zhou cheng Number
Hapl 3 / 1 / 1 / 1 / / / 2 / / 1 9
Hap2 2 6 3 2 4 1 1 / 3 3 3 2 1 6 37
Hap3 4 / / / 1 4 / 2 1 3 3 / / 2 20
Hap4 1 / 2 1 1 1 2 / / / / / / 1 9
Hap5 / 1 / / 1 / / / / 1 / / 1 / 4
Hap6 / / 2 / 1 1 / / / / / 1 3 / 8
Hap7 / / 1 / / / / / / 1 1 / / / 3
Hap8 / / / 2 / / / / / / / / / / 2
Hap9 / / / 2 1 1 1 / / 1 / / / / 6
Hap10 / / / / / / 1 / / / / / / / 1
Hap11 / / / / / / / 2 / / / / / / 2
Hap12 / / / / / / / 1 / / / / / / 1
Hap13 / / / / / / / 1 / / / / / / 1
Hap14 / / / / / / / / 1 / / 1 / / 2
Hapl5 / / / / / / / / 1 / / / / / 1
Hap16 / / / / / / / / / / 1 / / / 1
Hap17 / / / / / / / / / / / 1 / / 1
Hap18 / / / / / / / / / / / / 1 / 1

/: TCBLHAAERL, /2 No haplotype.
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2.2 WREBFHEHENEESHEERDERIEST 0.286~1.000 Z [A] , T PR ZAEMEAE 0.000 7~0.004 52
14 /AR S RUFR R B A A R 0.833, B (8], LA SERHFR R A PR R 2 AR =, oM 1.000, 36
TR 20 0.002 2, ANFEIFRER AR ZREVESE PURPRERORZ IR 2 5P s, oM 0.004 5(3%2) .
2 LHREAREXRE MBS E SRS

Table 2 The genetic diversity indices of Helicoverpa armigera in different regions of Shandong Province

Tl BAAE AR AR Z R WA iR 251k
Population Number of haplotypes Haplotype diversity Nucleotide diversity

1A P Mixed populations 18 0.833+0.001 0.002 240.000 3
SR, Chengwu 4 0.778+0.008 0.001 9+0.000 9
FL8F Juye 2 0.286+0.039 0.000 7+0.000 5
7K Sishui 5 0.861£0.008 0.003 5+0.000 9
%2 Lanling 4 0.857+0.011 0.003 0+0.001 2
%] Mengyin 7 0.867+0.012 0.002 5+0.000 9
JBeH Jiaozhou 5 0.786+0.023 0.002 4+0.001 1
€Y Laixi 5 0.933+0.015 0.004 5+0.000 9
SF-JF Pingdu 5 0.905+0.011 0.001 8+0.000 6
AEH Feicheng 4 0.800+0.029 0.001 2+0.000 4
TR Xintai 5 0.833£0.010 0.001 1+0.000 3
1% Zhucheng 5 0.844-+0.006 0.001 0+0.000 2
3 PH Laiyang 4 1.000+0.031 0.003 8+0.001 1
M Laizhou 4 0.800=0.030 0.001 9+0.000 5
FEI Xuecheng 4 0.644+0.023 0.001 7+0.000 9

TP B B bR . Data are mean+SE.

M 14 AR AP REAE IR A R RESEAT 0 FREEREINARE . X 144 FEUEST Tajima’s D FIFu’s
B}, Tajima’s D Fl Fu’s F {834 R f{E , 5€ 78 AP RERY F R, B SR IHER /AP Y Tajima’s D fllFu’s F(H
Fu’s FAH }-0.055, #UZ M X fO R REAH A T 0104t M 5E, (HI SRR BB /K (3R 3),

3 LWEATEM XA BFHE NS TS

Table 3 The neutrality test indices of Helicoverpa armigera populations in different regions of Shandong Province

Fi#f Population Tajima’s D Fu’'s F, Fuand Li’s D* Fuand Li’s F*
TRA P Mixed populations -0.011 -4.358 1.585° 1.192
ik Chengwu -1.256 1.135 -1.509 -1.626
E 8 Juye -1.358 1.514 -1.427 -1.522
WK Sishui 0.210 1.016 0.898 0.819
2255 Lanling -0.705 1.196 -0.823 -0.874
52[H Mengyin -1.536 -1.798 -1.786 -1.942
JKEM Jiaozhou -1.336 -0.211 -1.299 ~1.449
€V Laixi 0.785 -0.055 0.865 0.918
SV Pingdu -0.863 -1.177 -0.746 -0.843
A3 Feicheng -0.469 -0.909 -0.627 -0.628
HrZE Xintai -0.910 -1.593 -1.239 -1.291
Ik Zhucheng -0.279 -1.587 -0.338 -0.363
3€FH Laiyang 0.184 -0.524 0.184 0.183
M Laizhou -0.351 -0.119 -0.416 -0.430
BERL Xuecheng -1.590 0.875 -1.879 -2.033

*F/R P<0.05, * indicates P<0.05.
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2.3 WBERREMHBENEEIN
Arlequin 73 A7 & BT, A48 Ha A [] R ) 9 1

ABUF 1E-0.164~0.375 Z[0], 14 FPE G B 5

REBFG 7 0.028. SN HE S BB 3 m0Rh (8] 1)

8 BB F o 258 0.375 F110.275, Fo>0.25 , B X
PIRIE Z R TR R Rt ik (3R 4) . SRMAHEES
LR ] (9 [ 58 R A P B K, B8R S0 A AR T
R (K4,

R4 WHREATEMXIRE BB EBRESK

Table 4 Genetic differentiation among populations of Helicoverpa armigera in different regions of Shandong Province

i A0 w50 g v O e R m e
Population u Juye  Sishui Lanling yin Jiaozhou Laixi Pingdu cheng Xintai cheng Laiyang Laizhou
A, Chengwu
E 5} Juye 0.131°
47K Sishui 0.023  0.086
*2B% Lanling 0.048 0.129° 0.029
5 [H Mengyin  —0.059 -0.006 -0.047 —-0.037
JEEI Jiaozhou -0.062 0.133" —0.036 -0.037 -0.089
DY Laixi 0.040 0.190" -0.093 -0.012 -0.004 -0.019
¥ Pingdu 0.021 -0.044 -0.012 0.043 -0.067 0.006 0.025
JEIK Feicheng -0.031  0.053 -0.003 0.041 -0.083 -0.059 0.071 -0.024
HZE Xintai 0.008 0.037 0.098 0.038 -0.048 -0.006 0.162° 0.004 -0.079
I Zhucheng -0.022  0.075 0.105° 0.092" -0.027 0.030 0.178" 0.043 -0.059 -0.059
3¢FH Laiyang ~ 0.026  0.202" -0.164 -0.007 -0.066 —0.088 -0.158 0.011 0.009 0.161" 0.196'
36M Laizhou  0.142° 0.375° 0.074 0.167° 0.065 0.046 0.169° 0.246" 0.187° 0.238" 0.275" 0.049

FEIR Xuecheng -0.017 —0.040 -0.021 0.049 -0.073 -0.010 0.044 -0.084 -0.065 -0.003 -0.016 0.013

0.228"

*F/R P<0.05, * indicates P<0.05.

GENEPOP J3 #7453 AR 48 HUAS [RIFP o ) 35t
FERE 2S5 M BRI 5 2 (8] 0 1 35 A1 56 PE (R=0.024 4,
P=0.139) (181 1), 0 b F I B X b AR ] f) it 4%
B MR, IR S s AL e
— E M U 25 5, MBS 2 BB L AR A AR
AR AL ko
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8 =0.000 1x+0.013
g 0.6 R=0.024 4 .
2
Q
."3 0.4‘ [}
8 * * o
© 0.2 ¢« o ee® N : *

- hd L]

% R I AR N b
s L]

-0.2- 100 200 300 %00 500 600

HFEPEES Geographical distance/km

1 WREREIM X AR R EY )& R R
5338 BE B AR K1
Fig. 1 Correlation between genetic and geographical distances
among populations of Helicoverpa armigera in different

regions of Shandong Province

24 tREHBERERNIKSS ZE

BSR4 43 S s, B DL B 7 Hap2
Hap3 {37 T [E1437 E& , HAh BAA%5 5 L Hap2 F1 Hap3
UL AE— . Hap2 F1 Hap3 S& A S5 B4 750 JiE )
Hap2 Fl Hap3 Al e AHE LS AL (1 2)
3 itk

AFFEXTH A LA A 144 X AR AP
109 NMAEIEAT T mt COI K mt COLFEF 53HT , LUAf
THRAS R [FIFIE R A8 bt . AP RITILZR
BAETEZFPRRAS AR AR BLAS 1Y, I HOAS ] H X [a]
A G | 3X 5 Behere et al. (2007) W13 4518
— 3, BV IR AR TR KRN | 53k (ERRE e 11 A
Hr 3R A [ A AR AS B A7 A T 1Y 5 A5 7 Harm- 1
AN 2 I A5 8 Hap2 J2 JLF- Br A R 24 1)
PP Xt A S FREE 13 PR A B i AT
R b R Gy R e e K i R (TR e = i)
18 A AL Horp 7 A A ph =2 B A FEAR S R
B DARMR AR A AR, 55 HL R R AT RS i T 9
%) [y s s S, B DR A A BE A . SR PRI 1Y
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A 4

50%:

AR RV, BRI GBS 2R iR R

B o RHLZAERZ 1445 AR Tajima’s D Fl1Fu’s
FAHBEAT VARG 30 9 45 R R | 144 H X A AR 4% 1
P 22 5 2 R GA 31 10 KT | R WTTR G R0 45 b XA

Hap6 Hapl0

Hap8
B rp g — A AR — A B AL, B(0 Rs ARAE IX BAR5 AU . Each circle represents one haplotype. The colored
segments in the circle represent the proportion of population in each haplotype.
B2 WHEREEMXRE R AER IR 2 E

Fig. 2 Median joining network based on the haplotypes of Helicoverpa armigera in different regions of Shandong Province

AW S AR SN [ R (] 5t A2 1 25 5 iy 2
P B8 2[RI AT ARG, 25 SRR AR R st L o ik
A — 5 Y M 22 55, M B RS  h 1 ) A 4 A S T
AL AT B 520 . A I R 20 (2018) X
KA H T E I AR XKE)NT NS B X EE
PR T AE 7 M XA R A8 L T (R R RE AT me COI
FER R B, e BRRRE ) 35 12 1R 5 R i 3P 5 G
2R O, PR 1) A 25 R A2 T A A2 b 3L 2 )5
M, SAHE IR A R (HZ AT O D R T
PR 0 B i 1A% e A S A . A Wed et
al. (2015) W58 N, >R A v [ R E R B E o
Grapholita molesta (Busck ) F ¥ [] 1 15t 14 15 25 A1 3
PRIR B EAT AR G AU INVE O AR REZE A W] 3t
FRIE S EARR A KT, b PR 25 0 AL/ IV
O BB B B . 25 F TR R
FCHE b 3L £ R 3517 R B 2 AR DG, P RE 5 vk |
B HUMPIE M BRER B S5 2 T 2 G

EN TSN (2 2 = U s i C AN R G O e 2
T AT AT G5 R ILILZRAS 14D H X A AR 4%
TR JLF- A 1845 53 Ak, ZR B CER 70 b DX 22 [B] A 4%
AR A AR, AN [RIRRE A AR B K 0 AT
B, BERAZ )2, 45 M X R RE IR 2 s A 22

B A RER G P FED 5K . IIARAR 14 AR ES IR
IR BB [ 5 2R 2 Fgr o 0.028 , BERA AR 4% HUBl A
b E1DIVS 55/ 5 -4 7 o

® EChengwu
© E¥fluye
@ 7K Sishui
2 & Lanling
® FFHMengyin
@ )M Jiaozhou
@ EFLaixi
@ “FEPingdu
ABIB Feicheng
© HrEXintai
@ &3 Zhucheng
@ 3FHLaiyang
® 3EMLaizhou
B Xuecheng

S, RGORREGL . X A BE SRR T KA
TR 2 (eSS, 2020) , LLZRA T T B T i A
DX, e A s R AT G B e, X LR
A8 AN [5] 3 DA B8 R B4 B PR S 01 B, A% 2 At
HR e, s A oAk, PR, 50 L 7R AN 3
DXARES HURIERYIEE Z RIS, 0 LIAR A R U
AR RS O 1 SRR T, s Ll 2R
XA BT AR SIS MR M R S Ba it 1
Fleatdia.
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