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Abstract: To explore the phylogenetic relationships among geographical populations of Hyphantria cunea
(Drury), and the divergence between black- and red-headed types, this study amplified, sequenced, and
analyzed the complete mitochondrial mi—COI gene of larvae samples collected from nine localities in China
(Hebei, Henan, Liaoning, Shandong Prov. and Tianjin) and 17 localities in the United States (Georgia,

Illinois, Indiana, Kansas, Kentucky, Michigan, Missouri, North Carolina, Ohio, Tennessee and Virginia).
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Combined with the 24 mt—COI sequences downloaded from GenBank, the phylogenetic relationships of H.
cunea were reconstructed by using neighbor-joining (NJ) and maximum likelihood (ML) methods, and the
haplotype was analyzed using DnsSP6. The results showed that the 48 mi—COI sequences clustered into
two branches, representing two distinct larval head-color types. The black-headed type furtherdivided into
two sub-branches: the first one is composed of the geographical species of China, the eastern coast of
Canada, the mid-eastern and northeastern United States and Ibaraki (Japan); the second one consists of
geographic colonies of the southern and western United States and Nagoya (Japan). The red- and black-
headed morphs have significant population differentiation. Among balck-headed webworms, populations of
China and Ibaraki (Japan) were genetically closer to those from eastern coast of Canada and the
northeastern United States. Populations of Nagoya (Japan) were closer to the western and southern United
States. Additionall, Japanese populations exhibited greater genetic differentiation than those in China.
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3 [¥] (1 Wk Hyphantria cunea (Drury) J& 5
H Lepidoptera % B} Erebidae, X ZAFkH:TEH . Fk
el MEER, BT, 2R atE
mE A (ERREAR, 2019) . JESEARERMYSEE HIRTE
J H RN &l BB B 24 B A 68 25 S, S TRAC €5 1Y
ARG M R R A5 A2 4, B DLE# sS B~
AR F G (Morris, 1963; Loewy, 2013), X
P11 2 JURT DL o3 o Sk BURIZE K B, RS
KoE AR B R A, W, AL SE M KA Ay
R DR AT RS A, 2 Sk R Sk SR AR T B
ZRWGL A, — B AL 3 AR B R o R
(Nordin and Canna, 1985; Vidal et al., 2019).
Sk YA SR B 1AW AT I e g, 413k Al
W AR TEALSE LA b X R B, R, Sl A fE
PR, L0k B R AR B SEE T (Yang et al.,
2017a) .

L BRI LT Sk B 36 [ R AR 28 5 2 580 7 A
AEEN, BIEZ B R MR TR
P 25 0 2 7 I AF A 22 5 (Oliver, 1964
Hattori and Ito, 1973; Loewy, 2013; fh5F 2%,
2017; Vidal et al., 2019), 7EAf=Hh 53 Hi Ao 2
B RS E A R AR (R g A
2023), TREAEHA & R AR . SOWFI
IR A R E SR B

Ve —Fh oy Tt pric, B dobi ik anfig &
F CHAALREG 5L 1 mu—COT 3 N KL B AT BE R st AL |
PEALHRE PR DL K A X PR ST 1 ik D] 2H 2 2R 435 ) 26

M, BTN TR BRARSEMR T (Cameron,
2014) . M R HOSHE RPN FIRp R G R, DL
iy H PR S A B AL T ORT R A A K S . Gomi 4
(2004) P4 T REH HA . 5 EMILE PR
RIS E M, T mu—COTFEFUER TR [H] 1)
FERL, Yang 4§ (2017) WIEF me—COIFEHM 7
GELESL T B A S SR 2 [ e 25 5 . AR
T 55 8 3k %ok SR A 1 o R 5 S ) e B A7 410 55
] R EAT me—COISER Y 1S . W ForHr, %28
B e AR AT A AR E S, DABE O 55 kAR R
AR S

| RS 7

1.1 BARESLEE

PR #F 20142016 4, R4 A FEA) 94
S RIS 17 D (R 1) . M A 9
e RS ASEE Ik 2~3 W gh AL, HAER T 95%
M CBER I T, RS G B — R oK LB,
TR AR S HYS, B T-80 CRATIRIKAE
g fE45 ] (Hattori and Tto, 1973) . WJF 43412
HI, XA AR AR RS T L EIE S, 1Ak
Sk 78 B R TS B AF L S RIE (FhSF 24
2017) o AWIF5T BEHCT 18 55 A ) Sk 750 R b BE 437 119
SOMREATEATINT , HEBR 76 42 E 2 T8 5 R
)26 7575 F I 80 o
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Table 1 Collection information of Hyphaniria cunea larval

KA Hh

Sampling localities

k2% 2 1 Qinhuangdao, Hebei
b4 )L Shijiazhuang , Hebei
WAL E Wuyi, Hebei

{1 7 PN 7 Neihuang , Henan
I

. 1L 774K Dandong, Liaoning
China

iL TPk B Shenyang,, Liaoning
1175 %5 Dongying , Shandong
11145 % Shouguang, Shandong
KHIETE Tanggu , Tianjin
PG I Georgia

PANE AP Tlinois

ENEE 244 M Indiana

EN5E %44 M Indiana
BT Kansas

B SN Kentucky

HES 3 Kentucky

SR M Michigan
ES

America

2% 95 L Missouri

I HLH Missouri
A6 2 441 North Carolina
AR 2R North Carolina
HZ &M Ohio

H 44 75 M Tennessee

[ 44V 4 Tennessee

B JE WA Virginia

357 R M Virginia

A G GenBank %55
Head type Latitude and longitude GenBank accession no.
ML Black—headed  39°57'21"N,119°35'01"E 0M920576
M3 Black—headed  38°15'36"N, 114°11'42"E 0M920581
3L Black—headed  37°44'45"N, 115°53'20"E 0M920574
ML Black—headed  37°51'59"N,118°51'28"E 0M920577
TS Black—headed  40°06'12"N, 124°20'17"E OM920573
LT Black—headed  36°47'08"N, 123°33'45"E 0M920575
PR Black—headed ~ 37°50'08"N, 118°35'39"E 0M920579
RS A Black—headed  37°51'59"N, 118°51'28"E OM920578
39 Black—headed  39°05'59"N, 117°40'23"E 0M920580
21 3 W Red—headed 33°40'36"N, 84°23'59"W 0M920592
M Black—headed  38°32'06"N,89°45'02"W 0M920586
2137 Red—headed ~ 41°00'38"N,87°16'40"W 0M920587
B Black—headed  38°11'46"N,87°54'60"W 0M920591
213k A Red-headed 39°03'54"N,96°27'27"W 0M920583
2138 Red—headed ~ 38°01'30"N 85°15'35"W 0M920582
B Black—headed  38°00'44"N,84°31'10"W 0M920588
ML Black—headed  42°12'01"N,86°03'31"W 0M925490
3L Black—headed  38°59'34"N,93°35'07"W 0M920584
213 W Red—headed 38°55'43"N,92°47'12"W 0M920585
213k A Red-headed 35°51'43"N,78°42'50"W 0M920596
3 Black—headed  35°18'03"N,80°44'15"W 0M925491
Y Black—headed  40°03'48"N,84°11719"W 0M920590
213k # Red-headed 35°12'25"N,84°51'23"W 0M920589
3. Black—headed  36°04'29"N, 86°45'32"W 0M920593
213k M Red—headed ~ 36°50'56"N,80°52'04"W 0M920594
B Black—headed  36°42'47"N,82°02'10"W 0M920595

1.2 m-COTERWY g, &N 5NF

it ALt & X S AR RA R &
(pEASY@-T5 Zero Cloning Kit) #&Ht 3 [ 4 dk 4
KDNA. SR 514 LCO1490 (5'-GGTCAACA
AATCATAAAGATATTGG-3") #l HCO2198 (5'-T
AAACTTCAGGGTGACCAAAAAATCA-3' ) Xf mi-
COI $: I F Bt #4797 14 (Folmer et al., 1994;

Hebert et al., 2003; Liao et al., 2010)., PCR " 1%
SR Z (25 wL): 2xTaq MasterMix 25 pL, F
5149 (10 pmol/L) 45 0.5 pl, HAYFEE K ZH DNA
(Bitl) 2 pL, JCHWZEIK 9.5 pl. PCR Y HE )z Jf
P : 94°CHIALEYE 3 ming 94°CAEPE30s, 60°CiR K
30s, 72°CHEMH30s, 30UKMGHAY 5 72°CHEMH 7 min.
RN EE ARG, KRS T 12°CIRAF . YA
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NanoDrop 2000 43566 BETH I 1.5% B BEARHEE I L Ik
HEAT L DNA [ Jo3 f A ARSI, G 45 446 A
HEAT )T . WF A AR TSI E LG 2
NCBI ) GenBank ZHE /7 -
1.3 #iESHh

XiF I 3545 19 26 45 A GenBank R #% 11 24 4%
mi—COI 5 A 7 9 #4770 #r o {fi ] Clustal W 2.0
T2 EFHIHNT, FHAE Biokdit H Fah 4. FIH
MEGA 7.0.26 LB E RRIGIHIF5, IfFshiE ]
SRR A
1.3.1 J¥ 92 B AR A 537

FIFH MEGA 7.0.26 115 DNA J¥ 51 B 2% (A
G. C. T) dnl. S KfRZE BALS A, FIH
MEGA 7.0.26 fl EXCEL X§ ## (Ts) FIEiH (Tv)
(B Mt A B VR, X AS TR i 4 00 45 1 Ak 43
M, FFHHE jModel 2.1.4 31825 e U AL AR RS,
132 Z5kH

BT BL Arctiidae . 39474k Arctia caja #1 H
MR} B S AE AT WK Cisseps fulvicollis VE R AMNEE, 5
A FE I P 3451 26 45 52 [ (1% me—CO1IEH P 3]
— M. BEHCK2P HEALATY, HEFT 1 000 K EE
K HE, 3l F MEGA 7.0.26 ¥ £ NJ B F1 ML Rt
(Posada, 2008), #HiTRFEKE 5.
1.3.3 itk ik

X 3545 1Y 26 45 Fll GenBank T 21 22 442
[ 1% me-COL FE P AN 3047 70 Fr, NI E AN
Z P TR 40— PR B3 509 bp ALK B, ik
B K2P EAR AL, $E47 1 000 WK B & R A, ffi
MEGA 7.0.26 ¥4 % NJ # Fl ML A% , #1738t 1% 7 1k
30T o
1.3.4 Hfi5H1

I FH DnsSP6 1153 A ] 1 H b 3 5 ] F dak 114 8
1 REEFEER, (8 FH Network M £ 45 751 b ) ) 2%
K R E G T T AL SRS R S HT

2 RS9

2.1 FYIAMEFE

X} 26 2% 36 [ (1 me—COTIE R 51 3 08 s A
GenBank T #k 1 2 N E R AR () me—COI 3 A ¥ 371
WM AT T . mi—COI 3 H K B K 732 bp,
PRSFAL 206 4>, 5 B S B 28.14% ;A8 A
F5264, R SBUR) 71.86% ;T 2045 B AV A
4734, A B 64.62% . mi—COI 3 [H 4]

AL AL T/U, CHIG YA R RT3 55 253 51N
332%. 36.1%. 15.5% F115.2%, A+T () F-H& 5
H69.3%, G+CHIF-¥E 58 30.7%.

XT3 [ [ 8k 26 5% FL 3 51 Fi1 22 % GenBank T
#H M m-COIEE T (Hat485%) WA T4E
Mo me—COI3E R R B 682 bp, & 5F i
3284, N B S B 48.09% 5 AR AV AN 3544,
b B SR 51.91%; T 2945 JE ok A 3341,
b B R 48.97% . mi—COI KEH JF 9, B 5L
AL T/U, CHIG B RS2 & 5008 32.3% .
37.1%. 15.6% Fl 15.0%, A+T W F ¥ & & K
69.4%, G+C I35 58 30.6%. DL E45REM,
HRAAR R COTHED EAT W 5 1% A/T g 1) P
22 BREXRE

B 55 A K 26 & H L E B R 2 4%
GenBank N#AMEFF, iz MEGA 7.0.26 F4HE NJ
BO(E D) AMLA (E2) . SEE Ak 26 5% mi-
COIFEH P AN RPN 7 3, HEAB &SR HZ
B, RETWAMAR G LA, AR 5 ik —
o T WS, — 3 p v A b B R S ]
CEIRN RN RN AR RN ) )RR
WAL, 95— EE BRI ARG, FM
I P s, PHL R R S [ v 3 A R 2 ) A 2 2 DD 1Y
G RFR o LB oy 3 AL 3E 3G [ 2R 1 7 A
TR ISR AN

JEF 3 B ik 26 2% [ 3L BT B A 22 4%
GenBank T #IELH 751, i2H MEGA 7.0.26 3% NJ
BOC(E3) FIMLA (F4). & Hg R 48 > Hh B
FREER A, HEARESMAZE, 3%
TWIRASTRI LA, BESKL AU oy Sl — 2B i T
W32, —ZHTHE., 'R (LRIEE) Al
KT CRIEALTEFRAE . HilEHEa M
Iived ). FEEPARI (B EM . BV
I SN AR Z AR ) AL CREIR 2K A% M
FERIARM . TG HL2ZN)  H AR O 0 b A R 4
s 53— SR EHARER (FHRI A L 2 R
Mo HGPEM . EREELGIM . BRI . B
FIEWM) . s (AERP RGN . 2 BIEM) |
PO (ARG | R A JE N L SR SR
BBV TR N | FETEREHN) . H AR
24ty JE ) b BB 2 B o 3 3R I D ()
FUINE R AR 7 . 38 E AR AH iy M B A i 2 o)
BYIMEG LR . 203 A 4 3 A FE 3 [ 2R
A P RS AR
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Fig. 1 Phylogenetic tree of Hyphantria cunea and two outgroups based on mi—COI sequences using Neighbor—joining (NJ) method
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Fig. 2 Phylogenetic tree of Hyphantria cunea and two outgroups based on mt—COI sequences using Maximum Likelihood (ML) method
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Fig. 3 Phylogenetic tree of Hyphantria cunea based on mt—COI sequences using Neighbor—joining (NJ) method

2.3 BfER

X} A 58 I 52 %) 26 25 Fl GenBank T 2K (1) 22 2%
2 H Wk mi—COI SR 7 50 B A7 B o b, — 3t
YooE 24 A AR A o BRI Hap_ 7 H B0 40
R, 21T AR h 3 A B Hap_ 41k
Z, BETSAMMEAMEED (£2), TE (LT
W, WAbZE RS WAt aRE . WdbRE . W

FMWNE . LTPRMILAEENG) . KHE (Fhife
ML BRI M M) FnE R (EfEAR
FFE . HAMEEI S . BB E . RIS )
SRR L A A5 R (Hap_ 7). SR (f
BRI . TR S fE T BRI . FH 48V
)R H A4 R R AR R A T A L A
(Hap_4) .
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P4 f AL A f) L T S ] 1 88 mi—COL T3 R G B
Fig. 4 Phylogenetic tree of Hyphantria cunea based on mi—COI sequences using Maximum Likelihood (ML) method

AR 2 (5) BRI IR 2 B8 AR
PE— 2P UE W] SE 1] A i A Rl DK .
SR T J] R BCA 5 ARBUAR BAR BY IR LA
T e A AR A B 2 ) 20— 2 LD RS A A
—2. Hap_6 (FRERMIN B 22 JH A IR BN |

Hap_8 (B A4 ). Hap_10 (ILARKRE) .
Hap_11 (CKHEIENG) FlHap_13 (HFIEHIMN) &£—
A Hap_7fiiAE TR, Hap_9 (H AR fLMit
i Hap_7 fif AE Mok o Hap_12 (GFAIiE G0 ) F
Hap_15 (8RN ) L—HH Hap_4fﬁ§|5ﬁﬁ§'€o
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Table 2 Haplotypes analysis of Hyphantria cunea based on mi—COI sequences

05 e I RIS
Haplotype Head type Number of haplotype Sampling location
Hap_1 M 3. Black—headed 2 e [ A Bl N AN A AR JE Washington and California in America
Hap_2 M 3. Black—headed 1 e[ = A7 ¥ e AN Pennsylvania in America
Hap_3 M3 Black—headed 1 5 E 3 A& VG BN New Mexico in America
SO N | RSB SN A AP A
Hap_4 3. Black—headed 5 Florida, Oklahoma, Texas and Tennessee in America;
H A i )= Nagoya in Japan
Hap_5 M3 Black—headed 1 FEE A Z2TEM Arizona in America
I [E R B | B 2% O A g BN
Hap_6 23k Black-headed 3 "
Washington, Maryland and Missouri in America
FEEFFRIAEIN | BRI ZKAS MR ZZ RN
Delaware, Connecticut and Ohio in America;
INERZERLTFE (2), HiMemws . FikkEs (2) MLk
%45 (2) Prince Edward Island (2), New Brunswick, Nova Scotia
Hap_7 M3 Black—headed 17 (2) and Ontario (2) in Canada;
PERL TR TR B RS WA WALRE . ]
N E AR EE Shenyang Liaoning, Dandong Liaoning, Qinhuangdao
Hebei, Shijiazhuang Hebei, Wuyi Hebei, Neihuang Henan, Shouguang
Shandong in China
Hap_8 M3 Black—headed 1 TNE S AN Hi 7248 New Brunswick in Canada
Hap_9 M3 Black—headed 1 H A %3k [baraki in Japan
Hap_10 223k Black—headed 1 [ L1 4R 458 Dongying Shandong in China
Hap_11 B3k Black-headed 1 [ K HEE T Tanggu Tianjin in China
Hap_12 3. Black—headed 1 2 ER AN linois in America
Hap_13 M 3. Black—headed 1 FENFERM Kentucky in America
Hap_14 M3 Black—headed 1 FEEPEE L0 M Indiana in America
Hap_15 223k Black—headed 1 I [E %5 B M Michigan in America
Hap_16 23k Black—headed 1 ZE[E #75 JEWM Virginia in America
Hap_17 223k Black-headed 1 EE IR K990 North Carolina in America
Hap_18 213k Red—headed 2 SEE bR 2 A g8 M A EE LI North Carolina and Kentucky in America
Hap_19 #13); Red-headed 1 e E LT Kansas in America
Hap_20 21 3 Red-headed 1 & [E %8 75 HL M Missouri in America
Hap_21 213 Red-headed 1 FFEENEEL YN Indiana in America
Hap_22 213 Red-headed 1 25 [FE H 40 P51 Tennessee in America
Hap_23 21 3); Red-headed 1 FEMEIE WA Georgia in America
Hap_24 213 Red-headed 1 5 H #h e A Virginia in America
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lOes
1 ,. ple

® USA
~ Canadal
® Japan

Hap_8 ® China

5 ST 1 i 48 A HU AN mi—COTEE PR P91 B AL A 1o 24 PR
Fig. 5 Median—joining haplotype network of 48 geographical populations of Hyphantria cunea based on mi—COI
T: Hap_1-24, FfEA; RA(GEILK 1. OB RR AR WS R BB AR B BUE R R —Fh i 2L, b m R 5
FEBUBRAOE LY s 20 ARG M BEANEE , 5 (SRS M AR, 28 (3R H A HI RN HE , i (SR b R B
Note: Hap_1-24, Haplotypes; collection information shown in Table 1. Black circles represented missing haplotypes that were not
observed. Each circle indicated one haplotype, and the circle area was proportional to the halotype frequency. Red represented the USA
geographical populations, yellow represented the Canada geographical populations, purple represented the Japan geographical

populations, and blue represented the China geographical populations.

3 Bip St

I [ kBB K 2 2RI AE SIS TP A
fRAE, WEW FBREHAAEA | btk 27 F 1
Y. RS R I T R A E R (I
FEE 20205 SEIESE, 2021)., MIBEEIE S
M, F 5 A AL 2 e e B o b RE ) T B 98
] 1 g EL A A R AR g T RAE 538 I g T AR TR
(X4, 2012) . DNA ZKJEAS) 72 N FH 3T 2 Fh
MIFPEEAY X 4> (Hebert et al., 2003), ABF5EHEET
mi—-COI 3 [H 7 51| % 3¢ B 1 i 17 DNA 25 B4 43
Mo WFFE T o RN 5 [ A [R] H B A R 4 1 55 [
HIEH A R R LT LR, AR AL kL
RIL ORIk, DL 25 1 i e b G A
D A IR AL) T o

TS RURN T 3k R &)y HU RS P AN [ 1 4k

32, B Zm e e E R (1 1-1#4).
TS A RIET Sk AU B 5 1 ) AN AR 5 A S
TENKR K E (Schowalter and Ring, 2017) . fb4k
(Takeda, 2005). 2r F M (Jaenike and Selander,
1980) . A5 (Nordin and Canna, 1985). >
K474 (Oliver, 1964) F1 % %& 25 ¥ (Morris,
1967) 57 MWAFAEZE S+ AL (K1) &
N, AL AR gl 7R S8 RS RN | BB g
MBI BN AC R PRGN G T A
Je WM AR Z 4 DR G KA, fEEREEAM Y 1E
AP 36 A L % r M 213k B &y e 5 A3 e A
BN B BRI AR 2 AR Sk g ey e e
TE W 2k B gl ) e A X, A7 7K F 1Y st
& or Ak, AR A — P A A 09 BIL TR 5 40 e 2% S
(Nordin and Canna, 1985; Takeda, 2005; Yang
etal., 2017a) FI%f LMY (Vidal et al., 2019) 7



54 My ICAE : FTF mi—COIFE [ (A R b HEAD R G 1% 71k 1603

VPECHESD X R0k, B Rh Sk B 7R 23 [A) - 3 [H]
L.

R A 1 3% I 1 W mie—-COT 7 3 SR AR AE —
., SMERARE (ZRMEE) AR (218
HETHAE . RS E I AMEm g ), K
HARES (R on BN . BEPE PG LL M B N AR
ZAIN) FNARIEER (HERAAS N . FERLAEIN . 5
B2, HARKIMAESG R TN, HAERE L
B T INE R R R RE . REPARES (fF
Al O L B AR M EHATE . EREEEgM
B JEIN . BAEIEWIN) . mEE (JER% kYN
MR BN ) FIPEER (R | A AR e
120 N 2711 =3 9 N YR I A DA N
T TN ) B 38 E o AR S B ARl
R RRTE (K3, K4), fFaHAANE,
IR SRR AR 5 S [ GNP L B B B IR
AT B IR MR R R T 40T (Yang et al.,
2017a) . W (TR . WAbZE 28 . Wdta
FE . WALRE . WENE ., TR WRA
J6) . RE CReprfeM . BRI . A
FMER (BEETTE . IAEEEE . Bl
FHEE . LREEAE) REM 17 8 5 LS g R
Hap_7, ERE (G2 BN | foahim S0 . 78
BTN . EHARPEIN) A H AR RREER S AR
e A A Hap_4, FEFIREIER R %1, A% AL
Hap_9 1 Hap_7 & Wi AR, HARIRS 24
RR R R (B5) . fFadhE. HA, i
B LG RA0Y SE 1 gk e AP AT LR A A S, H
BN RAE T —RRIIE A (Yang et al.,
2017b) . 5 3E [ AT BESZ SR, T
B AR ARSI A4F (Lu and Sun, 2017).

ABIF 5 2 W 21 3k B PR SK A 4 ol S B
AR AL . TERSG AL G Figrh, T EFIH A
DR IR B R 5 I S DR AR T A 3 [ AR L AR Y
FRREEHEUT, HAC A4y 3 0 B RR A 5 56 [ 7
FEE R RO RE LT, H H AR LA E R R 2
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