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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. The
complete mitochondrial genome of larvae samples collected from 9 localities in China (Liaoning,
Hebei, Shandong, Henan Prov. and Tianjin) and 17 localities in the United States (Georgia,
Illinois, Indiana, Kansas, Kentucky, Michigan, Missouri, North Carolina, Ohio, Tennessee and
Virginia) were sequenced and analyzed. Combined with the 24 mt-COI sequences downloaded
from GenBank, the phylogenetic relationships of H. cunea were reconstructed by using
neighbor-joining and maximum likelihood methods, and the haplotype was analyzed by DnsSP6.
The results showed that 48 mt-COI sequences clustered into two branches, representing two
distinct larval head types. The blackhead type further clustered 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 the eastern coast of Canada and the northeastern
United States. Populations of Nagoya, Japan were closer to the western and southern United States,
and Japanese fall webworm populations exhibited greater genetic differentiation than those in
China.
Key words: Hyphantria cunea (Drury); geographic population; genetic differentiation;
phylogenetic analysis; mt-COI

% H 2k Hyphantria cunea (Drury) J& T-#%# H Lepidoptera H &I} Erebidae, X 4K
FEM. KRR, MEER, FTAeE, M afbamdEa GEEK, 2019 o dE
AR E 6 [ AR Bl dU AN 4 B B S R I AR 22 e, AN R £ B A A T) A A () 0 2B B &
g, HAlLLER R4 & E4 (Morris, 1963; Loewy, 2013) . %[ [k 4 dhn]
PGy BRI ZE SRR, SR Sk e R TS BB S G, R B A2 AE S IR 20 A A X 4T
S BT, 2 Sk A AT BRI ARG, — ETE L3RR & L S (Nordin
and Canna, 1985: Vidaletal., 2019) o FEKARBEARIRGI AR AALMH Iy E5H, 203k A
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2017a) o
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(Cameron, 2014) o e B HCREFIO R RIFR (] 5C &, DL RHEE A EAR A T RS2
FIE KA . Gomi ZEN (2004) A T REHHA, FEMILIEW MR WEEAEK, I
BT mt-COl ZFIEW TAF M RAE R . Yang 2 (2017) HEE T mt-COI & K5 &5 FAIE s
T ES A 5T S A ] [ A 2 5 o ARHIE SR X SR AR B R R S8 AN [ b R A B D 3
AT mt-COL FE R F 38 . WP A0 30T, X £ FsE T MR LR 7T, DA 36 [ 1 e
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HH T 2014-2016 4, REHFHEE 9 NS AMEEE 17 Msb (R D o W
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THe— R TR LI, FHATHIE AR SS9, B T-80°CHMIKIRIKAE T f# /& FH (Hattori
and Ito, 1973) o WF /A28, XA RIbRABEAT LLEOBA 0T, Pl L se Bt A
B ERETLARE (PhFES%, 2017) o AWFFUEIT 355 A [F) Sk BRI FE 494 (1) 50 AN
AHATMFE, HBR T EER TGRS 26 %P H T RS0
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Table 1  Collection information of larval Hyphantria cunea

KA S it P22 i GenBank &35

Sampling localities Head type Latitude and longitude GenBank accession no.
WAL % & Qinhuangdao, Hebei 3L Black-headed 39°57'21"N, 119°35'01"E OM920576
WIALA S Shijiazhuang, Hebei 3.7 Black-headed 38°15'36"N, 114°11'42"E OM920581
WL Wuyi, Hebei 3.7 Black-headed 37°44'45"N, 115°5320"E OM920574
YT 4 2 Neihuang, Henan 3.7 Black-headed 37°51'59"N, 118°51'28"E OM920577
;::a {25} Dandong, Liaoning 3.7 Black-headed 40°06'12"N, 124°20'17"E OM920573
ST Shenyang, Liaoning 3.7 Black-headed 36°47'08"N, 123°33'45"E OM920575
11 % %% Dongying, Shandong 3.7 Black-headed 37°50'08"N, 118°35'39"E OM920579
11 %% Shouguang, Shandong 3L Black-headed 37°51'59"N, 118°51'28"E 0OM920578
FHEY Tanggu, Tianjin 3L Black-headed 39°05'59"N, 117°4023"E OM920580
Heii I Georgia 21 37 Red-headed 33°40'36"N, 84°23'59"W OM920592
FRFI AR Tlinois 3L Black-headed 38°32'06"N, 89°45'02"W OM920586
EN2 2240 /H Indiana 213k %! Red-headed 41°00'38"N, 87°16'40"W OM920587
eS| ENE5 2240 /M Indiana 3.7 Black-headed 38°11'46"N, 87°54'60"W OM920591
America HEFE WM Kansas 213k Red-headed 39°03'54"N, 96°2727"W OM920583
H 3N Kentucky #13k %! Red-headed 38°01'30"N  85°15'35"W OM920582
H 3N Kentucky 3L Black-headed 38°00'44"N, 84°31'10"W 0OM920588
FER M Michigan 3.7 Black-headed 42°12'01"N, 86°03'31"W OM925490



%75 B JH Missouri 3L Black-headed 38°59'34"N, 93°35'07"W OM920584

275 BN Missouri 41 37 Red-headed 38°55'43"N, 92°47'12"W OM920585
JER % kG North Carolina 213k %! Red-headed 35°51'43"N, 78°42'50"W OM920596
JER % k441 North Carolina 3L Black-headed 35°18'03"N, 80°44'15"W OM925491

e Z )1 Ohio 3L Black-headed 40°03'48"N, 84°11'19"W OM920590
[T 4476 /1 Tennessee 43k Red-headed 35°12'25"N, 84°51'23"W 0OM920589
4N PG 9 Tennessee 3178 Black-headed 36°04'29"N, 86°45'32"W 0OM920593
35 3% JE M Virginia #1 3<% Red-headed 36°50'56"N, 80°52/04"W OM920594
35 3% JE M Virginia 3.7 Black-headed 36°42'47"N, 82°02'10"W OM920595

12 mt-COIERE R 18, &N 5N F

AR 2R EEVHARE RAFRAE (PEASY@-TS Zero Cloning Kit) FEHSEE [
ik 4 U DNA. KB 514 LCO1490 (5-GGTCAACAAATCATAAAGATATTGG-3") #l
HCO02198 (5'-TAAACTTCAGGGTGACCAAAAAATCA-3") % mt-COI % [X fi Bt #4748

(Folmer et al., 1994; Hebert et al., 2003; Liao et al., 2010) . PCR $" 1 Jx NifA & (25 uL):

2xTaq MasterMix 25 pL, £ F¥#514 (10 pmol/L) % 0.5 L, HIFEF 4 DNA (AR 2 uL,
ToH M FE K 9.5 uLo PCR ¥4 [ B FEFF: 94°CTiAE M 3 min; 94°CAEHE 30's, 60°CiBK 30's,
72°C FEAH 30's, 30 RAGHY; 72°CHEAH 7 min. MZEH G, BFEM T 12°CHRAE. ¥ i
12 NanoDrop 2000 4366 B TH AT 1.5% 1 35 I HEREIR VK EAT 6 DNA IR J5 B AR B s il
LU M FROAE: i BEAT @ B o I 3RS AR A7 51 © b A% 2 NCBI 1) GenBank %4 FE .
13 HEDH

XTI 3RA3 11 26 25 F1 GenBank T #k[¥) 24 %% mt-COI £:[F 7 51 4T 73 H7 o/ Clustal W
2.0 BHAT Z HFFHILLXS, JEAE BioEdit 1 Fah% 4. AH MEGA 7.0.26 LR E R ¥F51,
I 1RO A R AT A5
1.3.1  JP A B AN 53 B

FIF MEGA 7.0.26 i+%L DNA F8 3, (A, G. C. T) 4. ZBA7 s K 25 8
fr %5 . R MEGA 7.0.26 1 EXCEL %4t (Ts) Ffi# (Tv) fH 8L ER, X
AN E AR HRAT AT, FEARIE Model 2.1.4 THE 25 IR BUHE AL AR
132 RAKE

TR} (Arctiidae) $9%TK Arctia caja 1 B IR AELT K Cisseps fulvicollis
AN, SASHIE TN 3RAF ) 26 £35 E H i mt-COI &R 7 51—t /0t . S HL K2P #EAL A
A, HET 1000 YKE R KFE, B MEGA 7.0.26 K% NJ B A1 ML # (Posada, 2008) , i
ITRERE T
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X 3RAF 1 26 261 GenBank R #) 22 5% H I mt-COI £ [K 5 5 #E4T 704, AN ik
BN, ZEHTFHILNE S —ORE 509 bp MEFHKCLE, R K2P BEEAY, k47 1000 K E
SRAE, f#H MEGA 7.0.26 ¥% NI BEAT ML A%, AT 38045 70 204
1.34 pfER

I FH DnsSP6 AN 5] #HUFRHE S [H 1 )8 4% 2 FEVEFREL, £ Network 4 2 B Al v
I P28 56 R I AT PTG A AL A A
2 HRESH
2.1 FFHILHRHHE

XF 26 235 H Mk mt-COI JE [ 7 51 5 Wl %4 A1 GenBank R #1112 ME RSN mt-COl
FEH P A HBGHEAT GE v 50 B . mt-COX ZE R Jy B 732 bp,  ORSFAZ AL 206 A, 7 S A R 30T
28.14%; A A7 15526 4, (5 AL SELT 71.86%; 812015 B L4734, A7 AT ST L 64.62%.
mt-COI Z:[F 75 gk A T/U. C G AP =000 33.2%. 36.1%. 15.5%
F115.2%, A+T HIPPEIE RN 69.3%, G+C HISFEIE RN 30.7%.

Xif 35 [ I8 26 2% H 5 R 22 ¢ GenBank | # ) mt-COI K551 (3Lt 48 %) )
HBAAT G 01 mt-COI JEK Fr B 682 bp, 1#5FA7 5 328 4>, 5 BT S ) 48.09%:
RN 3544, AL S 51.91%;: LS BONRE 3344, R ST 48.97%.
mt-COI JE[K A, B3t AL T/U. C 1 G MALELE T35 855N 32.3%- 37.1%. 15.6%
M15.0%, A+T P E BN 69.4%, G+C &8N 30.6%. LA ESEREW], Lrifkm)
COI K B A B & 1) A/T i) 1
22 RBEXRE

BT EE A 26 25 H MR FHIF 2 % GenBank R # 4N %1, i8] MEGA 7.0.26
Ry NI CE 1D ATML A (& 2) o SEE I 26 2% mt-COL F: 5 5 41 R A 733, H.
BARENEZE, R TR L. BR80T P, —SchhE
(b R R AN 56 [ b (B DR B E BN AR Z MDD Ao FRFR R AL, 5 — SR E
(b B B EL ik, 2 A e ] bt SR A S [ 0 O R TR B VISR R R o 413k Y
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Fig. 1 Phylogenetic tree of Hyphantria cunea and 2 outgroup based on mt-COI sequences using

Neighbor-joining (NJ) methods
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Fig. 2 Phylogenetic tree of Hyphantria cunea and 2 outgroup based on mt-COI sequences using Maximum
Likelihood (ML) methods
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Fig. 3 Phylogenetic tree of Hyphantria cunea based on mt-COI sequences using Neighbor-joining (NJ) methods
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Fig. 4 Phylogenetic tree of Hyphantria cunea based on mt-COI sequences using Maximum Likelihood (ML)

methods
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Kot ASHIE 8 I 5E 1 26 25 F1 GenBank | %% 1 22 4% 3% [E ik mt-COI J& [K] 7 41| i3k 47 F 5 4y

B, —HLSE s 24 DNAERY, Hoh A5 T Hap 7 OISR By, 7R 17 AN Hb BP0
AP Hap_4 K2, fAET S ADMBEERMEES (R2) o PE GCTRM. itz 25, "
e E WACRE . W ANE. CTARMLAREE) « RE CRERAEM . FEEIKRE M |
WZAREND FNER CRELTE 7B AT wa . RS E . 2 KIg8E) RERM R

=

—NEAER (Hap_7) o SR (BB BLAMI . RO Hfr SN BT i/, Haypa D

AHA AW RRERFERILE D RAER (Hap 4) .
Fz2 EEBAMmt-COIEEFFIM B ER ST
Table 2 Haplotypes analysis of Hyphantria cunea based on mt-COI sequences

B Y it} B R A KA
Haplotype Head type Number of haplotype Sampling location
Hap 1 3k Black-headed 2 2 [ L BTN DN A 4 JE I/ Washington and California in America
Hap 2 23 Black-headed 1 2 [E 52 47 72 JE WM Pennsylvania in America
Hap 3 3k Black-headed 1 32 [ Hr 48 75 5F )1 New Mexico in America
Hap 4 3k Black-headed 5 S 2 BIE I e AT o R T AT MR 44 P/ Florida, Oklahoma,
Texas and Tennessee in America; H 4<% 1l )2 Nagoya in Japan
Hap 5 3k Black-headed 1 FE TR ZHBM Arizona in America
Hap 6 3k Black-headed 3 2 E AR . 5 B 22 FN% 75 B Washington, Maryland and Missouri in
America
Hap 7 3L Black-headed 17 K ERFRL AR . BEVEIKAS N AR ZE M Delaware, Connecticut and Ohio in
America;
IMERZHEETTFH (2) . FACHE . FlRER () MzRIEE (2
Prince Edward Island (2) , New Brunswick, Nova Scotia (2) and Ontario (2)
in Canada;
PEDBZ IR TR ACRE S, WA KR WAbEE . W N A
11 %4 75 Shenyang Liaoning, Dandong Liaoning, Qinhuangdao Hebei,
Shijiazhuang Hebei, Wuyi Hebei, Neihuang Henan, Shouguang Shandong in China
Hap 8 3k Black-headed 1 IR AME G 764 New Brunswick in Canada
Hap 9 3 Black-headed 1 H 2= %38, Ibaraki in Japan
Hap_10 23 Black-headed 1 o [E 111 R Z:°& Dongying Shandong in China
Hap 11 3L Black-headed 1 rf [ R Tanggu Tianjin in China
Hap 12 3k Black-headed 1 & E R 1 Tllinois in America
Hap 13 3 Black-headed 1 2% [H & #5561 Kentucky in America
Hap 14 3L Black-headed 1 2 [H BN 55 %249 Indiana in America
Hap 15 3% Black-headed 1 2 [E Z 8RN Michigan in America
Hap 16 3% Black-headed 1 2% [# 307 JE WA Virginia in America
Hap 17 3k Black-headed 1 EE IR 2 K44 North Carolina in America
Hap_ 18 413 Red-headed 2 K E bR 2 Rk gh M AT #5ZEM North Carolina and Kentucky in America
Hap_ 19 413 Red-headed 1 3 [E L% M Kansas in America

Hap_20

413 Red-headed

3¢ [E % 75 BL /M Missouri in America



Hap 21 43 Red-headed 1 2 [E EQ 2 22991 Indiana in America

Hap 22 2] 3k Red-headed 1 & [H H 415/ Tennessee in America
Hap 23 413k Red-headed 1 2 [E 276 W Georgia in America
Hap 24 41 3k Red-headed 1 2% [# 367 JE WA Virginia in America

FLAE AL 2% ] (1] 5) SUARTAR 2B BAR, #E— U S B A £ A i M7k
e AR AL 1Y S R AT A A A Y, (IR B B G m iR B L 2 R 2 d — B TP R
AFMIESE . Hap 6 (ARESHIMN . 5 B 22 JH A 75 LD | Hap 8 CEHIAMEEG 7))  Hap 10
CIIARAED  Hap 11 CREHEE) Al Hap 13 (FESEEMND & —25 il Hap 7 fi74: 15K, Hap 9
(HAI) £M4t Hap 7 A74E1MK. Hap 12 (FHARIEHN) A1 Hap 15 CEERIRM) £
— Ui Hap_4 fi7AE K.

IOes
1 ,. ple

® USA
_ Canada
® Japan
® China

5 5% [ k48 PR mt-COLEE PR 37 41 B4 7 A 9 25 5]
Fig. 5 Median-joining haplotypes network of 48 geographical populations of Hyphantria cunea based on mt-COI
7E: Hap 124, BfEAL REMGENRE 1. BORERRRWEIMGRKAGE, SDMRBRR —FEfL, Bm a i
HRRIEH; AR E B, S ARSI B R, S8 (R D AR BARRE, I €0 AS% o [ #y PURR R - 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.
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S FIRBETE B 2R RSB DI NAZ €T, IWEM BB AR AT etk &F
TR ARSFATF TR TR AENE FE5RAE, 20215 DREEAE, 20200 o AE
TS BE T 2 5 A AR AR I S PR AL RE 0T BE 2 3 [ ik BT 5 R NAR R /A2



TESLAE TR IR (XA, 2012) o DNA RS2 S Tz S F AR X 7 (Hebert et
al., 2003) , AWFFEET mt-COI F:[K ¥ 5% 56 [H [ ifki#t 47 DNA &% 50 #r . A58 T
IS [ A ] 1ty B AV 5 SRR 1 56 (] 1 b BN B R R B R R, LA S SR SR AU RN 21 3K A &y e e
G4, DU S [ g e [ N AR S SE RN T A

SRS AV S AL g RSO AR R ST, B 2 R B AR R e (]
1~4) o FESKBRURIZLSL A (1 36 1 P A MA B AT 5, £/ MAKE (Schowalter and Ring,
2017) « fbtE (Takeda, 2005) . 27 F-fi%F (Jaenike and Selander, 1980) . “f%%kf+ (Nordin
and Canna, 1985) . MA{T N (Oliver, 1964) FIMHLEH (Morris, 1967) %575 HthA74E
5. WELR GRD SR, FMkBIM4RrERE G HEEEN . BRI, ZEIREM,
LR RGN . HYITEINFN G5 2 JE N IR 2 M DXIR A R AR, SEEREEEAE Y 7ES iR AN
B 2T Sk AL 5 AR 3 AR DR B BRI AR 22 M BB Sk A A b (AR . FE
Pk R B AL R R AR X, AEAE KT HRE AL 04k, HEDI AT —Fh ARSI AL i 7] 400 1k 22
(Nordin and Canna, 1985; Takeda, 2005; Yangetal, 2017a) FlZ5 3484 (Vidal et al.,
2019) RVFEHESXFME, FEE RS RIE S (] b ILE .

[ SR AR ¥ 56 [ 1 mt-COL JF B JREETE—ile, H5IMERARH (2 RBEE) MR (F
HEETTHE. FEEE MR TE) , REBERIE CETRREM. HHEHIMN . H5
SRR Z D FRAGES ARSI . FFRi e . BE2MD , HARRMMELG K RE
U, HAEBHM: B LTINS KR R IR EE P ARE CRRIEGIN . ZEEURIM . Y
PEIN S BN 5 JE M . FEAVEJEWMD | FEE (ALRP RGN B2 BLIEMD
PEER CHEERUN . INRIAR R M . RIS . BB PEER . e R M A S D
W3 E A BA R S HAR RIS RTEIL (B3, B4 . fFEARAHE. Ri
IR (A0 b5 5 (5 FH N TG M 26 5 307 2 TR JH R 20 LGk JH (R Al B SE 230 (Yang et al.
2017a) o HE G WHALRE &, WAbAFE. WAL E . FrEAE. TR,
WARFN « FE CRERAEM . BEEIAEM . HRZBND FinER CEEET T, iffe
i HIHTRNE R KB SRARM 17 MR ILERAE R Hap 7, £E (8% FIAM
TR AT S ETCEERTN . NN FIH A4 B RN S AR IL AR Hap 4,
FhBERIEE R % D). Hf5 8 Hap_9 th Hap_7 WS AT R, HAKIRS &0 2 KFE b
AR (BS o fFahE. BHA, 8E. FmsEE auth B aea LR ML, B2
A RA T IR ENFLE (Yang et al., 2017b) o 535 E AT REZSHEm, M
B EE— IRTEAE N Z5 R AT (Lu and Sun, 2017) .

ACHIF 3% A 4T Sk TR RN BB S R 4y e S L O S (0 R B Ak o B SRR SE [ (i b, R LA
2R 238 10 b BRI 2 K 2R R 2 [ AR AL R R B S B, H AR 44 J2 A M B e i
56 [ PG R R S A R SE AT, L H AR A AR L S B R A4k



Bt AFEHERER R R Lee Townsend #7535 H (K EF /Mr AR EHATIR S,
Thais Rodrigues 117 DNA $#& U 2 HE#5 B, Ignazio Graziosi -5 A1 Shane Stiles fili 1-
DB RAEREANI S E a7 LAY S8 &7 FAEY . Rrieiss !
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