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Genetic differentiation and distribution of two sibling species of tea

geometrids in tea-growing areas in Zhejiang, eastern China
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Abstract: [ Aim] To reveal the distribution of the sibling species of Ectropis grisescens and Ectropis
obliqua in tea-growing areas in Zhejiang, eastern China. [ Methods] A total of 533 specimens of tea
geometrids collected from 17 counties in Zhejiang were identified by using mitochondrial cytochrome
oxidase (mtCOI) gene as the molecular marker, and the geographical distribution of E. grisescens and E.
obligua in Zhejiang was also analyzed. [ Results] The results showed that among the 17 surveyed
localities, the tea geometrids from 11 localities in Zhejiang were all identified as E. grisescens, those from
other three localities ( Anji, Yuhang, Longwu) were all E. obliqua, and the rest three localities ( Xihu,
Lin'an and Fuyang districts of Hangzhou) were identified as the co-occurrence areas of the two sibling
species. [ Conclusion] E. grisescens is widely distributed in tea-growing areas in Zhejiang, the
distribution of E. obliqua is narrower, and there exist co-occurrence areas of the two sibling species.
Key words: Eciropis grisescens; Ectropis obliqua; sibling species; genetic distance; geographical

distribution ; Zhejiang
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Table 1 Collecting information of samples of tea geometrids in Zhejiang, China
FEAREY o FAEHM LA HeE R TR R A A AN RO (A
Population Sampling locality Collecting Longitude and Number of  Individual number of  Individual number of
code date latitude specimens Ectropis grisescens Ectropis obliqua
HZAJ WM 2275 Anji, Huzhou 2012.05  119.67°E, 30.64°N 28 0 28
HZYH  HiM 4K Yuhang, Hangzhou  2017.05  120.28°E, 30.41°N 42 0 42
HZLW  HMJgd3 Longwu, Hangzhou — 2017.08 120.03°E, 30. 18°N 27 0 27
HZXH UM PEIH Xihu, Hangzhou 2017.06 120.08°E, 30.20°N 60 5 55
HZLA B 6% Lin'an, Hangzhou  2017.05 119.38°E, 30.16°N 44 25 19
HZFY BN 5 P Fuyang, Hangzhou — 2016. 10 119.72°E, 29.96°N 33 25 8
HZCA  #iINPE% Chun’an, Hangzhou 2016.09  118.67°E, 29.39°N 25 25 0
SXKQ A MAHE Keqiao, Shaoxing — 2017.05 120.70°E, 29.93°N 38 38 0
SXXC #3224 B Xinchang, Shaoxing 2017.05 120.89°E, 29.50°N 36 36 0
NBXS TP Xiangshan, Ningbo — 2016.09 121.85°E, 29.41°N 29 29 0
NBNH T THF Ninghai, Ningbo ~ 2016.09  121.45°E, 29.32°N 37 37 0
JHWY 4 ¥ Wuyi, Jinhua 2017.10  119.70°E, 28.93°N 32 32 0
TZLH &M Linhai, Taizhou — 2016.09  121.10°E, 28.82°N 31 31 0
QZLY 5 N B Longyou, Quzhou — 2011.05  119.18°E, 29.08°N 4 4 0
LSSY 7K FAFH Songyang, Lishui ~ 2012.05  119.38°E, 28.50°N 25 25 0
WZTS M ZEI0 Taishun, Wenzhou — 2017.07  119.70°E, 27.55°N 30 30 0
ZSDH  S$1L5E ¥ Dinghai, Zhoushan  2017.09  122.37°E, 29.97°N 12 12 0
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Table 2 GenBank accession numbers of the reference mtCOI gene sequences

2w

Sequence code

Hi PR

Geographical population

HNCS-KJ704328
7JQZ-KJ704330
AHQS-KJ704331

FJWYS-KJ704333

HBWH-KJ704334
JXNC-KJ704345
HNXY-KJ704347
JSYX-KJ704329

AHSZZ-K]704332
ZJHZ-KJ704339

FF K7 Changsha, Hunan
WL N Quzhou, Zhejiang
L% 1L Qianshan, Anhui
@ # 1] Wuyishan, Fujian
AL Wuhan, Hubei
YL.V4Rg & Nanchang, Jiangxi
{7 PH Xinyang, Henan
VLIVE 2% Yixing, Jiangsu
4 Shizizhen, Anhui
WiTLAHTM Hangzhou, Zhejiang

Yy GenBank %55

Species GenBank accession no.
JRZS ik Ectropis grisescens KJ704328
KSRk E. grisescens KJ704330
IKRZE R . grisescens KJ704331
RSk E. grisescens KJ704333
IR E. grisescens KJ704334
IKZER . grisescens KJ704345
IRZ R E. grisescens KJ704347
INGS R Ectropis obliqua KJ704329
INFE R E. obliqua KJ704332
INFE R E. obliqua KJ704339
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Bl 1 T COTJPFIA K2P R4 ) 55 RO [ b BEFP R 9 NT B
Fig. 1 Neighbour-joining (NJ) tree of tea geometrids based on CO I sequence and Kimura-2-parameter model
ZSDH: F}111 527 Dinghai, Zhoushan; HZCA : kg % % Chun'an, Hangzhou; NBNH: T i T° i} Ninghai, Ningbo; SXXC: 44 2%# & Xinchang,
Shaoxing ; HZLA-1; At ilfi%2-1 Lin’an, Hangzhou-1; TZLH: & Ml Linhai, Taizhou; JXNC-KJ704345; VLR E, JKES)Hk Nanchang, Jiangxi,
Ectropis grisescens; HBWH-KJ704334 . ] b 281, JK 55 )R #k Wuhan, Hubei, Ectropis grisescens; FIWYS-KJ704333 . & i 32 (L, MK 45 Rk
Wuyishan, Fujian, Ectropis grisescens; AHQS-KJ704331 ; 2801l , K25 )ik Qianshan, Anhui, Ectropis grisescens; ZJQZ-KJ704330; #iiLiH , JK
7% )R Quzhou, Zhejiang, Ectropis grisescens; HNCS-KJ704328 . WG 7>, K45 igk Changsha, Hunan, Ectropis grisescens; HNXY-KJ704347 . {155
15FH, KAS R gk Xinyang, Henan, Ectropis grisescens; JHWY: 4x £k X Wuyi, Jinhua; SXKQ: £ 2%##F Keqiao, Shaoxing; WZTS: i M Z& i
Taishun, Wenzhou; HZFY-2; it & PH-2 Fuyang, Hangzhou-2; HZXH-1; At M PG i#-1 Xihu, Hangzhou-1; LSSY: [N 7K ¥4 BH Songyang, Lishui;
NBXS.: T4 1l Xiangshan, Ningbo; QZLY : #H J¢ii# Longyou, Quzhou; AHSZZ-KJ704332 . 484+ 74, /NS5 R Shizizhen, Anhui, Ectropis
obliqua; JSYX- KJ704329 . JT.INE %, /N5 N ## Yixing, Jiangsu, Ectropis obliqua; ZJHZ-KJ704339 . WivTAT M, /N2 R i# Hangzhou, Zhejiang,
Ectropis obliqua; HZFY-1; ¥ & FH-1 Fuyang, Hangzhou-1; HZYH: #1434 Yuhang, Hangzhou; HZAJ: Wi 2¢ 5 Anji, Hangzhou; HZLA-2 : 47
JHIEZZ2 Lin’an, Hangzhou-2; HZLW . #iJH JE3 Longwu, Hangzhou; HZXH-2: HUN PG -2 Xihu, Hangzhou-2. K433 bl H 28K S0 43R,

Bootstrap percentages are shown on the clades.
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2.3 RFEREFNE REMNHIES

283k TV A8 A [ 1l IX 255 RO 94 3 2 R 2% R
IRANE R E miCO [ FEF P 18 2 B, PCR ;=4
KNy 650 bp, ifid ClustalX 1. 83 £ 551 b Xt
TR T3 AR S 365 A5 381 114 7 0 1 DX 35 FRUBBE AN, [+]) o P e
FEAA R b FH R 255 RO () miCO [ BRI 91 i
ATRE HeXF CFy F0 AR [ BF, IUe BOHCH iy 1 2%) , A
HEUR 600 bp SRAFIFHEAT /00T, S5 R RB, WL

-~

<
-
-

DX R 245 Dl i A ) S IR KUK, T2 3 A AE AT
T2 AU R B TR R I T TR
A S B I T PN 0 R KA B L R 0 B
FH1LE T 5 /NI RO R A DI, H TR )M 22
UM AT T 15 5 B 5 [ ok e BT A A
bR TR DX, AEL SO D 2as RO AT /N2 RO £ 4 A
DXz 1] BT PG ) e PH A 22 (141 2) o

@ JFREFIDMEIE Geographical distributionof E. obligua
B EFERSMDHEN Geographical distributionof E. grisescens
A FEEHENRE R Co-occurrence areas of the two sibling species

CPRRIR e I F VS N ST R T

Fig. 2 Geographical distribution of the closely related tea geometrid species Ectropis grisescens and

Ectropis obliqua in Zhejiang, China
RS B AR IR T R IES B, oAby F-3h% 1, The map outlines were from R language software, and the rest were added manually.

3 i

Bl o TR 2R 0 R AR I RAE Sl 437
Fric, B 0 5 A8 P FTRE R s A5 R A, E A 3
W RERERD, B2 TR ARG LF -,
BRI RAL o X R G R BTSSR T A
BYHE 3 ( Blaxter, 2003; Marshall, 2005), {H DNA
o3 T BN B 3544 22 SO BE UL B M) R 22 [A] 77
TEA B R R (A, 2012) , PRI SRATZ-FAmic,
4hia G MR 3557 41 R BB 08 4 ML 4R 7 1 S R Y A
fEo CO I JERUZAERVEY Fh % 5] 2 48 1 38 P 5

B ER42(2002) F H mtDNA CO T 2 E4 FARig,
YE T 5 AN IEKY B Bemisia tabaci TP AR ) A,
£ £45 (2014) B Y mDNA CO [ 3t 551
OIHT  WFFE T 2/ Nt Wit Empoasca witis 35 15 4514
N HABM 00 RGO R, BT) % (2012)
L FH DNA Z5 T RS H AR B 2y 6 350 305 25 o 28 4 S 18 i
Helicoverpa zea MR %S B Helicoverpa armigera, T 5%
A (2014) i s kiR CO T A, X6 3% [ AN [R] b BE
FIEERORE /NSEWE Bactrocera dorsalis 2[R B, 1= 4%
ZAETERIRIRE RGO RIEAT TOI5E . KA RUFI /N
AR T AN S B+ A, AR o o
R A A FLARRL, ME LA 239, K DR — B



6 3] FISBRAT « WIS XS RO ST 25 o 1) 1845 A S o A 747

EGAEN— DRI, 73 A SE HoR
B IS e, Ry B I G A X0 B 2R T 5B B J
Bio LR (2014) RAEAS 2= MA FHZRLK CO |
FEPVE Ry 53T B i 0 2 A I 25 RO /N IR
WEEAT 1A R X 53, S A 3 2 A e R B ) o3
A AT RS HERT B M5 B 1 Al

WriLAs e i U™ A0, W s R 22
KA PR, 1986; TS, 2017), Ji 3
S5(2014 ) sl LTRSS 2= AL A 1 i, & LA
28 RUBE by AR 2 3 A AR o H 2 8 2K B A
25 RUME A A2 IR AN ] () Fofr, PR 0, G 35 R AN [) e
TEWTLAS B A SR o S8 T BLE IR 25 b AF 7R KRS
FRU A/ N2 RUE 9 3/ 2 b, AN B 5 38 0ot 22 i RS
W B2k ] M PR, SR AT mtDNA CO T 2 A
Sy FhRIC S B T WL AR BT SRR A% RO i) 43 A1
PR, INEEE R EE R AT LUE 2% R )z 53 A
TULRIBTI (23206 T e M B K
FHUL RN S5 /NS ROBE 73 A Y0 L %8, H R
FERTH AN P T A 531 o

b — 2B B I3 W 2 B, R RO /N3 RO Y
R DX TR] A AT N P I8 L BH R I 22 47 78 PRI 2%
PR A DX EL AR A IR 0 A, TS 2 1508 BTk o Y
A1 28 T A A TR A G A DX — o B AR T L
1o ARHETEFHERR IR, A= SN AH R P48, B
TEY) A EEEFENTE S, — MRS b 2k
HEFF s B (AR 2205 55, 2007) o WESE R BL, 355
FEHZNHEERELRR, AN A I N G 2557
(Tsueda and Tsuchida, 2011 Jiao et al., 2014) JE
XIFRAZHC B AR (Liu et al., 2007) (335558 N GE ) (4
JBELAE, 2009 ) ke 2 5 22 5 (48 1R 45, 2006) 45,
AT TR A B EZENLR], 2R E 5w
X5 5 MEPE AR SE B, 2 — A B S BSET
#7772 (Reitz and Trumble, 2002) , A1 B [&FH4H
Ty TS A A TR S BEA T 7 AR P —
], &l 15 J5 & 2 A2 R (Lin e al., 2007),
Zhang 45 (2016 ) BIFFEIN Ny, IR 25 ROk B /NI R
W M AT SRR R WS VR T, P AR AE AR XS FR 28
BCAT Jy IR BRI A W Bl b . 2% RO
G R AEXS FRASBEAT N, & 5 B E A TE K
25 RUME I /INS RO 53 A 28 SR i A AETR A& IX, T
PEAEAE SIS ) S AH X S iy 2 [) s, BEA F 5 i
FEHEAT PN AR TR0 1A T LG A H5 T TR ) ARy A
SRR TR e B R B SR i) B AR RE ) ,
74 58 L5 BB ) (REARAE:, 2006) o 17 A 25 R A

ANZR R B A S A TR A T 25 e (A 2 B AR
2016) , HK 2% RO /N s RO BLAT S0 1 ke B 1
JFN TSR A BIERE ), =T I BT H AT KR
SERRI/INR RO B8 R 9 o A O 5K, A 15 A A ik —
HRAWE

AW 7R TS RO /INA RO W VLA 7
A DI, AR D e L 2 i A R B A R IR i AT
BERE— LT W A RO P b e T B 2R X
873 DI, 552 M 00 23 OB T 0 5 b 1909 [X
AR Bh A A A DX A AR A, 33X ] S BF 5 2% R
P ST 50 ) M B 0 A 77 1 2 S 16 DAL G0 5 o [ 2
AT AEIE PR S S ) b )T IR (3t SR il ) BF s g
BT I A 5 14 A A IR DL 2 A DX A B Y BERS
HERIBIT I SR o
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