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External morphology and molecular identification of two tea
Geometrid moth from southern China
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Abstract [Objectives| Ectropis grisescens Warren, 1894 and Ectropis obliqua (Prout, 1915), two serious pests of tea in
south-eastern China, are morphologically similar and cannot easily be distinguished, which makes it difficult to conduct
research on these pests. To accurately identify E. grisescens and E. obliqua, we examined and compared morphological
characters and the mitochondrial CO 1 gene sequences of these two species. [Methods] Morphological characters of adults,
eggs, larvae and pupae of each species were observed, illustrated, measured and compared. 39 samples of the mitochondrial
CO I gene of E. grisescens and E. obliqua were amplified and sequenced, and the intraspecific and interspecific divergences
of the two species were calculated. NJ and ML trees were built based on the Kimura-2-parameter model. [Results] The
results show that there are obvious morphological differences between E. grisescens and E. obliqua and there is an obvious
“barcoding gap” in the intraspecific and interspecific divergences of these species that allows them to be distinguished by NJ
and ML trees. [Conclusion] The results of morphological identification were consistent with molecular methods based on
CO I gene variation. The results should be useful for preventing crop damage by these two pests and related research.
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Table 1 Collecting data of Ectropis grisescens and Ectropis obliqua and GenBank accession numbers of CO | sequence

GenBank
Species Sequence ID Collecting locality Collecting date (year-month) GenBank accession no.
01909 2010-07 KJ704328
E. grisescens Hunan, Changsha
01912 . 2010-05 KJ704330
Zhejiang, Quzhou
01913 L 2010-06 KJ704331
Anhui, Qianshan
01915 . . 2012-07 KJ704333
Fujian, Wuyishan
01916 i 2011-03 KJ704334
Hubei, Wuhan
01917 2010-07 KJ704335
Hunan, Changsha
01918 2010-07 KJ704336
Hunan, Changsha
01921 . 2010-05 KJ704337
Zhejiang, Quzhou
01922 L 2010-06 KJ704338
Anhui, Qianshan
01924 . . 2012-07 KJ704340
Fujian, Wuyishan
01926 _ 2011-05 KJ704342
Hubei, Wuhan
01927 i 2011-03 KJ704343
Hubei, Wuhan
01937 . 2011-05 KJ704344
Hubei, Wuhan
01938 i i 2011-08 KJ704345
Jiangxi, Nanchang
01939 . . 2011-08 KJ704346
Fujian, Ningde
01940 2011-07 KJ704347

Henan, Xinyang
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01942

01943

01952

Zhejiang, Quzhou

Zhejiang, Quzhou

Hunan, Changsha

2009-05

2009-05

2010-07

KJ704349

KJ704350

KJ704351

2 1 (Table 1 continued)

GenBank
Species Sequence ID Collecting locality Collecting date (year-month) GenBank accession no.
01963 . 2011-08 KJ704354
Zhejiang, Hangzhou
02060 i 2011-03 KJ704359
Hubei, Wuhan
02061 i i 2011-08 KJ704360
Jiangxi, Nanchang
02062 . 2011-08 KJ704361
Zhejiang, Hangzhou
02063 . . 2011-08 KJ704362
Fujian, Ningde
02064 i 2011-07 KJ704363
Henan, Xinyang
01908 . 2009-03 KJ704327
E. obliqua Zhejiang, Hangzhou
01910 ) . 2010-06 KJ704329
Jiangsu, Yixing
01914 o 2010-06 KJ704332
Anhui, Shizizhen
01923 . 2009-03 KJ704339
Zhejiang, Hangzhou
01925 o 2010-06 KJ704341
Anhui, Shizizhen
01941 .. 2009-05 KJ704348
Zhejiang, Hangzhou
01953 . 2009-03 KJ704352
Zhejiang,Hangzhou
01954 . 2009-03 KJ704353
Zhejiang, Hangzhou
01964 . 2011-08 KJ704355
Zhejiang, Hangzhou
01993 2011-08 KJ704356

Zhejiang, Hangzhou
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02058 . 2009-03 KJ704357
Zhejiang, Hangzhou
02059 . 2009-03 KJ704358
Zhejiang, Hangzhou
03030 . 2007-08 KJ704364
Japan, Niigata
03057 . 2007-08 KJ704365
Japan, Niigata
1.1.2 BB, 4y Sato
1984 2011
Leica
25+1 C Auto-Montage  software  version  5.03.0061
50%~70% L14: D10 Synoptics Ltd
1 2
12 RSHENNE. HE. WESEE ) Sato
12,1 fH 26 1984
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1 HHAESHENEREE
Fig.1 The way to measure the characters of adult

A B C: D: 2 =1 mm
A, B: Head; C: Leg; D: Wing. Their abbreviations see Table 2. Scale bar =1 mm.
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B2 SMEERESHENEREE

Fig. 2 The way to measure the characters of genitalia

A B C 2 =] mm

A, B: Male genitalia; C: Female genitalia. Their abbreviations see Table 2. Scale bar =1 mm.

1.2.2 5P

Leica Bouin’s
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12h 30% 50%
70% 75% 80% 85% 90% 95% 100%
5 min

Leica EM CPD 300 90 min

1.3 HAESHENSETFAESN

FEI Quanta 450 Excel2010 SPSS19.0 (SPSS, Inc)
SPSS19.0
1.2.3 U Leica (Mean)
Auto-Montage software version (Stand deviation, SD)
5.03.0061 Synoptics Ltd
1.24 %hH Bouin’s = B R R
1.4 DNA v PCR M A MFF
12h 75% )
75%, DNA Qiagen
Leica DNeasy Blood & Tissue Kit
F2 UWEMMNENOESHIEREFERTS
Table 2 The characters observed and measured and their abbreviations
Abbreviations Variables Abbreviations Variables
Fw . VL
Frons width Valva length
CD . VW10 i
Compound eyes distance Valva terminal width
CL VW3 . 1/3.
Compound eyes length Valva terminal width
CW . VBW .
Compound eyes width Valva basal width
MHTW e JL
Male, hind tibia width Juxta basal length
MFWL . JW .
Male, forewing length Juxta basal width
MFWW . . SL
Male, forewing width Saccus length
FFWL . CL
Female, forewing length Cornutus length
FFWW . . Cw . .
Female, forewing width Cornutus middle width
UL LPL L
Uncus length Lamella postvaginalis length
uw LPW

Uncus basal width

Lamella postvaginalis basal width
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LepFl 5'-ATTC-
AACCAATCATAAAGATATTGG-3' Hebert
et al. 2004a Enh LepR1 5-CTCCWCCAGC-
AGGATCAAAA-3'" Hajibabaei et al. 2006

612bp COI PCR 25wl
2.5uL  10xPCR Buffer Mg?*
2 uL dNTPs 2.5 mmol/L  0.25 uL Tag DNA
1 uL  ddH>O 15.25 uL. DNA

3uL PCR 95C 2 min
95°C 30s 46C I min 72°C 30s
5 95°C 30s 51°C Il min 72°C
30s 35 72°C 10 min
PCR 1%
ABI3730

1.5 FYIoHmiEgskiag

Seqman 5.01 DNASTAR Inc.
1996 MEGA
5.0 Tamuraetal. 2011 Clustal W
gaps
K2Pp Kimura-2-parameter
distance Kimura 1980

ABGD Automatic Barcoding Gap
Discovery Puillandre et al. 2012
MEGA 5.0
PAUP*4.0 b10 Swofford 2002
NI Neighbour-Joining tree ML

Maximum Likelihood tree

2 GR59
21 EEEE

2.1.1 HEHFE 3
2
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2.1.2

4 7l $F4E

CuA,
Al A4
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B3 WEREMFRENBESE
Fig.3 Morphology of adults of Ectropis grisescens and Ectropis obliqua




A B CDTIIJK EF GHTLMN A B C D IJ
K E F G: H LM N
A~H=1cm I~N=1mm
A, B,C, D, 1, ], K: E. grisescens; E, F, G, H, L, M, N: E. obliqgua. A: Male; B: Male (underside); C, D: Femle; I, J: Male

genitalia; K: Female genitalia; E: Male; F: Male (underside); G: Male; H: Female; L,M: Male genitalia; N: Female genitalia.
Scale bar, A-H=1 cm, I-N=1 mm, respectively.

4 REFREEZREINALN BRI E
Fig.4 Egg and larva of Ectropis grisescens and Ectropis obliqua

A C E F B D G H A B C D =100 pm
E G F H

A, C,E, F: E. grisescens; B, D, G, H: E. obliqua. A, B: Egg masses; C, D: Micropylar, Scale bar = 100 pm; E, G: Matrue
larva in dorsal view; F, H: Matrue larva in lateral view.
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3 12 612bp CO I
(P<0.01) MEGA 5.0 Tamura etal. 2011
Col
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CO I 22 Kimura
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5 IMEFRBMFREBESENBEEBR
Fig. 5 Pupa and pest status of Ectropis grisescens and Ectropis obliqua
A B C D A C B D E F

A, B: E. grisescens; C, D: E. obliqua. A, C: Pupa in ventral view; B, D: Pupa in lateral view; E: Pest status of E. grisescens
(Songyang, Zhejiang); F: Pest status of E. obliqua (Yiwu, Zhejiang).
F3 26 MESHENSITHEIR
Table 3 The statistic analyses of 26 morphological characters

E. grisescens E. obliqua »
Variables Significance level
Number of samples Mean SD Number of samples Mean SD

FW 56 0.880 0.052 50 0.747 0.063 0.000
CD 56 2.082 0.107 50 1.854 0.105 0.000
CL 56 1.086 0.078 50 0.968 0.088 0.000
CwW 56 0.930 0.085 50 0.848 0.085 0.000
CL/CW 56 1.173 0.089 50 1.145 0.010 0.084
MHTW 25 0.550 0.040 15 0.511 0.037 0.004
MFWL 30 13.420 1.072 26 11.501 0.708 0.000
MFWW 30 6.185 0.516 26 5.427 0.379 0.000
FFWL 23 17.125 1.000 26 14.056 0.947 0.000
FFWW 23 7.662 0.637 26 6.274 0.531 0.000
UL 10 0.629 0.026 5 0.648 0.043 0.301
uw 10 0.358 0.032 5 0.311 0.026 0.014
UL/UW 10 1.771 0.1770 5 2.094 0.168 0.005
VL 10 2.044 0.092 4 1.963 0.092 0.162
VW10 10 0.202 0.039 4 0.237 0.042 0.169
Vw3 10 0.264 0.040 5 0.234 0.043 0.219
VBW 8 0.895 0.036 5 0.767 0.014 0.000
JL 10 0.276 0.045 4 0.256 0.021 0.422
W 10 0.353 0.028 4 0.315 0.020 0.026
JL/IW 10 0.781 0.113 4 0.814 0.029 0.593
SL 10 0.224 0.029 4 0.186 0.017 0.032

CL 10 0.466 0.068 5 0.471 0.032 0.868
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Cw 10 0.129 0.024 5 0.101 0.010 0.030
CL/CW 10 3.689 0.686 5 4.716 0.771 0.021
LPL 10 0.371 0.042 5 0.355 0.057 0.544
LPW 10 0.483 0.045 5 0.385 0.085 0.007
Ectropis grisescens GGATCAAAAAAAGATGTATTTAAATTTCGATCAGTTAATAATATTGTAATAGCCCCAGCTAAMMACTGGTAAAGATAAG
Ectropis objiqua ..................................... et et e A AR DR N AR A
Ectropis grisescens AGTAATAAGAATGCTGTAATTCCAACAGCTCAAACAAATAMMAGGTATCTGATCAAATGATAAATTATTTAATCGTATA
Ectropis ohliqua  «+vvve-- e et e e SR o SN oSN S N SR N Ve O
Ectropis grisescens TTAATAATTGTTGTAATAAAATTAATAGCCCCAAGAATTGAGGAAATACCAGCTAAATGTAATGAAAAAATTGCTAML
Ectropis obliqua  vovesseasssessess Glveroiarece Toceaasstaaacarecs T
Ectropis grisescens TCTACTGATCTTCCACCGTGAGCAATATTAGAAGATAAAGGAGGATAAACTGTTCATCCTGTTCCTGCTCCATTTTCT
Ectropis obliqua  ..... R Buvceaaasaaaaas Gl v v aaaoaaa T
Ectropis grisescens ACAATTCTTCTAGAAATTAATAAAGTAAGAGATGGGGGTAATAGTCAAAATCTTATATTATTTATTCGTGGGAAAGCT
Ectropis:obliqua: vueesaadssadsss (3 ot et a e v e e SRS e
Ectropis grisescens ATATCAGGAGCTCCTAATATTAAAGGTACTAATCAATTTCCAAATCCTCCGATTATAATTGGTATTACTATAAAAAAA
Ectropis obliqua  ........ B3 a7t oo oo e o e Gl ettt et Bt o ar e e T e AT RS AT AT

Ectropis grisescens ATTATAATAAAAGCATGAGCGGTTACAATAGTATTATAAATTTGATCATCTCCAATTAMAGAACCTGGGTTACCTAAT
Ectropis obliqua:  cowewecesasasaaaaas B oo T TS TS S 6 e o e S e a8 o TS TS

Ectropis grisescens TCTGCTCGAATTAATAATCTTAAAGAAGTTCCTACCATCCCAGCTCAAATTCCAAAAATAAAATATAATGTTCCAATA
Ectropis obliqua  «vevveviiinannns T B e i i D DD S S DD D BT DT Bapsiinipepiniinits

Bl 6 RFRWANZRER COIFIILLMER

Fig. 6 The comparison outcome of CO [ gene sequence of Ectropis grisescens and Ectropis obliqua
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Fig. 7 Neighbour-Joining ( NJ) tree based on CO I sequences and Kimura-2-parameter model with bootstrap
percentages shown on the clades
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