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Abstract: [ Purpose] To verify the feasibility of DNA barcoding in Chrysopidae species, phylo-
genetic analyses of lacewing species were based on the sequencing of mitochondrial COI gene.

[ Methods ] Twelve sequences (fragment of COI gene) of three common green lacewing species
from different regions were sequenced in this study. The sequences were assembled by using DNA-
MAN software, and nine lacewing species were downloaded from GeneBank. The analyses were per-
formed with MEGA 7.0 software, including base composition and substitution, the genetic distance,

and the phylogenetic trees of total 23 sequences. [ Results ] There were 469 conserved sites, 188
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variation sites, 150 parsimony information sites, and 38 singleton sites on the mitochondrial CO/
gene. The content of A, T, G, and C base in all sites was 28.6%, 41.1%, 15.4%, and 14.9%, respect-
ively. The content of A+T base was up to 69.7% and higher than G+C base, showing A+T base pref-

erence. The intraspecific genetic distance ranged from 0 to 0.005. Interspecific distances ranged

between 0.022 and 0.184. The phylogenetic tree built by the maximum likelihood and neighbor-join-

ing method showed that the species in the same genus can be clustered into the same branch with high

branch bootstrap values. [ Conclusion ] The technology of DNA barcoding based on the COI gene

sequence is applicable in the classification and identification of green lacewing species.
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Tab. 1 The sampling information of three green lacewing species
kb KA A SRAEH M AMAHL H
species collection location collection date number of individuals accession number
1L PHiZ3 Yuncheng, Shanxi 2019-07 5 MW323552
Hh AL LB £ Qiuxian, Hebei 2019-06 5 MW323553
Chrysoperla sinica YA F5 % & Luyi, Henan 2019-07 4 MW323554
[ F5 2% Anyang, Henan 2019-06 10 MW323555
I PHiZH Yuncheng, Shanxi 2019-07 6 MW323556
I 2 AL EEEL Qiuxian, Hebei 2019-06 7 MW323557
Chrysopa formosa Ji B 8 & Luyi, Henan 2019-07 5 MW323558
VA4 % B Anyang, Henan 2019-06 5 MW323559
11 PHIE Y] Yuncheng, Shanxi 2019-07 4 MW323560
KE LR £ Qiuxian, Hebei 2019-06 8 MW323561
Chrysopa pallens J7 R & Luyi, Henan 2019-07 7 MW323562
A B4 % fH Anyang, Henan 2019-06 6 MW323563

lens), A3 HHRIBHBHR, REFHRREET
95% WA T, ORAET i E RO B2 BE AR AL 58 i
FIRE, 7E-20 C VKA T IREIRAE# . A\ Gen-
Bank &R R 2k 9 R g R U 11 4% Ccor 5
RST80T Ee AT, s B 2,

72 NCBI TH® 9 MER LKA col ERRERER
Tab.2 The information of mitochondrial COI gene se-
quence of nine green lacewing species

downloaded from NCBI
Yyfh BRT AL B /bp
species accession number base length
W B
Chrysopa phyllochroma K1592436.1 658
HiE
KM534411.1 658
Chrysoperla carnea
A,
H A KR147968.1 658
Chrysoperla carnea
ALiE A HM375006.1 658
Chrysoperla rufilabris ’
Bttty
Nineta vittata K1592520.1 638
s
i KJ592478.1 658
Chrysopa perla
e IN299371.1 658
Chrysopa perla
S
Cunctochrysa albolineata KJ592467.1 638
B RS
Mallada basalis MN345126.1 658
A Jik
PRI JF839807.1 658
Micromus variegatus
iEdiiiol <y
KM533369.1 658

Micromus angulatus
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Tab. 3 The nucleotide base substitution value of COI gene in 12 lacewing species

L £ site i si sv R TT TC TA TG CT CC CA CG AT AC AA AG GT GC GA GG
-4 average 592 25 40 06 242 8 18 1 11 87 1 0 17 1 167 2 2 0 397
5 1 the first 20 7 1 74 62 3 0 0 5 28 0 0 0 0 60 0 0 0 0 6l
%% 2thesecond 218 1 0 27 96 0 0 0 0 57 0 0 0 0 30 0 0 0 0 35
45 3 the third 164 17 39 04 8 6 18 1 6 2 1 0o 17 1 772 1 0 3 1

e il AHEBRIES s si. BRI NS s sv. SRR NS R FE MO X AU B o T UAE

Note: ii. identical pairs; si. transitional paris; sv. transversional paris; R. si/sv.

+F 4 EHTF cor EAH) Kimura 2-parameter f22IRY 12 S TELR(E RS

Tab. 4 The genetic distance among 12 lacewing species populations based on Kimura 2-parameter model of COI gene

1 2 3 4 5 6 7 8 9 10 11 2 13 14 15 16 17 18 19 20 21 22 23

1 0.003 0.003 0.003 0.012 0.012 0.012 0.012 0.014 0.014 0.014 0.014 0.014 0.006 0.006 0.010 0.012 0.014 0.015 0.013 0.014 0.016 0.019
0.005 0.000 0.000 0.013 0.013 0.013 0.013 0.014 0.014 0.014 0.014 0.014 0.006 0.006 0.010 0.012 0.014 0.014 0.013 0.014 0.016 0.019
0.005 0.000 0.000 0.013 0.013 0.013 0.013 0.014 0.014 0.014 0.014 0.014 0.006 0.006 0.010 0.012 0.014 0.014 0.013 0.014 0.016 0.019
0.005 0.000 0.000 0.013 0.013 0.013 0.013 0.014 0.014 0.014 0.014 0.014 0.006 0.006 0.010 0.012 0.014 0.014 0.013 0.014 0.016 0.019
0.099 0.101 0.101 0.101 0.001 0.000 0.000 0.013 0.014 0.014 0.014 0.013 0.013 0.013 0.011 0.013 0.013 0.013 0.015 0.014 0.018 0.018
0.099 0.101 0.101 0.101 0.002 0.001 0.001 0.013 0.014 0.014 0.014 0.013 0.013 0.013 0.011 0.013 0.013 0.013 0.015 0.014 0.018 0.018
0.099 0.101 0.101 0.101 0.000 0.002 0.000 0.013 0.014 0.014 0.014 0.013 0.013 0.013 0.011 0.013 0.013 0.013 0.015 0.014 0.018 0.018
0.099 0.101 0.101 0.101 0.000 0.002 0.000 0.013 0.014 0.014 0.014 0.013 0.013 0.013 0.011 0.013 0.013 0.013 0.015 0.014 0.018 0.018
9 0.122 0.120 0.120 0.120 0.112 0.112 0.112 0.112 0.001 0.001 0.001 0.013 0.015 0.015 0.013 0.014 0.013 0.013 0.016 0.014 0.019 0.017
10 0.124 0.122 0.122 0.122 0.113 0.113 0.113 0.113 0.002 0.000 0.000 0.013 0.015 0.015 0.013 0.015 0.013 0.013 0.016 0.014 0.019 0.018
11 0.124 0.122 0.122 0.122 0.113 0.113 0.113 0.113 0.002 0.000 0.000 0.013 0.015 0.015 0.013 0.015 0.013 0.013 0.016 0.014 0.019 0.018
12 0.124 0.122 0.122 0.122 0.113 0.113 0.113 0.113 0.002 0.000 0.000 0.013 0.015 0.015 0.013 0.015 0.013 0.013 0.016 0.014 0.019 0.018
13 0.110 0.108 0.108 0.108 0.097 0.097 0.097 0.097 0.104 0.104 0.104 0.104 0.014 0.014 0.013 0.015 0.013 0.013 0.014 0.014 0.016 0.018
14 0.026 0.022 0.022 0.022 0.104 0.104 0.104 0.104 0.126 0.127 0.127 0.127 0.108 0.000 0.010 0.012 0.014 0.014 0.013 0.014 0.016 0.019
15 0.026 0.022 0.022 0.022 0.104 0.104 0.104 0.104 0.126 0.127 0.127 0.127 0.108 0.000 0.010 0.012 0.014 0.014 0.013 0.014 0.016 0.019
16 0.065 0.064 0.064 0.064 0.082 0.082 0.082 0.082 0.108 0.110 0.110 0.110 0.108 0.068 0.068 0.012 0.013 0.014 0.013 0.014 0.015 0.017
17 0.092 0.091 0.091 0.091 0.101 0.101 0.101 0.101 0.118 0.120 0.120 0.120 0.122 0.092 0.092 0.089 0.016 0.016 0.013 0.014 0.017 0.019
18 0.124 0.122 0.122 0.122 0.098 0.098 0.098 0.098 0.099 0.101 0.101 0.101 0.096 0.120 0.120 0.110 0.128 0.001 0.017 0.015 0.017 0.018
19 0.126 0.124 0.124 0.124 0.099 0.099 0.099 0.099 0.101 0.099 0.099 0.099 0.096 0.122 0.122 0.111 0.130 0.002 0.017 0.015 0.017 0.018
20 0.103 0.101 0.101 0.101 0.124 0.124 0.124 0.124 0.133 0.133 0.133 0.133 0.111 0.101 0.101 0.094 0.099 0.146 0.146 0.014 0.015 0.017
21 0.113 0.111 0.111 0.111 0.120 0.120 0.120 0.120 0.108 0.110 0.110 0.110 0.110 0.115 0.115 0.106 0.111 0.120 0.122 0.111 0.018 0.018
22 0.148 0.146 0.146 0.146 0.170 0.170 0.170 0.170 0.178 0.180 0.180 0.180 0.142 0.138 0.138 0.135 0.140 0.148 0.150 0.126 0.163 0.019
23 0.184 0.182 0.182 0.182 0.166 0.166 0.166 0.166 0.165 0.166 0.166 0.166 0.170 0.184 0.184 0.161 0.168 0.170 0.172 0.172 0.166 0.178

T XALELUF AR EEES, X AL LORRMEIRZE . 14, "PARE SRR R, ISEAEE . RSN AR 5~8. IR ISINARE . O
SRR, EE MMM 9~12. REIQISIAEE. BB RERAMEERZIAREE: 13 MRS, 14 FHEEIR L, 15, FFlEEE 2; 16. 40
MY 17, A E L, 18 IS 15 19, MIFRNIR2; 20, RIS, 21, TURRIESY, 22, TEBERIGBIL: 23. AAUIKIBIL .

Note: The values below the diagonal and above the diagonal are genetic distance and standard error respectively. 1-4. Chrysoperla sinica populations from
Yuncheng, Qiuxian, Luyi and Anyang; 5-8. Chrysopa formosa populations from Yuncheng, Qiuxian, Luyi and Anyang; 9-12. Chrysopa pallens populations
from Yuncheng, Qiuxian, Luyi and Anyang; 13. Chrysopa phyllochroma; 14. Chrysoperla carnea 1; 15. Chrysoperla carnea 2; 16. Chrysoperla rufilabris;

17. Nineta vittata; 18. Chrysopa perla 1; 19. Chrysopa perla 2; 20. Cunctochrysa albolineata; 21. Mallada basalis; 22. Micromus variegatus; 23. Micromus
angulatus.

3 e ST T AT R A — e
AR AEAT DA ST RO 2 LR, S T R

IR PR R, SRASRBEERK B RBISE RS BT AER S S,
BRI RSB KA IO TF AR RBFI5E 1 DNA AJBIHR, % 80 W Rh 5
AR, KRS F BRI SA R RER AT, B M TACT 1

0 N N L R W
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32/30 Chrysopa pallens MW323561

72/67 Chrysopa pallens MW323563
100/100 Chrysopa pallens MW323562
45/44 L Chrysopa pallens MW323560
36/37 Chrysopa perla KJ592478
100/100 I: Chrysopa perla IN299371
32/33 Chrysopa phyllochroma KJ592436
Chrysopa formosa MW323557
23130 1007100 Chrysopa formosa MW323559
71/70 _|: Chrysopa formosa MW323556
30/32 Chrysopa formosa MW323558

100/100

85/82 99/99

88/89

27/24

Mallada basalis MN345126

100/100 Chrysoperla carnea KM534411
29/28 Chrysoperla carnea KR147968

Chrysoperla sinica MW323552
Chrysoperla sinica MW323554

_|: Chrysoperla sinica MW323553
32/34

Chrysoperla sinica MW323555

Chrysoperla rufilabris HM375006

Nineta vittata KJ592520

Cunctochrysa albolineata KJ592467
—— Micromus variegatus JF8398071

e P EEE S ML/NT 89 R, %/%.

Note: Data in the figure was bootstrap values based on ML/NJ analyses, %/%.

53/54—— Micromus angulatus KM533369

1 &T col ERFFIMHZAMARZE MLY/MEEE (N)) ZRELEH
Fig. 1 Maximum likelihood (ML)/neighbor-joining (NJ) tree based on the analysis of COI gene sequence
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