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Sequence Analysis of the Fragments of CO I and Cytb Genes from Atrijuglans hetaohei

WANG Qi-qi,Chen Dan-dan, TANG Guang-hui”

(College of Forestry , Northwest A&F University ,Yangling » Shaanxi 712100, China)

Abstract: Atrijuglans hetaohei Yang is the main pest of walnut fruits, affecting the yield and the commer-
cial value of walnut seriously. In the latest morphological classification, A. hetaohei belongs to Lepidoptera,
Gelechioidea,Atrijuglans. In order to investigate the accuracy of A. hetaohei identification by the method
of DNA barcoding technology, we used homologous sequence alignment and analysis. Mitochondrial cyto-
chrome C oxidase subunit I (CO I) gene and cytochrome b (Cytb) gene fragments were amplified with two
pairs of universal primers,and subsequently were analyzed on their base composition diversity and pholy-
genesis with homologous fragments of Gelechioidea, Yponomeutoidea,Papilionoidea, Pyraloidea,etc. Nucle-
otide sequences of 644 bp for CO I gene and 479 bp for Cytb gene were obtained,respectively. The result of
sequence analysis showed that in CO I gene sequence of A. hetaohei,the contents of A,T,G and C nucleo-
tides were 29.5%,39.4%,15.1% and 16. 1% ,respectively,and the content of A+T (68.9%) was obvi-
ously higher than that of G+C (31.1%),indicating a strong AT bias. The result of sequence analysis in
Cytb gene sequence of A. hetaohei showed that the contents of A, T,G and C nucleotides were 33. 4%,

s B #:2015-02-09 {&[E HHE:2015-04-02
EETR FK ARSI H (31270690 ; P4 AL R ARHE K8 £ 435 H (ZD2012011)
TEER N ERR, & AL 5 7w AR B . E-mail: qqwle2009@163. com
x BAEMEE FHOCHE, B RIS A S0 B9 O 1) MOl A5 5B AR W B 3 R R B fk 2% E 2 . E-mail ; huitang621@126. com



146 VU b2 B 2 41 314

41.5%,10. 2% and 14. 8%, respectively,and the content of A+ T was 74. 9% , which was also obviously

higher than that of G+C (26 %). In these two sequences,the main base substitution mode was T-A trans-

version and T-C transition,and the second codon was the most conservative site, while the third codon had

the highest mutation rate. The constructed NJ phylogenetic trees based on CO I and Cytb gene sequences

showed that A. hetaohei and Gelechioidea insects formed a monophyletic clade. The classification result of

A. hetaohei by means of DNA barcoding technology is in accordance with the traditional morphological

classification.

Key words: Atrijuglans hetaohei Yang; cytochrome C oxidase subunit I; cytochrome b; genetic diversity;

phylogenesis
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Table 1 Primers used for amplification of the CO I and Cytb genes

519 EE7 I8k
2 J¥ 31 (5-3) g/ C

COIF GGTCAACAAATCATAAAGATATTG
COIR TAAACTTCAGGGTGACCAAAAAAT

55

CytbF TATGTACTACCATGAGGACAAATAT
CytbR  ATTACACCTCCTAATTTATTAGGAAT

PCR Jz W 7 Eppendorf Mastercycler nexus
PCR A 4T, DA RS IOk 5 DNA g Ak, 97 1
e REARFR Y 50 pL: B DNA #5547 200 ng, 10 X PCR
Buffer 5. 0 pL, MgCl, (2. 5 mol « L ') 3.0 puL,
dANTP 4.0 pL, R 519 (25 pmol « L™')1.0 pl,
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HEOABRAFE T ] sk 2

PCR % WG 28 - 94°C AL P 2 min; 94°C
A8 PE 30 s,3E k 30 s(CO 1,55°C ;Cyth,47°C),72°C
FEfH 1 min, 3L 35 NFEER; 72°C ZEf# 10 min J5 4°C
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Table 2 Base composition characteristics of CO I gene sequences from A. hetaohei and 29 other insect species
e 71 WAL S 6/ V6 AT Ge GenBank
a PR # B RSB Kby 1 ¢ A G WWE  RAE  #RE
1 RUEERE KR Luehdoudia taibai 644.0 39.8 15.5 30.4 14.3 —0.13274 —0.041 67  KC952673
2 L. chinensis 644.0 40.5 14.6 30.6 14.3 —0.13974 —0.01075 EU622524
WEERL  Apature metis 644.0 39.3 14.9 30.9 14.9 —0.11947 —0.000 00 JF801742
4 A.ilia 644.0 39.3 14.9 30.6 15.2 —0.124 44 0.010 31 JF437925
5 Heliconius hecale 644.0 40.2 13.8 31.5 14.4 —0.121 21 0.021 98  KMO068091
6 H. pachinus 644.0 40.8 13.8 30.3 15.1 —0.148 47 0.043 01 KMO014809
7 Tk MBS KREEE Samia Cynthia 644.0 40.4 16.0 28.6 15.1 —0.171 17 —0.030 00  JN215366
8 Rhodinia fugax 644.0 39.9 15.2 30.3 14.6 —0.137 17 —0.020 83 GU663930
9 R. fugax 644.0 40.1 15.1 30.3 14.6 —0.13907 —0.015 71 GU702872
10 R. fugax 644.0 40.1 15.1 30.3 14.6 —0.13907 —0.015 71 AB015867
11 KAMREL  Antheraea frithi 644.0 39.8 15.8 29.8 14.6 —0.14286 —0.040 82  AB533563
12 A. frithi 644.0 40.1 15.5 29.8 14.6 —0.146 67 —0.030 93 KJ676596
13 iEMk SR FEIEFRL  Paracymoriza prodiqalis 644.0 39.0 14.8 31.5 14.8 —0.10573 0. 000 00 JX144892
14 P. prodiqalis 644.0 40.8 13.7 30.6 14.9 —0.143 48 —0.043 48 KF859965
15 WRER WHRE  Masalia galathae 644.0 41.3 13.2 31.2 14.3 —0.139 19 0.039 55  EU768924
16 Heliocheilus eodora 644.0 39.6 14.1 31.8 14.4 —0.10870  0.01087  EU768909
17 Helicoverpa assulta 644.0 40.7 14.4 30.3 14.6 —0.146 61 0. 005 35 EU768937
18 M. decorata 644, 0 40.1 14.3 31.1 14.6 —0.126 64 0.010 75 EU768923
19 Heliocheilus sp. 644.0 39.6 13.8 31.1 14.4 —0.10390 0.02198 EU768914
20 Helicoverpa armiqera 644.0 40.2 14.6 30.7 14.4 —0.133 48 —0.005 35 GU188273
21 Bk WBL 28Rl Heliodines tripunctella 644, 0 37.0 16.1 32.0 14.9 —0.072 07 —0.040 00 KF492395
22 H. nyctaginella 644.0 37.6 14.8 32.5 15.2 —0.073 17 0.015 54 KF492394
23 H. ionis 644.0 38.7 15.8 30.7 14.8 —0.114 09 —0.03553 KF492393
24 Epicroesa metalli fera 644.0 39.4 15.4 30.3 14.9 —0.13140 —0.015 38 KF491708
25 Neoheliodines cli f fordi 644.0 38.0 14.9 31.4 15.7 —0.096 20 0.025 38 KJ163861
26 FEER NEIRAL Promalactis suzukiella 644.0 39.4 14.1 31.4 15.1 —0.11404  0.03191  NC026697
27 P. suzukiella 644.0 39.4 14.1 31.4 15.1 —0.114 04 0.031 91  KM875542
28 MRl Stephensia brunnichella 644.0 38.5 15.5 30.9 15.1 —0.109 62 —0.015 23 JF818793
29 AR Thudaca orthodroma 644.0 39.3 14.4 31.7 14.6 —0.107 22 0.005 35 KF394221
30 Acraephnes inscripta 644.0 38.8 14.9 31.5 14.8 —0.10375 —0.005 24 KF391802
31 A. inscripta 644.0 38.8 14.9 31.7 14.6 —0.10132 —0.010 53 KF390277
32 Garrha ocelli fera 644.0 37.7 16.0 31.7 14.6 —0.087 25 —0.045 69 KF809179
33 G. costimacula 644.0 38.5 15.5 30.9 15.1 —0.109 62 —0.015 23 KF405524
34 Stathmo podinae sp. 644.0 40.5 16.1 28.6 14.8 —0.173 03 —0.04523 HM376368
35 Atrijuglans hetaohei 644.0 39.4 16.0 29.5 15.1 —0.144 14 —0.030 00 KP202832
S E 644.0 39.8 15.1 30.5 14.7 —0.13203 —0.011 87
R3 ZHEREREM 21 MER Cyth BEFIMBEBAR TR
Table 3 Base composition characteristics of Cytb gene sequences from A. hetaohei and 21 other insect species
N — 751 WAL B ik 7 AT GC GenBank
HE DRI R KE/be 1 ¢ A G WEE  mEE sy
1 R SR RERL  Parnassius bremeri 479 44,9 14.4 30.1 10.6 —0.1978 —0.1500 HM243588
2 P. bremeri 479 43.6 14.6 31.5 10.2 —0.1611 —0.1765 FJ871125
3 P.apollo 479 43.6 15.2 30.7 10.4 —0.1742 —0.1870 KF746065
4 et Rl Heliconius hecale 479 43.0 14.2 32.4 10.4 —0.1413 —0.1525 KMO068091
5 H. pachinus 479 43.2 14.8 31.7 10.2 —0.1532 —0.1833 KM014809
6 H. melpomene 479 44.1 13.8 31.9 10.2 —0.1593 —0.147 8 HES579083
7 Issoriia lathonia 479 43.0 15.2 31.7 10.0 —0.1508 —0.206 6 HM243590
8 Argynnis hyperbius 479 43.2 15.7 30.9 10.2 —0.1662 —0.2097 JF439070
9 A. childreni 479 43.0 15.9 30.9 10.2 —0.1638 —0.2160 KF590547
10 #wEP K&\RL  Sphinx morio 479 42,2 14.8 33.0 10.0 —0.1222 —0.1933 KC470083
11 F &R F  Rondotia menciana 479 43.0 14.0 31.9 11.1 —0.1476 —0.1167 KJ647172
12 Wk SR FWERL  Ostrinia orientalis 479 39.9 15.0 35.1 10.0 —0.0641 —0.2000 FJ435428
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13 O. scapulalis 479 39.7 15.2 35.3 9.8 —0.0585 —0.2167 FJ435429
14 O. narynensis 479 39.9 15.0 35.3 9.8 —0.0611 —0.2101 FJ435430
15 O. nubilalis 479 39.9 15.0 35.3 9.8 —0.0611 —0.2101 AF442957
16 O. furnacalis 479 39.7 15.4 34.7 10.2 —0.0674 —0.2033 FJ435424
17 O. furnacalis 479 39.7 15.7 34.7 10.0 —0.0674 —0.2195 FJ435425
18 O. furnacalis 479 39.7 15.4 34.7 10.2 —0.0674 —0.2033  EU418259
19 O. furnacalis 479 39.7 15.4 34.7 10.2 —0.0674 —0.2033 EU418260
20 O. furnacalis 479 39.7 15.4 34.7 10.2 —0.0674 —0.2033  EU418262
21 O. furnacalis 479 39.9 15.2 34.7 10.2 —0.0700 —0.1967  AF467260
22 W EE KBIEEL Spodoptera littoralis 479 40.7 15.0 33.0 11.3 —0.104 8 —0.1429  HQI77686
23 S. littoralis 479 40.9 14.8 33.4 10.9 —0.1011 —0.1545 HQ177685
24 S. dolichos 479 40.7 15.7 33.0 10.6 —0.1048 —0.1905 HQ177640
25 S. dolichos 479 41.1 15.2 33.0 10.6 —0.1099 —0.1774  HQ177643
26 S. dolichos 479 41.1 15.2 33.0 10.6 —0.1099 —0.1774  HQI77647
27 S. praefica 479 42.0 14.4 32,4 11.3 —0.1292 —0.1220  HQ177719
28 S. mauritia 479 42.6 14.6 31.9 10.9 —0.1429 —0.1475  HQ177702
29 S. marima 479 42.4 14.4 32.4 10.9 —0.1341 —0.1405 HQ177698
30 S. marima 479 42.4 14.4 32,4 10.9 —0.1341 —0.1405  HQI77699
31 S. frugiperda 479 43.6 13.8 31.5 11.1 —0.1611 —0.1092  HQ177673
32 HMkMBL WA Ethmia epupostica 479 41.3 17.1 31.1 10.4 —0.1412 —0.2424 KJ508047
33 LR Atrijuglans hetaohei 479 41.5 14.8 33.4 10.2 —0.1086 —0.1833 KP202833
T (E 479 41.7 15.0 32.9 10.4 —0.1173 —0.1798
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Table 4 Base substitution mode of CO I gene sequences
B B 4 A IR
(s T 5 46 gl ik 457 455 R {8
TT TC TA TG CC CA CG AA AG GG
851 L 10 3 3.84 55 2 2 1 26 0 65 2 56
552 2 1 1.75 91 1 0 0 54 0 33 1 35
553 14 40 0.36 79 12 35 1 3 4 0 77 2 0
Bt 26 44 0. 60 225 21 37 2 83 4 0 175 5 91
x5 EECOIERAFIMBHRLRSTH
Table 5 Distribution of specific sites in CO I gene sequences
7 5 PRAF AL AR A 5 MR AR5 R /Y% i 2915 BALR BAGE AR A
1 167 48 22.33 42 7
552 L 203 12 5.58 8 3
ERR T 35 179 83. 64 148 31
Mt 405 239 37.11 198 41
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TEAZ MRS IRk S oA 21 Fb B s i Cytb BE[H ¥
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(9. 5% AU f T-G Al C-G Fii 4 ; 16 o = 8k F
1 T-C Z 0], 5 ## BBH) 81, 82% i A-G Z [
e e o B B 18,18
Xof A 5 A2k 28 R A 9 1Y 22 R R LY Cytb S
PRI P SRR TR A7 50 AT 0 BT« G T 810 28 S 67 6 181 A,
SN 37,7800 Horh A 215 B A 138 A, BRLE
ARNL A3 AR 7). BT 5 2 A0 B PR 5T A
o RN 17 5 3 A A AR Sk Ao
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LT N 92 43 90k s A e e 5 HG o 7 8480 L
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Fig. 2 Saturation analysis of base substitution of Cytb gene

sequences from A. hetaohei and 21 other insect species
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