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ABSTRACT. We sequenced the complete mitochondrial genome of
Phalera flavescens. The mitogenome is 15,659 bp in length, including
13 protein-coding genes (atp6, atp8, cox1-3, nadl-6, nad4L, cob), two
ribosomal RNAs (rrnS and rrnl), 22 transfer RNAs and an AT-rich
region, a putative control region (D-loop). Gene order and orientation
were found to be identical to those of other completely sequenced
lepidopteran mitogenomes. All 13 protein-coding genes start with the
common codon ATN, except for the cox! gene, which uses CGA as
the initial codon. Nine of the 13 protein-coding genes stop with codon
TAA, while the cox1, cox2, nad5, and nad4 genes stop with the single
nucleotide T. All tRNA genes can be folded into canonical cloverleaf
secondary structure, except for #7nSI, which loses the “DHU” arm.
Six overlapping sequences totaling 20 bp (1-8 bp for each sequence)
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and 16 intergenic spacer sequences, totaling 276 bp (1-58 bp for each
sequence) are scattered throughout the genome; the largest intergenic
spacer is located between the #rnQ and nad2 genes. A microsatellite-
like structure (AT),ACC(AT), and 16-bp poly-T elements preceded
by the ATTTA motif are present in the D-loop region. Additionally,
unexpectedly, an extra 190-bp insertion, with unknown function, was
found in the small subunit rRNA gene (77nS); this gene is the longest
known (1020 bp) among all of the Lepidoptera.

Key words: Notodontidae; Phalera flavescens; Mitochondrial genome;
rrnsS; 190-bp insertion

INTRODUCTION

Mitochondrial genome (mtDNA) is a small molecule of 15-20 kb in length in most
metazoans, which plays an important role in the process of metabolism, programmed cell
death, illness, aging, etc. It is generally circular with a remarkably conserved set of 37 genes:
13 protein-coding genes (PCGs) (nadl-6 and nad4L for NADH dehydrogenase subunits 1-6,
and 4L; atp6 and atp8 for ATPase subunits 6 and 8; cox/-3 for cytochrome oxidase subunits I-
II; cob for cytochrome b), 7nS and rruL for 12S rRNA and 16S rRNA, and 22 tRNAs (Boore,
1999). In addition, it usually contains at least one variable sequence about 1 kb in size, known
as the AT-rich region (D-loop) (Zhang et al., 1995; Zhang and Hewitt, 1997). During the last
few decades, mitochondrial genome sequence data, especially those of PCGs have been em-
ployed as a powerful tool for phylogenetics and evolutionary studies.

The order Lepidoptera is one of the largest insect orders, including more than 160,000
described species. Despite this huge species diversity, to date, only about 27 mtDNAs have been
fully sequenced, among which only one is of the Notodontidae (Salvato et al., 2008).

The Japanese buff-tip moth Phalera flavescens is a member of the family Notodontidae
and an important species of insect pests, which is harmful to many economic plants, such as
Malus pumila, Pyrus bretschneideri, Amygdalus persica, Prunus salicina, and others. This
commonly found species is distributed throughout all areas of China and some areas of Japan
and Korea. In this study, the complete mitochondrial genome sequence of P. flavescens was
determined through PCR and primer-walking methods, and described in comparison with that
of other sequenced lepidopterans in terms of genome organization, the characteristics of indi-
vidual tRNAs, rRNAs, PCGs, and the non-coding regions, including the AT-rich region. Thus,
the newly sequenced P. flavescens mitogenome is very useful to enrich our knowledge about
lepidopteran mitogenomes and to supply more information for the studies of relevant areas.

MATERIAL AND METHODS
Specimen collection

The adult specimen of P. flavescens (Lepidoptera: Notodontidae) was obtained from
Changping District of Beijing city, China, in August 2010. After the specimen collection, the
material was placed in 100% ethanol immediately for preservation and fixation, brought to our
laboratory and stored at -20°C until use for genomic DNA extraction.
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DNA extraction, primer design and PCR amplification

Total genomic DNA of P. flavescens was extracted from thoracic muscle tissue of the
adult specimen using the proteinase K-SOi, method of Hao et al. (2005). Some partial short
sequences of cox!, cox2, nad5, cob, nad4, rrnL, and rrnS were amplified by the PCR protocol:
denaturation for 5 min at 95°C, followed by 35 cycles of denaturation for 50 s at 95°C, an-
nealing for 50 s at 55°C, and elongation for 1 min at 72°C, and a final extension step at 72°C
for 10 min. The PCR products were then sequenced using the primer set for the complete
mitochondrial genomes of all the lepidopterans available or reported in Simon et al. (1994).
The amplification of the six long fragments (r7nS-nad2, nad2-cox3, cox3-nad5, nad5-nad4,
nad4-cob, cob-rrnS) (Table 1) were performed using TaKaRa LA Taq™ (Takara Bio, Japan)
by the long PCR conditions: an initial denaturation for 5 min at 95°C, followed by 15 cycles
of denaturation for 50 s at 95°C, annealing for 60 s at 48°-58°C, elongation for 150 s at 68°C;
then another 15 cycles of denaturation for 50 s at 95°C, annealing for 60 s at 48°-58°C, and
elongation for 150 s per cycle at 68°C, and a final extension at 68°C for 10 min. Two primers
5'-GAAACACTTTCCAGTACCT-3" and 5'-CTAAACCAATTCAACATCC-3" were designed
for amplifying the D-loop region between the 77nS and nad2 genes through the comparison of
all lepidopteran mitochondrial genomes available.

Table 1. Primers for the long PCR amplication used in this study.

Primers Upper primer sequence (5'-3") Lower primer sequence (5'-3")
nad2-cox3 CCCCTCTTTCTTCTAATA TTGTATGTTTACCTTGGA
cox3-nads AAAGGATTACGATGAGGT TCCAGTTAAGGGTCAAGGACTAT
nad5-nad4 TAAAAAAGGAATCCCACA GCGTTTACATAGACGAAGA
nad4-cob CGTCTATGTAAACGCTCA ATAAGGGTTTTCTACTGGT
cob-rrnS CGTGTTATTACTTTACTTG AAACTAGGATTAGATACCC
rrnS-nad2 GAAACACTTTCCAGTACCT CTAAACCAATTCAACATCC

Sequence analysis

Raw sequence files were proofread and assembled in BioEdit version 7.0 (Hall, 1999).
Sequences overlapping fragments were assembled by aligning neighboring fragments using
the Clustal X1.83 software (Thompson et al., 1997). The 22 tRNA genes were identified by
the tRNAscan-SE v.1.21 software (http://lowelab.ucsc.edu/tRNAscan-SE) (Lowe and Eddy,
1997). Nucleotide composition and codon usage were calculated using the MEGA4.0 software
(Kumar et al., 2004). The base composition characteristics showing the relative number of
A to T as AT skew (AT skew = [A-T]/[A+T]) and G to C as GC skew (GC skew = [G-C]/
[G+C]) were determined as proposed by Perna and Kocher (1995). Protein-coding genes and
RNA genes were identified by sequence comparison with the published insect mitogenome
sequences using SEQUIN (version 11.0). The mitogenome sequence data have been deposited
in the GenBank database under the accession No. JF440342. The secondary structures of rrnlL
and rrnS were drawn using the XRNA software (http://rna.ucsc.edu/rnacenter/xrna/xrna.html).

RESULTS AND DISCUSSION

Genome organization

The P. flavescens mitochondrial genome was 15,659 bp in length (Figure 1 and Table
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2); the size is well within the range of the other lepidopteran mitochondrial genomes from
15,140 bp in Artogeia melete (Hong et al., 2009) to 16,094 bp in Papilio maraho (Feng et al.,
2010). It had the same gene content observed in typical metazoan mitogenomes [13 PCGs, two
rRNA (rrnS and rrnl), 22 tRNA genes and a D-loop region]. The mitogenome had the same
gene order and orientation as the completely sequenced lepidopteran mitogenomes (Kim et
al., 2010), with its major strand coding for nine PCGs and 14 tRNAs, while the minor strand
coding for four PCGs, eight tRNAs and two rRNAs. The overall base compositions of the mi-
togenome L-strand was 40.00% A, 40.82% T, 7.90% G, and 11.28% C, showing a relatively
strong AT bias (80.82%). This AT bias value is within the range from 77.9% in Ochrogaster
lunifer to 82.7% in Coreana raphaelis (Kim et al., 2006; Salvato et al., 2008) as well. Addi-
tionally, the major strand AT skew was slightly negative (-0.01017), which is also within the
range of the other lepidopterans, from -0.04748 in C. raphaelis (Kim et al., 2006) to 0.05872
in Bombyx mori (Yukuhiro et al., 2002).

D-loop
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P - " y arps
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Figure 1. Map of the mitochondrial genome of Phalera flavescens. tRNAs are denoted as one-letter symbol
according to the IUPAC-IUB single-letter amino acid codes. cox/-3 = cytochrome oxidase subunits; cob =
cytochrome b; nadl-6 = NADH dehydrogenase components.
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Table 2. Summary of the Phalera flavescense mitogenome.

Gene Direction Nucleotide No. Size (bp) Intergenic nucleotides Start codon Stop codon
trnM F 1-68 68 0

trnl F 69-135 67 0

trnQ R 133-201 69 -3

nad?2 F 260-1273 1014 58 ATT TAA
trnW F 1289-1360 72 15

trnC R 1353-1421 69 -8

trnY R 1423-1488 66 1

coxl F 1493-3024 1532 5 CGA T-tRNA
trnL2 F 3025-3091 67 0

cox2 F 3092-3773 682 0 ATG T-tRNA
trnK F 3774-3844 71 0

trnD F 3863-3932 70 18

atp8 F 3933-4091 159 0 ATT TAA
atp6 F 4088-4762 675 -4 ATG TAA
cox3 F 4762-5550 789 -1 ATG TAA
trnG F 5553-5618 66 2

nad3 F 5616-5972 357 -3 ATA TAA
trnd F 5990-6054 65 17

trnR F 6055-6119 65 0

trnN F 6126-6191 66 6

trnS1 F 6199-6267 69 7

trnE F 6299-6367 69 31

trnF R 6384-6450 67 16

nad5 R 6451-8188 1738 0 ATT T-tRNA
trnH R 8189-8254 66 0

nad4 R 8255-9632 1378 0 ATA T-tRNA
nad4L R 9656-9955 300 23 ATA TAA
trnT F 9961-10026 66 5

trnP R 10027-10091 65 0

nad6 F 10097-10585 489 5 ATG TAA
cob F 10586-11752 1167 0 ATT TAA
trnS2 F 11752-11815 64 -1

nadl R 11846-12781 936 30 ATG TAA
trnLl R 12783-12852 70 1

rrnL R 12853-14220 1368 0

rnV R 14221-14288 68 0

rrnS R 14289-15308 1020 0

D-loop 15309-15659 351 0

F = foward; R = reverse.

Protein-coding genes

Like other lepidopterans, all 13 PCGs in the P. flavescens mitogenome had ATN as
their start codon, except for cox/, and they typically showed TAG or TAA as stop codons,
except for coxl, cox2, nad4, and nad5 (T-tRNA) (Table 2).

The start codon of the cox/ gene has been widely discussed in the insect mtDNA
(Yukuhiro et al., 2002). For example, some unusual oligonucleotides, such as the TTA in
Panulirus japonicus (Yamauchi et al., 2002), TCG in Bactrocera oleae (Nardi et al., 2003),
ACG in Vargula hilgendorfii (Ogoh and Ohmiya, 2004), TATCTA in Penaeis monodon (Wil-
son et al., 2000), TTTTAG in Bombyx mandarina (Yukuhiro et al., 2002), and TATTAG in
Ostrinia nubilalis and O. furnicalis (Coates et al., 2005), have been proposed as the cox! start
codons. As for the start codons for the lepidopteran cox/ genes, they are also controversial. For
example, some unusual start codons are also proposed for three butterfly species (4. melete,
Parnassius bremeri and Eumenis autonue) and seven moth species (Antheraea pemyi, Adoxo-
phyes honmai, Ochrogaster lunifer, Eriogyna pyretorum, B. mandarina, Lymantria dispar,
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and Manduca sexta) (Salvato et al., 2008; Kim et al., 2009; Kim et al., 2010). Owing to the
fact that the CGA is present as a conserved region for all lepidopteran insects reported, we
tend to consider that CGA is the start codon for P. flavescens coxI in this study as suggested
by Kim et al. (2009).

The cox2 gene harbored an incomplete stop codon of a single thymine with no canoni-
cal TAN stop codon detected in its terminating region. Such an incomplete stop codon is also
detected in 29 other insect mitogenomes available (Cha et al., 2007; Hong et al., 2008; Kim
et al., 2010) (Table 3). This single thymine as an incomplete codon detected in PCGs may
be caused by posttranscriptional modifications during the mRNA maturation process, such
as poly-adenylation. Summarizing, a total of 3727 non-stop codons are used in P. flavescens
mitogenome PCGs, and this pattern is similar to that in other lepidopteran species as well.

Table 3. Lepidopteran mitogenomes used in this study.

Species Supperfamily/Family GenBank accession No.  Reference
Hyphantria cunea Noctuoidea Arctiidae NC_014058 Liao et al., 2010
Lymantria dispar Lymantriidae NC_012893 Zhu et al., 2010
Helicoverpa armigera Noctuidae NC_014668 Yin et al., 2010
Ochrogaster lunifer Notodontidae NC 011128 Salvato et al., 2008
Phalera flavescens Notodontidae JF440342 This study
Phthonandria atrilineata Geometroidea Geometridae NC_010522 Yang et al., 2009
Spilonota lechriaspis Tortricoidea Tortricidae NC_014294 Zhao et al., 2011
Adoxophyes honmai Tortricidae NC_008141 Lee et al., 2006
Grapholitha molesta Tortricidae NC_014806 Gong et al., 2012
Antheraea pernyi Bombycoidea Saturniidae NC_004622 Liu et al., 2008
Antheraea yamamai Saturniidae NC_012739 Kim SR et al., 2009
Eriogyna pyretorum Saturniidae NC_012727 Jiang et al., 2009
Saturnia boisduvalii Saturniidae NC 010613 Hong et al., 2008
Chinese Bombyx mandarina Bombycidae AY301620 Pan et al., 2008
Bombyx mandarina Bombycidae NC_003395 Yukuhiro et al., 2002
Bombyx mori Bombycidae NC_002355 Yukuhiro et al., 2002
Manduca sexta Sphingidae NC_010266 Cameron and Whiting, 2008
Diatraea saccharalis Pyraloidea Crambidae NC_013274 Lietal., 2011
Ostrinia furnacalis Crambidae NC_003368 Coates et al., 2005
Ostrinia nubilalis Crambidae NC_003367 Coates et al., 2005
Eumenis autonoe Papilionoidea Nymphalidae NC_014587 Kim et al., 2010
Acraea issoria Nymphalidae GQ376195 Huetal.,, 2010
Sasakia charonda Nymphalidae NC_014224 Hakozaki et al., unpublished results®
Sasakia charonda kuriyamaensis Nymphalidae NC_014223 Hakozaki et al., unpublished results®
Argyreus hyperbius Nymphalidae JF439070 Wang et al., 2011
Papilio maraho Papilionidae NC_014055 Feng et al., 2010
Parnassius bremeri Papilionidae NC_014053 Kim et al., 2009
Teinopalpus aureus Papilionidae NC_014398 Qinetal., 2012
Coreana raphaelis Lycaenidae NC_007976 Kim et al., 2006
Artogeia melete Pieridac NC_010568 Hong et al., 2009

aHakozaki Y, Ueda J and Sato M.

The codon usage of PCGs of the P. flavescens mitochondrial genome is shown in

Table 4. The results indicate that the codon usage of all the genes has a strong bias in that the
relative synonymous codon usage values of NNU and NNA codons are essentially greater than
the others, indicating a higher U+A frequency of the third points compared to the others. The
PCG codon usage bias and the third point of A+T bias (92.4%) show a positive correlation.
In addition, statistics also showed that UUU (Phe), UUA (Leu), AUU (Ile), AUA (Met), and
AAU (Asn) are the most frequently used codons, accounting for 46.85% of all.
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Table 4. Codon usage of Phalera flavescens mitochondrial genome.

Codon(Aa) Codon(Aa) Codon(Aa) Codon(Aa)

UUU(F) 338.0 (1.86) UCU(S) 119.0 (3.00) UAU(Y) 177.0 (1.90) UGU(C) 35.0(1.89)
UUC(F) 26.0 (0.14) UCC(S) 15.0 (0.38) UAC(Y) 9.0 (0.10) UGC(C) 2.0 (0.11)
UUA(L) 472.0 (5.00) UCA(S) 64.0 (1.62) UAA(*) 0.0 (0.00) UGA(W) 89.0 (1.84)
UUG(L) 18.0 (0.19) UCG(S) 1.0 (0.03) UAG(¥) 0.0 (0.00) UGG(W) 8.0 (0.16)
CUU(L) 44.0 (0.47) CCU(P) 61.0 (1.91) CAU(H) 51.0 (1.59) CGU(R) 22.0 (1.66)
CUC(L) 5.0 (0.05) CCC(P) 16.0 (0.50) CAC(H) 13.0 (0.41) CGC(R) 1.0 (0.08)
CUA(L) 26.0 (0.28) CCA(P) 48.0 (1.50) CAAQ) 59.0 (1.87) CGA(R) 30.0 (2.26)
CUG(L) 1.0 (0.01) CCG(P) 3.0 (0.09) CAG(Q) 4.0 (0.13) CGG(R) 0.0 (0.00)
AUU() 435.0 (1.92) ACU(T) 75.0 (2.11) AAUN) 245.0 (1.90) AGU(S) 25.0 (0.63)
AUC(D) 18.0 (0.08) ACC(T) 12.0 (0.34) AAC(N) 13.0 (0.10) AGC(S) 2.0 (0.05)
AUAM) 256.0 (1.87) ACA(T) 53.0 (1.49) AAA(K) 104.0 (1.89) AGA(S) 87.0 (2.20)
AUG(M) 18.0 (0.13) ACG(T) 2.0 (0.06) AAG(K) 6.0 (0.11) AGG(S) 4.0 (0.10)
GUU(V) 66.0 (1.82) GCU(A) 66.0 (2.08) GAU(D) 58.0 (1.73) GGU(G) 54.0 (1.07)
GUC(V) 5.0 (0.14) GCC(A) 10.0 (0.31) GAC(D) 9.0 (0.27) GGC(G) 2.0 (0.04)
GUA(V) 70.0 (1.93) GCA(A) 50.0 (1.57) GAA(E) 67.0 (1.81) GGA(G) 110.0 (2.18)
GUG(V) 4.0 (0.11) GCG(A) 1.0 (0.03) GAG(E) 7.0 (0.19) GGG(G) 36.0 (0.71)

Data are reported as frequency of codon used with relative synonymous codon usage in parentheses. *Stop codon.
Start codons and stop codons were excluded in total codons count of protein coding genes.

Ribosomal and transfer RNA genes

In the P. flavescens mitogenome, the rrnl gene was located between sites 12,853 and
14,220, for a total length of 1368 bp. Its reconstructed secondary structure (Figure 2) broadly
conforms to that of M. sexta (Cameron and Whiting, 2008). The proposed secondary structure
has 49 helices belonging to six domains. The stem regions of H1057/D18, H1087/D19 and
H991/D17 in domain II are difficult to fold under the criteria of Watson-Crick pairs, and thus
different from M. sexta with regard to a large internal loop. The stem H2347/G13 is also highly
variable within the order Lepidoptera with regard to sequence variation and the (AT)_inser-
tion, such as (AT) , in M. sexta and (AT),, in Grapholitha molesta (Gong et al., 2012). While
some bases indentified as highly conserved region, such as the stems H2064/G2, H2077/G3,
H2246/G6, H2259/G7, H2282, and their correspondingly large loops are found adjacent to
and even within the hypervariable region, these conserved sites may serve as anchor points for
the secondary structure of the hypervariable region (Hao et al., 2007).

The rrnS gene was located between positions 14,289 and 15,308, for a total 1020 bp
in length. Its secondary structure is basically the same as those of the other insect groups with
29 helices belonging to three domains (Niehuis et al., 2006) (Figure 3). However, compared to
those of the 29 other lepidopteran species listed in Table 3, this gene was found to be the longest
one, for example, a 190-bp extra-insertion was detected between the stem regions H505/20 and
H515/21 by comparison with its closely related species O. lunifer (Figure 3). These insertion
regions are shown to be highly variable among the currently available lepidopteran mtDNAs
with their functions unknown. In addition, the stem H1047/38 is significantly variable among
different lepidopteran species as well (Niehuis et al., 2006; Cameron and Whiting, 2008).

The P. flavescens mtDNA contained 22 tRNA genes, interspersed throughout the
whole genome and ranging in size from 65 to 72 bp. All tRNAs except #nS1 folded into the
expected secondary cloverleaf structures (Figure 4). The #rnS1 lacked the DHU stem and this
feature is common in the insect mitogenomes (Kim et al., 2006). In the 22 predicted tRNA
secondary structures, 24 pairs of base mismatches were detected, and among which 17 were
GU, 5 UU, 1 AG, and 1 UC (Figure 4).
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Non-coding regions and overlapping sequences

The non-coding regions included the AT-rich region (D-loop) and 16 intergenic spacer
sequences. The intergenic spacers ranged from 1 to 58 bp in size, totaling 276 bp in length.
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The longest 58-bp spacers were present between the #7rnQ and nad2 genes. The location of
these regions are fixed among the lepidopteran insects, whereas their sequences are highly
diverged even in the two congeneric species examined, such as O. furnicalis and O. nu-
bilalis, B. mori and B. mandarina (Cameron and Whiting, 2008). Most intergenic spacers
include multiple short microsatellite-like repeat regions such as (TA) , poly-A and poly-T
in P. flavescens.

The 351-bp AT-rich region is within the size range from 319 bp in O. lunifer (Salvato
et al., 2008) to 747 bp in B. mandarina (Pan et al., 2008) detected in particular lepidopteran
species to date (Table 5). This region was located between the r7nS and trnM genes as we
expected, with the A+T content of 93.2%, which is also well within the range of other lepi-
dopterans from 88.0% in 4. melete (Hong et al., 2009) to 98.5% in Phthonandria atrilineata
(Yang et al., 2009).

Table 5. Comparison of the total non-coding regions of lepidopteran mitochondrial genomes.

Species Total size (bp) A+T-rich (bp) Non-D-loop (bp)
Artogeia melete 15,140 351 14,789
Argyreus hyperbius 15,156 349 14,807
Eumenis autonoe 15,489 678 14,811
Acraea issoria 15,245 430 14,815
Teinopalpus aureus 15,242 419 14,823
Papilio maraho 16,094 1270 14,824
Sasakia charonda kuriyamaensis 15,222 380 14,842
Sasakia charonda 15,224 380 14,844
Parnassius bremeri 15,389 504 14,885
Spilonota lechriaspis 15,368 441 14,927
Eriogyna pyretorum 15,327 357 14,969
Coreana raphaelis 15,360 375 14,985
Antheraea yamamai 15,338 334 15,004
Antheraea pernyi 15,566 552 15,014
Helicoverpa armigera 15,347 328 15,021
Saturnia boisduvalii 15,360 330 15,030
Phthonandria atrilineata 15,499 457 15,042
Hyphantria cunea 15,481 357 15,124
Lymantria dispar 15,569 435 15,134
Bombyx mori 15,643 499 15,144
Diatraea saccharalis 15,490 335 15,165
Bombyx mandarina 15,928 747 15,181
Adoxophyes honmai 15,680 490 15,190
Manduca sexta 15,516 324 15,192
Ochrogaster lunifer 15,593 319 15,274
Phalera flavescens 15,659 351 15,308

Twenty-six lepidopteran species in this study arranged from the shortest to the longest in the size of the non-D-/loop
region.

The microsatellite-like (AT),, ACC(AT), and 16-bp poly-T elements were present
in the flanking area of the P. flavescens D-loop region, and this case is similar to that found
in other lepidopterans, such as ATTTA(AT),, ATTTA(TA),, ATTTA(AT),, ATTTA(AT),,,
ATTTA(AT),(TA),, and ATTTA(AT),, in C. raphaelis, M. sexta, B. mandarina, B. mori,
O. lunifer, and A. melete, respectively (Yukuhiro et al., 2002; Kim et al., 2006; Pan et al.,
2008; Cameron and Whiting, 2008; Hu et al., 2010; Liao et al., 2010). The motif poly-
T stretch was located upstream of the 7nS 5'-end and preceded by the oligonucleotide
ATAGA, and this structural feature is remarkably conserved in the majority of lepidopteran
insects (Figure 5).
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PR D-loop region
A pernyi ST SRR et ~COTABATTTTTT-—CAOQATAGAT——  TTTITTITITTITITTITT ATATTAAAT-3
A. vamamai Dy STTATT s ~CGTAMTTTTTT—CGOATAGAT——  TTTTTTITITTITITTITT ATATTAAAA-T
£ pyretorum 5 AAATTTATTTTITT-———— —GTAAATTTTTTT—ACRTAGAT—  TTTTTTTTTTTTTITTTTIT ATATTAAAA-T
S boisduvalii 5 TTATATAT-——--————-—-——-—, AAATTTTTTT——ACKTAGAT——  TTTTITITTITITTITIT ATATTAAAA-F
B, mandarina 5 ATTTAAT-———————————= —GT-AATTTTTTTT-ACKTAGAT——  TTTTTTTITITTTTTTTTITIT ACATTAARA-3
i sexta 5 AATAGTTAAATTATATAT WIAGAR——  TTTTTTTTTTTTTTITTT ATATTAAA-3
8. mori 5 ATTTAAT-————-——-———-—- ~GT-ARATTTTTTTT-ACATAGAT-—  TTTTITTTTITTITITTT ATATTAATT-3
P atrilineata & ATATTTTATTTACTAA WIAGAT=—  TTTTTTTTTTITTTITTT AAARTTARA-3
& Juni fer 5 AATAATAAATTASCTAA WIAGAT—— TTTTTTTTTTTITTTITTIT ATATTAASA-3
P flavescens 5 TTATATAACTGTAACT ATAGA—  TTTTTTTTITITITIT AATTTTAAT-3
H armigera by SATAT-—==msesmmsssmnesy ~GTAAATTTTTTTAA—-WTAGAT——  TTTTTTTTTTTTTTTTTTT ATATTAAMA-3
H cunea 5 TTATATATATTATTTCTAAT———————————————— WTAGAT——  TTTTTTTTTTTTTTTTIT ATATTTAML-T
L. dispar 5 TTATAATAATTAAATTARAT-——-———————————— WTAGAA—  TTTTTTTTTTTTTTTT ATATATTAA-3'
S Jechrisspis 5 ATARARA ATTTCTAAT WTAGAt——  TTTTTTITITTTITITTIT  ATATTARAA-S
A. hormmai 5 TTTATATARAT-———--——-——--—- A—-TTTTTGTGC-WIAGATTC  TTTTTTTITTITITTIT ATATTALLA-3
. saccharalis 5 ATTTATATTCATATT ACTTT ACATAG-T-—  TTTTTTTTTTTTTIT ATATTAAAT-3'

Figure 5. Sequence alignment of the partial D-loop region of 16 moth species. The boxed nucleotides indicate the
conserved motif ATAGA. The replication direction of ATAGA motif + poly-T is indicated by arrow, the same as rrnS.
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