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Abstract: [Objective] This study, with a comprehensive sequencing and analysis of the mitochondrial genome
of Garella ruficirra as well as an investigation into the phylogenetic position of Noctuidae through
mitochondrial genome sequencing, is aimed to offer a valuable reference for delving into the phylogenetic
relationships and evolutionary processes within the Noctuidae as well as exploring the phylogenetic relationship
and evolutionary process of Noctuidae. [Method] First, the Illumina sequencing technique was employed to
sequence the complete mitochondrial genome of G. ruficirra, allowing for the analysis of its overall
characteristics and base composition. Subsequently, a phylogenetic tree encompassing mitochondrial genomes
from 5 genera of Noctuidae, comprising 12 species, was constructed using both maximum likelihood and
Bayesian methods so as to facilitate the examination of the phylogenetic relationships within the Noctuidae.

[Result] The circular mitochondrial genome of G. ruficirra spanned 15 294 base pairs and encompasses 13

Wk H . 2024-01-23; &I H . 2024-04-15

EE&TH . hEMOLEHABT B AR R S5 2 LI 430 H (CAFYBB2022SYO011)

YEZ T/ . 25 F (ORCID: 0000-0001-7780-1285), 18 - BF 5¢ 4=, M 2 Z M % A % By 36 F 98 . E-mail:
liyan941030@126.com. iBIEVEH : TKEL (ORCID: 0000-0001-6567-2500), BIAFFE R, tH+:, MEZRMNK
HEFIAEHFT. E-mail: zwlzhi@126.com


mailto:liyan941030@126.com
mailto:zwlzhi@126.com

2 RN/ NI NI e 14 20244 X A 20 H

protein synthesis-related genes, 22 transfer RNA genes, and two ribosomal RNA genes and its gene
arrangement conformed to the standard configuration observed in Lepidoptera mitogenomes, featuring a region
rich in adenine and thymine, an A+T content of 80.53% and a significant AT bias. The gene order of trnM-trni-
trnQ in G. ruficirra aligned with other Noctuidae species and the majority of Lepidoptera with ATN sequences
serving as initiation codons for all 13 protein-coding genes. While #7nS1 lacked a DHU arm, the remaining
tRNA genes exhibited a typical cloverleaf-shaped structure. According to the study of mitochondrial genome,
Garella was most closely related to Nycteola and least closely related to Pseudoips among the 5 genera.
[Conclusion] Gene rearrangement was evident in the mitochondrial genome of G. ruficirra. Phylogenetic
analyses, indicating that the clustering of G. ruficirra and G. musculana samples was within a single clade. This
study has furnished valuable insights into the evolutionary patterns of Garella and offered a foundational
framework for investigating the phylogeny and evolution of Noctuidae within the Lepidoptera order. [Ch, 4 fig.
4 tab. 47 ref.]
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Table 1 Information of the insect species for phylogenetic analysis in mitochondrial genome
B Jsya & Wb
S0 B 0 Mk Garella ruficirra
Garella musculana

Garella Garella rotundipennis
Garella nilotica
Garella curiosa

Nycteola indica

R I FNoctuidae BB k)R Nycteola 1 B8 Nyeteola asiatica
WS & Antoculeora AR B Bk Antoculeora ornatissima
125 BK Ctenoplusia albostriata
Ctenoplusia Ctenoplusia ogovana
AREK Wk Crenoplusia agnata
Wi W& Pseudoips Pseudoips prasinana
st 4Pl Sphingidac B i Conogethes Wedd i Conogethes punctiferalis
FFEFIE J& Ostrinia FKRUE Ostrinia nubilalis
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R AT B X, Hd, 9 NEFAFgIEE L 14 1 (RNA SR 2576 N 85 1, HiAy 14 e
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Figure 1  Structure of the mitochondrial genome of G. ruficirra
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Table 2  Organization of the mitochondrial genome of G. ruficirra

HE O R KR iR Zak% % R lEﬂEﬁ S G o KR Ria% Zab% /E %IEHEE:
bp ¥ WHF HF B bp T T BT B
trnM N 1~68 68 CAT trnN N 6 062~6 128 67 GTT 3
trnl N 69~133 65 GAT -3 tnS1 N 6132~6 197 66 GCT
trnQ J 131~199 69 TG 57 trnE N 6198~6263 66 TTC 65
nad2 N 257~1270 1014 ATT TAA -2 trnF J 6 329~6 392 64 GAA 2
trmW N 1269~1336 68 TCA -8 nad5 J 6395~8 137 1743 ATT TAA
trnC ] 1329~1391 63 GCA 2 trnH J 8 138~8 203 66 GTG -1
trnY ] 1394~1459 66 GTA 2 nad4 J 8203~9543 1341 ATG TAA -1
cox1 N 1462~3000 1539 ATG TAA -5 naddl ] 9543~9836 294 ATG TAA 2
trml2 N 2996~3 062 67 TAA trnT N 9 839~9 904 66 TGT
cox2 N 3063~3747 685 ATG T(AA) -3 trnP J 9 905~9 969 65 TGG
tmK N 37453815 71 CTT nadé N 9976~10509 534 ATT TAA
tmD N 3816~3882 67 GTC cob N  10516~11667 1152 ATG TAA 13
ap8 N  3883~4044 162 ATT TAA -7 nS2 N 11681~11746 66 TGA 19
atp6 N  4038-4715 678 ATG TAA -1 nadl ] 11766~12704 939 ATG TAA 1
cox3 N  4715~5503 789 ATG TAA 2 tnll ] 12706~12773 68 TAG 36
trnG N 5506~5570 65 TCC rrnl T 12810~14099 1290 27
nad3 N 5571~5924 354 ATC TAA 6 trnV ] 14127~14191 65 TAG -1
trnd N  5931~5998 68 TGC -1 rrnS T 14191~14972 782 -13
trnR N  5998~6061 64 TCG
=3 AEERAZEFIRAR
Table 3 Nucleotide composition of the complete mitochondrial genome
) e 5 /%
FEHF 5 AT GClmat
A C G T A+T G+C

SFERE A 39.02 11.55 7.92 41.51 80.53 19.47 -0.0309 -0.1867

B H BT S 33.38 9.95 11.15 45.52 78.90 21.10 —0.1538 0.0566

EHTE 36.13 9.49 16.78 37.60 73.73 26.27 -0.0199 0.2777

T2 22.08 16.17 13.42 48.33 70.41 29.59 -0.3728 -0.0930

BR300 41.94 420 3.23 50.63 92.57 7.43 -0.0938 -0.1295

tRNAJE K 42.33 7.53 11.23 38.90 81.23 18.77 0.0422 0.1971

rRNAZE 44.16 497 10.14 40.73 84.89 15.11 0.0404 0.3419

P X 47.14 3.70 1.01 48.15 95.29 471 -0.0106 -0.5714
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ST 4 5K 1 B 1 BT T1E 3 585~3 746 [ 1l — " ""
S LR SE DA AL B BRI 10 4 AR T4 "M" |l|“| Al
5/ UUU (5 & 2 Phe). UUA (2 & 2 Leu). . . o
UAU (B & B2 Tyr). AUA (A& IR Tle), X 4 7% B2 HAEaREALRNGES>EE

@ ? 7{’£ ij *j Mg % gﬂ ,:F, E,(J @E JEH D’L( 73%( é}“ jtj'IJ %J 488 . Figure 2 Percentage of each amino acid of proteins coded
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Table 4 Usage of amino acids and the relative synonymous codon usage

RAER GALRS i FHUCE K RSCU RAEER CALRS i UK RSCU
GCU 48 2.16 CCG 9 0.41
AL GCC 5 0.22 I Pro CCA 24 1.10
GCA 24 1.08 CCU 38 1.75
GCG 12 0.54 ccce 16 0.74
It s UGU 39 1.50 e CAG 24 0.51
&R Cys AHEEREGIn
UGC 13 0.50 CAA 70 1.49
Reslian N0 o cc g 000
GAG 38 0‘67 HEMAr .
ARG ) CGA 12 0.56
GAA 76 1.33 CGG 5 0.23
e UuuU 488 1.67 A, UAU 315 1.78
KN A R Phe % R Tyr
uucC 97 0.33 UAC 38 0.22
GGG 36 1.01 ucu 77 1.91
MGl GGA 56 1.58 10 Ser ucc 27 0.67
GGU 48 1.35 UCA 66 1.64
GGC 2 0.06 UCG 17 0.42
H i 2 B Met AUG 68 1.00 R Trp UGG 23 1.00
A As AAU 295 1.80 ACG 7 0.24
Mo 03 wawme T o
HHE R Lys : :
AAA 250 1.61 ACC 25 0.85
UuUG 77 0.62 GUG 18 0.41
UUA 4;4 3;2 R Val GUA 70 : .6(])
R Leu CcUG 8 0. GUU 75 7
CUA 53 0.42 GUC 12 0.27
cuu 97 0.77 R His CAU 72 1.73
cuc 22 0.18 CAC 11 0.27
AUA 304 1.27 UGA 77 0.52
SR Rlle AUU 373 1.56 2 |-End UAG 82 0.55
AUC 42 0.18 UAA 285 1.93

474, 315, 304 ¥k, BHUL, BTG ASEE P Hh G s B B S LRI N Leu (17.0%) . Tle (16.3%). Phe
(11.0%). Tyr (8.0%). i FHH /b () 5 FL2 & (0 2 R Trp (0.52%), VA C I G R &5 RIS T H I R 4%
%, LLUM A g BA %I 75l % RSCU KT 1, Ui U A A KL 4 %568 1 A 2 B3k, C
G MBS T A AR e il

2.4 tRNA # rRNA E &

% 521 2 IR A AR PRI 2 119 22 A (RNA JE R RV R 1458 bp (35 2), 7 I 521 K2 RO Z A 1A 4
SR S R 9.53%, 16 N BE E4itD 14 4 (RNA LR, J4E F4nft 8 1~ t(RNA LR . 526 i i ik 2
LA PR ZH Y 22 S tRNA HE AR K B 20 A1 7E 63 bp (rnC)~71 bp (trnK) 36l o renL 53 45 76 trnl F1
trnV Z (8] . JEE L0 rnS WA HE ornV FNZRLAATE ] X (CR) Z [0 . renL KR 1290 bp, rrnS KK
782 bp, rrnL B A+T 510 84.81%, rrnS ) A+T &8 85.04%., M 3 LIFEH . AT WA GC 1
RIS A EET, VLR 5210 K RO AE A R G B EAT g 1) 4

i3 http://mitos.bioinf.uni-leipzig.de/ I 1k 43 H7 i 52 117 B2 7% 1 (RNA FER ) — R g5 pai A, Hor 21 4>
tRNA ) HA A = 5IEA, HA #nS1 () DHU B AR BUL, TERER =1 5IEE (F 3), K
S MR (RNA &5k b, A7 22 XPOSE H L TR L &, AE5 il 1Y U-G 5 rh, SRRz i
DAFAE 4%, TYC R LAFTE 2 5%F, OB FEAEE 4 %, DHU B LAFAE 10 %F, HAy 2 XF45 R4k
DHU % FA77E 1 % A-A S5, TYC ' FAFAE 1 % A-A S5 .
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