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WE: [ B8] 5% & LR Carya illinoensis E ¥ 0 #A% K 3k Garella ruficirra & A5A4R 3 B L3470 Ao 47, SFEE
B 2K P BRI R A AR Noctuidae P 49 4 £ 3uts, AR K RURA R R 69 R AL H % R AR RIRBAE
[ Fik ] AR Z AR BB AR Sk 20 53K BUBE 3546 B ROk 09 SR R R 28, FExt Sk R B 2828 M 48 & An s AR 4 R AT 4
My BB, RARKMAR EF Nt RS MET R S ANE. 2 AR ERRAABAZAR TN, SHHEBIH R
BERBHTHRAL T AL, [HR] BUHAFOREBEAARAARKES 15294bp, LT ads BARGR%HME
B, 22 /432 RNA L E | 2 AN AE A RNA L BE 2L R 93 B Lepidoptera 5 5k 2 A 49 IR 5% v (A)+M IR (T), B
AT ELR, ZRBE A+T 2 F 4 80.53%, BAWZN AT h@tt, BP0 RO L BHEZ RS A traM-trnl-trnQ,
L5 0REMALRENGRSHENE L RARBI R, 13RO RHBER GRS FLT LA ATN, 224
tRNA JL B P & onS1 %) DHU B 8k, RARMABA o) = vt F2EH, S EAEREBAB LN A 5B m,
Garella 5 B3k /& Nycteola % % % &L, 543k /E Pseudoips % %k # ik, [ 4% ] BHAh ke Lk AR
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Sequencing and analysis of the complete mitochondrial genome of
Garella ruficirra

LI Yan', SHU Jinping', HUA Keda?, ZHANG Yabo', YING Yue', ZHANG Wei'

( 1. Research Institute of Subtropical Forestry, Chinese Academy of Forestry, Hangzhou 311400, Zhejiang, China;
2. Hangzhou Fuyang District Agriculture and Rural Bureau, Hangzhou 311400, Zhejiang, China)

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
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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 trunM-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.]

Key words: Garella ruficirra; mitochondrial genome; phylogenetic relationship; gene rearrangement

LKL IZ AL TR AR Z b, MR I A b —Fhk B B 40HES, ReUW 2 A
A RBRNAERKET . R S IR A REIR T K, X AT R Y . B IR EE T AR AR
REHBENMER, AR THASS R IERN T, GobifRSE# ) sp H G bF Rl , [WA {0 s
R, AR SRR AR R AR R IR AR — R K Y 14~19 bp 1Y A WU IR IR DNA 40+, A
37, W I3 ANEAEAISEEH (PCGs). 22 M iz RNA(RNAs) L J 2 %4 RNA(RNASs) #4#
TR I A AR S R 5% B e A AL R R R G R B G R 2 O A ) T B

LRAFER A AR FENHTRAGEE . o7t REKFTEMRIE, W RAEEHE A
Coleoptera, - H Hemiptera, B H Hymenoptera 5575 N (1 B I, @53 H Lepidoptera /£ 4 2 4
HEETRE, FHRMEEZL, e R A B mEA AR, WS K Garella ruficirra i
J& T3 H 7% A Noctuidae [H A 7 #} Chloephorinae!?, FEM[AL . /g . LZR . VL8 . #RVLAIVLPESE
BN R R B R A, WS B R KR 58 L Bk Carya illinoinensis, H3E Castanea
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MRPTH R AR H 2 IEAE LTS, B R 280488 e R A1 D0 R TR RS 36 8 7, %
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IZHA 0T, BR T REF 5 XA IUH R i 5 O R} B R Zbr (AL DI A 19 1 A1, IS e I 5 1T e 130 i 11
SR BRI R DL S oy R RN S S SRR S

AT 38 A X W S R R e SRR P SR L . iR RS . &R . RS AR TEY
BHE5C /MM BEN H R RS AL R A A e, @it i KR LA I kI G R ek E
WE, DU 53 B I 5000 P P S A S I A R S RGER T R, N IS K 0 Mk e vt A2 Ty R R R 52 K e
PR Ht ik
1 MR g 77k
1.1 LR R DNA 2B %

2022 4F 10 A, TEVLHE R AT (32°47'42"N, 120°31'08"E) HE7e LA BAK b R A I 51 e A ik &) iy
163 P LA PR 52, A IS0 a2 o AR Ok 1Y 4 UBCE FE 80 C IR VK AR IR A, TR
DNA. RIS I — B 4 MRV s 42, FIH] DNA 42U & (T Qiagen 23 F]) $& B 52 2
I )G DNA, (BT BE R 1% (B A E A I 124 B DNA 9 Sl B2 RV FEE
12 S&HEERENF

Rl & DNA Bist ), SRR A Stk (WGS), f#/ Hlumina Miseq -5 #£47 S I 7 (PE) 14
HIE, AR BFS A, il FastQC (http://www.bioinformatics.babraham.ac.uk/projects/fastqc) ¥ 5
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Xt IR AR A HEAT I BT DA g . A AR L BRIEK (reads) H Y3k (adapter) 751, BIVILER Sumtl & A Ak
JRIERS (A), MORRMERE (T). MEMERE (C). IR (G) MBI ; B BY IR E 1Y reads ARt ; ZBRICTEME W
BHIEAE E (N) & KT 5 ¥ reads; o4 adapter DA K Zead s AB B9 2 J5 KA AL 25 bp B/ B, Bty
)75 BT (1) T 5 (clean data)!'* ™",
1.3 ZHEERABHER TR

K A5-miseq v20150522 LA} SPAdes v 3.10.0 #4345 1) 7 i i clean data #F47 Sk 2H 2%, i
1335 S (contig) FISZHE (scaffold) JF 41, fifi H Mummer v 3.1 3 {4 ifE— 20 G BR 2R AR FE R 41 3 41 v
REWIAZ 1 R AT F- Y (EAK T G30(B i AE K T-56F 30 AUBEIE T 7 LU fil) 1) reads, #EAT8dE 4], 193]
contig fl scaffold. ¥f 5¢ #& 1 £k 1 contigs I /% 2] MITOS ™ 11 il 45 #% (http://mitos2.bioinf.uni-leipzig.
de/index.py) #EATIRET PP, EHE “ Genetic Code” R B4 05-inverterbrate, HAYU: B4 IR ERIA
SHHATIEPE . (#H Organella Genome Draw [ 45 Ik 45 #% T-H: (http://ogdraw.mpimp-golm.mpg.de/) X H£ 4
HYIRARLARAR L PR 2 3047 AT A AR B> 24 $ie BRDF4 PP 91 0 PP R B, it S8 [ B A B R A B s
(NCBI) "1y nt SCEEHEAT PR BE 1) BLAST J3H7, JE8 - S PHES 07 91 30T e, AR15 0000 B P i
FERAE B, K7 B L % NCBI SR, 3R584S ON125428,
1.4 ZHEEFEERNERSH

i H https://www.bioinformatics.org/cgview/gallery W3k iFE 47 i 52 i 5z 73 ik £ 1 35 IR 2 T 11 9 22 3
$ 5 0 MEGA 6 B HE G. ruficirra 1145 AT & . AT AL K GC fn 455 78 N 14 42 4 R 41 Wi 1%
B, ) BT B 0 G R SR PR g 2 R T 1 R IR 00 R X [R) S A - 0 B (RSCU) #4743 P I
tRNAscan-SE Search Server v1.21% Tl i 521 Bz 7% 8k t(RNA JE R 1 A5 FR Y, 43T 65 52 i Bz 7 0k 1)
TS R 22 57 . S5 A DX . BRIE . MBI S R DX IR A AN R U] DX 35k, X ATPS & 11 1) g 45 # kA7 il
I, (] XT ATPS 2 A4 2 B R 20 UM 4B 1 41 28 LA T 434 o
1.5 RERESH

FET R 13 PP R R bR 2 B A AT R T 51, BRI A} Sphingidae 2 DFPERIMEE, il
FH http://www.phylo.org PIHEI G ST i KAUSRTE (ML) AL Hrik (BI) Rk B .

DL NCBI T #1Y 12 F Rt B IR P 9E h 2%, 5 3 MRIERHR R P9 B G #HT R K E o
Mro L DL HEHESR AT BEAST v 1.6.1 AT va RSk AL 1 o AL Bk () A 74555, RIS 36 A T model test 4k
S B AU GTRHIHG (3 1),

x1 ATEHGEERASHTHERRYMER
Table 1 Information of the insect species for phylogenetic analysis in mitochondrial genome
e v J& Yy
KSR S MK G. ruficirra

G. musculana

Garella G. rotundipennis
G. nilotica
G. curiosa
Pkt ek Noctuidae HeBLIR IR Nycteola T st
SR 1k JE Antoculeora AR LR KA. ornatissima
MK C. albostriata
Ctenoplusia C. ogovana
REAIC. agnata
WP Mk J& Pseudoips P. prasinana
St FiiFlSphingidac I A Conég.ethes Bl C. punc.tifeiralis
FFEFIE J& Ostrinia FKIEO. nubilalis

2 HERGARH

2.1 ZMEERARFISEH
I 5 M g PR SR IR L R A 44K R 15 294 bp, L2 AT AR B XUBE S5 AL, R ALk 1Ak X 20 S ) 1
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37 AN, HAHE 13 A E ARSI (PCGs), 22 4~ t(RNA [ | 2 4~ rRNA FEH (el Fil rrnS) LA
KA AT &S X, Hop, 9 MERAFRMSIER LI 14 4 (RNA ZER g7 N &5 1, HAy 14 N
Mt AE T4k L. HERRTE R AITE 25 NSRRI B AEE R B2 1~66 bp RFERI I IBE X, K (0] B 351
BT onE B onF R Z 0], Hpf 6 X R F AESIRE, EERKIELE 1~7bp, 5SXFIHEEMLE, B
trnV-rrnS (1 FlZE 2),

22 KNEERBZEEREAR

WE S M B RO BRI FE I 20 AL T C. G 40 39.02% . 41.51%. 11.55% F1 7.92%, Zkifk
FENZH A A+T 50 80.53%, RN AL T o m v (& 3), HE AL A+T & 878 71.42%
(cox1)~90.74% (atp8) T FEIHZ,

AR Tt W B0 AT IRAHRT EE R GC IRt (38 3 FIIEL 2), S H Al R B 8o AR A
A R REAFAE AT AR GC A4 A0 50 2280, 1 520 Bz 7 0k A9 25 10 500 4 0 5 XL RN A 728 1 57 1
AT AR, GCIRALRIE, %A% TF5 2 0 FEE 3467 =41 AT RAHS GC IR R fi, (RNA Al
rRNA 72419 AT A GC iRk IE, A Bgmis SRt T F1 G 19,5 & T A F1C,

23 EARFRER.ZFRFEAENEARFEE

I 52 1 R R e SR AR SE PR A i 1) 13 AN R LR, A 9 AR SiS e N 4 1, 540 4 3%
RIS TE J 8 L (K] 2), SR gASEE S KA 11224 bp, i@ LR 73.39% (3% 2).

M5 5 U 2 7 0k 13 A2 A B g i 2 R0 2 DL ATN PR IR i, 28R DL ATG 1E MR 1R %05
F, nad3 Uk ATCAENEIGHAS T, 1 nad2 . atp8. nad5. nad6 Ul ATT VENRIGELT (5 2), KEE

Garella ruficirra
15294 bp

[ ATP 5 il (ATP synthase)

W %14 RNA (transfer RNAs)

W %151k RNA (ribosomal RNAs)
W AR (other genes)

Y
=
1%]
)
=
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£

B 1 R R AR AR B 2R 25 A

Figure 1  Structure of the mitochondrial genome of G. ruficirra
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Table 2  Organization of the mitochondrial genome of G. ruficirra

T K Rine Kikw o N IEHEEJ S G (i K RiR% 2% oE FER IEHEEJ
bp T T T R bp WF  WMF BT EE®
trmM N 1~68 68 CAT 4N N 6062~6 128 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
tmW N 1269~1336 68 TCA -8 nad5 J 6395~8 137 1743 ATT TAA
trnC J o 1329~1391 63 GCA 2 trnH J 8 138~8 203 66 GTG -1
trnY I 1394~1459 66 GTA 2 nad4 J 8203~9543 1341 ATG TAA -1
coxl1 N 1462~3000 1539 ATG TAA -5 naddl —J 9543~9836 294 ATG TAA 2
tml2 N 2996~3062 67 TAA trnT N 9839~9904 66 TGT
cox2 N 3063~3747 685 ATG T(AA) -3 trnP J 9 905~9 969 65 TGG 6
tnK N 3745-3815 71 CTT nadé N 9976~10509 534 ATT TAA 6
trmD N 3816~38382 67 GTC cob N  10516~11667 1152 ATG TAA 13
atp8 N 38834044 162 ATT TAA -7 tmS2 N 11681~11746 66 TGA 19
atp6 N  4038-4715 678 ATG TAA -1 nadl J 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 rranl T 12810~14099 1290 27
nad3 N 5571~5924 354 ATC TAA 6 trnV I 14127~14191 65 TAG -1
trnd N  5931~5998 68 TGC -1 rrnS J 14191~14972 782 -13
trnR N  5998~6061 64 TCG
x3 KNEERBZEERANR
Table 3 Nucleotide composition of the complete mitochondrial genome
) L /%
FEHF 5 ATfwA} GClmat
A C G T A+T G+C

o 9r k| 39.02 11.55 7.92 4151 80.53 19.47 -0.0309 -0.1867

A i gm i SE A 33.38 9.95 11.15 45.52 78.90 21.10 -0.1538 0.0566

FEET N 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

B FH3AL 41.94 420 3.23 50.63 92.57 7.43 -0.0938 -0.1295

tRNAKEH 4233 7.53 11.23 38.90 81.23 18.77 0.0422 0.1971

rRNAZE 44.16 4.97 10.14 40.73 84.89 15.11 0.0404 0.3419

X 47.14 3.70 1.01 48.15 95.29 471 -0.0106 -0.5714

%Eﬁ%ﬁ%%%ﬁ%u TAA{@%?@E%E@?, /E{ 20 oG ) e N

H cox2 UIARSEHENY T RIS T, X528
R LRI 2 L TAA 5% TAG 1 2 11 2505 T
5 A R,

S 5405 B T TR A R A D LD O MR
15 BRI X R S 05 76 (RSCU) B4 BT4E R =
B4RV BAILHBTA, By msn
PRICPH A EEAT 3 745 MBI0T, 5 2 80R Rk St ”

ST 11 SR 1 B 1 B T LE 3 585~3 746 1935 — " ""
S0 AR R IEBAL B IBUR RO 4 B T4 !ﬂmﬂmmﬁMmmmﬂﬂmwwmh
52 UUU (3 79 & M2 Phe). UUA (35 & R Leu). T .
UAU (B &2 Tyr). AUA (&R Tle), X 4 N5 B2 HBEOREZARGTHEE
Eg' ? Tf: g)% *ﬁ M: % éﬂ q:, E/‘J @ FH {i’\ 5;%( ﬁj\ %IJ j\j 488 . Figure 2 Percentage of each amino acid of proteins coded
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x4 SEBRERMERMBENEXEBRFERE

Table 4 Usage of amino acids and the relative synonymous codon usage

AHER T i VR B/ RSCU RAIER LAURS i B/ RSCU
GCU 48 2.16 CCG 9 0.41
L GCC 5 0.22 . CCA 24 1.10
WE M (Ala) Jifi %z (Pro)
GCA 24 1.08 cCcu 38 1.75
GCG 12 0.54 ccc 16 0.74
s UGU 39 1.50 e CAG 24 0.51
L2 (Cys) AWM (Gln)
UGC 13 0.50 CAA 70 1.49
o GAU 96 1.73 CGU 10 0.47
RAHR(Asp) GAC 15 0.27 CGC 0 0.00
GAG 38 0.67 FAR M (Are) CGA 12 0'56
B AR (Glu) ’ '
GAA 76 133 CGG 5 0.23
I, uuU 488 1.67 A, UAU 315 1.78
RN Z 2 (Phe) fi% & R (Tyr)
uuC 97 0.33 UAC 38 0.22
GGG 36 1.01 UCuU 77 1.91
o GGA 56 1.58 A, ucc 27 0.67
HZEFR(Gly) 22 5 (Ser)
GGU 48 135 UCA 66 1.64
GGC 2 0.06 UCG 17 0.42
R ZR(Met) AUG 68 1.00 5 R (Trp) UGG 23 1.00
seaman N0 W ooy
AAG 61 0.39 HEER(Thr) ACU 56 1.90
H =R (Lys) : :
AAA 250 1.61 ACC 25 0.85
UUG 77 0.62 GUG 18 0.41
wo o o amoa) G5 o
S (Leu) ' '
CUA 53 0.42 GUC 12 0.27
CuuU 97 0.77 LR (His) CAU 72 1.73
cuc 22 0.18 CAC 11 0.27
AUA 304 1.27 UGA 77 0.52
SR (1le) AUU 373 1.56 % 1k-(End) UAG 82 0.55
AUC 42 0.18 UAA 285 1.93

474, 315, 304 ¥k, B, BTG I PR rp i e 2 A I FR KK R Leu (17.0%) . 1le (16.3%) . Phe
(11.0%). Tyr (8.0%). i H&/> K& FEmR 2 ORI Trp (0.52%), LA CF1 G R 4h B % 6%+ i B R 48
%, L UM A %R A S 7% RSCU KT 1, W0 U A RN 4 %65 17 A Z o3k, C
G NP RS rp B R 2 i3
2.4 tRNA #1 rRNA EH
M 5 1 2 PRI e b A SE PRI 2L ) 22 1> (RNA BEPRLEVR Bl 1458 bp (55 2), 7RG s M K2 0 ik e b fA 4=

FERH S RN 9.53%, 16 N BE E4ifi% 14 4~ t(RNA JER, T8E F2ihD 8 1~ t(RNA JE[R . IG5 M B 7% ik &
R KL TH 20 A 22 4 tRNA K& AN K K BE 43 A 78 63 bp (trnC)~71 bp (trnK) J5 [l o rrnL 43 A5 78 trnL 1
trnV Z (8] . JEE ) rrnS WA AR FE trnV AIZRLAR TR X (CR) Z 8] o rrnL £ R 1290 bp, rrnS KR
782 bp, rruL 1) A+T &k 84.81%, rnS ) A+T &84 85.04%., M 3 A[LIEH . AT WA GC I
RHEBR I A EET, VLB 5210 K B AE A R G AR EAT i 1) 4

18 i http://mltos.b101nf.un1—le1p21g.de/ﬂiﬁﬁj\*ﬁﬂﬁ%’fﬁiﬁﬁﬁc tRNA JER 1 — g ahtgpim . Hirp 21 4
tRNA ¥ HoA A =M 5IEE, HA #aS1 () DHU B R BUL, TR =1 5IEE (K 3). 1
UM R O (RNA 5 R rh, A 22 X8 B TR O %, 7E5 i Y U-G g5 BCH, S 2
LAFAE AXT, TYCHF LAEAE 2 X, R TR 4%, DHU B LAEAE 10 X, A4y 2 XPEE 430k
DHU & FA7F7E 1 % A-A S50, TWC ¥ EAFAE 1 %) A-A 45T
25 REABXR

ARGk BEWER (4 £WH . SADRIKIE Garella 5 B W KR Nycteola 3545 Z it , i 80K ks
Antoculeora 5 Ctenoplusia J& 35 % X R i T, 5 Garella F1 Nycteola F§ 1% , X 4 Fh 1% ik 5 i 7% 1k )&
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