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O E: [Br] W ER S8 [Bactrocera Bactrocera tuberculata (Bezzi) | 2R AR 3L R4 P 945 1E, MR H ARG A
AL, IR AR . R R b e R RS ARG . LR Y R il a0 3R %8
JiE SR SR B R R G A EATIN T . A . PREERNERE, RGN A LT, FExt Ik N AL 1T /045
$£ NCBI 22 A7 1) 5 52 08 I 3T S Ff 20 FhSCbi 0 2R iR 2 3L AP 51, SEF R ISR ( Maximum likelihood, ML ) #E47
REEBEMN. [ER] WREIRLE R R FNA )T 5 B KN 15854 bp; H 37 NEK, K& 340 EAmMG
FEP L 224 (RNA S . 24 rRNA SE A T AN FE RIS P il ZE 0 o 9 IR R S b (R S LA & 7 31 AT & i o
73.2%; 13 B AT g 3 A A% 1 3 7554, EEATITA 22 A MR % 65T, UUA (leucine ) Hfili F 45
FN KA %05 F RSCU i AR ¥ e, N (RSCU) 4387 (3.79); tRNA LR —gightgrh, BRANER (F) LK
ER (T) BUSERmNE (T) FRMZER (S1) B SR IE DHU R, HAY 19 4 t(RNA JE [H 5 fE 3 S sl 7Y
M= AR, 22 A (RNA RN, IRAFETE 178 AL EE X 45T, A FCORER XS 10 G-U. i g % JHE 3 2 b 26 b {4
SFEFHM ARG LT M, EIRFRLM 515 /NLW ( Bactrocera dorsalis ) F# Bk I8 (Bactrocera carambolae) 31—
AL, RIS EE X RN, SRRV EWIHMMERERAN L L, SREEEEE K. (4] &
UARTE TR R Se i b ik 4 S 41, GenBank % 5t 5 MW 892726, il 5 F1 43 Mt 1) 984 1% 5 S5 il 2 e S5 A 468 4 4
fit, BAFBRALAR . RGN, CHRERIR SR TR R, HWFe W i1k A P2 A B JA I S 4R K 4
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Mitochondrial Genome and Phylogeny of Bactrocera (B.) tuberculata
HUANG Zhen'?, GUO Qiongxia”
(1. Fuzhou Changle Airport Customs, Fuzhou, Fujian 350209, China; 2. Fuzhou Customs Technical Center,
Fuzhou, Fujian 350001, China)
Abstract: [Objective]l Mitochondrial genome and phylogeny of Bactrocera (B.) tuberculata were studied for advancement
on the molecular markers design, species identification, and evolutionary genetics relating to the destructive fruit fly.
[ Methods] High-throughput sequencing was applied to determine, assemble, join, and annotate the complete genome of B.
(B.) tuberculata mitochondria. With the sequences on selected 20 species published on NCBI, the phylogeny of fruit flies was
analyzed using the maximum likelihood method (ML). [ Results] The total mitochondrial genome sequence was 15 854 bp
long containing 13 protein coding genes, 22 tRNA genes, 2 rRNA genes, and one non-coding control gene with 73.2% A+T.
There were 3 755 codons in the 13 protein-coding genes. Of the 22 amino acid codons in the protein, UUA (leucine) had the
highest frequency (N) of 387 and relative codon (RSCU) of 3.79. Aside from the phenylalanine (F) and threonine (T) that
lacked pseuduracine (T) rings and the serine (S1) without a dihydrouracil DHU ring, the secondary structures of the remaining
19 tRNA genes shaped typically like a canonical cloverleaf. And the 22 genes had 178 mismatched G-U base pairs. Based on
the mitochondrial analysis, the phylogeny of B. (B.) tuberculate, B. (B.) dorsalis, and B. (B.) carambolae were closely related
and in the same branch as other subgenera. The result agreed with what was revealed by the morphological observation.
[ Conclusion] For the first time, the complete mitochondrial genome of B. (B.) tuberculata was obtained with a GenBank

accession number of MW 892726. The information secured on the structure and nucleotide composition of the mitochondria
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and the phylogenetic relation with other subgenera would aid further studies on the species identification, evolutionary biology,

and pest control of the devastating pest.

Key words: Bactrocera Bactrocera tuberculata (Bezzi); mitochondrial genome; sequence analysis; relative codon usage

frequency; secondary structure of tRNA genes; phylogeny
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0 7l

[ 5% 2 LY 983 B2 S SE W8 [Bactrocera Bactrocera
tuberculata (Bezzi)], F )& W H (Diptera) 5 18 7}
( Tephritidae ) S 5Z M8 J& ( Bactrocera ) W 52 1% V. J&
(Bactrocera) . HET EZ ey, i, R
PSRRI, REESE S . EhiSE
FNBATTIR T g R S R
G EEE W, I E FE B A e 4R
Kk, TR GWE, St . i E KRG
Fh IS FECER AR AE AN TG i, 50 B SR R ) 4R R
PRI SR SR A 1 AR T VRE RSB IR AT e i
B R R R O, R B S0 2 Y T R
%, ML, YRS i A, eI
GBI HEA L, S50 FAEYSEER, X
MaFrric IR ERE, REKFRR, MRy Fb
Y0 | BE 3 I AT DA [ A O 2 st A i Ak 4 TR)
M EAREEZE L, (AT AR R Lohifk IR
HEAZE TR SRR . A FE WL
AR, AR AR LR R FH A H A H
MR ZE R R AR . AL AL AN 7 20 . DNA P 4R
DL R R 4 FE D2 I P SR, P L, 2R iR I [
IR B YRR . HE b SR AR I8 A% Ak i B AR
X4, HuT# Tz M TR B SR R g it
. SMRAZKBERTR . DFZE . 35 R 225
BT U UTAER, PERE B Bl T A
BRAF AN T R RN, - DA R 2 R B A B i 2
MR &, L2 8 MXT SZMa R A 5] & 26 (A 5L A 3k
T TR . EMF I, BRI Sk IR 3L M 4l 4 )7
F, % FEANTHE AR HE GenBank [ 2 A7 1Y 5E 8 1Y)
COI. COIl, COMNI % &y 741, Bt i 5¢ g iy
PCR 51¥); A7 BYJE AR A TF i 15 A9 5218 mtDNA 425
Sy R R B a1, it a1 ZJE#ET PCR YT
e v RS TR TINY DR R
TR R 42 R 3117 SR AL e i o A L TR 2
WF, BERMXRT, R854 20 2%, Wl e xf
PR B, em oy, JUIRR TSI AT & &5
ML EE AR Z R, RE—RWF, B
Sanger Ml J57 48 B4 K 7 91 LSS R o it A = A 0
FHE AR &R, Illumina Miseq F & A3 ) — A
PR, DiHGER S . A MR R, ®
AT DNA U FE AU R, e R

FR BB A N T AR AR SE R )T, Bk IR
ARMIE A P9 A ) F-Be, BTl MRz
SRR YA R RLASE R &P s R AR, &
2r 5% GenBank %% % Hh A7 Xo) S b R B L 4R b A 5L A
HIP AR AL 39 45, W3 )8 14 Fh, Hh iR
S B (Bactrocera) 4 W)@ 12 Wkh 374" 18
AR T GHELZ KRR T, ZIE R LR A%
AR HEH, T DNA £ H AR, 5 i
mtDNA COL, COXII Hii & R Btk A7 R R B o
B, HeXT 53 Soph Z (8] A A U S, 43 B SR S i i
LR Z I RGO R Y, (ST R G
A RAS A R B, W E— Sk COT 2 RIS
& H T /N (Bactrocera dorsalis ) . A JI\SE M
B Bk S W8 (Bactrocera
carambolae ) MAFFETIESIME ( Bactrocera philippinensis )
SEAT AR AT B AR oS fRURG / N ST AT 4 T 4
BEAR TR R, 34 5 8 T A B AN A5 1) 22 1> JE TR i 4 b
WERFATBREMAZERE 4. [AFRIA
ST ORI S S i A 4 A 4 35 IR 4 R AT I
R JHLZRL 1A 4 5L IR 91 R % 45 TR B 5 A R AIE A%
TR R/ INFNHESI A, B Lo b fsr, K 5
At SR S R o 2K 1) 5 2 OC 2R S I AH G I A R IR A
HEAT o DL Yo i SC 8 R] 8 ] & T Tllumina Hiseq
PE150 -5, RHA o XS i p B, I 9 s 2R
SEAR LR AR FE R P8, X AR ohr R 4 5L PR 4
A GERYRFAE | T (A B L m 2H n A PR HE
e 2, B 5T 4 i L R A0 35 A S 1k . AR X [
SRS P TR, (RNA FE R 1) 9 45 W 4 AiE 25
00T, B IR 118 SR Sl () 25 R RRAIE 5 326 B Genbank
B 2 v 2 A 1 SR S R 1) A A TR 4 91 5 0
JI TR S i 2 b AR R A A, TR ORISR
( Maximum likelihood, ML) ¥ & RS kK & W, #47
RAERE I WBRLIBEYFE N RERT MK
RGRFR, WIS RS R 7 2R 0, S i R
SEEE R L AR R RN R AL
BUFRSRAE S E R

1 #MH#5 7%
1.1 #Hi#R

Jii IR R SCWE [Bactrocera ( B.) tuberculata] 3% H P
B = rE H R, AR DB S 280 i e A7 % 08

( Bactrocera papayae ) .
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9o 15 SR S i DNA $2 HCR H1iR) & (rapid animal
genomic dna isolation kit ), % & Ui Z R BT, 2
W) DNA#FAT BT R . 2lifb 50t . kR
Ilumina Hiseq PE150 “F- 5 #4707 ( Z4E LA
T A TR ARG AR\ #47 ), 508
R AF (Spades, v3.12.0) Xl 5 (4 7y 51 2547 2H 28 Pf
., H GeSeq KA X} e A Ak 36 PR 4 kA7 3k PR R
fdi Fl Win32 CodonW X & [ 5 K& A 4 5% 5 4 4 1~ %
LA B[] SCAH Xt 5% 6% —F- RSCU B 4 fili A5 R 3F 47 40
fr, % A MITOS WebServer £l tRNAscan-SE 2.0 4k
1, X (RNA B A AT 00T, He TR BUSATE
fii 1] PhyloSuite I H ARG LK EW, #HITREKET
S, BRI R 2 Eg e R,

2 ZRE55H

2.1 AL EREBARERLGH

Joi 2 S S W [B. (B.) tuberculate] 28 014 4= 3k
204Kl 15943bp ( GenBank 55 MW 892726 ) .
WE BAEAMMSILE (PCGs), 224 (RNA %
, 2 rRNA B:H K 1 MRS H| X (non-coding
region ). E M FEH 4] 37 P IE R 454 B, HES
HAEBEEZEXRM ( Drosophila yakuba ) . F&5 /N5
e A5 S R S Y SR AR A R 2 — 4, B R
PERA AL,

REALE TR RS A 24 4>, Hrh s
9~ % 11 4% 5% 2 [ ND2, COXI1. COX2. ATPS,
ATP6, COX3. ND3, ND6, CYTB F1 14 /> tRNA %t
trnl-GAU, #mM-CAU. tnW-UCA. #nL-UAA

trnK-CUU., #nD-GUC. #nG-UCC. rnA-UGC,
trnR-UCG. trnN-GUU. trnS-GCU. #rnE-UUC. trnT-
UGU, #nS-UGA, DL & 143k % #5345 # X (non-
control region ). Tt N HE Z i B A 144>, 45
44 E E IS ND5, ND4, ND4L, NDI Al 8 4
tRNA % K #nQ-UUG. #nC-GCA. trnY-GUA. trnF-
GAA. trnH-GUG., #nP-UGG, #nL-UAG., #nV-
UAC, DI 2 A~rRNA LA 1-rRNA | s-IRNA, 5L
HAE 16 NEEERAAIL LI 113 bp TR ES, S
KB 1~22 bp, &S KK tmS-UGA 5 NDI
trnL-UAG 5  1-rRNA 2 [H] ATP8/ATP6  FiI
ND4/NDA4L 2 [a] ¥ # & 7 bp., 3L 1182 bp 4 £ 1E
14 I RN RE b, TA) RS B2 TR 2~965 bp,  BEE (] B
I K#E ND1 5 trnL-UAGZ ], &L ICE S X
Te Rl B FE AT 6 A, 20 5 PR 2 1 6 A & 4 R [A]

HEZ T J2 A0 56 B H i) Zobr 7K 4 DR 2 A 4 5
5 B R AR R A R R 2 B HE S AR R YL Ak R 4
WEW A S OB A IR LR A 6 4>, R IR R
SRR AL AR A BE K A S R, BEARE K L B
B, 5 B k3R H At ST b B S Y [R] R 8 LA
EA R FARIE . I 04 96 I SR S i ) 2 A4
G 5 DR 2 485 A SRR I 3% 55 35 DR 4 35 TR 45 g [T DL 3 1 A
K1,
22 WEERMEE

9o J1 SR S i A R IR A A HY IR B 2 A 39.1%
A. 164%C. 104% G, 341% T, HA>T>C>
G, A+T B Eik 73.2%; Hoo & A g 5 3% X
PCGs. rRNA JE [H | tRNA K K | 3F 4 5 5 il X
A+T B &9 H 70.7%. 77.4%, T4.7% Fil 88.4%,
Forprpa il X LR AT 19 55tk ik 80% LA b o R AR
Jig S S i 4 B DA A A T IR B A1 N B A ] Y
AT fii [ P, I B He 2 b i 4> B DR 2 v 2 44 1)
“A+T” ﬁ%‘l\éﬁ'—[l&lg]o

Wit A %K. ATskew=(A-T)/(A+T),
GCskew= (G-C)/(G+C) &, LkiARN AT
skew 7 0.068, = T GC skew —0.224, fF1E AT 1
¥ ; PCGs J5E H AT skew y —0.067, ¥ T N
-0.277; GC Skew N#%% % 0308, & F T4 —0.191;
tRNA £ [H AT Skew J £°4 0.005, = T N5 —0.042,
GC Skew N#% ky 0300, 5 T J%E 0.019. fr LL,
PCGs Fll tRNA X 4 f£ 78 AT [ J 5 f £ , GC I
N&ER AL, 5 T4E R N &E 55 41 a8 e i 1 25 1 —
o XM SR SE Z IR AF A BRE 2H RS X BRI R 4
T T 5 A B YRR 4 i R 4 0 B S R R
Ji& SR S R A AR 4 35 DR 21 R L A B L 35 2,
23 EEARRBER

9o 18 SR S e 0 R AR 4 Ik PR 4 2 11 I g 1 S TR )
IR 11302 bp. A+T Bl 70.7%, J&EM N 5
A+T & 353 9 68.6% Fl 73.9%, 5558 3 & & K
N T>A>C>G, NEERIESERKNE: T>A>
G>C,

13N R A I R R %65 1, A%
i, COX1 %k M i 4 J5 3 % 6%+ il 1] TCG
4h, ATP8 i GTG, NDI N ATA, H A sh% 0 1
ND2. ND3, ND5. ND6 4 ATT, COX2. ATP6,
COX3, ND4, ND4L. CYTB N ATG; & %11
Bk CYTB i ATT 4&4h, HAREER YN TAAF1E, &
BRI TERE LA BT

9o Jid S S b L AT S T 3 7554, JEE 2 290
A, NEEE 14654 (SRR EWES . 5
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Table 1 Characteristics of mitochondrial genome of B. (B.) tuberculata

S e SERE T i i %I‘EJF{% AR RS T AR T
Gene Location/bp Gene length/bp Strand Intergenic Start Stop
J(*+)s N(-) sequence/bp codon codon
trnl-GAU 1~66 66 J
trnQ-UUG 64~132 69 N -3
trnM-CAU 201~269 69 J 68
ND2 270~1292 1023 J 0 ATT TAA
trnW-UCA 1303~1371 69 J 10
trnC-GCA 1364~1426 63 N -8
trnY-GUA 1473~1539 67 N 46
COXl1 1538~3076 1539 J -2 TCG TAA
trnL-UAA 3072~3137 66 J =5
COox2 3142~3831 690 J 4 ATG TAA
trnK-CUU 3836~3906 71 J 4
trnD-GUC 3910~3976 67 J 2
ATP8 3977~4138 162 J 0 GTG TAA
ATP6 4132~4809 678 J =7 ATG TAA
COX3 4809~5597 789 J -1 ATG TAA
trnG-UCC 5607~5671 65 J 9
ND3 5672~6025 354 J 0 ATT TAG
trnA-UGC 6024~6088 65 J -2
trnR-UCG 6096~6159 64 J 7
trnN-GUU 6171~6235 65 J 11
trnS-GCU 6236~6303 68 J 0
trnE-UUC 6304~6370 67 J 0
trnF-GAA 6392~6456 65 N 21
ND5 6437~8176 1740 N =20 ATT TAG
trnH-GUG 8192~8257 66 N 15
ND4 8258~9598 1341 N 0 ATG TAG
ND4L 9592~9 888 297 N =7 ATG TAA
trnT-UGU 9891~9950 60 J -8
trnP-UGG 9971~10036 66 N 20
ND6 10039~10563 525 J 2 ATT TAA
CYTB 10563~11697 1135 J -1 ATG ATT
trnS-UGA 11697~12725 1029 N -1 ATA TAA
ND1 11704~11770 67 J -22
trnL-UAG 12736~12800 65 N 965
I-rRNA 12778~14135 1358 N -22
trnV-UAC 14133~14204 72 N -3
s-rRNA 14204~14995 791 N -1
Frlix 14996~15943 947 J 0

Control region
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mS(uga)

15943 bp

Npy

trnK(cuu)
trnD{guc)
ATPg

ATpg
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r1H(gug)

& 1
Fig. 1

247 R U RIES 3405 U sl Ay AH X R SC% 5 1
RSCU {H B AR K T 1898 294, Hp s 34
HMYIhUS A; A 2FEAERENF P,
UUA (leucine ) i ffi FH 4l & N & # Xt % 5
RSCU fifi 4 F ¥ iz, N (RSCU) 2 387 (3.79),
H ¥ H AUU (ATT Isoleucine ) N (RSCU) & 298
(1.76) } UUU (TTT phenylalanine ) N (RSCU) Jy
235 (1.42); SR %05 4 W e = 1 HT 4 1 2L R
o7 B I 1Y 39.32%, 43Ol h: LA R (Leu) 6124
(16.30% ) > 22412 (1le) 3384 (9.00% ) >HH
% M (Phe) 3311 (881% ) > % 4 W (Ser)
2214 (521%); 20 P& FE W P e & (Cys)
it (431, 2.81%) FeflR. A2 B IR 1 S %
[ % 5% 7 9 NNA FIl NNU, S Bt T 4% H /R 240 B (1
AT P o 968 e S S g 28 2 Tk PR 4 2 1 ol o ) i
PR A1 P e L3R 3.
2.4 RNA EF LW

9o I SR S I 2 B AR S PRI 2 22 S 4 PR A% Y
2 e %) K BEAE 60~ 72 bp, MK B K 1 462 bp,
A+T & 7R 74.7%, B2 T % 36.9%A. 11.1% C.
13.2%G. 36.8%T; JHEA NBEM A+T & & 0 5k

BRRALWBERELEN

Map of mitochondrial genome of B. (B.) tuberculata

74.0% 1 76.0%, JHEERREE S HK/N: A>T>G>
C, N#iK: T>A>G>C,

tRNA FE [ g 25t rh, ZRINEARR (F). Jh &
e (T) s BRmEsE (T) 3B, 2% (S1) §tb
T AJRMERE DHU FF, HAR 19 4 (RNA JEH B Re 4 &
JE AL () = B R 25 (181 2) . ZekiiRBE R 4
22 tRNA e o, AETE 178 b gl BE X S5 BT, 45
e B 55 X5 ¥4 ok G-U,  Horfr 6 Ab S5 C 43 B T rnAL
trnC. trnE. trmP. tnS1 AIEWRIEZE (AA), 240
L T mC. onF WK WEBE (T) B, 14 T
trnH B 2 7 (AC), 9 F #nQ. trnG.
trmH. trnF. trnP. trnS1. trnY . troT B Z & R W UE
DHU &%,
2.5 rRNA ERFL##

rRNA JE [H BCK B 2149 bp , A+T & & 77.4%,
B 2 S 35.7% AL 8.0% C. 14.6% G. 41.7% T;
rRNA K K £ 7% 1-rRNA Fl s-rRNA B A3 N, W 7E
N## |, 1-rRNA i T #nL-UAG fil #rnV-UAG Z [d] ,
s-tRNA i T #rnV-UAC 1 it 4 1 5 il X 2 6] o 1-
RNA 5 #rnL-UAG % [H Z 6] 8 & 22 bp, s-tTRNA 5
trnV-UAC H [H 2 [ B H 2 & 1 bp, 1-TRNA il s-
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Table 2 Bases in mitochondrial genome of B. (B.) tuberculata

’Ziﬁ‘ Al% C/% G/% T/% A+T/% ATHES GCliifs R
Region AT Skew GC Skew Gene length/bp
Eoe oSk
Whole genome 39.1 16.4 10.4 34.1 73.2 0.068 —0.224 15943
PCGs 29.9 14.9 14.4 40.8 70.7 —-0.154 -0.017 11302
PCGsJ 32.0 18.7 12.7 36.6 68.6 —0.067 -0.191 6895
PCGs N 26.7 9.0 17.0 47.2 73.9 —-0.277 0.308 4407
ND2 34.1 16.8 9.1 40.0 74.1 —0.080 —-0.297 1023
COXI 30.1 18.9 16.2 34.8 64.9 —0.072 —-0.077 1539
COX2 335 18.4 14.1 34.1 67.6 —0.009 —0.132 690
ATP8 37.7 17.9 8.6 35.8 73.5 0.026 —0.351 162
ATP6 304 19.9 11.8 37.9 68.3 —-0.110 —0.256 678
COX3 29.7 19.4 15.3 35.6 65.3 —0.090 —0.118 789
ND3 31.9 16.7 9.9 41.5 73.4 —0.131 —0.256 354
NDS5 27.8 9.0 17.1 46.0 73.8 -0.247 0.310 1740
ND4 26.3 8.9 16.9 47.8 74.1 -0.290 0.310 1341
ND4L 26.6 7.1 14.5 51.9 78.5 —-0.322 0.343 297
ND6 37.0 16.6 6.9 39.6 76.6 —0.034 —0.413 525
CYTB 30.9 20.7 13.5 34.9 65.8 —0.061 —-0.211 1135
NDI1 25.5 9.7 17.6 47.2 72.7 —0.298 0.289 1029
tRNA 36.9 11.1 14.1 37.8 74.7 —-0.012 0.119 1462
tRNAJ 37.2 12.7 13.2 36.8 74.0 0.005 0.019 929
tRNAN 36.4 8.4 15.6 39.6 76.0 —0.042 0.300 533
rRNA 35.7 8.0 14.6 41.7 77.4 —0.078 0.292 2149
1-rRNA 36.7 7.1 13.8 425 79.2 —0.073 0.321 1358
s-rRNA 34.1 9.5 16.1 40.3 74.4 —0.083 0.258 791
FEilIX
46.9 6.6 5.0 41.5 88.4 0.061 0.138 947

Control region

rRNA P A R IR K B8 43 53] 24 1 358 bp Fl 791
bp, A+T S5 79.2% Fl 74.4%, BIE & KN
¥k T> A> G> C., AT Skew 43 %l & —0.073 #l
—0.083<<GC Skew 0.321 #11 0.258, f77E GCl#% .
2.6 IEmASITHIEER
e i 45 i L AE T8 o {7 T s-IRNA J5, B
K E 947 bp, A. C. G. TEHEDH N 46.9%.
6.6%. 5.0%. 41.5%, A+T &N 88.4%, N A+T &
X o dE i S 5 ) 5L AT Skew 0.061< GC Skew
0.138, f1E GC 1% .
27 BERALBSHRRBIESMENRELBE NN
A B 5% D S 1) 968 I8 SRS S i 1 e A A 4 35 DX 4
FEAUAE N HARIF4, FH GenBank Ht L F 5 50 1

W J& ( Bactrocera ) 9 i Ko B W () 55 21 55 g 2 R A4 4>
BN ) 4K 15 972 bp ( GenBank % 5% 5 : MW
892729 ), HEM LM JE ( Zeugodacus ) 7 F Al J&E &b
FEH G SEWE  ( Ceratitis capitate ), 3L 19 FhSC g
LR AR FE R P S, BT RAMIIRY: (ML) 4
RGEKREW, G5REKY] . ISR RS /NI
MRk R — 3, R 3P LA ELZ LR
Vs BBLLSCME | T A AR S0 Sk S D R SR S i T
Ja 1) FEA 2 B A — S, SRS 7 S g i R S T
JE RN P KA SL S R, R4 OC RIE B8
85 INERGE R E 4 W4l R 3R W8 e L S0 i Y 43 28 b
. FEXRSEREEEEER 3, LRk
SRS JE TR S R 2 (K13),
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Table 3 Statistics of codon usage in mitochondria of B. (B.) tuberculata

#H4F Codon N R ¥ Codon N R #H4¥ Codon N R # ¥ Codon N R
UUU(F) 235 142 UCU (S) 114 268 UAU(Y) 144 173 UGU(C) 4 191
UUC(F) 9 0.8 uce () 10 024 UAC(EY) 2 027 UGC(C) 2 09
UUA(L) 387 3.79 UCA (S) 95 2.24 UAA(¥) 0 0.00 UGA(W) 95 1.88
UUG(L) 68 0.67 UCG (S) 2 005 UAG(*) 0 0.00 UGG(W) 6 012
CUU(L) 66 0.65 CCU(P) 75 2.17 CAU(H) 55 1.39 CGU(R) 15 1.02
CUC(L) 5 0.05 CCC(P) 13 0.38 CAC(H) 24 0.61 CGC(R) 3 0.20
CUA(L) 81 079 CCA(P) 48 139 CAA©Q) 74 187 CGAR) 37 251
CUG(L) 5 005 CCG(P) 2 006 CAG(Q) 5013 CGG(R) 4 027
AUU() 208 176 ACU (T) 79 157 AAUMN) 163 172 AGU(S) 47 11
AUC() 40 0.24 ACC (T) 19 0.38 AACN) 26 0.28 AGC(S) 9 0.21
AUAM) 174 173 ACA (T) 101 201 AAAK) 63 142 AGA(S) 63 148
AUG(M) 27 027 ACG (T) 2 004 AAG(K) 2% 058 AGG(S) 0 000
GUUY) 84 153 GCU(A) 16 243 GAU(D) 58 1.63 GGU(G) 7113
GUC(Y) 8 015 GCC(A) 2 046 GAC(D) 13 037 GGC(G) 3 005
GUA(V) 112 2.02 GCA(A) 50 1.05 GAA(E) 73 1.95 GGA(G) 126 2.18
GUG(V) 16 0.29 GCG(A) 3 0.06 GAG(E) 2 0.05 GGG(G) 31 0.54

NAZL A4 58 R 2 2R 1 53 2 T e R (R 35 A A FA NG R RSCUSAHRN R SUB G F B AR . > 22 B #RD T

N: number of codons used for protein-coding genes of whole mitochondrial genome; R: frequency of use of relative synonymous codon (RSCU). *: stop codon.
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Fig. 2 Cloverleaf-like structure of 22 inferred tRNAs in mitogenome of B. (B.) tuberculata
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Fig. 3 ML-generated phylogenetic tree of B. (B.) tuberculata
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