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The mitochondrial genome and phylogenetic analysis of
Bruchus rufimanus ( Boheman, 1833)
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Abstract: [ Aim] The Bruchus rufimanus is an important agricultural insect pest. In this study, we sequenced and analyzed the mi-
tochondrial genome of B. rufimanus, and it will contribute to increasing our knowledge of the mitochondrial genome and the phyloge-
ny of " Sagrinae" clade group, Bruchinae and B. rufimanus. [ Method] In phylogenetic analyses, we selected 22 exemplars of " Sagr-
inae" clade group (Bruchinae, Sagrinae, Donaciinae and Criocerinae) as ingroups. Two species of Eumolpinae ( Basilepta fulvipes
and Basilepta melanopus) were used as outgroups. The phylogenetic analyses were conducted using maximum likelihood and Bayes-
ian inference methods. [ Result] The mitochondrial genome of B. rufimanus is a circular molecule of 16586 bp in length ( GenBank
accession No. OP650255) , which contains 13 protein-coding genes, two ribosomal RNA genes, 22 transfer RNA genes and a non-
coding control region. All tRNA genes can be folded into typical cloverleaf structure, with the exception of the trnS1, which lacks the
DHU arm. Furthermore, the anticodon of trnS1 gene is not the common GCU, but rather the UCU. [ Conclusion] This is the first re-
port of a complete mitochondrial genome of B. rufimanus. Both phylogenetic inference methods produced a similar tree topological
structure ; the subfamily Bruchinae, Sagrinae, Donaciinae and Criocerinae were recovered the monophyletic groups. The subfamily
Bruchinae were cluster to ( Donaciinae+Criocerinae) a clade. The B. rufimanus was sister to Callosobruchus maculatus.
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Fig.1 Structure of B. rufimanus mitochondrial genome
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Table 1 Annotation of the mitochondrial genome of B. rufimanus

SEH KA Ry YA 2 J IR AL UG T L LEET i B
Gene Gene length/bp  Start position/bp  Stop position/bp Start codon Stop codon Coding strand

trnd 66 943 1008 H

trnQ) 69 1090 1022 L

trnM 69 1090 1158 H

nad2 1014 1159 2172 ATT TAA H

trnW 66 3089 3154 H

trnC 63 3209 3147 L

trnY 66 3280 3215 L

cox1 1548 3273 4820 ATC TAA H

trnl.2 65 4816 4880 H

cox2 685 4884 5568 ATA T H

trnK 70 5569 5638 H

trnD 66 5638 5703 H

atp8 156 5704 5859 ATT TAA H

atp6 675 5853 6527 ATG TAA H
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BE Kz IR AL E 2SI TAS AT LT i i
Gene Gene length/bp  Start position/bp ~ Stop position/bp Start codon Stop codon Coding strand

cox3 789 6527 7315 ATG TAA H

trnG 66 7316 7381 H

nad3 354 7382 7735 ATA TAG H

trnA 65 7734 7798 H

trnR 65 7800 7864 H

trnlN 68 7864 7931 H

trnS1 67 7932 7998 H

trnE 65 7999 8063 H

trnF 67 8128 8062 L

nad5 1713 9797 8085 ATT TAA L

trnH 69 9866 9798 L

nad4 1327 11258 9932 ATG T L

nad4l 282 11533 11252 ATG TAA L

trnT 65 11544 11608 H

trnP 66 11674 11609 L

nad6 507 11680 12186 ATT TAA H

cob 1140 12186 13325 ATG TAA H

trnS2 68 13325 13392 H

nadl 951 14394 13444 TTG TAG L

trnlL1 65 14460 14396 L

rrnl 1284 15721 14438 L

trnV 69 15809 15741 L

rrnS 778 16586 15809 L

Control region 942 1 942 Non-coding sequence

H: E 8 LR e,

H: Heavy strand; L: Light strand.

R2 BEZHGHBARMERE
Table 2 Nucleotide composition and skewness of the B. rufimanus mitochondrial genome.
FEAE K A+T i AT i fiy GC i
Feature Size/bp Content of A+T/% AT-skew GC-skew

PCGs-H 6867 73.8 -0.111 -0.144
PCGs-L 4272 78.4 -0.230 0.275
rRNAs-L 2062 80.8 -0.073 0.343
tRNAs-H 931 78.2 0.036 0.005
tRNAs-L 534 74.4 0.008 0.241
2HEHF 4] Whole genome 16586 76.9 0.033 -0.187

PCGs: 8 FUB AL I rRNAs : OB RNA S IRNAs  #%12 RNA H FE 6 L. 324

PCGs: Protein-coding genes; rRNAs: Ribosomal RNA; tRNAs: Transfer RNA; H: Heavy strand; L: Light strand.

22 EBEBRGBERESH

T GG RAR AL 1Y 13 N5 1 L i 3
4Kk 11139 bp, Hip A T C 1 G B & 545l
}31.81% ,43.79% 12.22% K1 12.18%, 1E i A 1Y
B B R G RS A 2 MR
Bt A (coxl Tl nad1) 4358 ATC F1 TTG
YENRARBAS T4, A0 11 A8 5 4 A5 3 A
HBELLH WA ATA ATT FI ATG 1F i ih % 1,
AR 2 AR SRS FE A (cox2 Fl nadd) DAAS 58 2%
LR BT T AE RS R, Ha 11 AN F B gm iy

JHE RIS A2 DA SE B B 28 12515 F TAA 8 TAG 45

TE 13 AR 0 4 A 35 DR A 3 R 1 v, TR
MR (Ala) W R & 2, N 39.72%, 75 2 TR
(Thr) FIEBEZR ( Cys ) PR3 518 37.21% F
13.68% , H 22 (Gly) i A e d5e /b, ol 9.37% , H
AEIERRBEAT M, 13 A H 15 2 A 32 DR A A
F T AR LR 3, 0l P R Bl i 2 1
AAA LB T 465 WK, %5 RS il ok Bl /D 1Y
CGC Bl 2 %,
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Table 3 Relative synonymous codon usage of 13 protein-coding genes of the mitochondrial genome of B. rufimanus

EWT Bk AR 6 V(N BT B/ WY B/

Codon Count Rscu Codon Count RscU Codon Count Rscu Codon Count RScU
Uuuu (F) 376 1.56 UCU (8S) 100 1.89 UAU (Y) 198 1.41 || UGU (C) 28 1.30
vuc (F) 106 0.44 UCC (8S) 45 0.85 UAC (Y) 83 0.59 || UGC (C) 15 0.70
UUA (L) 335 2.66 UCA (S) 95 1.79 UAA ( *) 330 1.57 [|[UGA (W) 73 1.46
UuG (L) 85 0.67 UCG (S) 26 0.49 UAG ( *) 90 0.43 [[UGG (W) 27 0.54
CUU (L) 121 0.96 CCU (P) 70 1.50 CAU (H) 63 1.42 || CGU (R) 7 0.70
Cuc (L) 54 0.43 CCC (P) 56 1.20 CAC (H) 26 0.58 || CGC (R) 2 0.20
CUA (L) 122 0.97 CCA (P) 49 1.05 CAA (Q) 103 1.39 || CGA (R) 24 2.40
CUG (L) 39 0.31 CCG (P) 12 0.26 CAG (Q) 45 0.61 || CGG (R) 7 0.70
AUU (I) 334 1.58 ACU (T) 90 1.59 AAU (N) 362 1.64 AGU (8S) 41 0.77
AUC (1) 90 0.42 ACC (T) 40 0.71 AAC (N) 79 0.36 || AGC (S) 32 0.60
AUA (M) 314 1.66 ACA (T) 84 1.49 AAA (K) 465 1.76 || AGA (S) 54 1.02
AUG (M) 64 0.34 ACG (T) 12 0.21 AAG (K) 64 0.24 || AGG (S) 31 0.58
GUU (V) 56 1.76 GCU (A) 43 1.95 GAU (D) 70 1.40 || GGU (G) 33 1.52
GUC (V) 13 0.41 GCC (A) 25 1.14 GAC (D) 30 0.60 || GGC (G) 6 0.28
GUA (V) 46 1.45 GCA (A) 17 0.77 GAA (E) 123 1.56 || GGA (G) 33 1.52
GUG (V) 12 0.38 GCG (A) 3 0.14 GAG (E) 35 0.44 || GGG (G) 15 0.69

RSCU  AHXFTS TR + 26 LTS T,

RSCU . Relative synonymous codon usage; * : Stop codon.

tRNA #0 rRNA ERE 4S54
WERLRR I HN AR 22 415512 RNA
P31 42Kl 1465 bp, Hof A T C H1 G (& i
A3 51H 39.39% 37.41% 10.44% F 12.76% . K Ji
TE 63~70 bp, HH irnC JERFH 058, N 63 bp,
rnK FERFES K, o0 70 bp, 22 MFEiz RNA HEA
H, 14 M is RNA AT H 85,8 M4512 RNA
FERNE T L&%, renl F1 S BR800 F L OBE
B trnS1 PRIk —A A PR E ( DHU ) B 2O RE
TERLSEHE Y — b g5 A Ah AR 38 RNA LR 3
REIE SE 1Y = B 254 (181 2) o EAh, ernST YR
LT AR ILAY GCU, TiJ& UCU, #it R 4ohkifk
FERZA 2 MZRHA RNA 914K A 2062 bp, H:
AT, C A1 G B & 5 5 37.44% . 43.36% .
6.30% 1 12.90% , rral F rrnS B4 K43 501 1284
F1778 bp, A+T & 551K 82.019%H178.79% ,G+C
SEAMHIN 17.99% 1 21.21%
24 REREHW

BT SR R RUSR 1 0 DL S vk 4 e 09 & 40 Bt
ZIRNE 3 4.5 716 n, 2 FRRGEK T 50 ik
P A R0 T8 4 25 4 R S 25 B B A S 2
() 4 R TR WA KRR 25 IR 7
Je HUERY) S 2B, HA B8 1797 25 S RF(H Boot-
strap (BS) =99  posterior probability (PP)= 1, it
G ZER RV LRBE NIRRT LR A ZEH

2.3

R (GRER (KM FER+ e JUER}) ) |

13 A 1 57 4 ) i DR 1) A% IR 1 97 6 I )
FRORAAR M (13 ANE 1 5 G i 6 A 1) 2 B 1 71
MR DS  E R WA RS L B 4R
W%, T Bruchus sp. EMHAU 15071302 B A
—X, WEL 5 WS G4 Callosobruchus maculatus
(Fabricius ) & i — 37 , 43 5 5 2 Bruchus J& 1 Cal-
losobruchus J& L AR LR BE, AN 2 N REKR T
ZERAR IS R GRS B R R R
It H AT B B MCHFH BS=100,PP =1, HA
#J Caryopemon J& \Acanthoscelides J& 1 B Z 1 .

{di ] Kimura-2-Parameter F A E R 5 4 5 H
MG WFRT 9 DNHF ( Caryopemon giganteus . Bru-
chus sp. EMHAU 15071302 Callosobruchus analis |
obtectus .

Callosobruchus chinensis . Acanthoscelides

Bruchidius siliquastri . Bruchidius uberatus . Bruchinae
sp. GENSPO1 Fl Callosobruchus maculatus) 2. |] [
s AR By 45 R R . | TR 5 WS T 455t f%
55 % T A 0.126; 55 Bruchinae sp. GENSPOI | B.
uberatus . B. sp. EMHAU 15071302, A. obtectus ., C.
analis \C. chinensis F1 C. giganteus A% 3o A% B B AR IR
A 0.179.0.180,0.197 .0.204 .0.217 ,0.236 F1 0.285;
5 B. fulvipes WAL HE B0k , 09 0.330 (£ 4), Fif
()5S HE RS 5 R G R B W BT R ISR 400 R — 3L
pEEE dvk S ESE SY NS W



. 88 -

HEM 2 A R (R HES0)

Journal of Biosafety $33 %

3 g

A I v 38 o T R RS T AR
GRS R4 FE R A, T4 o3 A AT 1 e Y
SRR I R ZH 9 5 T DA I 22 AFE 32 RNA [ (1)
TS EE T W RN SR SRR I
IR, A T G R AR I DR 2 A 3 TR £ HE 51 I
e R o 2 1A 3 (X 40 HE 3 i — 2 ( Boore,
1999) A7 H LE R RS ) E R S EHEIL 4
UeAh  FER B g i S R b A T H B A R

St IER ) AT &4 (73.8%) Al GC Ay (-0.144)
T L& FEA MmN AT &8 (78.4%)
GC ffar (0.275) {5 H B - 1 8 5 g 5 3k B (1)
AT fRfr(-0.111) & T L& Ei AT Ry (-0.23) .
FEARNA FE L 47 F H 86 A9 (RNA LR AT &
(78.2%) FIl AT i (0.036) &5 T L 4% b (RNA JE[H
AT & HE(74.4%) F AT f {75 (0.008) ,{H H 5% I tR-
NA Z:H Y GC Ry (0.005) KT L &% LAY GC fmfer
(0.241) .
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Table 4 Pairwise genetic distances of mitochondrial protein-coding gene sequences of B. rufimanus and

other species of Bruchinae based on Kimura-2-Parameters

i Species {LL:ZZZ- b’asil-epla Bruchidius Bruchinae  Bruchus Bruchus sp. i;lﬁ(;;i: i:ﬁflz— i:llil/)::; ;:;30(:
obtectus Julvipes  uberatus rufimanus - EMHAU analis chinensis  maculatus giganteus

Acanthoscelides obtectus

Basilepta fulvipes 0.351

Bruchidius uberatus 0.216 0.331

Bruchinae sp. 0.221 0.331 0.184

Bruchus rufimanus 0.204 0.330 0.180 0.179

Bruchus sp. 0.236 0.329 0.214 0.201 0.197

Callosobruchus analis 0.249 0.348 0.226 0.232 0.217 0.237

Callosobruchus chinensis 0.259 0.348 0.239 0.237 0.236 0.252 0.201

Callosobruchus maculatus 0.199 0.311 0.171 0.170 0.126 0.188 0.215 0.229

Caryopemon giganteus 0.308 0.368 0.289 0.295 0.285 0.286 0.315 0.318 0.279
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