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Tab. 1 Total length and base composition of mitochondrial
genomes of six sequenced Acipenseriforme fishes

— —
iy, GenBankHRS BEK GCHE AT- GC-

Total ~ GC  fw&} st
Species acceg}sfi:gfilllxlr{nber length content AT- GC-
(bp) (%)  skew skew
s
Acipenser MKO078261 16,524 4598 0.117 —0.284
sinensis
KITEFA.
dabryanus MK078262 16,439  46.07 0.120 —0.287
i34
brevirostrum MK078263 16,596 45.63 0.112 —0.285
gH KA.
nacearii MKO078265 16,759 4523 0.109 —0.285
#5 Huso
dauricus MKO078264 16,766 4526 0.113 —0.290
W)
Polyodon MK078260 16,521 4536 0.126 —0.316
spathula

& AHE B K, AT-WAHN0.126, GC-fWAHA
—0.316.
O 63 (10 206 s R B DR 2 v [ AT 7 i A
R B T A R ) DA, 0 Js BILAE B, 1 4 R 3 [
(RS A b o A [E] SO 514 F A2 (Rela-
tive synonymous codon usage, RSCU) 7 #1& B, fr &
5T g s 5 R £ 2 B A P A7 A SR 1) s 27
PE, NNABNNC(HP =47 SN CHI S 1) 1
RSCUH KT 1, (AR & . 60 i i) K K 2 1
X RGBSR, 5 L AR ) = AR AL
FEOM T ) 134 88 1 o g A = R, G 1k Y
THIATAGEGTG, H A 12/ 8 i g b J2E (K] 1
BT LLATGIHH G, (N COX TZEF LLGTGIT

Ho KL T ATAA. TAGHET--, Hfcox
I1. NDAMICythFE K LAA 58 4 % i+ T-- 2 1k, T
ND1. ND2. COX1. ND3FIND6% K L) 5 5 515
TTAGZ 1., ATPS8. ATP6. COXIII. ND4LH
NDSFHEH DL5E &% FTAAZ L. A4 IL
BT - A 1 S 2R Ak I R 2H R A O A A IR RFE .
tRNAscan-SEZ #T & 7~, 6 Fh 63 122 /™ 28 fi f&
tRNAsE K1 B A 4 g ) = nf BLEE ),
22 RGEESH

HF 5N PEEPro. AA. Pro 2rRNA. 2rRNA
FMCom_ Mito)F2F REG Kk & M ik (MLFI
Bayes) 33k T 10N RAKEM(E 1), REIX
104N R B W AN A 58 4 — 5, (A3
XHERE W) SRR BT RL 1) H R (K 2). Pro_2rRNA
FCom_Mito P M £ I BIRIML ) ¥ $h 4544, Jo
Pro#fi4fa £ BN O ¥R Fh 4 4 58 4 — B, RIS R4
RKEWRPERTEE . 7+ T RAEKE EREMS
RERE 1), RevrEdE N $ R (B1:1.00/MP:100), £3
& R w63 J@ A AR B2 A R A . BRRLA B R
(BI:1.00/MP:100), {H fig J& F15 J& [P Fh AL 1l e
o BFRHZ RAKR G LR L A3 R KB
i R P 22 350 ST A FH UM K T VR 6 (A, sturio) FIAR
W3 (A. oxyrinchus)¥ IRV EF IR (A. sturio-A.
oxyrinchus clade), BA W = 1 m S RFZE(BIL:1.00/
MP:100). HAREFRHE IR L A2 K E R K
B KVU ST S5 (Atlantic clade) f1A P63 25 (Pa-
cific clade). F&H K PE BT 34N 57 663 J& P
A5 K O SR A A R R o 70 8 B 7S A K T R A

MKO078260_Polyodon spathula

i Family Polyodontidae
AY571339_Psephurus gladius

1.00/100— KP997217_Acipenser oxyrinchus

1 M': MKAO078262_Acipenser dabryanus
1.00/100 MKO078261_Acipenser sinensis

A. oxyrinchus-A. sturio clade
L KP997216_Acipenser sturio 4

Pacific clade

1.00/100 1.00/100MK078264_HL¢,\'0 dauricus
KM591217_Acipenser medirostris
KX276658_Acipenser mikadoi

1.00/100 09378 KU985071_Scaphirhynchus platorynchus

_|: AB042837_Acipenser transmontanus
KC905169_Acipenser schrenckii

KU985069_Scaphirhynchus albus
MF101791_Scaphirhynchus suttkusi

AY442351_Huso huso

1.00/1007
1
Order Acipenseriforme
100710 1.00/100
Family Acipenseridae 1.00/100
0.96/79
1.00/99
1.00/100

0.99/90

1.00/1 0()|: KU321568_Acipenser nudiventris
KF153104_Acipenser ruthenus

Atlantic clade

A _Aci

1.00/100

1.00/98

KU985070_Acipenser fulvescens

MKO078263_Acipenser brevirostrum
JQO045341_Acipenser baerii
MKO078265_Acipenser naccarii

1.00/100

FJ392605_Acipenser gueldenstaedtii

1 T 233 IE H 3 LR 2222 R 4 (Com_Mito) F4 Z2 ) UL ik AN g R ALLAR T (K 2R G2 R & W (9 R AT 8 7 23R BUE B 30 HF

R EMLHA %)

Fig. 1 Baysian and ML phylogenetic tree based on 23 complete mitochondrial genomes nucleotide sequences
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F I AE . AT 25 iy 5 R0 7/ 63 8 A i i)
Bo 3ANBIN 4 58 4 — 8, HAT 5 F R M
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T RERAR T 0 LA 240

Pro$ii#f ££ FIMLI XA — Kb AN [A] T-BIW, A7 T
KGR S8 IR 0 TN 6 3 (4. stellatus) i B L (BI:
40). XRW, RERKURIEIERG K E /T
BB N, BRI R R AR E KR
Ji A BRI AE, X5 HAL DA 4 R — 5
2 rRNA K5 4 I BIFIMLAH [ 45 5 — 8, 36
JE N EFRLHFE RS (BT 1.00/ML:100), SR 5 /& 2RM)
#iF 5 (BL:0.52/ML:65). FHAREFFR} AT LLo R2A
B ABE(BL0.31/ML: 36). AA¥HE £ K BIFIMLE,
IR, SRR 3 28 72 R JHE 5 2 A (B1: 1.00/
ML:100), HeAR 3R} 0] DLy A2/ B R B (BL:0.98/
ML:54).

ZELBI0MRERKEMKINGEE 2), ZEHR
Bl 5 EILREIEA L, RMHE B REREE
Bo 05 134N (A5 g i 25 DR B A 81 sl 24
rRNAZE KB A 7 FIAH b, 85 5 4 A 24 (R Fn 2/
rRNASE R G 791, B 28 R4 5 DR 20 42 5 51 24
P e 45 R B — S H = 1 SRR, xR
ST 1) AR A S TR 4 B0 B A B TR A3 H 1)

2.3 WRIMNERLE

BT H IR A K E KR, A0 R
GuR B WA SR IR Fh a5 0 . e
U6 48 TR 2R B, JE T SANBI0HE 45 O 40 41 45 F R 56,
RS T WSS R, X FFPro 2 rRNAA!
Com_Mito i MR EMBIAMIMLIY KRG K E X R
(£ 3). RGERBLERKY, 6IRIET AL E G 2R
L (1) Fh TS5 PR 58 SRR 2R f i R R R B35 R
KRB, X HFontanaZe" A BT 70 45 B —
. Q)38 A EIRH ISR, bR Le
SEHR BRI, 5 R RIRT 5 WiBirstein 5 P i R
WIZRRRERFR. T H R EE £ 1 SHES 3 45
PR, RV EF I BRI R T 6T 8 5 RK
fiig, Jz Ly X 6 A [R] ) oK PR VR 2
24 SB(EBHBEWRGLEXFRZRT

[l % H 2K 001 RGO G AL, AR
W FAE BRI B, A 5 v ik B 5 55
TIAFTE 22 57, HEMIX ] §E 2 S 2T B 2R [F T
AP TREARKEERA B EEFER . 631
H 135 H BB Fh S A 278, AT 78 32235,
B FIL85.2%. AL RRY, 63 B AKA
B R REFRI2AN R SRR R T 4L,
5 o A5 R AN B R . R L SR Ry
B35, HoAR 19FP R} 1 280 LL43 N K T B SRR

*k2 TEHEE. FTERFERBHEEEALNARZLEER
Tab.2 Phylogenetic relationships within order Acipenseriforme based on different dataset
Pro AA Pro 2 rRNA 2 rRNA Com_Mito

A YK E K ZRPhyl tic topol = =

ARIUR R A Phylogenetic topology Bl ML BI ML BI ML Bl ML BI ML
REW) i3 FL 2 B R B Polyodontidae is a monophyletic subfamily 1.00 100 1.00 100  1.00 100 1.00 100 1.00 100
i FHE H R #f Acipenseridae is a monophyletic subfamily 1.00 100 1.00 100  1.00 100 1.00 100 1.00 100
3@ J& B R B Acipenser is a monophyletic genus - - - _ _ _ _ _
5 )& /& B 2 ¥ Huso is a monophyletic genus - - = = — _ _ _ _
46 J8 52 1 F e Scaphirhynchus is a monophyletic genus 1.00 100 1.00 100  1.00 100 1.00 99 1.00 100
RWIEFSS S B R BEA. sturio-A. oxyrinchus cluster is a
monophyletic group 1.00 100 1.00 100 1.00 100 1.00 100  1.00 100

n 3 . N . . .

RWFSE R I R BIIEIRIHEA. sturio-A. oxyrinchus cluster is
the basal lineage of Acipenseridae 1.00 100 1.00 100 1.00 100 - 1.00 100
58 & S B9 B I 5 2B Scaphirhynchus is the basal lineage 100 100
of Acipenseridae - - - — - : - -
K PEIT 2 51 R B Atlantic clade is a monophyletic group  1.00 86 1.00 87  1.00 96 —  — 100 99
KPR 202 5 & FfPacific clade is one monophyletic group  1.00 100 1.00 95  1.00 100 098 78 1.00 100
70 8 A K VG PR B 2 B B S Scaphirhynchus is the basal
group of Atlantic clade 1.00 86 — — 1.00 96 — 1.00 99
CRIUPEETSE, KPPEETZR)(A. sturio-A. oxyrinchus cluster,
Pacific clade) 099 70 098 54 0.97 71 031 36 0.96 79
PN St K PG PR R IE B A. stellatus is the basal group .00
of Atlantic clade - : - - - - - -
(H. daqucus (4. medirostris, A. mlkadot)_)_(A. dabryanus, A. 1.00 100 1.00 95 1.00 100 098 78 1.00 100
sinensis) (A. transmontanus, A. schrenckii)
((A. nudiventris, A. ruthenus) A. stellatus) (4. fulvescens (A. 100 — 1.00 100 L 1.00 100

brevirostrum (A. baerii (A. naccarii, A. gueldenstaedtii))))
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Tab. 3 Results of topological tests for five phylogenetic trees

Hnge EEEAT ) ~In
Dataset  Treetopology likelihood SH WKH WSH AU
Com_Mitogeno
Pro me BI+ML 423552 0.83 031 0.72 0.28
Pro ML —42352.8 1.00 0.69 0.96 0.72
AABI 425592 0 0 0 0
AA ML 425147 0 0 0 0

2 rRNA BI+ML —42503.5 0 0 0 0

AA Com_Mitogeno

me BI+ML —14865.7 0.48 0.17 0.52 0.06

Pro ML —14862.9 0.61 0.34 0.71 0.39
AA_BI —14857.9 1.00 0.53 0.79 0.65
AA_ML —14859.3 0.78 047 0.78 0.47

21RNA_BI+ML -14888.5 0.03 0.02 0.04 0

Pro 2 Com_Mitogeno

RNA me_BI+ML —52330.1 1 094 1 096

Pro ML —52336.9 0.67 0.06 0.20 0.04
AA_BI —526083 0 0 0 0.02
AA ML —525463 0 0 0 0.01

2 1RNA_BI+ML -52465.9 0 0 0 0
Com_Mitogeno

2RNA SOV T5930.6 037 014 032 0.09
Pro ML —59356 021 0.04 0.10 0
AA BI 59812 0 0 0 0
AA ML 59755 0 0 0 0

2 rRNA BI+ML -5920.4 1.00 0.87 0.97 0.94

Com_Mitogeno

Com_Mito —57626.0 1.00 0.95 1.00 0.94

me BI+ML

Pro ML —57633.6 0.68 0.05 0.15 0.06
AA BI -579132 0 0 0 0
AA ML —57853.5 0 0 0 0

2rRNA_BI+ML -57763.6 0 0 0 0

PRI, X5 28T ANELEE S T REK B
FegE s KPS 1246
BHnFh, K63 JE3 M. 688 1 PG E8 M. fH
RHE B R, AR E BRI R K PE AR
I . X S Dillman s LA VI 1
Dillman " 3 F 24N WL (AL IR (Cyt bR X1
BOX RN EAT 70 ¥ R K B E A, 4 R W
AR R R AR 4, U638 S DG A B i
RISRG R &R, G638 5 63 @ AP SR 208 R
BT . ORSPEEIX REE L7 /MR P, L HE 68 & 1R
FdjEes. HAiA g kg, i, KL, +
e A R 6T, 5 )8 T WIMREa M. A fE b
Pl PR A VLA, R 43 AT 7R 2R RSPV X v 1 i, A
] B VR K Bt b

A FT A 8 o I S A 40, A3 S 6
J& (Pseudoscaphirhynchus) 340 Fh A3 J& 15 0
i3 (A. persicus). TH WIS KT HEVFHIIE

YR, U 8 5 PR e AR s e 2O,
AT Ik e A 0045755 T8 D PR) 9 86 3 1) ) Nk 76 5
K. GALENEEEHERNSTRERE
CE SRR A S5 R E U 2 R — B, kA 75 e
B TR SRR AT G2 B 0T, TN B 2K 4y
K, JCH SRR B 04 2 % 8 0 35 40 06 Rt
(IR,

3 &

BTN E 7O KITE . Y
B3, g IRET . BRATRCYIETLE P K6 i3 1) L b A 2
A4 FPo, R & FERAE . IR, &
f A L S tRNA 2R 45 0 45 5 R 4 2 il
SR BBl 2T 5 Lo i 3 PR A1 5080 4 e 2
PR TR R G E W 45 R AR, B9 R B AT
BRI, HAR IR 0T UK 70 D9 K PG
BIRAATHEEF I LY B R . R RS
KB KRB NCRWEF IO P67 2R (5 65 )& (RR B
R IXEFR)))) . R LoR A KR S R il R 4
B T IT IR S AN A BAT e S, (H R
s 4 B DR AL B0 £ A BT B BRI R GE R A R
A LR/ EEN ARG E S E.
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MOLECULAR PHYLOGENY OF ACIPENSERIFORMES BASED ON
COMPLETE MITOCHONDRIAL GENOME SEQUENCE

CHENG Pei-Lin', YU Dan’, LIU Huan-Zhang’, DU Hao' and WEI Qi-Wei'

(1. Key Laboratory of Freshwater Biodiversity Conservation, Ministry of Agriculture and Rural Affairs of China, Yangtze River
Fisheries Research Institute, Chinese Academy of Fishery Sciences, Wuhan 430223, China; 2. Key Laboratory of Aquatic
Biodiversity and Lonservation, Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan 430072, China)

Abstract: In this study, six complete mitochondrial genomes of Acipenseriforemes (Acipenser sinensis, A. dabryanus,
A. brevirostrum, A. naccarii, Huso dauricus and Polyodon spathula) were successfully assembled. Based on 6 novel
mitogenomes and 17 previously published mitogenomes of sturgeons and paddlefishes, the molecular phylogeny of
Acipenseriformes was constructed by maximum likelihood and Bayesian method, and the tree topologies were evalua-
ted by likelihoods value test. The results showed that the length of entire mitochondrial genomes of the six species were
16521—16766 bp, encoding 13 protein-coding genes, 22 tRNA genes and two rRNA gene, which were similar to those
of other sturgeons and paddlefishes. Molecular phylogenetic analyses showed that (i) the Acipenseriformes contained
two monophyly families (Polyodontidae and Acipenseridae); (i1) genus Huso and Acipenser were demonstrated as non-
monophyletic and the family Acipenseridae can be divided into 3 subgroups: 4. sturio-A. oxyrinchus clade, Atlantic
clade and Pacific clade. Tree topology tests indicated that the phylogenetic relationship of the subfamily Acipenseridae
is [A. sturio-A. oxyrinchus clade (Pacific clade, Atlantic clade)]. The species of genus Scaphirhynchus has occupied the
basal position of the Atlantic clade in Acipenseridae. This study showed that mitochondrial genome data has important
application value in the systematic and evolutionary study of Acipenseriformes.

Key words: Mitochondrial genome; Acipenseriformes; Phylogeny; Maximum likelihood; Bayesian method; Tree
topology test



