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HEZ T maF it ot

WE: IHTTRR AR ERARXRENBMEARTTRR G 20 LM, BT
X g 2RI ES TR, SRXA-_RGEENTFRARGT RN 2o mEkik
4 F 7|, a3t &R &1 B W 3k MITOS Xt %k 4k 3 B 41 5 | 3 4T 35 B 3 1 it Phylo-
Suite (version1.2.2) #k #F xt H A5 HAT AT, Bl B A 7R & = K 8 F W & b B4 Fr g
SHEEORFEERNEDTAREREED T RTEHRTON. ERET, FRNH
W ERERERAFIIKEHR 15713bp (KRG R KN 2), A+T 2 E 4 68.7%, FKIH
HEWAT R . RAKXBEMERE R, ATHARRER T EHYHELN —X, XFHFEXH
HR AR, R BRI TE R R HATON, ERETR G A K
%4 F % (ENC) 4 30.632~37.495, A8 %t ] L% #5 F(£ f| £ (RSCU)>1 #y & 25 F 3£ & 18 A4,
i A UT) 45 R PRRplot p &R ER, THHEAMEGTA, GREANESTT
C, REFMUBFLZEZATA BB TNEARIT 42— SO H. PTHLELMNER, &
ARG RO BN G RZREE N R W H A K 61.89% F1 51.31%, Hu T HR & &
ZREENHRH DT 50%. XY 2N TG T RTFEFERMER, EHXRTED.
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M B B, XU SRS TR IE 39177 (Platy-
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(Mazocraeidea) & Hi &} (Diplozoidae), & —2KH&
T G R YRR . A SRS B (Diplozoon para-
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ACHE &R S5 el (v [ BE) 2R 5 BBl (A. brama ori-
entalis) [NESEA TR . WHRPFMBIRE, ©
1= B U & U (Paradiplozoon yunnanensis).
AU B B (P. opsariichthydis). B XE H (P.
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PEAA F) AL B B (P. homoion). H AN B X E &
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(Eudiplozoon sp. DZ-2018) 1 4 X & HL K & Ff
(Sindiplozoon sp. DZ-2018) %, M & H B H i~
R 2R A I PR 2H A0 4% o B 4D B He | D A DR
B BRI A 8 F, Hrh AN R TE R G
AR 4>, XS R A BIE AT . Wl
LWL KL PR 21 -5 HC A T 20 ) 1) 2R AR B D] 4 —
PE, WA 36 R, Hoh R R A A
124>,

A BT A 5 A A 2 A4S 64 A =R Y
T, XEEIREW AR TR XEE T, W
A0 A LR ) B S ¥, 64 A~ =S+ —Jkn]
DLgw i 20 Fpa HLmR"™ . 7Em i i b, &
HH R S T AR o T A ] S A f
FAMRAR BGRB8 0 I PR 2 08 1 i
WEIE R 2 N R EE B ERIR SR, R X 2%

W TG PR A e, R BR e R - -IRAE A

PRI R B X B IR L PR TR A
5L, KB R N R IR 2T, s %
AR RS, R HESIX GC
TR AR A AT S IEe . mE R
JEU L BREE IR Iy R RN A A S R
A N SRR T R A T T S A 1 i
PRI B A% S B S R, R e S 4
SR T ARG A

JCRT AR aF 3 U R 5 2 B R eI
B FRESh A I HAT, A3
LA A PR 2 K XU Bt % B 1 i e ) O A T AR
W AR FF I o A SE B RN 87 57 X B R A RE TR
AT FE RS, IF 0 HAZH IR AT 04T
X AT i (4 B 05 1l A 4 o ASBIETEARSE T
XUEY HUJm 2R A SE DR AL, B OB R Gk
BT AR R, 1T ELE o By AR
M T AU A IR b, 20 B T 58 3 0 ]
Pl e 2 R ER DA O XUEY 14 g3 A A
Yo h A ST b i B S

1 MRS TT

1.1 H@EEE

2 A A T 2021 4F 7 H R ABURF
7 0] 3 3 (185 H1 T BE )(47°59'50"N, 85°41'40"E).
FERRTET 95% M CEE, IR %EE R RATFT-
20 °C VK 4fi . 2 8 DNA 42 BUR 7] & (EasyPure®
Genomic DNA Kit) 15 BH$2 HCH B DNA, 28 1% 3
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FEH 2 T PR VKRG T DNA T /5 35 1 P Bt DR AR A ik
B A BR 2N w) AT i I
1.2 SRt E F 29N F1LE 25

K4S 4 547k (whole genome shotgun,
WGS) H & SCF , FTF Illumina Novaseq ~F 5 X} 77
52X E Ht DNA S #E47 WK ¥y (Paired-end, PE)
M, A KN K 400 bp 19 H bx BB . il
FastQC %4 (http://www.bioinformatics.babaaham.ac.
uk/projects/fastqe) £ I S ih BCHE A i, ol A P
ar R BREE o DR AT AR A A . T SR Adap-
terRemoval (version2) 2Bk 3 3%k i5 9y R A
SOAPec (version2.01) 44 % F K-mer 43 i X fr
LI (reads) #FAT BT A 12K 3R A% & B it 4t . R
H AS5-miseq (version20150522) Fll SPAdes (version
3.9.0) XoF fea ot A AU P 5 1A 7 DA Sk e,
¥4 2 contig fil scaffold /5 51 . fifi F pilon (version
1.18)P% AR %o 25 R AT IE DAAS B e 2 i 4 b {4
¥,

1.3 EFEEFHF

{#i F§ MITOS Web Server™ (http://mitos.bioinf.
uni-leipzig.de/) Xf 4= FF SN BEATHI AL 0B, 384 14
VERE BN R S MR B s, Ha ik B 4% R
MITOS & & I ERIASEL, 38 2 I 2 Rl LX) K 1
FE A FE P A 06 AL kA A

1.4 RZEELERH

ABFFE LI NCBI B Y 15 MURF L
LA 5 PR 2 FIAS I 538 I I3 1) S B H R R
A, EFE Obrimoposthia wandeli 1F Jy b 25
(3 1) F| M PhyloSuite (version1.2.2) 42 H P58
W36 N HEE B RR)IF Y, i MAFFT (ver-
sion7.313) X £ [ 52 4 5 5 (K] (PCGs) 19 4% H R )T
G AT Z2 H A R K Ak B 1) B HR IR A
12 /> 28 1 J5 2 A 25 PR ) 9 g R 5 i 4, AL
PhyloSuite £ J3* H ) PartitionFinder 2 > fifi % 5 fif
73 DX W e AR Y DL $7 % (Bayesian
inference, BI) Flf KSR (Maximum likelihood,
ML) W@ R G L E W o B4 FH DL S04 5 12
MERGELBW, BAEEGRE 4 57D RBHR
(MCMC) 81 373247 2 000 000 1%, £EBG 1 000 1%
HEAT 1 UCREE, T 25% #ds 5, Al DUk 59
HEZE (BPP) KA I 757 23 Y S RF % . ML 230 7R H
IQ-TREE™ FI 1 000 M# PR 5| T #:4T. LIRS
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R1 KARPIFDFHFIREE GenBank FRS

Tab.1 The list of species analyzed in this study and their GenBank accession numbers

ki K JE/bp GxRT
species length accession no.
KEMWEFE A Pseudochauhanea macrorchis 15031 NC_016950.1
Neoheterobothrium hirame 14 588 MN984338.1
HWE WA EF  Eudiplozoon sp. DZ-2018 14334 MG458328.1
HAEN G H  E. nipponicum 17 328 NC_061193.1
LW P. yunnanensis 14 829 NC_062047.1
OIS B P. opsariichthydis 15385 MG458327.1
BT AL P. hemiculteri 17 034 MW316634.1
HIRFEIE B P. yarkandense 16 816 OM525853.1
PEAARM AR E R P. homoion 17 321 OM525852.1
YT G ok e Fh Sindiplozoon sp. DZ-2018 15254 MG458326.1
Microcotyle caudata 14 267 MT180126.1
2§ Polylabris halichoeres 15527 NC_016057.1
KUttt =100 Gyrodactylidea salaris 14 790 NC_008815.1
TEIEIAH  Dactylogyrus lamellatus 15187 NC 035610.1
O. wandeli 15185 NC 050050.1
F WG W D. paradoxum 15713 PP096665

KEMTAELR 5T iTOL (https:/itol.embl.de) 58,
1.5 BIESH

fdi 1] PhyloSuite"™ 3K {11155 45 £ 11 Jo1 4 ith 5t
PORZ T R A A, AT PR 2L s A [l 1 15 2 3K
AT-skew = [A - T] / [A + T] fl GC-skew =[G - C] /
[G + C]. iz FH EMBOSS 7& 2k W ¥ (http:/www.
bioinformatics.nl/emboss-explorer/) f{) CUSP F£ [+ ,
HEAAREM T 3 MIERN GC &8, H—. —.
=L GC EH R E RN GCL, GC2, GC3,
GC12 %R GC1 Hl GC2 HY-FHJ{EH . HF CodonW-
1.4.2 844 (http://codonw.sourceforge.net) 1154 %5 it
TR AR A, A3 A X (] SO 1 fef 2
(relative synonymous codon usage, RSCU). 5%
74 (effective number of codon, ENC),

2 4

2.1 ZeRIREELSR

KA BE G R KR AT 5B
LR SE PR AL 7 J5 W ZRE5 A8 (AR A% X A
42y, HKJE N 15713 bp, L7 36 ML, Hif
12 N E H RS HE ] (PCGs). 22 M iz RNA JE
(tRNAs). 2 MK RNA JE[H (rRNAs), FEH

R E K7 2: 2 E /) sponsored by China Society of Fisheries

k> ap8, H A HERARAE R — 485 (6 -
ek, T H NS MR R R A H S B %, B
A B IE A (RNA Z A ES, Hbak
(9 B X T naddL F nad4 218K 49 bp, Hk
SN T nad6 M trnY Z 0] H B 44 bp( 2).

AT S5 XL 2y A 5 PR 4 1) B 1 5T G A A
46 S FRIGEM T ATG. TTG. GTG. ATT
Fl ATA. nad5. cytb. nad4. naddL. nad2. nad3
1 cox2 BIREF R ATG; atp6 Fl nadl IR %
5+ A TTG; cox3. coxl Fl nad6 E4HE S F43 53
N GTG. ATT fl ATA, %L %W 745 3 F
TAG. TAA M T, nad5. cytb, nadAL. nad2.
cox1 Fl cox3 % 1k % i+ & TAG; nad6, nad4.
atp6, nadl F1 cox2 W& \E %15 F 8 TAA; nad3
AL RS T TR 2).

Al SR B SRR R AT IR AL A
20.3%; T: 48.4%; G: 20.6%; C: 10.8%, A+T
N 68.7%, G+ C &N 31.3%, BAHEKN
AT fiilaft. AT-skew 4-0.409, GC-skew 4 0.312,
FORGARFER A TS & T A, G
Bl i T C B (R 3), A HFE #1248
15T 2 A5 5 P ECKC O 10 272 bp, A+T & i
68.5%. £ M1 g i 5k K Y 27 — L i 7R B
AT &5 (74.4%), W3 m T — 5 AL
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R2 HFEWNGHERGEFERERRES
Tab.2 Characteristics of the mitochondrial genes of D. paradoxum
{7 E position B T codon
A K/)Nop 5L A [a] b ST i
gene ikl 2k size intergenic G #b anti-codon strand
start end start end

nad6 1 459 459 —44 ATA TAA — H
trnY 416 480 65 1 — — GTA H
trnL1 482 546 65 2 — — TAG H
trnS2 549 604 56 2 — — TCA H
trnL2 607 670 64 7 — — TAA H
trnR 678 742 65 —21 — — CGT H
nad5 722 2254 1533 -1 ATG TAG — H
trnE 2254 2316 63 51 — — TTC H
cyth 2368 3468 1101 -17 ATG TAG — H
nadAL 3452 3721 270 —49 ATG TAG — H
nad4 3673 4926 1254 196 ATG TAA — H
trnF 5123 5187 65 734 — — TTC H
trnQ 5922 5984 63 0 — — TTG H
atp6 5985 6575 591 =17 TTG TAA — H
nad2 6559 7455 897 3 ATG TAG — H
trnV 7459 7520 62 9 — — TAC H
trnA 7530 7592 63 -1 — — TGC H
trnD 7592 7657 66 36 — — GTC H
nadl 7 694 8599 906 -15 TTG TAA — H
trnN 8 585 8 648 64 3 — — GTT H
trnP 8652 8714 63 7 — — TGG H
trnl 8722 8 788 67 1 — — GAT H
nad3 8790 9063 274 -6 ATG T — H
trnS1 9 058 9115 58 0 — — AGC H
trnW 9116 9178 63 19 — — TCA H
coxl 9198 10 784 1587 -1 ATT TAG — H
trnG 10 784 10 846 63 196 — — TCC H
trnT 11043 11105 63 0 — — TGT H
rrnL 11 106 12073 968 0 — — — H
rrnS 12 074 12 817 744 -1 — — — H
cox2 12 817 13 455 639 -10 ATG TAA — H
trnM 13 446 13 510 65 0 — — CAT H
trnH 13511 13573 63 -9 — — GTG H
cox3 13 565 14 326 762 10 GTG TAG — H
trnC 14 337 14 401 65 2 — — GCA H
trnK 14 404 14 466 63 586 — — CTT H
NCR 14 467 15713 1247 0 — —

R TE.

Notes: "—" represents none.
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WA, SR AR TR R f R 1Y AT-skew
(—0.578)(% 3),

ZARKE S FET AT BT I i) A S XL
B DL S\ NCBI U 26 v T 28 1) B W o A 2k
FAREEINETE (D, L O. wandeli YR R oM.
B IR R FE R 4 12 A~ 8 1 5 4 5 3 AL A
#BIFIML RERKER . 45K IR, Wy
HRGE KB RN — 2 W EZ 50 h
PRI, HB— RPN B K
2K 5 29 W 49 (Oligonchoinea) 1 22 £ WV 49 (Poly-
onchoinea) MY FLAH W U Ry — 32, 2 K3 4%
H2AKG, F— RN Z TN =AU
A, BRI R 25030, WE B
PR —3, HRWMER T —3Z 1Y 38,
i 8k fi Bl (Chauhaneidae), /\ £ El (Diclidophor-
idae) A GAAE HL R} (Microcotylidae), 7E XX & HUFL 43
S, AT RS S PO AN B HUE AH Ik
X, RS HUORE R X A AR S,
5O BRI (= R L R IEHU

XU B | By A0 B ) S S IR
fEo FET LIRER, 2Rk MR A R — 1
RIFIZ, SRS MBI SR (K 1),

22 FHRVESHENEEERBANEBLFER
miF

FRHRG REAF LR TR ERR
T, Ry A R R ) B PRI R AR AR R
25 (B Bk AR 2 5 IR B sl 1), A
WFE RBEBUK KT 300 N H IR 14 48 (A 2
LR BEAT 3 M P (5 nad3 F AR nad4L 3 ).
Xof A XUEF 2L 10 A 15 G i Ak DX A s 12 5
Mr (5 4), #5104 CDS F3IHFH GC &%
HH 31.2%(29.2%~32.8%); ST 3 M E K
GC #0910 GC1, GC2 Il GC3, GCl: 33.49%
(28.11%~41.78%) . GC2: 34.06% (23.53%~39.89%)
I GC3: 25.68%(19.72%~30.07%).

A EATHENC WAy — A
BT R 2% S AR 2R 2 b RO Y B AE

R3 TFRUGHERIAEREBNEELER

Tab.3 Nucleotide composition of mitochondrial genome in D. paradoxum

TR A %%

SR/ K 45, base composition ATHig) GCfhigt

gene/regions T C A G AT GC AT-skew GC-skew
LR full genome 48.4 10.8 20.3 20.6 68.7 31.3 —0.409 0.312
FEERMGIERE  PCGs 50.4 10.5 18.1 21.1 68.5 31.6 —0.472 0.336
HIEGRNAZER  tRNAs 38.6 12.6 26.1 227 64.7 35.3 -0.193 0.289
MFERRNAZER  rRNAs 40.4 12.1 27.7 19.8 68.1 31.9 —0.186 0.239
SE—hiss st 432 113 224 23.1 65.6 34.4 -0.316 0.341
FAIH 2nd 49.4 12.7 16.1 21.9 65.5 34.6 -0.509 0.267
WA 3rd 58.7 7.4 15.7 182 74.4 25.6 -0.578 0.424
atp6 54.1 11 16.6 183 70.7 29.3 -0.531 0.249
cox1 452 13.5 195 21.7 64.7 352 -0.397 0.231
cox2 46.5 10.8 21.3 21.4 67.8 322 -0.372 0.33
cox3 49 13.4 182 19.4 67.2 32.8 —0.457 0.184
cyth 47.6 11.8 18.4 222 66 34 —0.442 0.305
nadl 526 9.3 163 21.7 68.9 31 -0.526 0.402
nad?2 52.1 9.3 18.1 20.6 70.2 29.9 —0.485 0.381
nad3 54.4 6.6 16.4 226 70.8 292 —0.536 0.55
nad4 50 10 18.7 21.2 68.7 31.2 —0.455 0.357
nad4L 53 6.3 21.9 189 74.9 252 —0.416 0.5
nads 54.3 8.1 16.1 21.5 70.4 29.6 -0.543 0.453
nadé 549 8.9 16.1 20 71 289 —0.546 0.383
rrnL 419 112 26.8 20.1 68.7 31.3 -0.221 0.287
rrnS 38.3 13.4 28.9 19.4 67.2 32.8 -0.14 0.18
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1
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E1

O. wandeli NC050050
KIGPEEE =M G. salaris NC008815
TEAEH AL D. lamellatus NC035610
KEWEFRH P macrorchis NC016950
N. hirame MN984338
WL IER P halichoeres NC016057
M. caudata MT180126
B BARER  Eudiplozoon sp DZ 2018 MG458328
HAFEWH W E. nipponicum NC061193
e AR ER Sindiplozoon sp DZ 2018 MG458326
RN G H D, paradoxum PP09665v%
PEAHAIE A B B P, homoion OM525852
MRS B P. yarkandense OM525853
I E HL P, yunnanensis NC062047
17100| ~ B fIXE W P. opsariichthydis MG458327

171 BN EG B P, hemiculteri MW316634

1/100

ETERRFHERMIMETE. RRURZEWENEERBRRZLEN

FEMREACRS, PR 2R B GenBank ¥ 3%, 7030 M HUME R B R I SRR A

Fig. 1 Phylogenetic tree of monogenean based on protein-coding genes and constructed by

Bayesian inference and Maximum likelihood methods

The left side is the phylogenetic tree, the species name followed by the GenBank accession numbers, the branch node values represent the support rate for

self expansion test.
R4 FEWHRENEEFEABFEMNER
GCZERENC &

Tab.4 GC content and ENC value of different regions in

mitochondrial genome of D. paradoxum

g%: GC1/% GC2/% GC3/% GC/% ENC
atp6 28.11 33.51 25.95 29.4 32.15
cox1 40.83 39.89 24.95 324 34.6

cox2 41.78 35.21 19.72 32.4 33.87
cox3 37.4 36.61 24.41 32.8 39.37
cyth 36.51 35.97 29.43 34 38.06
nadl 32.12 36.09 24.83 31.1 34.48
nad2 31.44 33.78 24.41 29.9 37.04
nad4 32.54 32.54 28.71 31.3 43.2

nad5 30.92 33.46 24.27 29.5 34.92
nad6 33.33 23.53 30.07 29.2 34.22

I: GCl, GC2, GC3MGCHHREHGTHL, 2, 3MMBRGC
& ENC. A4

Notes: GC1, GC2, GC3 and GC represent the first, second, third and
total GC content, respectively; ENC. Effective number of codons.

20~61, ENC {Eili/)N, %657 b diog: , (A
FHER A& ENC A2 0 L2 5% ma =, X 25 5 30
B 10 408 (A R g 5L F 91 B9 ENC (HiEf 748
71, ENC BUEP"35 V58 X 438 - 4558 55 A5
e (ENC 7l 20~61)(55 4), A5 1 A 3L 1
ENC {EFIA 32.15~43.2, atp6. coxl, cox2. nadl,
nad5 Fl nad6 FH 1) ENC F-YE/NTF 35, %1
FRE R s cox3, cyth, nad2. il nad4 3&H
() ENC SEMEI R T 35, BT b s .

https://www.china-fishery.cn

23 WEHMIFHERL T RFHT

R g RAYA BT MRS W
BRI (A 3 N 1) ENC SE X E U T 41T
Gy M, A 9 B R R ENC Y LR
30.632~37.495(1%1 2). HAHAEXE K| HI/RIER
XUE 2 T BB R AR XU R A ENC
S B8 43 ) A 33.229. 32.154. 30.632 Fil 33.937

40 ¢

30 +

FLRE

20 +

10 +

el

2R
o
effective no. of codon

1 2 3 4 5 6 7 8 9
AN
different specious
2 9 MG HMFE LKA E R RRBER
ENC FH{ELR S5
LA, 20 A H; 3. WS SURER 4. BIINE R,
5. TGRS By 6. B RS Hs 7 i R ISR B
8. A E oLy 9. FEE AR EFh
Fig. 2 Comparative analysis of the mean values of
mitochondrial protein-coding genes ENC in
nine species of Diplozoidae

1. D. paradoxum 2. E. nipponicum 3. Eudiplozoon. sp. DZ-2018 4. P.
hemiculteri 5. P. homoion 6. P. opsariichthydis 7. P. yarkandense 8. P.
yunnanensis 9. Sindiplozoon sp. DZ-2018.
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BUNT 35, BRFAFTERER . ATRAE L
WUEy R . BB e PGPS AR B
FLL 124D 305 1 ENC SF 2018 43 51 36.191 .
37.495, 35271, 37.163 Fl 35.821 ¥J K F 35, %
W ImarEae sy . kg SRR, B BEAS
Wy e 2 A 1 5 4 0 35 TR 114 5 08 4 P O 4 114
SREIFTEZES

Xt 9 F & WA GC. ENC{H . Zi 14 H
N HEATAHICHE AT (6 5) B HRER . B H
0 R = S A GCL 5 GC2 1B 3%
I, WS BB R GC 5 GC1 Al GC2 ¥ A M &
P (SR PRI 0 B L GC LS GC1 A ARG,
1M GCl. GC2 5 GC3 PRI EMAK., Ui KZ RN
By t ) Bl () £ R L A 0 TR 2E — | 2R A
BRIEARURE B, 5 A 22 R R . MR 9
PIXCE ) ENC 5 GC3 B0 8 F A, Uimint
IR IE B USRS = {7 B X 2 D S5 MR K
H A LN B B 255 T4 N 5 GC3 I AH G2
EIKF-, AR BB A DA B2

A8 5F R U AL F 1% K JE (RSCU) 4 #1
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Tab.5 Correlation analysis of codon usage bias parameters of the mitochondrial genomes of nine species of Diplozoidae

Sig o pafﬁter GC1 GC2 GC3 GC ENC

TR EG H D, paradoxum GC2 0.429

GC3 -0.373 —0.499

GC 0.753* 0.638* —0.095

ENC 0.049 0.073 0.351 0.382

N -0.309 0.16 0.092 0.01 0.483
HAEXE W E. nipponicum GC2 0.601

GC3 —-0.08 -0.012

GC 0.85%* 0.84%** 0.269

ENC —0.02 0.262 0.401 0.269

N —0.441 -0.011 —0.665* —0.485 0.015
HWGHAREM  Eudiplozoon. sp. DZ-2018 GC2 0.665*

GC3 0.149 0.455

GC 0.834** 0.927** 0.444

ENC 0.029 0.03 0.275 0.181

N -0.261 -0.114 -0.297 —0.092 0.241
B G B P. hemiculteri GC2 0.537

GC3 0.262 0.008

GC 0.91%* 0.766** 0.421

ENC 0.095 —0.099 0.575 0.132

N —0.249 —0.042 0.439 -0.05 -0.176
FEAARIEAU EY B P. homoion GC2 0.309

GC3 —0.15 —0.745*

GC 0.838** 0.201 0.205

ENC —0.026 0.149 0.116 0.179

N —0.426 0.442 —0.24 -0.159 0.419
SO K P. opsariichthydis GC2 0.635*

GC3 —0.154 -0.418

GC 0.858** 0.762* 0.081

ENC —0.408 —0.434 —0.147 —0.565

N -0.384 —0.028 0.366 0.038 -0.26
HREWIEG B P. yarkandense GC2 0.449

GC3 —0.191 0.062

GC 0.805** 0.789** 0.26

ENC 0.031 0.35 0.776%* 0.471

N -0.53 —0.253 0.058 —0.449 -0.21
ZEWR G H P yunnanensis GC2 0.671%

GC3 0.246 —0.144

GC 0.941** 0.780** 0.313

ENC -0.316 -0.412 0.432 -0.29

N —0.398 0.053 —0.252 -0.197 -0.107
LG R ER  Sindiplozoon. sp. DZ-2018 GC2 0.374

GC3 0.112 0.117

GC 0.733* 0.654* 0.608

ENC -0.116 0.362 0.256 0.284

N -0.429 0.328 —0.068 —0.026 0.443

e *ROREEHIIL(P<0.05); **RIRIEH M I(P<0.01).
Notes: * indicates significant correlation (P<0.05); ** indicates extremely significant correlation (P<0.01).
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Fig.3 Relative synonymous codon usage in mitochondrial protein-coding genes of Diplozoidae
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Fig. 4 PR2-plot analysis of mitochondrial genomes of nine species of Diplozoidae
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Fig. 5 Neutrality plot analysis of mitochondrial genomes of nine species of Diplozoidae
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Determination of mitochondrial genome and analysis of
codon usage bias of Diplozoon paradoxum

SHI Caixia', WANG Jinpu', ZHANGLi', LIU Yanjun',
WEI Nianwen ', YUE Cheng', HAO Cuilan "**

(1. College of Veterinary Medicine, Xinjiang Agricultural University, Urumqi 830052, China,
2. Xinjiang Key Laboratory of New Drug Study and Creation for Herbivorous Animals, Urumqi 830052, China)

Abstract: To determine the basic structural features of the mitochondrial genome, explore the taxonomic status of
Diplozoon paradoxum, and to understand the codon usage bias in Diplozoidae species, the mitochondrial genome
sequence of D. paradoxum was obtained by the second generation high-throughput sequencing technologies,
annotated by MITOS Web Server, and its structure was analyzed by PhyloSuite (versionl.2.2). Then, we analyzed
the codon composition and usage bias of mitochondrial protein-coding genes in nine species of Diplozoidae. The
results showed that the mitochondrial genome sequence of D. paradoxum was 15,713 bp in length (the large non-
coding region was not fully sequenced), and the AT content of D. paradoxum was 68.7%, which had an obvious
AT bias. Based on the available data, the results of phylogenetic tree analysis showed that all species of Diplozo-
idae were grouped into one branch, and revealed that Diplozoidae was a monophyletic group. The analysis of
codon usage bias showed that the effective number of codons (ENC) ranged from 30.632 to 37.495 in Diplozoidae.
The relative synonymous codon usage (RSCU) values of 18 codons were > 1 in Diplozoidae, and there was a bias
for codons ending in U(T). The analysis of PR2-plot showed that the frequency of T was higher than that of A, and
the frequency of G was higher than that of C. The codon usage bias might be affected by factors such as mutation
and selection. The analysis of neutral mapping showed that the effects of mutation pressure on D. paradoxum and
P. opsariichthydis were 61.89% and 51.31%, respectively, while the effects of mutation pressure on other seven
species were below 50%. Diplozoidae species had slight differences in codon usage bias, but they were all affected
by mutation pressure, natural selection, and base composition. This study can provide an important basis for follow-

up phylogenetic studies.
Key words: Diplozoon paradoxum; mitochondrial genome; codon preference; phylogenesis
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