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Abstract: By means of bioinformatics, the whole sequence base composition, structure and arrangement of genes. nucleo-
tide sequence variation sites of protein genes, codon usage and preference, phylogeny, etc., were analyzed in Echinococcus. It
will provide a theoretical basis for studying the origin, evolution, classification and phylogenetic relationship of Echinococcus
genus. The whole mtDNA sequence in 12 Echinococcus genus was downloaded from GenBank database, and the phylogenetic

tree was constructed with Taenia solium as an external group.
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tree. and the use of codon was analyzed at last. The secondary
structure of -rRNA and s-rRNA was predicted by minimum

free energy ( MFE) and partition function algorithm using
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RNAfold online prediction website. Results showed that the size of mtDNA of Echinococcus genus was 13.5 kB—13.8 kB. The
genome was rich in A and T, in which A content was up to about 48% , followed by T 20% , and the coding region accounted
for about 73% of the whole genome sequence. Apart from Eg G1, the mtDNA of Echinococcus genus contains 36 coding genes
which include 22 transporter RNA genes, 12 protein genes and 2 ribosomal RNA genes. However, the genome of E.g. Gl
mtDNA was the smallest with only 30 coding genes, lacking six tRNA genes in the initial coding region, and the first coding
gene was COX3 instead of ND5. The nucleotide sequence variation rate of the gene encoding protein ranged from 27.9% to

>

42. 7%, of which COX1 was the most conservative and ND5 had the highest variation rate of 42.7%. In addition to “atg”,

i 9

some proteins use “gtg” as the starting codon, while “taa” and “tag” were common for termination codons, but “ttt” was also
used for termination codon. Codon Table 9 was used by Echinococcus genus, of which UUG (2.72%) was the most frequently
used codon, while CUC (1%) and CGC (1%) were the lowest. There were six codons encoding leucine and arginine, only one
codon encoding methionine and tryptophan. Leucine was also the most preferred amino acid of Echinococcus genus with 6 %.
The ribosomal genes of Echinococcus genus had two lengths ranging from 977-985 bp and 700-727 bp respectively, and the po-
sitions of the two genes were very close, separated by one trnC gene; in phylogenetic tree, Ev and Eo were single branch while
Em. E.s and Eg G1., Ef form sister branches. and The G4, G5, G6, G7., G8, and G10 subtypes of Echinococcus granulosus
were clustered into one branch with a relatively close evolutionary distance. In conclusion, this study will provide a lot of infor-
mation for the research, molecular evolution and molecular diagnosis of mtDNA in Echinococcus genus, which plays a guiding

role in phylogenetic identification, drug and vaccine development in the future.

Keywords: Echinococcus genus; mitochondrial genome; bioinformatics analysis; phylogeny

Supported by the Youth and Middle Age Project of Qinghai University Affiliated Hospital (No. ASRF-2018-YB-01), National
Key R&.amp;D Program "Precision Medical Research" in 2017 (No.2017YFC 0909900) and Basic Applied Research Project of

Qinghai Province (No.2014-Z]-719)

Corresponding author: Fan Hai-Ning, Email:fanhaining(@ medmail.com.cn

AR R 2% 3R TR 2% B 43 28T R e F
5€ s BT IRk £ d BLAT U Y BE5E T =X o AR e [
T DA E AR SZHE g 3 T 20 0 JOPE 000, sk i i)
BB MERIR A W 7B ER g O A W 2 AR
T A SRR RE R BT 10 A
o AR AT 2 25 A1 38 a3 A 20RO BR 2% L mtDNA
B P A K AR R 25 i G1-G3 FE K A IH
B SCHR R BR 4 L (Echinococcus granulosus sensu
stricto) G4 & [F A IH Ry 5 Bk % . (Echinococcus
equinus G5 F[F #117 hy B 2B BR 4 B (Echinococ-
cus ortleppi) G6-G10 F R YT Sy filn &= Rl ak 2%
(Echinococcus canadensis) X 417 R ER 2% HUIG T Bk
VAR WB Bk 2% . (Echinococcus felidis)' ., {HA 7>
A BE A BRI AETE 1 AFTE G I, BB B (K] e it Y
R B 3 A% R HAT 45 4 ) SR RS E L TE 2 B Ay
il | i T A2 B ORI A S A BRI A4 5 0 T A S
KGR DR R Al AR R SR 5T A A gy T
TR TR 7R R 2 00 AR I W) 18 2 AL Y
IF e 4% DNA J7 41 55 A g . R A [a] e bk
CHE R B TE 4l OB 25 B0 v 18 3230 L AT 9 o
SRR DT AT AE 1Y 26 5 o 3 2o 43 Ay 2o 140 BE DA i) A
FEFNHE B AL B AL TR SO RS - H L RNA
B s S AL ) R A 2 1 g 1o 1 ] R S N

HE B G2 55 ] 0, B B e 2 AR oA R [ Ak £
BT 32 T A 18] R Ge IR LAk o 38 R 2% o
RIWEIE . R X T 2 W R Kbt B2
R0 oF % B FE A 0 AR 9 aE o o0 A
BRJm 2% 2O A R AL 9 114 35 TR 5 ) i 4
BB T R T RERE LA Fl R %0 e it
HitS%,

1 MRERE

1.1 JFHI3REC M NCBI GenBank 4% 42 T #fk
BRIE % d R AR I 41 DNA 4740, 4135 £ B ik
R W (Echinococcus multilocularis » Em) | & K g
BR % Bt (Echinococcus vogeli s Ev) | 70 37 il BR 45
(Echinococcus oligarthrus s Eo) JWEBRZ L (Echi-
nococcus felidis » Ef) | A 52 Bk ¢ B (Echinococcus
shiquicus s Es) X HRLER 4% B (Echinococcus gran-
ulosus » Eg) 2 > M ¥k (G1, Echinococcus equinus
G4 .Echinococcus ortleppi G5, Echinococcus cana-
densis G6.Echinococcus canadensis G7.,Echinococ-
cus canadensis G8.Echinococcus canadensis G10) ,
I LAY 25 L (Taenia solium, Ts) VE R M8t

1.2 mtDNA /94 K 51 ff i OGDRAW Cht-
tps://chlorobox. mpimp-golm. mpg. de/OGDraw.



34 HE

¥ RRBLEEEEREREL S EWE LT 273

htmD 7E 450 M M3k & Vector NTI Express ¥ 44,
1.3 A b oy it W i # A ClustX
BAE RS Z A ML F ) R AT 22 7 40 LR o B . A8
Megad.0 514 % £ 48 # % (Neighbor-joining meth-
od, N #g @ BEAL A . -5 Bootstrap 55 . T & AL
BEE N 10000, B # Bootstrap K5 & 5 8 1%
DL Megad.0 B AF 7047

1.4 BB SE A B AT -rRNA AN
sTRNA G045 B8 RN Afold 75 £k T 1 v
(http://rna. tbi. univie. ac. at//cgibin/RNAWeb-
Suite/RNAfold. cgi) , #% #f minimum free energy
(MFE) and partition function %,

2.1 ZORAREE N2 BN A AL KRS BR Eg G

Echinococcus multilocularis

mitochondrial genome
13,738 bp

[0 complex | (NADH dehydrogenase)
D complex IV (cytochrome c axidase)
EATP synthase

other genes
M transfer RNAs
M ribosomal RNAs

1 SEBRKERENGEEAEERARFT
Fig.1 Echinococcus multilocularis mitochondrion, com-

plete genome

2.2 IR JE Sk H Lok R 5 DR 2 1Y B R DR R T R
FE B AE S 5 A0 A 12 Flsiiek Jm 2 i ko MR 5 A
A 1B R R R T 4 AR R A BT A AR R
EAERNZTRIT N RRN 27.9% ~42.7% , H
t COXT fe A PRSF 3t 2 7E K s F 3 2808 Hh i
PEFE COXT FEE N 7 Fhnic W iy e I Z —, Hk

Hb  RIK 2% HUJm SRR K 20 AT 36 > S B i (AL 4
5 22 A2 RNA R 12 AR PR 2 A B8
& RNA 3, Hrh Eo.Es.Ev.Eg G1.Eg G4.Ef
LR IR NDAL-ND4 3 [H 3 K ¥ 5 47 7€ 2-30 bp J¥71
R &, HEHES K P K. trnY-trnl-trnS-trnl-
trnR-ND5-trnG-COX3-trnH-CYTB-ND4L-ND4-
trnQ-trnF-trnM-ATP6-ND2-trnV-trnA-trnD-ND1-
trnN-trnP-trnl-trnK-ND3-trnS-trn W-COX1-trnT-
rrnL-trnC-rrnS-COX2-trnE-ND6, {H Eg G1 £k %i
PRFE R 4 Je /N A 30 > G B 66 AL 78 2 ik 4 B X
B/ 6 A 4w b 32 RNA (trnY-trnL-trnS-trnl-
trnR-trnG) (LA, H 58— 4aiS E AR 2 ND5,
e COX3,ND5 22 K f5 —1. Em.EgGl mtD-
NA 275U 1.8 2.

Echinococcus granulosus

mitochondrial genome
13,588 bp

I complx | NADH daydogenene)
] complex IV (cylochrame ¢ oxidase)
ATP synthase

W tar
] mosumal RNAs

B2 MHmIKER Gl BAZNGERASERARF

Fig.2 Echinococcus granulosus G1 mitochondrion, com-

plete genome

i ND3.COX2 48 5 353 5 2k 27.9%.29.7% . 75 4b
ND4,ATP6 ,ND6,ND5 F [K 7 fb i A, Hor LA
ND5 728 3R i Kk F] 42.7%, i, ND4, ATP6 .
ND6 \ND5 J AT IRy COXT J P4 4 B 73+
Frid (£ D,



274 SRNNES /NGRS S O i 7 S 2019,35(3)
1 BHREBELHEZNGEERANEORBERRERFIERMASW
Tab.1 Nucleotide sequence variation of protein-coding genes in mitochondrial genome of Echinococcus genus

F R 4 B ND5 COX3 CYTB ND4L ND4 ATP6 ND2 NDI ND3 COX1 COX2 NDé6
PN AR 1578 648 1068 276 1264 516 885 897 348 1608 582 456
ANAB AL 904 443 759 183 777 315 573 589 251 1232 409 273
5 A0 B 674 205 309 84 483 198 309 308 97 376 173 183
B AE A 264 72 123 26 176 72 107 103 35 138 66 60
i 29 PEAR B AL 410 133 186 58 307 126 202 205 62 238 107 123
AR S A AT () 42,7 31.6 28,9 33.7 385 39.0 35.3 343 27.9 23.4 29.7  40.1
2.3 FEEEMTHHEN SREZBEZEY— i AL B RAERR I Bdk P DL geg MR MR IR

FE L BRER JE 28 s 4k A B 3k R IR S T 2l
atg AW A — S E [ T UL grg ENEBHEWH T,
COX2 1£ 12 Ml ek J8 2 mh ¥ DL geg 1B MR IR %

A, an ND4L\ND4 ND2 . ND1, % %5 L)
taa FMltag ¥ W ABWAH L e B I BT (F

2),

2 BEKBLEHEKNAFBEAERNCHREBFMEILETRT
Tab.2 Initiation codon and termination codon of mitochondrial protein gene in Echinococcus genus
ND5 COX3 CYTB ND4L ND4 ATP6 ND2 ND1 ND3 COX1 COX2 ND6
Em atg/taa atg/tag atg/taa gtg/tag atg/tag atg/tag atg/tag atg/tag atg/taa atg/tag gtg/tag atg/taa
Eo atg/taa atg/tag atg/taa gtg/taa atg/taa atg/tag gtg/taa atg/tag atg/taa atg/tag gtg/tag atg/tag
Es atg/taa atg/tag atg/tag gtg/taa gtg/tag atg/tag atg/taa atg/taa atg/tag atg/tag gtg/taa atg/tag
Ev atg/taa atg/tag atg/taa gtg/taa atg/tag atg/tag atg/tag atg/taa atg/taa atg/tit gtg/tag atg/taa
Eg G1  atg/taa atg/tag atg/taa gtg/taa atg/tag atg/tag atg/tag gtg/taa atg/tag atg/tag gtg/tag atg/tag
Eg G4 atg/taa atg/tag atg/taa gtg/taa atg/taa atg/tag atg/tag atg/taa atg/taa atg/tag gtg/tag atg/tag
Eg G5 atg/taa atg/taa atg/tag atg/taa atg/tag atg/tag atg/tag atg/taa atg/tag atg/tag gtg/tag atg/tag
Eg G6  atg/taa atg/taa atg/tag atg/taa gtg/tag atg/tag atg/tag atg/taa atg/taa atg/tag gtg/tag atg/tag
Eg G7  atg/taa atg/taa atg/tag atg/taa gtg/tag atg/tag atg/tag atg/taa atg/taa atg/tag gtg/tag atg/tag
Eg G8 atg/taa atg/taa atg/tag gtg/taa gtg/tag atg/tag atg/tag atg/taa atg/taa atg/tag gtg/tag atg/tag
Eg G10 atg/taa atg/taa atg/tag gtg/taa gtg/tag atg/tag atg/tag atg/taa atg/taa atg/tag gig/tag atg/tag
Ef atg/taa atg/tag atg/taa gtg/taa az‘,g/tag atg/tag atg/tag atg/taa atg‘/taa azfg/z‘,aa gtg/tag atg/tag
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R 2R B R K R 2k b AAA GBS Asn,
AGA  AGG %#f% Ser, UGA 4 Trp, 75 BERJE %
M vl g it 2 5 TR 1Y %85 1 T FH A % B v B R UUG

(2.72%0) SR AL JE CUC %) .CGC1%) - i
7 % iR L (UUA, UUG, CUU, CUC, CUA,
CUG) W& M R(CGU,CGC,CGA,CGG, AGA
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Tab.3 Protein coding codon usage

HT B/ % HT B8/ % BT BB % T R %
UUUF) 484.8(1.77) UCUS) 78.7(1.62) UAUCY) 228.7(1.70) UGuUO) 219.2(1.65)
UUCEH) 63.4(0. 23) UCCS) 17.2(0. 35) UACCY) 40. 2(0. 30) UGCO) 46.3(0. 35)
UUAL) 225.9(2.04) UCA(S) 36.2(0. 74) UAA(C*) 77.7(0.99) UGAC %) 86.7(1.10)
UuUGL) 301.7(2.72) UCG(S) 29.0(0. 60) UAG( %) 71.3€0.91) UGG(W) 132.2(1.00)
CUU(L) 53.2(0. 48) CCU(P) 23.0(1.81) CAU(H) 40. 6(1.62) CGU(R) 37.3(1.35)
CUC(L) 10. 9€0. 10> CCC(P) 4.2(0. 33) CAC(HD) 9.6(0. 38) CGC(R) 2.8(0.10)
CUA(L) 30.9(0. 28) CCA(P) 13.1(1.03) CAA(Q) 12.1€0. 79 CGA(R) 8.9€0.32)
CUG(L) 42.4(0. 38) CCG(P) 10. 7€0. 84) CAG(Q) 18.3(1.2D) CGG(R) 18.1(0. 66)
AUUD 196.8(1.85) ACUCT) 44.8(2.06) AAUN) 93.2(1.75) AGU(S) 113.3(2.33)
AUCD 25.0€0. 24) ACC(D) 11.0€0. 50) AACIN) 13.6€0. 25) AGC(S) 17.8€0. 37
AUAD 96.6(0. 91) ACACTD) 18.4(0. 85) AAACK) 36.1(0. 81) AGA(R) 39.3(1.42)
AUG(M) 107.3(1.00) ACG(CD) 12.9€0.59) AAG(K) 53.0(1.19) AGG(R) 59.2(2.15)
GUUV) 297.7(2.15) GCU(A) 45.4(2.0D) GAU(D) 82.8(1.66) GGUG) 158.4(2.36)
GUC(V) 35.0€0. 25) GCC(A) 14.8€0. 65) GAC(D) 17.1¢0. 34) GGC(G) 21.4(0. 32)
GUA(V) 77.9€0. 56) GCACA) 14.0€0. 62) GAA(E) 38.5(0. 87) GGA(G) 34.0€0.51)
GUG(V) 143.8(1.04) GCG(A) 16.1€0. 71 GAG(E) 50.5(1.13) GGG(G) 54.4(0. 81)
* ST
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Fig.3 Secondary structure of the ribosome (rRNA) gene of Echinococcus multilocularis
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Fig.4 Phylogenetic tree of Echinococcus genus
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