25 Chinese Journal of Zoology 2022, 57(4): 481 ~ 492

[V B Son A 2 R A
EFrHIME 5 2

FZHYY ZaEmY HHKY EEm?

+/ h=:c3 A *
LAY BEREHAY AF@
@ LB KA R R R TR 110866; @ LT SRR SAMNZ EATZIE L 110866;
@ RPN KZRIE SES %0 TEPE 1108665 @ JhPHAMY K¥FE 2%k YLFH 110866

W, AR R TIEIMMILE (Snomicrurus peinani) &k ALK 4 5 B #EAT I E 5007,
WAHGELEMNRRAKE KR SRR, T VGEMRE LR AR R 42 — 541K 19 477 bp FRIR
DNA, FERHEFIEMBA A (33.4%). T (28.1%). C (26.6%) A1 G (11.9%). FHZmi% 38 NEH, 4
B2 MEREA RNA GRNA) FERlL 22 DMEF RNA ((RNA) FERL 13 N ARG K 1 ANZks
PB4 R X (D-loop). 13 M FMAGHEF IR AUG 1ENEIG%AS T, UAA Fl UGA fE %41k
R B g A PR G R AR I E BB A A s R (Lew)s Swoe s BR (Tle). 75%(B2 (Thr)
L5 (Ser); KX E YT HIZ (RSCUD A i i) 4 N3G MK/ CGAL UGA . CUA Al CCA.
22 N tRNA, B tRNAST (BRI S At AT il 8 = i B by SET AR R R 1A i R 24 R
GURE T RERY, 5T O R ECE DI 2 A IkE (Snomicrurus macclellandid, Ik
A dNPIIREIEE (Naja kaouthia) SHR%E F it (Ophiophagus hannah) .

BRI PRI, RREIRRIA; R RS

FESES: Q959  CERAFIRAE: A XEHS: 0250-3263 (2022) 04-481-12

Mitochondrial Genome Sequencing of Sinomicrurus peinani

ZHOU Sheng-Bo”® MENG Jia-Yao” ZHI Xin-Ran® ZHOU Zi-Hang"
PENG Jic” QIN Zai-Lin” GUAN Ping"™®"
(DCollege of Bioscience and Biotechnology, Shenyang Agricultural University, Shenyang 110866; @Key Lab of Global
Changes and Biological Invasions, Liaoning Province, Shenyang  110866; @ College of Animal Science and \eterinary Medicine, Shenyang

Agricultural University, Shenyang 110866; @Horticultural College of Shenyang Agricultural University, Shenyang 110866, China

Abstract: [Objectives] To determine the mitochondrial gene sequence of Snomicrurus peinani, a new
species of cobra family, and explore its phylogenetic relationship with related species. [M ethods] We used the

online software Feature Extract 1.2L server (http://www.cbs.dtu.dk/services/FeatureExtract). The protein
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coding regions of mitochondrial genome of S peinani were extracted, and the proportions of four bases and
base deviation of different genes were calculated by bioedit (Donath 2012). The online software tRNAscan-SE
2.0 was used (http://lowelab.ucsc.edu/Trnascan SE) to predict the type and secondary structure of tRNA
according to antisense codon and isotype model (Lowe et al. 1997), Conventional methods were used to
analyze the base composition of triplet codon position, codon usage, the influence of base composition on
codon preference and parity preference, and MEGA7.0 was used to construct phylogenetic tree. [Results] The
results showed that the mitochondrial genome of S. peinani was a 19477 bp circular DNA molecule, and the
genomic bases were A (33.4%), T (28.1%), C (26.6%) and G (11.9%), which encode 38 genes including 2
ribosomal RNA (rRNA) genes, 22 transfer RNA (tRNA) genes, 13 protein coding genes and 1 replication
origin gene (D-loop). The 13 protein coding genes use AUG as the starting codon and UAA and UGA as the
termination codon. The amino acids with high coding frequency of protein coding genes were Leu, Ile, Thr
and Ser, respectively; The four codons with the highest frequency of Relative synonymous condon usage
(RSCU) were CGA, UGA, CUA and CCA. All 22 tRNAs except tRNAS (with one arm and two rings) could
form typical clover structure. [Conclusion] Phylogenetic analysis showed that S macclellandi was most

closely related to the taxonomic status of S peinani, followed by Naja kaouthia and Ophiophagus hannah

(Fig. 2, 3, 6).
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Tablel Basicinformation on the Sinomicrurus peinani and itsrelated species

J& Genus

Y%k Species

NCBI J#%1)"5 NCBI Serial number

IR0 )% Naja

AR 4% T i J& Ophiophagus

AL EARE R Snomicrurus

¥ & Bungarus

3k 0 JB Emydocephalus
#iJ# Hydrophis

Jmt FEHEIT & Laticauda

TPMiE & Gloydius

TrAEIRETIE N. atra
EIEERR B4 e N. naja

i I AR BT N. kaouthia
IR%% £ O. hannah
IR S peinani
AR S, macclellandi
& B. fasciatus

FLEAIE B. multicinctus
LI E. ijimae

HOHEIE H. curtus
-3 R T L. semifasciata
S HPEIFIE L. colubrina
ST BT L. laticaudata

%1215 G blomhoffi”

EU921898
DQ343648
LC431744
EU921899
MZ230594
MT547176
EU579523
EU579522
MK?775531
MT712129
KY496325
KY496324
KY496323
EU913477

#9413 . * This symbol represents an outgroup.
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Sinomicrurus peinani
mitochondrial genome
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Fig. 1 Sructure of Sinomicrurus peinani
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Table2 Mitochondrial gene composition of Sinomicrurus peinani

L 2R Eﬁ‘aﬁiﬁ IR DACY ) HH éﬁﬁ%’ﬁ% P 2R Et’ﬁ{flﬁ IR DAY ) HEH éﬁﬁ%’f‘i%
Gene name Star‘tl_ng End KL Cbp) Cod{ng Gene name Star_t{ng End KR (op) Cod{ng
position position Gene length chain position position  Gene length chain
trnF-GAA 1 62 62 H trnK-TTT 10938 11 001 64 H
rmS 63 988 926 H ATP8 11 002 11 166 165 H
trnV-TAC 989 1054 66 H ATP6 11157 11 837 681 H
L 1055 2533 1479 H COX3 11 837 12 620 784 H
ND1 2534 3488 955 H trnG-TCC 12 621 12 681 61 H
trnl-GAT 3489 3554 66 H ND3 12 682 13 024 343 H
trnL-TAA 4581 4653 72 H trnR-TCG 13 025 13 088 64 H
trnQ-TTG 4654 4724 71 L ND4L 13 090 13 380 291 H
trnM-CAT 4725 4786 62 H ND4 13 380 14715 1336 H
ND2 4 808 5816 1009 H trnH-GTG 14717 14 780 64 H
trnW-TCA 5817 5878 62 H trnS-GCT 14 781 14 838 53 H
trnA-TGC 5881 5946 66 L trnL-TAG 14 836 14 906 71 H
trnN-GTT 5947 6019 73 L ND5 14 908 16 683 1776 H
trnC-GCA 6057 6118 62 L ND6 16 679 17179 501 L
trnY-GTA 8465 8527 63 L trnE-TTC 17 180 17 243 64 L
COX1 8529 10 130 1602 H CYTB 17 244 18 357 1114 H
trnS-TGA 10 121 10 188 68 L trnT-TGT 18 358 18 422 65 H
trnD-GTC 10 189 10 251 63 H trnP-TGG 18 423 18 483 61 L
COX2 10 253 10937 685 H D-loop 18 484 19 477 994 H

R 3G Lo A R R BRAL R

Table3 Mitochondrial nucleotide composition of Sinomicrurus Peinani

F# 5] Sequence ﬁiﬂ;’? A TGO  CO G A+T (%) G+C (%) ﬁs‘fﬁ ggi’f:i
423 [A4H Whole genome 19 477 33.39 28.11 26.59 11.91 61.50 38.50 0.086 -0.381
tRNA 1429 31.21 28.27 20.01 20.50 59.48 40.52 0.049 0.012
rRNA 2405 36.51 21.33 25.32 16.84 57.84 42.16 0.262 -0.201
ATP8 165 23.64 43.64 3.64 29.09 67.27 32.73 -0.297 0.778
ND4L 291 3471 30.93 24.40 9.97 65.64 34.36 0.058 -0.420
ND3 343 33.24 28.28 26.53 11.95 61.52 38.48 0.081 -0.379
ND6 501 15.37 47.50 7.78 29.34 62.87 37.13 -0.511 0.581
ATP6 681 34.95 27.61 28.05 9.40 62.56 37.44 0.112 -0.498
LS COX2 685 35.47 23.94 26.28 14.31 59.42 40.58 0.194 -0.295
Prfﬁﬁing COX3 784 29.85 27.93 26.66 15.56 57.78 42.22 0.033 -0.263
gene ND1 955 31.41 27.85 29.84 10.99 59.16 40.84 0.062 -0.462
ND2 1009 39.25 2498 28.34 7.43 64.22 35.78 0.222 -0.584
CYTB 1114 30.79 31.15 27.83 10.23 61.94 38.06 - 0.006 -0.462
ND4 1336 32.26 31.14 27.40 9.21 63.40 36.60 0.018 -0.497
COX1 1602 28.65 30.09 26.40 14.86 58.74 41.26 -0.024 -0.280

ND5 1776 35.81 27.87 26.80 9.52 63.68 36.32 0.125 - 0.476
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Table4 TRNA structurefeatures of Sinomicrurus peinani
451 Structure K ¥ Length (bp) tRNA 47K tRNA name
B 6 tRNA*P-GTC. tRNA“ETCG. tRNA™™-GTG
éﬁ‘%@iﬁgﬁ Phe Val Ile Leu Leu Met
Amino acid receptor RNA"-GAA . (RNA™-TAC. (RNA"-GAT. (RNA""-TAA. (RNA"-TAG. RNA“-CAT,
arm 7 tRNA™-TCA . tRNA®-TTT. tRNA™-TGT. tRNATY-TCC. tRNA"-TGG. tRNA®™-TTC.
tRNAS-TGA. tRNA™-GTA. tRNA“®-GCA. tRNAM"-GTT. tRNA*"-TGC. tRNA“"-TTG
3 tRNAM-TAA
4 tRNA""-GAT. tRNA"'-TAG. tRNA"*-TCA. tRNA**-GTC. tRNA"*-TTT. tRNA™-TGT.
SR tRNACM-TTC
Anti codon arm tRNAP-GAA. tRNAY-TAC. tRNAM.CAT. tRNASY-TCC. tRNA*ETCG. tRNAMS.GTG.
5 tRNAP*-TGG. tRNA*-TGA. tRNA™-GTA. tRNA“*-GCA. tRNA™"-GTT. tRNA"-TGC.
tRNA"-TTG
tRNA"*-GAA. tRNA™-TAC. tRNA"“-TAA. tRNA"“-TAG. tRNAM".CAT. tRNA"™-TCA.
I 7 RNAPTTT. tRNA™-TGT. tRNA®Y-TCC. tRNA:TCG. tRNA"™"-GTG. tRNA"-TGG.
SR (RNACTTC. RNAY.TGA. RNA™-GTA. t(RNAT-GCA. RNAM.GTT. {RNAA™TGC.
Anti codon ring (RNAS_TTG
9 tRNA"*-GAT. tRNA*P-GTC
2 tRNA"-TGG
3 tRNA*P-GTC
4 tRNAMGAT. rRNA™-TGT. tRNAY-TCC. tRNA"-GTG
"I:F‘Il’PCCr?:l\g 5 tRNAP-GAA. tRNAY-TAC. tRNA"-TTT. tRNA*ETCG. tRNA™-GTA. tRNA"-TGC
6 tRNA-TCA. tRNASM-TTC
7 tRNAM-TAA. t(RNA"'-TAG. tRNAS-TGA. tRNA™-GTA. t(RNA*-GTT. tRNA®"-TTG
9 tRNA-GAT
= 327 N Par) L/ N 4 Urze
Bl PR A E IR (A AH S, BT A=T. C=G. HAKN 3.9%. T H A E A X = B AR X 2%

AT BLJ Gl C I AR AN i 1, 3% B
SN T A P i 1 PR 9 AR R B A5 R R AL (R
AL

FEARLX IS 3 745 MELF, XA
AU B A B 1w e v, A8 OB
4 NERFRIRAE CUA (Leuw). AUA (Ile).
ACA (Thr) Al AUU (Ile), ffFHXEUKICH
252, 230+ 194 F1 169, & [ /i g B 5 [R] 2 5 450
R R R EER 737908 Leu (596). Tle (555
Thr (409) H Ser (267). RSCU i & =i 4
ARG TR CGA (3.33). UGA (2.69).
CUA (2.54) M1 CCA (2.42) (B 4).
25 ZRPiREREM TEFS

I PR AR e 2R R T A 3 65 A,
HrA w85 (3£ (protein coding gene, PCG)
40 />, [A]FEIX (intergenic spacer region, IGS)
15 W BEEFISKEN 752 bp, £ ALK

535 3.34 #138.61. IGS A1 PCG J 4= H: A
M B FRTIGF R AR ENETRR)
% WL 5.
26 J B SIESM REKE T
BT AR T R AL g 1)) P A e
LGYFRBERERFR, 13 Pkl 4 4
FEL R, REE (Naja) 1) 3 MFAHR
BiFiy (O.hannah) FA—37, | FG4Ed e
Lp e i S v —> (REYEIR 87.03%),
X ONMQEA—ILFE 57 LM — X
%, HARHEMNKN 43. 2 X@QNEN KR E
JRAEII N 100 (K 6).

3 Wi

IR AL de T H 25 KR 408 R
SILSE S i 0 i e X7/ RPN IV U R HE SN
TR ST R AT LR AT T, Bk
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Fig. 2 Predicted secondary structures of tRNA genesin mitochondrial genome of Sinomicrurus peinani



4 34 JEIE A UG AR e 2R A R A 4 e 1 E o A + 489«

0.6F . :
3 =0.4+0.04x, 2 =0.002 73 b 100 ¢ !
. 60 |
. “ . . 075F . ;
04+ N . . I }. |
« : 401 g ool |
_____________ S
3 ? 3 |
02} I . ] !
20 025 ! .
i .
(U , \ , \ 0L, , . , . 0L, , : , ,
020 025 030 035 0.40 0 025 050 075 1.00 0 025 050 075 1.00
GC3 GC3s G3/(G3+C3)

B3 TP e a0 A w2 A

Fig. 3 Codon usage bias analysis of Sinomicrurus peinani

a. PRI RS RS TR PE RS O PR B A . B bR GC3. 758 3 it GC &it; ZlAkbs GC12. W7 28 1 . 3% 2 fufsidE
GC P& . b. ZEF Ne-plot 73#7. BEALbR GC3s. [F UH G128 3 M IRIF GC Tl HUALbR Ne. HRCHIGTHL. o HFM
PR2-plot 7347, i4ds G3/(G3 + C3). G3 {HAE G3 1l C3 H AT G LLB; HALKR A3/(A3+T3). A3 {HAE A3 Al T3 AR AT T &5 LL Ao

Neutrality plot analysis of the effect of base composition on codon bias. Abscissa GC3: GC content of base 3 of codon; Ordinate GC12: average
GC content of codon 1 and codon 2 bases. b. Nc-plot analysis of genes. Abscissa GC3s: Represents the average GC content of nucleotide at
position 3 of synonymous codon; Ordinate Nc: Indicates the number of effective codons. c. PR2-plot analysis of genes. Abscissa G3 / (G3 + C3):

The proportion of G3 value in the sum of G3 and C3 values; Ordinate A3 / (A3 + T3): The proportion of A3 value in the sum of A3 and T3 values.

JNoe) Met 25(1.0)

Ala 224 (0.86 1.46 1.62 0.05)
Arg 63(1.141.143.330.19 0.19)
Asn 152 (0.96 1.04)
Asp 66 (0.88 1.12)
Cys 31(0.97 1.03)
Gln 96 (1.83 0.17)
Glu 93(1.17 0.26)
Gly 197 (0.97 112 116 0.75)
His 96 (0.79 1.21)
Ile 555 (0.910.84 1.24)
Leu 596 (1.16 0.2 1.1 0.81 2.54 0.19)
Lys 99 (1.820.18)
Phe 203 (1.13 0.87)
Pro 192 (0.52 0.9 2.420.17)
Ser 267 (1.33 1.392.04 0.07 0.63 0.54)
Thr 409 (0.97 1.1 1.9.0.04)
CE9 Trp 14(1.0)
Tyr 112 (1.05 0.95)
Val 159 (1.12 0.78 1.56 0.45)
Ter 6(1.703) . . .
0 1 2 3 4 5 6

[ SO F-fe AR O A%
Relative synonymous condon usage (RSCU)

B4 i ok R A W TR R L

Fig. 4 Mitochondrial genome codon usage of Sinomicrurus peinani

FIHERRFEHE! Amino acid type

FEANEIE R AN F B ) B T A RS 5 N BUE R 9 IR SCH S T AR 3 (RSCUD, 55 AMIE A R AL IR S E .
The length of codon column with different colors of each amino acid and the value in the bracket are relative synonymous codon usage (RSCU),

and the value outside the bracket is the number of amino acids.
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Fig. 5 Sequence composition of mitochondrial microsatellite of Sinomicrurus peinani

FEH A Gene type

oOF

IGS. [fEX; PCG. #mfdmE HEER; Mit. dohiflaSE R4

IGS. Intergenic spacer region; PCG. Protein coding gene; Mit. Mitochondrial genome

ﬂ[ FHLBRBERE Naja atra
100 EEIRENE Naja naja ®

100 ——— HINBIIR LN Naja kaouthia

98 HR 5% F ¢ Ophiophagus hannah
J VG Sinomicrurus peinani
100 BRI Sinomicrurus macclellandi

43

43R W Bungarus fasciatus

100 ARIR kY Bungarus multicinctus

183k W Emydocephalus ijimae

100

BRI RE Hydrophis curtus

100 3R BB ¥EWE Laticauda semifasciata | @)
100 %K Jt E¥$4¢ Laticauda colubrina

100 M= R ¥ Laticauda laticaudata
535 B8 Gloydius ussuriensis

0.050

B 6 FETLhEFEALFIIMEN RGN
Fig. 6 Molecular phylogenetic tree constructed based on mitochondrial genome by neighbor-joining method

T, BIRME: bR A ST R B 25 L R

Node number. Bootstrap; Bar. Distance scale of evolutionary branch length.
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