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Assembly and analysis of the complete mitochondrial genome sequence of

the Chinese Soft-shelled Turtle (Pelodiscus sinensis) “Poyang Lake No. 1”
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Abstract: [Objectives] In China, the genetic resources of Chinese Soft-shelled Turtle (Pelodiscus sinensis)
are diverse, encompassing various geographical populations, aquaculture stocks, and distinct breeding lines.
Differences are evident not only between wild specimens caught from different regions but also among
artificially selected strains, particularly in terms of productivity, body morphology (including marginal flap
size), and other traits. Consequently, distinguishing specific genetic lineages by a single species is challenging.
Currently, efforts to conserve the genetic resources of P sinensis and breed new varieties (strains) are
advancing in an orderly manner. P. sinensis “Poyang Lake No. 1” (provisionally named) is a new strain bred
by our team, originating from the Poyang Lake region of China. It was developed through five consecutive
generations of mass selection, with growth rate and marginal flap width as the target traits. The strain now
exhibits markedly improved performance, including accelerated growth, broad marginal flaps, and elevated
egg production. This study aimed to: 1) characterize the complete mitochondrial genome of this elite strain to
elucidate its unique molecular features; 2) determine its precise phylogenetic position among various P.
sinensis populations/strains; and 3) identify potential mitochondrial DNA markers for accurate germplasm
identification of this strain. [Methods] The complete mitochondrial genome sequence of the F5 generation of
“Poyang Lake No. 1” was obtained by PCR amplification with 17 specifically designed primer pairs (Table 1)
covering the entire genome and Sanger sequencing. Bioinformatics tools (GeSeq, tRNAscan-SE, Tandem
Repeats Finder, SnapGene, Editseq7.1, GB2Sequin, and OGDraw) were used for structural annotation,
compositional analysis, and repeat identification of the assembled sequence (GenBank accession number:
PV472338). Phylogenetic relationships were reconstructed in MEGA 11.0 based on two datasets: 1)
concatenated nucleotide sequences of 12 heavy-strand protein-coding genes (PCGs-H); and 2) the cytochrome

”

b (Cyt b) gene sequence. The analysis included “Poyang Lake No. 1” and eight other reference
strains/populations, with Palea steindachneri as the outgroup. Trees were constructed via the
Neighbor-Joining (NJ) method. [Results] The complete mitochondrial genome of “Poyang Lake No.1”
was 17 190 bp in length (Fig. 2). It exhibited a significant AT bias, with nucleotide composition on the heavy
strand (H-strand) as follows: 35.47% adenine (A), 27.34% thymine (T), 25.51% cytosine (C), and 11.68%
guanine (G), and based on this composition, the AT content of the H-strand reached 62.81%. A total of 37
genes were annotated: 13 protein-coding genes (PCGs), 22 tRNA genes (including two copies of tRNA-Ser
and tRNA-Leu), and 2 rRNA genes. With the exception of 8 tRNA genes (tRNA-Gin, tRNA-Ala, tRNA-Asn,
tRNA-Cys, tRNA-Tyr, tRNA-Ser, tRNA-Glu, and tRNA-Pro) and the ND6 gene located on the light strand

(L-strand), all the other genes were encoded by the H-strand (Table 3). The gene order was identical to that of
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other reported Pelodiscus sinensis strains and most vertebrates. The control region (D-loop) was notably long
(1 666 bp) and contained four tandem repeat units, including a 50-bp motif repeated 6 times. Sequence length
variations among different P. sinensis strains were primarily concentrated in the D-loop region, ranging from
-151 bp to +164 compared with that of P. sinensis “Poyang Lake No. 1” (Table 2). An extra T base insertion
was identified at position 169 of the mitochondrial ND3 gene in “Poyang Lake No. 1”. Phylogenetic analyses
based on both PCGs-H concatenated sequences and the Cyt b gene yielded congruent topologies (Fig. 3). The
results clearly demonstrated that P. sinensis “Poyang Lake No.1” and the P. sinensis “Japanese” strain formed
a closely related clade, which then constituted a sister branch with the P. sinensis “Korean” strain. Five other
Chinese strains/populations (“Anhui Wuhu”, “Anhui Inked”, “Jiangxi”, “Qingxi Black”, and “Qingxi
Variegated”) clustered together in a separate, well-defined clade. [Conclusion] This study provides the first
complete mitochondrial genome sequence of the selectively bred P, sinensis strain “Poyang Lake No. 1”. Key
characteristics include its distinct D-loop length and repeat structure, specific nucleotide composition, and the
unique ND3 insertion. Phylogenetic analysis robustly demonstrates that “Poyang Lake No. 1” shares its most
recent common ancestor with the “Japanese” strain, forms a sister group with the “Korean” strain, and is
genetically distinct from major strains found in the Yangtze River basin. The identified features, particularly
the D-loop structure, PCGs-H haplotypes, and Cyt b sequence variations, serve as highly effective molecular
markers for the precise identification and traceability of the “Poyang Lake No. 1” germplasm, supporting its
conservation and breeding management.

Key words: Pelodiscus sinensis “Poyang Lake No. 1”’; Mitochondrial genome; Sequence comparison; Cluster
analysis
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i % (0Q236106.1) (Chen et al. 2023). J&i&
19, (0Q236105.1) (Chen et al. 2023). &%
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Table 1 Primers used in the amplification of the complete mitochondrial genome of Pelodiscus sinensis

“Poyang Lake No. 1”

FrE s BIHFFR) (531 fir TRABKIE (bp)
Fragment Primer name Primer sequence (5'-3") Position Amplified fragment length
MT-1 PsMT-1F CATAAAGCATGGCACTGAAGAACG 16 ~38 1385
PsMT-1R TGAGTAGCTCATTAGTTTGGGGG 1377 ~ 1400
MT-2 PsMT-2F CCAACCCAGGGTTATTTGAGC 1101~1122 1353
PsMT-2R TAAGGACTCTGTGACGGGATTGC 2431 ~2453
MT-3 PsMT-3F TGATGCATACTTTTGGTTGGGGC 2278~2300 1210
PsMT-3R AATAATAATGCCAATGGACCTGCG 3455~3488
MT-4 PsMT-4F TGCGGGGACTTCAACATACAAC 3286~3308 1245
PsMT-4R GCTATGATTTTTGGTAGTTGGGTTTGG 4504 ~4530
MT-5 PsMT-5F ACCTGACAAAACATACCCCACT 4355~4407 1474
PsMT-5R GTTAAATGTCATGATGGCCCAC 5836~5858
MT-6 PsMT-6F GGCATTGAAACAGGAGCAGGAAC 5770 ~5792 1551
PsMT-6R AGGACAATAGCTGGGAGGATAGT 7298 ~ 7320
MT-7 PsMT-7F AGGATTCAAAGACCAATATCACC 7123 ~7 146 1397
PsMT-7R GCTGTTAGGTTGGCTGTAGTGC 8497~8519
MT-8 PsMT-8F CAACACCAACTACACACTCTCAAT 8286 ~ 8321 1095
PsMT-8R GGCAGTGTGAAAGTGGATTTGATT 9368 ~9392
MT-9 PsMT-9F TATGAGGCACCATTCAACATGGC 9346 ~9 288 1206
PsMT-9R TTTGGTCTGCTGCTGATATAT 10430~ 10451
MT-10 PsMT-10F ATCATACACACACACACAAAA 10217~ 10451 1286
PsMT-10R AACATATGTAAGGTAATAGGTGGCGGT 11477 ~11502
MT-11 PsMT-11F GGCCTACACCTTATAATGCCCT 11204 ~11225 1425
PsMT-11R TTGGGTGGGTTGGGATAAGTAGG 12 606 ~ 12 682
MT-12 PsMT-12F ATCTTCTCCACACTGACCCAATC 12433 ~ 12456 1219
PsMT-12R TTGGGGGACTATTGGTTCTATTAGGTA 13626 ~ 13 651
MT-13 PsMT-13F TCCACCGTTTCACTTACCTCCTT 13424 ~ 13 446 1312
PsMT-13R ACGGAGAAACCCACCTCATACTC 14713 ~ 14 735
MT-14 PsMT-14F CATTCTGGTCAATGCCCCACAT 14411~ 14433 1016
PsMT-14R TGGGAGGCCTTCATCTTTGGTT 15404 ~ 15 426
MT-15 PsMT-15F ACGAACACTAACATTCGCCCTTA 15162 ~15 164 9150
PsMT-15R  AGGGTTGCTTATTCTGGGGAGT 16 054 ~ 16 076
MT-16 PsMT-16F5  CCCTATGTATTATTGTGCATTGGT 15832 ~15871 1021
PsMT-16RS  TCGGATTTTGGGTTTGACGAAGG 16 830 ~ 16 852
MT-17 PsMT-17F1 CTGGACTTAGGTTCAAATTGCTTAC 16340 ~ 16 364 1014
PsMT-17R1 ~ GGTGTGGACTTTTAGGGCATTTTCA 139 ~ 163

i % (AY962573.1) (Jung et al. 2006) FIAHF
FTLRER PR “HWA 1 57 (PV472338) £k

FiARIE R 21 DNA | PCGs-H & Cyt b %t N4,
i MEGA 11.0 3%, RH4R#27% (neighbor-
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joining, NI) MHERFEKE M-
2 R

2.1 PCR Y=Y
FIFZ 1B 17 55149080 1.2 Frid i =

N HEATY 3G, 158 17 4~ PCR #7144

(B 1, &K B 51035 R T =
VIR B0 K B AT 43 IV v B 5 ik B
P 5 LT -
2.2 H4E¥E “EI 1 5 R ERAEKS
HERRARK

W J& S 7 5\ Pf 43845 FS AR 4R B/

1 57 MRERAAIERHASK 17 190 bp

(GenBank Z3%%5: PV472338), SEikiEd
M H A T R R SRR PR3 PR AH B K AR,
o i R (AY962573.1) K 148 bp,
Lt p AR s 2 B IE T i &R (NC_006132.1) %4
174 bp. LAHAEEE “H/BW0 1 57 ZRifk DNA 4%
il X (D-loop XD KJERFEAE, K HAh & &R Gif
) BIXRRIFA S 2 AT . R BN, &
i 22 D-loop X K Z 41 F-151 bp (F: “HP
W 157 5 151 bp) E£+164bp (5 “HEWi 157
£ 164 bp) Z[H; MM7E D-loop X2 4k, KEEZ
N5 bp B+10 bp, RIAF FAEE S R

CREAR)  ZRRIARSE DR 2 K 22 57 2 BAABILAE

SR
S
N
Q ] N

R R

5000 bp
3000 bp
2000 bp

1 500 bp

1000 bp
750 bp

500 bp

&',‘v&?‘ &"’)&&'

D-loop [X (3£ 2). i — 543 Hr K I, e «Hf
157 R D-loop XK 1 666 bp, N 4
MRXEE Y, FERKEZEITY 5
-TTT TAC ACT TTT TTT CTT CTC CCG CAC
CCA AGA GAC ATT TTA CCC CTC TT-3' (50
bp, EHE 6 0, WhEEHE M REKELT
% 5'“TTT TAC ACT TTT TTT CTT CTC CCG
CAC CCA AGA GAC ATT TTA CCC CTC CT-3’

(50bp, B 5K HERHEZ, Wik
LS R KEEFH] 5-TTT ACA CTT TTT
TTC TTC TCC CGT GCC CAA GAG ACA TTT
AGC CCC TCTAT-3' (50bp, HEE 7K) %
B RKER)F ] 5-TTA CAC TTT
TTT TCT TCT CCC GGG CCC AAA AGA CAT
TTAACC CCT CTATA-3' (50 bp, HEHE 8 K)
HE BB, pAeE CH 1 57 REER
4 6 bp (5-CAC ATA-3"), HEHE 50 k. It
Ab, HAREE CERIB 1S SRR R A%
FRZH A 2O 25 1) AT fmim) v, HESE (H 4
IR ETRL ST, IRIERS (A) L 35.47%,
ffgmsne (T) S 27.34%, Bmsng (C) 5
b 25.51%, =04 (G) HEE 11.68%, AT &
B 62.81%, EHET GC &8 (37.19%), 5
WAE ) 7 AR SR AT 58 5 LUTE 62% ~
63% 2 A 45 R — 2.

E1 s “HM 157 ShiEERHA PCRTHY

Fig.1 PCR products covering the complete mitochondrial genome of Pelodiscus sinensis “Poyang Lake No. 1”

DL5000 %75 DNA 40 T, PSMT-1 ~ PSMT-17 R4 1 91 17 X1 51#9H) PCR 7 $87=4)..
DL5000 indicates DNA marker. PsMT-1 to PsMT-17 represent PCR amplification products of 17 pairs of primers from Table 1.
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The outer circle represents the heavy chain (H-chain), and the inner circle represents the light chain (L-chain).
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Table 3 Annotation of the complete mitochondrial genome of Pelodiscus sinensis “Poyang Lake No. 1”

- ©E op) &1 Position ARG X (bP) 15T Codon -
Gene Length ey CIDA =N S X A=) Spacer region RIREIG T &R T Coding strand
Start site End site length Start codon Stop codon
tRNA-Phe 70 1 70 0 H (H#f Heavy strand)
12S rRNA 980 71 1050 0 H
tRNA-Val 70 1051 1120 0 H
16S rRNA 1605 1121 2725 0 H
tRNA-Leu 77 2726 2802 0 H
ND1 972 2 803 3774 0 ATG TAG H
tRNA-Ile 69 3774 3842 -1 H
tRNA-GIn 71 3843 3913 0 L (%%%% Light strand)
tRNA-Met 69 3923 3991 10 H
ND2 1041 3992 5032 0 ATG TAG H
tRNA-Trp 73 5031 5103 -2 H
tRNA-Ala 69 5115 5183 11 L
tRNA-Asn 74 5185 5258 1 L
OL 34 5258 5291 -2 -
tRNA-Cys 65 5290 5354 31 L
tRNA-Tyr 66 5355 5420 0 L
COoX1 1545 5422 6 966 1 GTG AGA H
tRNA-Ser 71 6962 7032 -5 H
tRNA-Asp 69 7034 7102 1 H
Ccox2 687 7103 7789 0 ATG TAA H
tRNA-Lys 73 7791 7863 1 H
ATPS 165 7 865 8029 1 ATG TAA H
ATP6 684 8020 8703 0 ATG TAA H
cox3 784 8703 9 486 -1 ATG T H
tRNA-Gly 70 9487 9556 0 H
ND3 350 9557 9906 0 ATG T H
tRNA-Arg 71 9907 9977 143 H
NDAL 321 9978 10 127 0 ATG TAA H
NDA4 1386 10268 11 653 0 ATG TAA H
tRNA-His 70 11 649 11718 -5 H
tRNA-Ser 62 11719 11780 0 L
tRNA-Leu 74 11780 11 853 -1 H
ND5 1779 11 854 13 632 0 ATG TAA H
ND6 525 13 682 14 152 49 ATG AGG L
tRNA-Glu 525 14153 14 220 0 L
Cytbh 1182 14 224 15363 3 ATG TAA H
tRNA-Thr 74 15367 15 440 3 H
tRNA-Pro 71 15454 15524 13 L

6 55 X S (AR AR AR T R R XSS

Negative values in the spacer region represent the length of the overlapping region between adjacent elements.
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2.4 HRAREE “EH 1 57 SRR AR RS

PCGs-H RRERIE 3a, HAEE “H/H
1 57 BS5HAMARREN /DL, HEHER
RIS, T2 BTeHmn R 2R
A LS R HR S EMERAE L ETR
TR — K3 Cyt b REGRIE 3b, g
HCOEW 1 5 R S HAMREA I,
HEEEMREN KL, MHRSE. HiR
ks, BRI AR TV R AL RS
RENT— KK

3 Wi

3.0 HRAREE “HWA 1 57 RRAE R A LTS
RRAE B AR R X

KER R EEMRFIEEE, FEARP
MO ERAEAR . FRERFA DL RN TR B 5 775 i
2 MO ANFEF=HU A [FZK R LA B R &
P (A AE AR P IRIR . fRR B, FEL
KANFEFEAAAE— B ESR, ik, H—1
rh A A4 PRAR R L X Ay ROk (BTN 9 AR
20050, HFLRRIRSERIH HA BRI, HAH
BAL, HLERRTER A, HeFyERE R
A RLIX o i R B AR E 2 5% (Galtier et al.
2009), Kk, WFFLRA LS EHE, 7R
HRAR BN ] i BRI AL M T RGTEEOR
FAIRV R o S e S it o R gy ik, R
BEEHAME. RTFFRRIEN THRRIEE
(1) F5 AR s “H000 1 57 IR F fh R 8 L
FIAIER A4 (17 190 bp). HIEFHES, #%
ST 355 CkGE 2R SR 2 BOE B =
J&—3 (Kumazawa and Nishida 1999, #I5%
&% 2005, Jungetal. 2006, KUFE 2007, 5KF]
FZXIHE 2007, Kundu et al. 2018, Zhang et al.
2019, Chenetal.2023), 7e4rENIE T Zbifi gt
DRI ZH S5 M LE BRI R ORSFE o Bl 4H R 3 A ¥
NH B AP AT {FR IR (AT & &
62.81%) Ml GC =M (G && 11.68%), 5
LRI 7 A ARBRTE (AT S 62% ~ 63%)
FRAEAIAF (B2T9E 5 2005, 5K #i A& X1 A

2007, Jung et al. 2009, Kundu et al. 2018, Zhang
etal. 2019, Chenetal. 2023). 4R, # &3]
FRAE 22 FARFIAE H D-loop X (1 666 bp), S5
KM R 157 BN R BUHEE, oA R
R 2R RLAARJE R 2H D-loop XK JE 2 530
FElN-164 bp &+ 151 bp, X — R FH MK EA 7
RN IX 3 AN E R AR S B TR D5 -
Rt P (Cox1 B GTG &24s. ND6
LA AGG &1k, COX3/ND3 VLHLigdE T 41k
i KR - % A (Jung et al. 2009,
Zhang et al. 2019, Chen et al. 2023). 52 L,
E[1 5 58%5 (Nilssonia nigricans) WERAARRE K
TR 25 A, e COXT LU ATT J9ikeas
DLBEIE A 21k, ND6 DA T %1k, ND3 LA
AGA 1k (Kundu et al. 2018) . {EAE R I/,
HAR R R0 157 AE ND3 BEREE 169 A7 R
FAREHE T 4N o BSMIHE SR N St H
B ) 4RI (Mindell et al. 1998,
Andreu-Sanchez et al. 2021), 1H4H AL SAA(E
WARER, ZHBLGIN ND3 FFHITE 174
i3 N A (Mindell et al. 1998, Russell and
Beckenbach 2008 ), 11+ [E ¥ £ ( Platysternon
megacephalum) £ 174 fifi N\ C CoKF[FIE X
HE 2007); FEMEIKE (Mauremys mutica) -
W fa ( Geoemyda spengleri) 5 VU HR B /K
(Sacalia quadriocellata) W73 HIFE 172 frfiA
C. 205 fifli N G, BULHSMEAN (EREHR
20210, B HTRY], £ 169 L T AT
TIBRAE .. FRSE. LV RMEAMN R
(Chen et al. 2023), $E7RiZAL 3857 7] AE R
Tk (L RIS . R AL S R
M, DA B FEHEN 2646 AR ND3 T
Ae, nrRREE ‘BB, RNA JfEEim i
o SRS B AR S LA RILBE RS 5 98 22 (Mlindell et all.
1998, Russell and Beckenbach 2008, D’Souza
and Minczuk 2018, EI&HR 2021). ek “Hf
W1 157 SRR HAE DR FFHEA R ST S5 1)
[FiS, REIH AT D-loop KEAER, HH
PCGs-H 5 Cyt b J7 415 HoAl 4% 0 & (B
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Fig.3 Neighbor-joining phylogenetic trees of different Pelodiscus sinensis strains based on (a) PCGs-H and (b )

Cyt b nucleotide sequences

R R RE R 1000 RES M EFELE 2. AR RKERER T4 100 MEHRRA RAET 10 IREAN.

The degree of confidence for each branch point was determined by bootstrap analysis (1 000 repetitions). The scale bar shows 10 substitutions per

100 nucleotide sites.
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