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A Rapid Method for Sex Identification in the Chinese Soft-Shelled

Turtle Pelodiscus sinensis Based on Direct Blood PCR
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Abstract: [Objectives] Currently, the primary methods for determining the sex of Chinese Soft-shelled Turtle
Pelodiscus sinensis include visual inspection of external features, examination of reproductive organs after
dissection, and DNA PCR analysis. However, each of these methods has its limitations and cannot fully meet
the requirements for sex determination in the huge production of Chinese Soft-shelled Turtle. Therefore, there
is an urgent need to develop a rapid, minimally invasive and accurate method for determining the genetic sex
of Chinese Soft-shelled Turtles. [Methods] In this study, blood was collected from veins of the calipash in
adult Chinese Soft-shelled Turtles. The blood supernatant was used as a DNA template for PCR reaction and

identification following rapid pretreatment. The feasibility of the genetic method was assessed by optimizing
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the pretreatment method, blood volume and PCR system (including primer concentration, template
concentration, DNA polymerase mix volume and annealing temperature, among other factors), as well as by
comparative blood DNA PCR tests, external morphological observations, and dissection of reproductive
organs. [Results] The results demonstrated that after rapid pretreatment of 5 ul fresh turtle blood using an
alkaline boiling method, a 20 pl PCR system was prepared by adding 2 pl of supernatant DNA template, 10 pl
of DNA polymerase mixture, 0.8 ul each of upstream and downstream primers, and 6.4 pl of ddH,0. PCR
amplification was then performed at an annealing temperature of 58 ‘C, followed by detection using 1%
agarose gel electrophoresis. The results revealed that female turtles (ZW type) exhibited distinct double bands
with molecular sizes approximately 860 bp and 1 500 bp, while male turtles (ZZ type) exhibited a clear single
band with molecular sizes around 860 bp (Fig. 1). The accuracy of sex identification in Chinese Soft-shelled
Turtles reached 100%, which was confirmed by the blood DNA PCR validation test, external morphological
observations and examinations of reproductive organ (Figs. 8 - 10). [Conclusion] The direct blood PCR
method based on alkaline boiling pretreatment is considered a rapid and cost-effective approach for sex
determination in Chinese Soft-shelled Turtles.

Key words: Chinese Soft-shelled Turtle, Pelodiscus sinensis; Blood; Non-damaging sampling; PCR; Genetic

characterization
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PCR ¥,

B frs s 2023) ¢ BL 3.0 pl HLigihn
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HEAB K (AKE N 200.0 mg/L) @B, 7
SHRAJETE 60 CR/AKH 10 min. J5 95 C
10 min 28 (B SN, 53 250 B FIE R 2.0 pl
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REE 30 HrpAeis (. HMES 15 H) Bkt
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B1 R % PCR MK DNA FIBUREE T
Fig. 1 Sensitivity analysis of blood DNA by PCR for

sex identification of Pelodiscus sinensis

Marker. DL2000 DNA 73 FHA5#E; 1~ 5 3 HREAF DNA
WIE: 40 mg/L. 20 mgL. 10 mg/L. 5 mg/L f12.5 mg/L; QN
WERE, S OHEYE -

Marker. DL2000 DNA marker; 1 - 5 respectively represent

different DNA concentrations: 40 mg/L, 20 mg/L, 10 mg/L, 5
mg/L, 2.5 mg/L; Q. Female, &. Male.
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Fig.2 Effect of blood pretreatment on sex
identification of Pelodiscus sinensis by PCR

Marker. DL2000 DNA 70T EAniE; 1. BEf%; 2. Blatiis.

Marker. DL2000 DNA marker; 1. Enzymatic hydrolysis method;

2. Alkali boiling method.
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VYRR SR L RS M EE Y, HLAR A RE e
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Table 1 DNA quality information of blood supernatant of Pelodiscus sinensis by

alkaline boiling method with different supplemental levels

L% A8 The amount of blood (ul)

2.0 35 5.0 6.5 8.0
DNA % DNA concentration (mg/L)  111.7 +10.8 146.5 + 14.8 2459+ 152 270.1 +13.7 3212+ 133
Asso/280 1.35+0.06 1.37+£0.02 1.41+0.18 1.40+0.03 1.40 = 0.06
Asso230 0.20+0.01 0.20 +0.00 0.24 £0.02 0.26 £0.01 0.29 £ 0.02
T

Sample color

\

Aoon Asgo Fll Agsg 43l FE 260+ 280 FlI 230 nm AbIE ) DNA FIWBIEEE, Assornso B Aasonzo SEALFRALE TR 7R H -

Aoeo, Aago and Aoz refers to the determination of DNA absorbance at 260, 280 and 230 nm, respectively, and Aogonso and Aseozo are

indicators of nucleic acid purity.
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Fig. 3 Effect of blood supplemental level on sex

identification of Pelodiscus sinensis by PCR

Marker. DL2000 DNA 7> FHAR#E; 1 ~ 5 203K Mz n
H: 20pl 3.5l 5.0pl. 6.5 ul A18.0 pl.

Marker. DL2000 DNA marker; 1 -5 represent the amount of
blood: 2.0 ul, 3.5 pl, 5.0 ul, 6.5 pl, 8.0 pl.
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Fig. 4 Effect of template addition amount on sex

identification of Pelodiscus sinensis by PCR

Marker. DL2000 DNA 7 7 Eb5ifE; 1 ~ 5 735
e 1.0pl. 2.0 pls 3.0 ply 4.0 pl A15.0 pl.

Marker. DL2000 DNA marker; 1 - 5 respectively represent the
template addition amount: 1.0 pl, 2.0 pl, 3.0 pl, 4.0 pl, 5.0 pl.
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242 SIYEIE SN E A
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Fig. 5 Effect of primer addition amount on sex

identification of Pelodiscus sinensis by PCR

Marker. DL2000 DNA 73T &HriE; 1 ~ 4 25L& 519 (10
pmol/L) ¥RINE: 0.2 pls 0.4 pls 0.6 ul 1 0.8 plo

Marker: DL2000 DNA marker; 1 - 4 respectively represent the
amount of primer (10 pmol/L) addition: 0.2 ul, 0.4 pl, 0.6 pl,
0.8 pl.

2.43 DNA RABREWAHINE DNA K&
FEEVR 5 VROV I B0 R AR S PR )] PCR 4858 5%
M4 6 fin, B3 2 x Phanta Max Master Mix
TR ISR I, PCR =4 K 2% o 4
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10.0 Wl 9t DNA RAFRRA RN
244 BKEE PCR ¥ B KIEE (Tm)
Hof % e B s an i 7 B, Tm 76 52 ~ 60 °C
JEFE P, PCR F=WEA A, 590 R PELT
B KR8 R, PCR P42k 71 o B & T
Hahn. A M. MRS PCR P84t 1,
58 CHENRAEIR KIEE.
2.5 IOUESER

MR FEEKI 2 DNA PCR =4 5E 8 LIk 45
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Fig. 6 Effect of DNA polymerase concentration on
sex identification of Pelodiscus sinensis by PCR

Marker. DL2000 DNA 7T E#5#E; 1~3 20 51fUK DNA K&
BB AR N : 8.0 ply 10.0 pl A1 12.0 plo

Marker. DL2000 DNA marker; 1 - 3 represent the addition
amount of DNA polymerase mixture: 8.0 ul, 10.0 pl, 12.0 pl.

bp Marker —19 4 29 -39, 492 592,

bp Marker— 18 = — 284~ 338 43
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—53

1000
750

500
K7 RKEEX AN PCR £ KR MW

Fig. 7 Effect of annealing temperature on sex

identification of Pelodiscus sinensis by PCR
Marker. DL2000 DNA 73T Ar#E; 1~ 5 20 AR A F IR K
E: 52 C. 54 'C. 56 C. 58 CHI60 C.
Marker. DL2000 DNA marker; 1 - 5 respectively represent
different annealing temperatures: 52 C, 54 C, 56 C, 58 C,
60 C.
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Fig. 8 Sex identification of Pelodiscus sinensis by

PCR with blood genome DNA

Marker. DL2000 DNA 73 T-HhHE; 1~ 15 2303 15 R
TARE YR S A 1S URENE AR g S
Marker. DL2000 DNA marker; 1 - 15 represent the numbers of

15 females and 15 males of P. sinensisrespectively.
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Fig. 9 Sex identification of Pelodiscus sinensis by

direct PCR in trace blood

Marker. DL5000 DNA 3 T8 ARHAE; 1~ 15 205838 15 Rtk
ThAEEE g S A 15 SR h R S
Marker. DL5000 DNA marker; 1 - 15 represent the numbers of

15 females and 15 males of P. sinensisrespectively.

Hh A B SR P A R A R
K10 s, 15 R s & v SN 52 ks
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fit, RANKRE BRI EIL AL, Ha &
SEMEVEVE R A B O SR, WIRGIZ 15 ARy
M aoh 15 A p iR R ANBR HAR I, 15
B HEE R ERARIE, HAIEMREEE AR (2
AONEAERD » Mz 15 Ry,

T Male (3)
( FASNIE A PRS- )
External morphology Gonadal organs-testicle

e Female (Q)
( BIINIS PERRES -G )

External morphology Gonadal organs-ovary

B10 FEERHIMNIEEMERSENESER
Fig. 10 External morphology and gonadal

organs of Pelodiscus sinensis
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