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Abstract: [Objectives] Sturgeons are evolutionarily significant and economically important fish in China,
particularly valued for caviar production. Due to the lack of distinct secondary sexual characteristics between
sexes, sex identification of farmed sturgeons remains challenging with conventional methods. This study aims
to develop a minimally invasive DNA-based molecular marker for accurate early sex identification in farmed
sturgeons, providing a solution that is minimally invasive, rapid, accurate, species-versatile, and beneficial for
both sturgeon aquaculture and conservation efforts. [Methods] A total of 155 sturgeon samples were collected
from Zhejiang and Heilongjiang provinces. The 110 samples from Zhejiang, with known sex information,
served as standard controls, while the 45 samples from Heilongjiang were juvenile sturgeons of unknown sex.
DNA was extracted from the dorsal fin tissue via a commercial kit. An ultra-trace nucleic acid protein analyzer
was used to measure the DNA purity and concentration. Specific primers (Asc418F/Asc418R) were designed
by Primer Premier 5.0 software based on the genome resequencing data from 3-year-old Acipenser schrenckii.
Temperature gradient PCR (45 ~ 62 °C) was performed to optimize the annealing temperature, and the primer
sensitivity was verified via a 10-fold serial dilution of plasmid DNA. [Results] The female-specific 418-bp
DNA fragment (designated ZXJAscF418) was successfully amplified only in female sturgeon samples. The
results demonstrated that the primers for this DNA marker exhibited excellent amplification specificity, with
an effective annealing temperature range of 45 ~ 59 °C (Fig. 1). The optimal annealing temperature was 56 °C,
as band intensity decreased above 58 °C and became undetectable at 62 °C. The primers exhibited high
sensitivity, reliably detecting DNA concentrations as low as 6.55 x 10 mg/L, with complete loss of visible
bands at a 10 dilution (Fig. 2). Application of this molecular marker achieved 100% accuracy in sex
identification for four sturgeon species (4. schrenckii, Huso dauricus, H. dauricus Q@ x A. schrenckii & F1, and
A. gueldenstaedtii) from Zhejiang (Fig. 3). For the juvenile sturgeons of unknown sexes from Heilongjiang,
the method predicted a female-to-male ratio of 1.25 1 1 (Fig. 4). [Conclusion] This study developed a
DNA-based molecular marker assay for sex identification in farmed sturgeons. The assay demonstrated
minimally invasive sampling, operational simplicity, high rapidity, and high accuracy across multiple sturgeon
species. This approach enables reliable early sex identification, with significant implications for sturgeon
health management, cost saving, and conservation efforts. It may serve as a critical tool for restoring
endangered sturgeon populations through artificial breeding.
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Table 1 Information of sturgeon samples with known sex information from Zhejiang

P e ETRe RS ¥ (ind)
Species Sex Number Age Quantity
AN HEYE Female AF1 ~ AF10 12 10
Huso dauricus HEPE Male AMI1 ~ AM10 24 10
RO x i Ffidd 438 F—4K % Female BF1 ~BF10 . 10
Hybrid species (H. dauricus @ % Acipenser schrenckii &) F1 HEPE Male BM1 ~BM10 10
1 g HEPE Female CF1 ~CF10 10 10
A. gueldenstaedtii HEtE Male CM1 ~CM10 11 10
it F 7 Hfi Pt Female DF1 ~ DF10 0 10
A. schrenckii HEPE Male DMI ~ DM10 10
VEAARIET A. baerii it Female EF1 ~ EF10 12 10
FITHIQ x i 4T3 2% F—4%
f;i??iﬁééi (A?@bi:iédxjichr{;ckﬁ 2)F1 HEAE Female FF1~FFI0 ’ 10
KL H. huso WEPE Female GF1 ~GF10 9 10

Ftit Total

110
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Table 2 Sample information of juvenile sturgeons
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Fig.1 Results of PCR amplification with gradient annealing temperatures

M. DL 2 000 DNA 4 F##5#E. M. DL 2 000 DNA marker.

M 10°

2000 bp —

1 000 bp —
750 bp —

500 bp —

250 bp —
100 bp —

10° 10* 10°

10° 107 10° 10° NTC

«— 418 bp

B2 ARFEWRE DNA KIF#E PCR I B4 5B

Fig.2 Positive PCR amplification results at different DNA concentrations

M. DL 2 000 DNA 4 T-&Ax#E; NTC. J& DNA R X1 & . M. DL 2 000 DNA marker; NTC. No DNA template control.
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500 bp — < 418 bp
250 bp —
100 bp —
g M 101 102 103 104 105 106 107 108 109 110
5000 bp —
3000 bp —
2000 bp —
1000 bp —
750 bp —
500 bp — — 418 bp
250 bp —
100 bp —

F3 SaipeEartdk PCRY LR

Fig.3 PCR amplification results of sturgeon samples with known sex information

M A DNA 7 FiEbrifE (a~f: DL2000; g: DL5000) ;5 a. 1~ 10: IAREEHEYE (AF1 ~AF10) , 11 ~20: IARESHEME (AM1 ~AMIO) ;
b. 21 ~30: FEREEQ x Jifi [GIF 4438 T—4CMEME (BF1 ~BF10) , 31 ~40: iKKHEEQ x jifi [T 34438 T—ACHEME (BM1 ~BMI0) ; c. 41
~50: R WEIMELE (CF1 ~CF10) , 51~60: fREWiEIHEME (CML ~CM10) : d. 61 ~70: JfE[CEFiMfiPE (DF1 ~DF10) , 71 ~80: Jifi
[KHEFHENE (DM1 ~DMI10) ; e. 81 ~90: PE{HAIWATHEYE (EF1 ~EF10) 5 £ 91 ~100: PEHFIEETQ < i T S 2438 TR (FF1 ~
FF10) ; g. 101 ~110: BkME2EEYE (GF1 ~GF10) .

M represents DNA molecular weight marker (a ~ f: DL 2 000; g: DL 5 000); a. Lanes 1 ~ 10: Female Huso dauricus (AF1 ~ AF10); Lanes 11 ~ 20:
Male H. dauricus (AM1 ~ AM10); b. Lanes 21 ~ 30: Female hybrid F1 (H. dauricus @ x Acipenser schrenckii &) (BF1 ~ BF10); Lanes 31 ~ 40:
Male hybrid F1 (H. dauricus @ * A. schrenckii &) (BM1 ~ BM10); c. Lanes 41 ~ 50: Female 4. gueldenstaedtii (CF1 ~ CF10); Lanes 51 ~ 60:
Male A. gueldenstaedtii (CM1 ~ CM10); d. Lanes 61 ~ 70: Female 4. schrenckii (DF1 ~ DF10); Lanes 71 ~ 80: Male A. schrenckii (DM1 ~
DM10); e. Lanes 81 ~ 90: Female 4. baerii (EF1 ~ EF10); f. Lanes 91 ~ 100: Female hybrid F1 (4. baerii @ x A. schrenckii 3) (FF1 ~ FF10); g.
Lanes 101 ~ 110: Female H. huso (GF1 ~ GF10).
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TR

R A Y G dp-6600 & 7.5 Hz #7:k,
o WU A7 5 45 B o0 FEUBEIAS I, A Fe TR ) e
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R R AR JERSMUFARIEF B TR
M2y, TSR, AR E

K WG RERRAE R R GE, A5 HILEA
B4 B e LA FR PN G L (B AR
2019) « A TEY TS, ALLWSex2
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oxyrhinchus ~desotoi ) M K 78 ¥ 3 ( A
oxyrhinchus) HISIERIR, 53R AR —EL
PEIE 97% ~ 100%, {HAFFE/D> &K PCR §H %%
W Bl SR S U4 (<3%) , T"EE
SR I AR AL 2% A DA S AT FE % (Sard et al.
2024) ; SSM4 bric AT H T3 B A 1 )
W58, TERKINET (A. sturio) FIRPEEEET K K]
fidh L RH (Pozveh etal. 2024) o ItAh, iE
A7 38 I e 2 S 2R RN I Y ARG 2 20 B el B e )
SBT3 ER A AN [R] 4 A A 5%
ZH mRNA KA/ 737 AS RNA S RERIA
A7 B M 22 5 (Zhang et al. 2018, Yuan
etal. 2019, Zhang etal.2020) ; FAEHFIEL
o 2 it P B RG SLFN O S 72 98 ¢cDNA SCFE, ik
M) 2 F R H EST 741, AT HERR /10
S LS T EEAR (A 20060)
eSS PR R Bk R, AT o A AR Gk
R ARG AR AL HEWT 4 5] (Leng et al. 2019,
Zhu et al. 2020) .

AT FUTF R ) T 4 Ao S P R IA BE P
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(X 110 J& OO0t 77 ) 57 B 0 £ 3k AT Ao ot i S
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ZRIE 100%. %5 FhridiE A e, »f
A R o AR B — D, EE R,
HE Y BA &R AR 2 DNA KL IIRE /7,
KRARA EIFRIET R 755 58 2 TR T
3B M ) %58 JT Vs

PERRE LR A s S B B A, R
SR IR 1) 204 ) B 320 % A4 2 R A1) 22 J2 1«
2 B 2 b 2 I A e/ e e A B 40 P e B s
60/ 5 4 e R O 200 L/ B P PR D o3 2
I3 fE 2 AR R O SRR 51 S5 4048
o Cangp ks . ks e R . RS 4E/NVE i
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M _DSH1 DSH2 DSH3 DSH4 DSH5 DSH6 DSH7 DSH8 DSHO DSH10

2000 bp —

1000 bp —
750 bp —
500 bp —

250 bp — «— 418 bp

100 bp —

b M DZ1 DZ2 DZ3 DZ4 DZ5 DZ6 DZ7 DZ8 DZ9 DZ10
2000 bp —

1000 bp —
750 bp —
500 bp —

«—418bp

250 bp —

100 bp —

c M XBIl XB2 XB3 XB4
2000 bp —

1000 bp —
750 bp —

00
500bp — — 418 bp

250 bp —

100 bp —

d M XTIl XT2 XT3 XT4 XT5 XT6 XT7 XT8 XT9 XT10 XT11

2000 bp —
1000 bp —
750 bp —
500 bp —
250 bp —

100 bp —

—418bp

M Bel Be2 Be3 Be4 Be5 Be6 Be7 Be8 Be9 Bel0

¢

5000 bp —

3000 bp —
2000 bp —

1000 bp —
750 bp —

300bp — — 418bp

250 bp —
100 bp —

B4 ghitqmpeAin SR

Fig. 4 Sex identification results of juvenile sturgeon samples

M 73 DNA 437 &#5if (a~d: DL2000; e: DL5000) ; a. DSHI ~DSHI0 Ak REZFEA; b. DZI ~ DZ10 Ak REEQ x Jifi (R 3 7% 58
F—BEA: ¢ XBL ~XB4 PR EFFEA: d XT1 ~XT11 /MESFFEA: e Bel ~Bel0 A Bester #3F 45,

M represents DNA molecular weight marker (a ~ d: DL 2 000; e: DL 5 000); a. DSH1 ~ DSH10: Huso dauricus individuals; b. DZ1 ~ DZ10:
Hybrid F1 (H. dauricus @ % Acipenser schrenckii &) individuals; ¢. XB1 ~ XB4: A. baerii individuals; d. XT1 ~ XT11: 4. ruthenus individuals; e.
Bel ~ Bel0: Bester (H. huso Q@ x A. ruthenus &) individuals.

[F P A i [R) 22 S 2, il iy SRR PRI R A SR AR A Al A AR
(Cynoglossus semilaevis) Tt 2 AW UEMER] 45 K5 SRR AR AE R 2H6W R, DN S0 2 4 Rk
b, 6 Hid5eme (GaE 20060) ¢ fFRHasE  HAAAME LR, HEIRGYME 6 Husn il
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PIRRAS R AR BERE I A 2R 2R 250, bR PR o
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