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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 (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.

Key words: Sturgeon; Early sex identification, DNA molecular marker
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R KIS AEEE NRIE B, RIRIKIE
i3 0 R FF IR (Zhou et al. 2020) o JREX
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BRI BITRRERIRT ST, FIH AlWSex2 5
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KT (4. schrenckii) 338 —A (LLREFR
Ab x As %38 F1) FEKINESE (H. huso) (3R 1),
VER MR 45 BIARAEXT IR, H T-381F DNA 4y
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1.1.2 EFEBEAR 72 B TLK 0 5E i)
Y V2 7K Kl i TR B M 1) R R PR 4 8 6
ARG ~6 A, BFE/IMAET (A, ruthenus)
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Table 1 Information of sturgeon samples with known sex information from Zhejiang

2L P ETR) iy $rfE (ind)

Species Sex Number Age Quantity
% g W Female AF1 ~ AF10 12 10
Huso dauricus Tt Male AMI ~ AM10 24 10
AR x AT 4AE T AR M Female BF1 ~BF10 . 10
Hybrid species (H. dauricus Q x Acipenser schrenckii 3) F1 e Male BM1 ~BM10 10
] g UfePE Female CF1 ~CF10 10 10
A. gueldenstaedtii HEPE Male CM1 ~ CM10 11 10
it [ A P Female DF1 ~DF10 . 10
A. schrenckii JfE % Male DMI1 ~DM10 10
PEAHFIT S 4. baerii Wi Female EF1 ~EF10 12 10

AT x i [CET S A At i

E}frﬁfﬁéjﬁs (A?ﬁ;ijétj.fchriickﬁ 3 F1 Wt Female FF1~FF10 ! 10
RIMEE H. huso Witk Female GF1 ~GF10 9 10

it Total

R2 HRFBAKEAGER

Table 2 Sample information of juvenile sturgeons

Wy M5

Number

& (ind)

Species Quantity

X KRS Huso dauricus DSHI1 ~ DSH10 10

IEIREEQ x i [REFS He 28 F—AR
Hybrid species (H. dauricus @ x DZ1~DZI0 10
Acipenser schrenckii &) F1

PRI 6T A. baerii XBI1 ~ XB4 4
/MBS A. ruthenus XT1 ~ XT11 11
Bester fi§ (KK 5 LN

ester i (BRYNEEQ x /NMAEFS) Bel ~ Belo 0
Bester (H. huso Q x A. ruthenus 3
1t Total 45

FEMEPEFT 10 FEREM: A B A 4% SE R 41 DNA F
AT ISR AT, LL/MAREF S 2% FE R 4,
28 Map Lt & Bt Qg1 ) 22 S5 0 v B (5K 55
1555 2024) . T 16, FIH Primer Premier 5.0
BAF SR S YESI ) Asc418F (5-CAG AAA
CCC AGA TAA CAA GA-3') Fll Asc4l8R
(5-CCA TGA AAA TTT GGG GCC CA-3") ,

T PCR 434 740K /N Ay 418 bp, H T3 fa
% 5E

1.4 SRR R

141 BMHEHERKSIDRRERIE

T 110 B antERm i3 DNA FEA, R L
R G¥) Asc418F F1 Asc418R #E1T PCR #14.
SN : BEE DNA #) 20 ng, PCR FiiiR e v
& & (TaKaRa Taq 2.0 Plus Dye, %5 : RR901,
FEHEEVHEARERAFD 12.5 wl, ETiFE5
Y1 (0.4 umol/L) % 0.5 ul, ddH,O #M2E 25 pl.
R A 94 °CHIAE 3 min; 94 °CAEME: 30 s,
60 °CiR K 45 's, 72 °CLEfH 30 s, 35 fEH; 72 °C
ZIEH 10 min. ¥ WL 1%I0 Ta bR &L i
VKRG, WEPEREASR P 418 bp 4 4671,
PETCY 2651, FHWY 1S P2 Wik R — Mg B )
7P BB R AR, Sl 18 5 B
e
142 SR KEERRES DNA iR
REEERW e SR KGR L FF I8 R Al
REGE, FRABLE PCR 5 ki DNA Fikikit
Ak, K HER DNA F B (418 bp) WhESE
pBM23 #Hifk (TN RIS AR AFD ,
HALZE DHSo B2 AN, 0% BH 4 v B T 42
HUR R R (MagEn i@ 17 DNA i 75 &
D3018) . &HfE AT ( RigFEME AR
FRA ], nano-800+) e, SR Areo/daso
9 1.87, JEIT 10 5 R FIFG BRI G 5 R A5
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B (65.472 mg/L & 6.547 x 10° mg/L) - #%F
FERLFE DNA B 3% i 4R JOR FE 1T PCR 47
W, RNAARSTEFE 1.4.1, §I872Y4 fik
R, BAERSIPRT RS E Y B I DNA WKRFE
BIfE. T Asc418F/Asc418R 5IWHrit, WE
B KR FE RS FE VI L A 45 °C & 62 °C(JAIRE 1 °C)
BATERE PCR §73, RMNAKRRIA 1.4.1. § 3%
& 94 °CTASYE 3 min; 94 °CAZ1E 308, #f
FEUREIR K 455, 72 °CHEAH 30's, 35 AMEH;
72 °CZSEAH 10 min. § 3212 1%3E HR bl
JRE FEL RT3 SR P R S P O 02 e £
B KR
1.5 Zhideq fa e iy i A

BT CIER 51 B AAC A, X 45 R
Il A R () B 3 e AR AT N S E . 2 1.2
PR 775428 DNA J&, K 1.4.1 Frid ik Rk
PCR 438, 38 2 35 S W fie R A DU 4™ 488 740 o

2 SR
2.1 DNA REUSHRES
N £ 658 2% 2H 2 PRI BRI 2 DNA &
At J5, RANF TG IN TR Azeo/Anso L
5N 1.8 ~2.1, FF& PCR ¥ 1% DNA 4% 5
JREER . FFEARRERBER 20 mg/L, H
T )54 DNA ¥ #5256 .
2.2 PCR #Mifb R BHE
MEPEREA AT RS 1 H 418 bp FMEMERE
P4 (ZXTAscF418) , HEMEREATY 721 .
S WAEIR KR 45 °CE 59 °CTE [ N IR E 2%
P (B D 5 BKRE R 58 °CRF, &
JE 2 TR, 62 °CRY SE4TH R, & HfiE 56 °C
NEAER KR . REEMRE R, %75
I ATAGI 6.55 x 106 mg/L i DNA BidR (& 2).
EREERKY, & TAnd R R RS
RIPE, NG s p s e fe it 7 T SR 30 RF.

M 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65°C

2000 bp —

1 000 bp —
750 bp —
500 bp —
250 bp —
100 bp —

— 418 bp

B1 BKEEEHRE PCR LR

Fig. 1 Results of PCR amplification with gradient annealing temperatures

M. DL 2 000 DNA % F&#45#E. M. DL 2 000 DNA marker.

M 10°

2 000 bp —

1000 bp —
750 bp —

500 bp —
250 bp —
100 bp —

10° 10 10°

10° 107 10 10° NTC

— 418 bp

B2 ANEWE DNA [KFA: PCR § 184 R

Fig.2 Positive PCR amplification results at different DNA concentrations

M. DL 2 000 DNA 4 F&#45#fE; NTC. J& DNA Bz, M. DL 2 000 DNA marker; NTC. No DNA template control.
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2.3 ERIMERIRE AR IR T MEVE 6T 1 DNA FEAYE 418 bp A IS
R PCR ONAK RANEAERTTE 4 460, T réﬁ?ﬁl Ty s (K3
FPE RS AR ) A 4% DNA 34T PCR %ri HommaE e —

a

M 1 2 3 4 7 9 10 11 12 13 14 15 16 17 18 19 20
2000 bp —
1000 bp —
750 bp —
500 bp —
250 bp — 418 bp
100 bp —
b M 21 22 23 24 25 26 27 28 32 33 34 35 36 37 38 39 40
2000 bp —
1000 bp —
750 bp —
500 bp — — 418 bp
250 bp —
100 bp —
c M 41 42 43 44 45 46 47 48 52 53 54 55 56 57 58 59 60
2000 bp —
1000 bp —
750 bp —
500 bp —
250 bp — — 418 bp
100 bp —
d 61 62 63 64 65 66 67 68 72 73 74 75 76 77 78 79 80
2000 bp —
1000 bp —
750 bp —
500 bp —
250 bp — 418 bp
100 bp —
e M 81 82 83 84 85 86 87 88 89 90 M 91 92 93 94 95 96 97 98 99100
2000 bp —
2000 bp —
1 000 by -
1,000 bp — b
750 bp —
500 bp — — 418 bp
418bp 550y, [
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 —
S00bp — L NN NNPRNPRNNRE R, | |
250 bp —

100 bp —

B3 EsmEnsFakA PCR Y LR

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

M 5y DNA 43 F&#rifE (a~f: DL2000; g: DL5000) ; a. 1~ 10: A KEEMEM: (AF1 ~AF10) , 11~20: JAREEHEM: (AM1 ~AMI0) ;
b.21 ~30: KKEEQ x i KA 4AEF—FClENE (BF1 ~BF10) , 31 ~40: FXKEEQ x i K33 4438 F—4CHEME (BM1 ~BM10) ; c. 41
~50: RPWEPEME (CF1 ~ CF10) , 51 ~60: P HiliFhENE (CM1 ~CMI10) 5 d. 61 ~70: JEIREFHEE (DF1~DF10) , 71 ~80: jfi
KAEFHENE (DM ~DMI10) ;5 e. 81 ~90: PHHAIMEAEIMENE (EF1 ~EF10) 5 £ .91 ~100: PUfAFIEAFQ x i RbF S 428 7 —AMEdE (FFI1 ~
FF10) : g 101 ~110: BRIMEMEM: (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 @ * Acipenser schrenckii 3) (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 A. schrenckii (DF1 ~ DF10); Lanes 71 ~ 80: Male A4. schrenckii (DM1 ~
DM10); e. Lanes 81 ~ 90: Female A. baerii (EF1 ~ EF10); f. Lanes 91 ~ 100: Female hybrid F1 (4. baerii @ x A. schrenckii &) (FF1 ~ FF10); g.
Lanes 101 ~ 110: Female H. huso (GF1 ~ GF10).
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1% DNA 73 F-Fric o i [, ik [ HE | Hd x
As F473 F1OFIRZ Wt 4 Fpdig o 1) M5 % e
FRIE 100%. BT HIZIE GRS, PE{H
FINEAT . Ab x As 4238 F1 FIERIH 5 R4 2 41
RIREVEREA, R AR AT HEERE AR DO, R
FEA %5 e e
24  HhRREFE AN R

TEBSAE 51 e v AN AR PR I R |, R
1% DNA 23 FARICoE e VT A 0 U i
FFEAR AT . X ROV B A
DNA % #fE PCR [Nk &A1& TH 14,
Z B B FEUKAT I B, TR IGEE . Hd x As
Z43Z F1. PHAARIEES . /MAEF AT Bester £ 5 4
i 8 W, A FEARY I8 HH 418 bp R A%
WA FEARTY W2k . BRI S, 10 RIS K6
WS Ry AR A, S RARYHE; 10 B Hd
x As F432 F1 1 8 B I iR 57 4671, 2 BARY
B, 4 BRI AFIWE S 2 BARER&, 2 B
P, 11 BAMEES 5 BHIIRRRAH, 6 8
Joékitr: 10 JE Bester #8371 5 BA R R%&, S
BT SRR CHIURR R )
(e 261 ML IAIKEE S5 5, Hd
x As 422 F1 8 1 2, PEAAAFIEET 2 2, /MASF
5:6, Bester 8§ 5:5 (F4) . BAFA (n=
45) HlfEYE 5 55.6%.

3 g

AR 54T Yot B 0 77 5 A 3 Pl A R T
FREER BIE AT R, @7 —FHFPus s
SEBG L L IPE AR DNA 2 Fhrid. AHE
FAE G ) 2 e vk U = k. IR s
AMUTF AL B RE RIA o T A
Tk, FETRRE BB ZXJAscF418 14 Fhrid
FERB R .

R A v I R dp-6600 & 7.5 Hz 53k,
O W A1 75 45 B o A I AN, 5L RE 1R 3 1k
KE WL EAME, BEEREETHE, A2
R R AR IREIMUFARZEFEY TR
Azgyy, I OO, R S E R

K B RNER RN AR, 205 LA
B B B DL AR HEE B I L (B g AR
2019) o BB TEDFTTIEF, ALLWSex2
PRCAERE RS (A, brevirostrum) WSS (A.
oxyrhinchus desotoi ) F1 K V4 V£ i ( A
oxyrhinchus) HIIER R, 5RAEARM—3
PEIE 97% ~ 100%, {EAF-E/D &K PCR 71 %
WeE 2 BB S BB (<3%) , T"4E
SR I AR A A LAER R P SE 1 (Sard et al.
2024) ; SSM4 HRic ] Hl T #8763 o1
Y8, TERRINET (A. sturio) FNKPHVEST A W)
fidrh G WA (Pozveh etal. 2024) . b4k, &
A0 I i A s 2 AR I ARG 2 o A Al B e )
B B E, A5 S QBT AS ] M I A o
21 mRNA ZE RNV T ARG S RNA JE A &L
A AE B 2 M) 22 5 (Zhang et al. 2018, Yuan
etal. 2019, Zhang et al. 2020) ; HAE W ET
oy 2 it E SRS SURN N S 2298 ¢cDNA SCHE, ik
H PR 22 R ) EST 741, AN YRR 74t
AU T EEAR (FRaT4E 20060
RS K B i AR, AT IE L A A oo
R AR AR HEWTPE T (Leng et al. 2019,
Zhu et al. 2020) .

AHIEFETE R ) T ME P o S MR IR B R
B ZXJAscF418 ] DNA 43 FFric, FEXTHTLHE
X 110 J& SNkl A SR B AT f 3EAT B HE s
IR, B RS CmEMEEE e,
WA 100%. 27 TARCiE A e, W]
A B0 o AR — P S E B,
H oI BA SR A R DNA K gE
RRA GEIFRFET B R T35 78 2 AR T
T i £ P 1) %5 08 Tk

PERR A0 A R A G SR BB A, R
S IR ) o044 R IS 320 % 4 2 AR e 1) 22 2 18
I B 2 b 2R R R O A/ e A A 5 T i 1) B 4
i /AGS T 4 B R B R4 L/ B4 PR ) 93 O
a3 AR A AN g O SRS 551 46 44 A8
o Cangp S Rk R IR . RS0/ INE A
EANES) , XREREN T EERE. A
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a
M DSHI1 DSH2 DSH3 DSH4 DSH5 DSH6 DSH7 DSH8 DSHO DSH10
2000 bp —
1 000 bp —
750 bp —
500 bp —
418 by
250 bp — M
100 bp —
b M DZ1 DZ2 DZ3 DZ4 DZ5 DZ6 DZ7 DZ8 DZ9 DZ10
2000 bp —
1 000 bp —
750 bp —
500 bp —
«— 418 bp
250 bp —
100 bp —
C M XB1 XB2 XB3 XB4
2000 bp —
1000 bp —
750 bp —
500
bp — — 418bp
250 bp —
100 bp —
d M XT1 XT2 XT3 XT4 XT5 XT6 XT7 XT8 XT9 XT10 XT11
2000 bp —
1000 bp —
750 bp —
500 bp — «— 418 bp
250 bp —
100 bp —
e M Bel Be2 Be3 Be4 BeS Be6 Be7 Be8 Be9 Bel0
5000 bp —
3 000 bp —
2000 bp —
1 000 bp —
750 bp —
500 bp — — 418 bp
250 bp —
100 bp —

B4 ShiiGatr A e s R

Fig. 4 Sex identification results of juvenile sturgeon samples

M 4 DNA 73 FHEhr#E (a~d: DL2000; e: DL5000) ; a DSHI ~DSHI0 M3k REEFEAS; b. DZI ~DZ10 MiA K x JifCid 458
T—AFEA; c. XB1 ~ XB4 APEHFRIEIFEA; d. XT1 ~ XT11 N/MEEFFEA; e Bel ~Bel0 Jy Bester #i3FEA
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 @ x Acipenser schrenckii &) individuals; c. XB1 ~ XB4: 4. baerii individuals; d. XT1 ~ XT11: A. ruthenus individuals; e.
Bel ~BelO0: Bester (H. huso @ * A. ruthenus &) individuals.

[A) e VR A R) 22 5 B 2, 9 >0 1l JR G R R T2 22 R A 2 SR S AR AR &
(Cynoglossus semilaevis) 1% 2 & TF U614 543 K SRR AR B 2o A, ORI 2 AR Bk
th, 6 AWE5ER (H2EsE 20060 ; fidflfe HAEE ERE. R rE 6 HER H I
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PARRIAS [F AR BEAR ) A ZA 2 450, B8 1
Wash GRS 2012) o AS[FESFEAF 1)1
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