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ABSTRACT

Aims:. Sturgeons are important economic fishes with high market value. However, with the overfishing and the habitat
destruction, the natural population of sturgeon have been declined worldwide. To address the challenges, all sturgeon
species has been included in the appendices of CITES in 1997, besides, all species in natural waters of China are also
included in the China’s protection catalogue under the Wildlife Protection Law. The identification of sturgeons still
faces some difficulties. There are many identification methods for sturgeons, but most of them are applicable
conditionally within range of species, respectively. This study aims to integrate available methods to meet more
identification requirement in judicial authentication, wildlife supervision and germplasm resource management.
Methods: This study analyzed the identification methods and search the trade situation of sturgeons from the CITES
database. Based on this, an integrated identification method which include mtDNA genetic analysis, Single Nucleotide
Polymorphism (SNP) analysis and microsatellite DNA was established and analyzed to evaluate the effectiveness in
identifying the 11 kinds of commercial sturgeon species and their hybrids.

Results: A total of 36 kinds of aquaculture sturgeons can be found from the CITES sturgeon trade database, including
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14 hybrids and 22 purebred species. Although there are many methods to identify sturgeon species, molecular biological
methods are proved to be effective identification methods. By integrating three identification methods above, blind
detection is applicable to identify 11 purebred sturgeons and their hybrid sturgeons referring to the current international
trade. Among them, two kinds of hybrid sturgeons can be accurately identified: (1) The hybrid sturgeons with parents
from Acipenser ruthenus, Huso dauricus, A. schrenckii, Huso huso, A. stellatus or A. transmontanus. (2) The hybrid
sturgeons whose female parent is A. ruthenus and male parent is A. naccarii or A. fulvescens or A. sinensis. Besides, the
purebred H. dauricus, A. transmontanus, A. fulvescens and A. sinensis can be identified only under the current trade
background. However, the hybrid sturgeons with parents from A. baerii or A. gueldenstaedti still cannot be accurately
identified. Meanwhile, it is difficult to distinguish some purebred sturgeons among several of their hybrid sturgeons (A.
baerii or A. gueldenstaedti as male parent).

Conclusion & suggestion: The identifiable sturgeon species are still limited based on the literature, the integration of
the method above could satisfy the needs of sturgeon identification in some scenarios and is important for sturgeon
conservation, trade product detection and germplasm resources management. Since many species still lack available
markers for identification, developing new specific markers and further verifying the scope of existing specific markers
should be encouraged with the international cooperation for the diverse sturgeon materials, especially for A. baerii and
A. gueldenstaedti as parents of many hybrid sturgeons.

Key words sturgeon; species identification; SNP; mtDNA; microsatellite DNA; sturgeon conservation; germplasm
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range of primers

E1l HuIEASNPIIYAIEENESEaMAETEE. GUE: #
THitS, BAE: F{AFIEES; STE: INXE3, NAC: HKES,
RUT: /MK83; SCH: MEFK#S; HUS: RUMEE; DAU: XK
88 TRA: 5 &E; FUL: EK&; SIN: 4Es3: PER: EEF
83,

Fig. 1 Range of sturgeon species identified using known SNP
primers. GUE, A. gueldenstaedtii; BAE, A. baerii; STE, A.
stellatus; NAC, A. naccarii; RUT, A. ruthenus, SCH, A.
schrenckii; HUS, Huso huso, DAU, H. dauricus; TRA, A
transmontanus; FUL, A. fulvescens; SIN, A. sinensis; PER, A.
persicus.
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Fig. 2 Combination of methods in sturgeon identification and the application scenarios. f and m can be the same species, the primer
ST, T, H, SI, F, N, and SD can be used out of order; Please refer to Fig. 1 for the full names of species abbreviation in the figure.

20224 | 304 | 6§ | 22034 | 47T



AR 098 T 5 E T E R B S N

RGBT T B AL IR R, BN IR E NS
Kimuar-2-Parameter, 7% 7> ¥ B 18 & H 1,000 &
bootstrap B & Al . DLISE AL 2R B A 2R Gk A A &5 SR
L [E A E BEATNE .

21 BREHBETHAFR

AT 5 I 36k T, Hoh e 6 145
AL BT SE ARILI e OFh i 1 (LR T FROMpfig £1) (1]
1), WP T, TR, (NJeld. g9IKET.
ANARET it PGS RRPNES L IR B A = AT . PEAA
I 83 A% 2 B A 5 i B 5 LIRS AR, 3k
A 8P Je L B s AW AR (R D . BT
CITESHUH FE A bR A2 58 B SR AR R MEE P, A SCBR
LT REAFLE IE AT RIS A PR A8 A8 267
22 BEFENEESH

A IEIE A mtDNAHE 73 #1(%: T COl.. Cytb
FID-Loop 7 51) Lb X Al ist A4 #5255 40 H) « SNP 44T 1
P EDNAS T, B ERELE 1L Fhalifhg fa K 3 IE
SR8 AT RE PR AR B A A BT (R 1210 R T N 3 AT E
o, URIE RS B AT 5 T A i, A
T AR AT RE B 8 Aesc B3 Fh e FET7 i
R, X DNAEHE 73 41 5 mtDNAJE % 43 #7 6 5
JEIT o [FIRS, AT E ARG DN A 7B 45 SR Bl
mtDNA 1% 73 BT 45 B 56 iHEAb 1 48 e, BT b

¢xHENEE EEH NN

cellill H HEHEEEN
RUT | |

DAU | [ | |
SCH HE HN
aus [l HE N |

NAC ] | H N
FUL | HER
STE [ | B [ |
SIN || HEE
TRA | | |

TRA STE NAC SCH RUT BAEQ

SIN FUL HUS DAU GUE

bR B A

ST 3T R A R (B R AR
), 76121509 i rp (13), JEATHER % 2 60 M2 K
B, MPRAR TS . — R A R
{170 49 B 0 L) 4 A B HE38F), 2
S 14 K5 PR 2 5 0 T 69 1 B 26
5O fi h L AR A A, R REA Ry A
69, B EHTUONRET, A IMAST I SBT3
B, H AR (I A ) . £EBLAT 14T 2
Bep, AMAST x DOMBL. BEEET < BRUHEE. A
B o< MERE. NE x IEREL. WOME x B
B9, WOMEE x (BT LR 3269 0 IE R A S
BT S RS Fh AR A BTN A B A A
E 59 S B 9, T e 5 — 0 PR T Tk
WA ).

o TR 1 S, 4R KR 5 T A
SRR T S0 A A A, T e A 5
YUK b 0 AT AR . o,
AURPIOIA GBS . BT, B TR R R T T
ST TR S AR AN T 6T
AV WM. PRRER. B SR R 6,
[R5 X 5 5 15 7 69 B0 36 g
SRR, HIEER S TS5 Rk
PR QAR IR, FE BRI RTAR R, T
S MDNAE 65017 % 5 SRR K (D).

B o PR LR MR

Identifiable species that not exist in trade
B SRR LT SR AR

Identifiable species that probably exist* in trade
w RS TA ARk

Identifiable species in trade

m T B R
Unidentifiable species that not exist in trade

5 T BE R TR K R
Unidentifiable species that probably exist in trade

B AZHEHTELE RS

Unidentifiable species in trade
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Fig. 3 Identifiability of sturgeons with parents from the 11 species. Probably exist” means that only the parent species of this hybrid
is recorded in the CITES trade database, but the male parent and female parent are not marked, so it is uncertain if this hybrid is
existing in actual trade. Please refer to Fig. 1 for the full names of species abbreviation in the figure.
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Table 1  Species and identification feasibility of sturgeons in trade

e EAE UETETAT IS A1

Species Latin name Identification Comment

feasibility

PEAEFIIE 63 (BAE) Acipenser baerii N B Z AT T % 2 2L R FRiE. Lack of markers for species identification

PEERIEET < % 6T Acipenser baerii N Bz o] T MRS E M A ] F5id Lack of markers for species

(BAE x GUE) x Acipenser gueldenstaedtii identification

PEAFIEST x 49067 Acipenser baerii N IESRZRZEFPIA T S5, H5 5 92Fr ANACQ x BAEJ Reciprocal

(BAE x NAC) x Acipenser naccarii hybrlds cannot be identified, but in trade it is NACQ x BAEZ

PEAFIEST ~ JEIRE]  Acipenser baerii N JRAAEFHI AT 45 5E Reciprocal hybrids cannot be identified

(BAE x SCH) x Acipenser schrenckii

PEAARE 6T x /MAtT  Acipenser baerii N JR FAZ TR AT 4 5E  Reciprocal hybrids cannot be identified

(BAE x RUT) x Acipenser ruthenus

% Wi43(GUE) Acipenser gueldenstaeditii N Gz W TR R4 3 B AR 2 Lack of markers for species
identification

P Hitd x FE{AF|IEE] Acipenser gueldenstaedtii - N Bz AR T OFP 2R & 19 2L B R ik Lack of markers for species

(GUE x BAE) x Acipenser baerii identification

P T < [REET Acipenser gueldenstaedtii N 1E R A A ANAT 4558 Reciprocal hybrids cannot be identified

(GUE x STE) x Acipenser stellatus

P IAF(NAC) Acipenser naccarii N TEX 4 NACHINAC x BAE. NAC x GUE NAC, NAC x BAE and NAC
x GUE could not be distinguished

PRI x P Acipenser naccarii N AR AT % Reciprocal hybrids cannot be identified

(NAC x GUE) x Acipenser gueldenstaedtii

/MEEFRUT) Acipenser ruthenus N TeiEX 4 RUTHIRUT x BAE
RUT and RUT x BAE could not be distinguished

AMASF xR Acipenser ruthenus Y BRI 258, (HER 5 5B NHUSQ x RUTS Both positive and

(RUT x HUS) x Huso huso negative hybrids could be identified, but in trade it is HUSQ x RUTJ'

it [ A3 (SCH) Acipenser schrenckii N JCi% X 4y SCHAMISCH x BAE SCH and SCH x BAE could not be
distinguished

[NSEEF(STE) Acipenser stellatus N J 3% X 4> STEMISTE x GUE STE and STE x GUE could not be
distinguished

14 13 (TRA) Acipenser transmontanus Y R 5 %A TRA x BAE. TRA x GUE, {HJGH:X 2) TRA S Pl 452
fﬁ%, O(Tﬁ:buﬁ?i Syt HE HNSERFITRA TRA, TRA x BAE and TRA
x GUE could not be distinguished although the two hybrids did not exist in
trade, so TRA only be considered pure under the current trade conditions

EE T x BRHs Acipenser transmontanus Y IERAAE T 4558 Reciprocal hybrids could be identified

(TRA x HUS) x Huso huso

£ G2 (DAU) Huso dauricus Y AT 5 %4 DAU x BAE. DAU x GUE, {HGVEX 2 DAU 5 Wi ffi 4%
A6, ATEBLE B 5 B 00T #E HON4ERDAU DAU, DAU x BAE and
DAU x GUE could not be distinguished although the two hybrids did not
exist in trade, so DAU only be considered pure under the current trade
conditions

TR IGHE X it K BT Huso dauricus Y BRI E, HR 53R ADAUQ x SCHE Reciprocal hybrids

(DAU x SCH) x Acipenser schrenckii could be identified, but in trade it is DAUQ x SCHE

KR8 (HUS) Huso huso N Je %X 4 HUSFIHUS x BAE HUS and HUS x BAE could not be

distinguished

BRHHEE x4 [T Huso huso Y JRAAZFPIE A4S 7€ Reciprocal hybrids could be identified

(HUS x NAC) x Acipenser naccarii

Mg x FE{EFEEF  Huso huso N ERZAFIA T4 5 Reciprocal hybrids can not be identified

(HUS x BAE) x Acipenser baerii

BB x jita 6T Huso huso Y IER ARG %58 Reciprocal hybrids could be identified

(HUS x SCH) x Acioenser schrenckii

WP < [N G6EF Huso huso Y IE AR %578 Reciprocal hybrids could be identified

(HUS x STE) x Acipenser stellatus
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BT i

Identification Comment

31 (45) Table1 (continued)
e h T4
Species Latin name

feasibility
& [KEF(FUL) Acipenser fulvescens Y
GG (STN) Acipenser sinensis Y
RMEFOXY) Acipenser oxyrhynchus Y
443 (PLA) Scaphirhynchus platorynchus Y
B3 (SPA) Polyodon spathula Y
%163 (BRE) Acipenser brevirostrum Y
I Wi 63 (PER) Acipenser persicus Y
H i (MED) Acipenser medirostris Y
KPEEEAF(STU) Acipenser sturio Y
MAEEI(NUD) Acipenser nudiventris Y
H 4" #3(ALB) Scaphirhynchus albus Y
KPP (MIK) Acipenser mikadoi Y

i 4] KA i3 (KAU) — Pseudoscaphirhynchus kaufmanni Y

RAE S 5 EAFUL x BAE. FUL x GUE. FUL x RUT, fHIE/EX 4>
FULS = 45283, (XRIEBLE 5 5 1500 T #) e HOM AR FUL FUL,
FUL x BAE, FUL x GUE and FUL x RUT could not be distinguished
although the three hybrids did not exist in trade, so FUL only be
considered pure under the current trade conditions

RAE A G B4 SIN x BAE. SIN x GUE. SIN x RUT, {HIEIEX 5
SIN 5 =Fh 223, (LA E I 5 5 17 0L 1 58 HON4i A SIN SIN,
SIN x BAE, SIN x GUE and SIN x RUT could not be distinguished
although the three hybrids did not exist in trade, so SIN only be
considered pure under the current trade conditions

5 GRS, A @I I S R S S 11 AR
1 PERBAEMGUEZ A RIFR IR A8 7= AR R A2 8 AN AT FE B 52 5 1
LR H e H 4R These species have not produced hybrid sturgeon at
present, and the existing primers can only judge whether these species
produce hybrid sturgeon with other species except BAE and GUE
among the 11 sturgeon species. So these species can only be considered
pure under current trade conditions

¢ RGN T A AR TR R 5 H KRR, (HCTTESHT 57 58 th 2 s AR AR e . © S5 rIATHEIREE I B 5 1, R A121

Tl £ Py A 28 HH AP R, Y (BE), N (ANRE).

* Sturgeons in the table include all trade purposes and sources, but there is no male or female for parents of hybrid sturgeons in CITES trade data. ®
Identification feasibility refers to whether certain sturgeon can be accurately identified from 121 species of sturgeon under current trade background,

Y (Yes), N (No).

31 ¥EFHE

R H AT CA 2 PS8 75 vE R T 63 f R ok
U5, HE— VRS R AR R E PR B B S T
X o455, ToVET 2 AR E B 5 R S E 7R
Ko I AL RAADNARAL > M. SNPAS BT AT
TEDNAGHT, K& TS e BA ST BE
YETR G AT, TR —NROK 4 e Yo B DU 2
WS TR HEA TR R R FOAZ S IR (1) )
3 90 55 T8 BEASFA A AP, 3 T v A 45 o R R
XK. AR TRA AT SR, RE
CITESHUHE 2 AR briE s A MEHEPE, (R IE R 4258
ST Y47 AT Al A

HEG 7RO AE I 5 E TE AR R I 6 A0 AR 2 A
i DA S SR AU T ML P £ 1) A2 6, 3 B A
AN G % e . X T 4RI E IR

U508 B R TG R AR 2R A4 Jik DR RN A% 5 8] )25 TH A 805
A VG AR 6T AR B W 6T . FEAZDNAIRAE 73 M,
VAR R BN 2P i B S G B AR JE E
Sy E, WATLESS A T R It E )&
BarmintsevaflMugue (2013)F]H 54N 247 5%
PRI GT | A2 W3 55 10Fp 6 1, 45 53R B4k
% W R 5 6 58 42 X 43 o AEmtDNASAE 73 47
H, Doukakis?5(2012)3% T D-Loop. CytbFICOI 37}
H 1 55 R 3R AT 15 51 LUK R0 T8 A R S 2 B B 0V 4
AR W Ed . VAR AR S, 2 f5 2 Bt
15 H AH L 45 R (Ludwig et al, 2015; Johnson &
Iyengar, 2015; FE{AAMEE, 2021). [k, ABE 7
TP B vE AR R Y 63 5 R 2 3 63 ) 2% 58 3 AN AT
HE e

XF AR A A BT AP T f, T A
R R 5 b id, B 5 T7 12 DAmtDNA A% 7y
MrfAT PR 8 0E . SR, 5 /K I 047 63 (Pseudo-
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scaphirhynuhus fedtschenkoi) % ¢ £k ¥i {4 2 % 7 51,
Toid % e . K PEET (Acipenser mikadoi). B B2
I 4" i (Scaphirhynchus suttkusi) . F 3 (Psephurus
gladius) F141. %™ 5 J& (Pseudoscaphirhynchus) & 75 COI
K ZE P4, N LAD-Loopal Cytby H 1% K 47
32 AR
3.2.1 PRI EIE

it 11 ) o DR 4 A LA SRS AL HE A 2 5 5 R
Wb fERE, ekl KILE(A. dabryanus).
P RIS PQEE (X PR BT AP FR ) N [ K — OR3P 30,
FE{ARIE 6T . #RAZEF(A. nudiventris). /MAET . Jifi [X
i (1) 7 AR A B K R ARA BN o AR ORIV,
AV AR AR F o B A sh W 2= 52 B0 AL T,
7 B Artd N TFREMBECR I LT, S E
RIRFRE, TR A EBIEAT N B R E L

HAehd | KL EFAN B 6334 P Fh B PR3 o] B 3
WKHEMPR S E S5 R, RIWIRAERE A G i 6
PR HR Ve 51, J0AT RLIA € Hoib o v ) H [
F— WA T FES A0 AR 157 5 A
HARET S A5 T, R B A LK A ik R R R A
R4 26 7 41, 35 rh R RH I 51 AR AL RS B =,
P b A 52 il 87 9 8 4R 43 (http://www.moj.gov.cn/
pub/stbgw/fzgz/tzgzgeflfwx/fzgzgefltw/202106/t2021
0604_426693.html). 52 A0, @R 599
W% E R AT R R A ORI = . AT
VR TTHER 25 58 h AR KL RT R AR IR AR A 6 TR
TSR T R FAR A BEAC ] B 7 A 1 AR A0 6,
B 2 AR AL A B ToiE R A (B T 2R 452 ) o
X AN R B SRR )P, 5 7R ] AR 45
K PR, oV S8 /MRS L AR R I 6 R i G A,
WA OR S TAEAT 75 2 T Fh 2R 4 8 AT RV 537 -

TEKA BT AR S A 458 B T AR b, S BE T
e BN 2 —, IR IR | i QAT AT g e
P H AT TE SO ) B AR KW OKAEA
VISEBETSORE B E ), T EOR R SEAR .
P KA AR 2 S AR, B R S22 2 A H B )
JRFhE Ao AR IO, J858Fh, B[
b DA S FAB AR5 A 3R (1) 7K AR AR W ot A7 3
TR, B3 EAFAE 2 Pl A, #E5 TR LR
PR A7 B0 8 45 8 K i 2 P el AR 2liM, Dyt £ B

AR BRI R SR A A B SHE
322 BRHFmFnain

WL T8 At A K 6 N T 97 5 A
B, BN TLIRGEET o= A ¥ i T 2 —
KE(ELR A, 2020). PHARFDEEFFI A2 63 (FE1H
FINEAT < it R A g 3 L e ot 63 8 11%) 2 BEFRAE AR,
Ferp VAR 63 9 BEA ) Z S BIRRON TE A, ]RZ
RMAe . BFRTT (RIREEQ x RT3 23R E
I H L 1 AR 77 M 2K (http://www.capp-ma.org.
cn/view.php? 1d=3245),

AREE G TR HER S B 1S, HIovkiE
Tl 458 VU ATt % (B VO M e 22 T 2% R
TtiA). FESEBRA A, P HA AL S,
MATEE A ) TSR P ZR . AR TR EE i £
i e B HAh e e i, g IRET < PRI ST 7
ARNEET > FRE G BOHES < PEAR RSP 63 A0 44
[REF = MRE WGk S e . BEIT7kmn] st
FEAh A 1 T7 Ot #2177 i P 5 S A gk AT A BL AR
WA By e s B IERYE, XFCITESA LB L 2K
B,
323 /dlERE

REZ G EMEHR MR EZEK L —, [
Bt 2 2 Fhiig fa i 51 3k . 3R B AR K 3k A7 )
P N E KR BN, (AP RINE ST | it (G
B Wit MRS, A REEFIREM) 3 SN (A
T2 EEKE SRR , 7 LLETER]
o e B R, V)b % E vl B Ak sl
XFFRIAEE T B, 4R S IR N A SR A S
(RIHERATE, J50/D BB S 0 BT A E AR PR EE RIS .

YoRh s e xR ORg . BG5S 5 77 Al
AR 5T B R BB R . AR A LA
30 5558 Tk, L S JIA ok R i
B E R, EARTENES RS ENE
BV T MR R 3 23 N T 5% B 0 A 2 R R Sk AT
B LI A B A A RS . gt — P e f bk
BRITERR, 2

(D)F & 8 ALRIR S 751 BRI 09
TeERLARIE R 225 7 A T Je ik 45 s HM e, #r
it 225 Fy A A vl e S B0 e A5 R IR . P E
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FINE G A1) 43 (A oxyrhynchus)7E [ SRR 7S T 77E7E
WAh(FR4H1E, 2007; Ludwig et al, 2021), #R1G7EF!
U EHEFA, MR R R A 15 B S vl i e
HSE I AKX WA . WHEZRFS ERS
AFTE 22 5 DA B ik sl 272 2 75 5 M G 41 ) I 6 A 2
WIS E MR AT AT, R TEFP IS eI R 2
W EHRIC A i — DA

(2)FF A v] FH T 45 5 A1 1) I 6 A0 R 20 1T 6 1
BAEERIRID . PEAR AV AN 2 i 2 B2 2 vh K
ANEBYIF, DA A8 — R RS 2 A
Ko BRET, AR R BT 0 S 0 R PR T
JUA RS ) (R A5, 20147, Rt BE4% 2018). H
T I 734 Gl B i T A R I 63 R0 4 2 69 5 e 1 69
CEAVS R PiAa R 63 54k 2 it X 70, S8 2
Tl A S G TVEUERf 45 58 - NIL, PR AT e fh i £
A% FE PR bR i 2 H A F S 5 e ik A0 A
i T2 DNA 5 B RMISNP 43 #T 75 fiF 1 Fp 2R Y se i
IR KM K 2 J1{E SNP 3 HT 7 [F P B FH />, ml 25
HERILFI R AR

BEAk, B FE A BIANT R R Db R 4 7= AE B T %
8 R S 5 Ty ik, e R e SR AL 1 SR
AFA . B B DNAN T 5k R e, Fi
U 58 5 4] F T 4 L N ZH DNA Ji 1% SNP A £ 5%
RN . 5 HATE TR BRI, %
B ARG AN 52 A [F 42 Fole ][] 0 355 ] B AR AL v
ToiF 4 R BR 1

QY KIA 51 E YAy R TE E, Tk
Hop b3 o m] B AR 4w AR R AR S . RERE 5
VAN G W) ) s W) P A SR IV L P 2 R 1 %
B, DA 7R B K T AE VR afi il i £ 2
FLIE R A58 AT RE 7= AR 1) A4 22 3 (121 ) ¥ Bl 9 SE B
B, REMEHE SRS h I 226, Ay
K51 s P Ay 1A DU AT DA R B 5 T
AE R, HEmy Ked e rieE. 519R
RAEHRAEAT . & REFFNGY REF A, F80T
BEACA I3 Fp i 11 L rp — b, SCA R /IMA T 1) 458
i TE v %, NI E 5] R AE 3 P i £ rb (97 384 2%
R M mEILEIAL LA 2 A E R, Hird
TERFITH KAz H brid.

© FEBL (2014) TS5 fh b o 86 58 S abtAle 22 FEVE MM WL 22
I3, AR, LR E.

(AENIRERT (G E, R EIRETTE H ) 5
Gy R s B e AT T R, Ok
CITESH3 1 [¥ b 57 5 $idhs, S4B A SLIT #4158 5y i
KB ET R, Aot wERGLEETIE H
RT3 7% B A 2 S i R IT A T T T A e
SE ML BRIARIE,  HL AR A R g RE e i T i
SREUE T RL . g E A S8 T8 TR AR I 4 2 /7
RMAWANE5EHE -

Bist: RSt B 1 BRI 63 B R FA A TR 5]
ARgF . FERKFHFHRRE LSRR AT
b B EEABALN T By 3 R A A TR
A HFXINALRMT MBI EREFENINT HHERL
4T e Bl
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