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T 119 A~ 5 9 D-Loop X #EATI 7, i FIVRIFH Lbxt, #98 NI gEfbis . TR pR ml s fa BE B, DL Hrd 30
BRI, EZERA)ZE, FIA 15 XM TLE LY 1 3 #F DNA, ikl R R rEFrid Ls19 F1 SX226, Ls19
TENE FCHF P 38 RR 57 257 126 bp. 130 bp, FEFHIAFLEEFh P 1 R 57 4577 139 bp. 143 bp, FERKEE PP 1
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Feih, BPHARI G 17 2, iERE 1 B, AR 1 R, AR R 2 F, i [Cixak [Rig 1 2, i FC i pu ]
Wi 8 . 45 HFEW, FESEM TR Ls19 A1 SX226 0] LI I Tl FC i . PEH A6 | 3k PG5 4 4l fl K 4= 58 Fh
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Y, (HR T R AR C AT 5 B
B ARAHIE], 40 Chassaing PR M EARICTEA
[A] o 2 g v S A7 3 ) e B 1 R/ INE DR X 43, HE
TF5% 2 B K P VP4 (Aci pense sturi o) {37 JEPR H-Bok
/INMERIA 161~173 bp, 2:M)(Acipense oxyrhynchus)
N 125~149 bp; 1E RO 1k B 7 A7 A1 7 5
e Z R I T, RIS TR 51 W2 1 RE AR
H AR A PR R X M R e R U R B
i, AT T AL 519 HLISX226 HLISX329 .,
HLJSX332, HLJSX350, HLJSX351 7Ejifi [CH . ik
P 5 R L 2 = o vy A R R S P 2y, B LR T
X%, SRR T Y AF346686 1F [ RELL S
fie 1 S PN £ e S 38 255 R/ NI TR ik A 7
Oy T UE IR 4 TS E B R e
BETE 4 AT SESREE i 2 o AL R SR AR R T
W E s AE T AU ) Bl S e E ST R,
LA 3T, FFNH Structure F 4
TR T, MRS ERCE IR 100%.

A SCHE 58 X6 52 A v I B 3R A G RS, i
R VEAARIE A | ok (AR S LA Fh il a2k
KifR D-Loop J7 41 i i [ A5 53 1) Wy = 58 3 () B A%
FhBORIR, 0 it FQ & . PO P A1) S 65 R0 55 16 1Y)
MCLREY Y, FHARIE R AR T A,
HR i e S 1 2% i 4 Dy 2 A8 8 1) SR AR SR T A i — 25
Y M ACAR KRR . LI it QA . PE AR ARSI 3
I DM S JH: 2 8 ol 1) v Jo 24 i HE B = 1 o 11
s
1 #wRlEA®

1.1 SEH#

2017 4F 11 A TSN K™= 053 i K i3 44
FREH M, SRR VIR AN B E 0 30 2 | T
B3R 30 BB . iRIREEE M 29 B | 425G fa (R
Fhi2%) 30 R EEEFEAS . F RS A [ e TJoK
CBEH, 4 CLAfFAE .

1.2 D-Loop £ 5 5 g4 18 5K Ul =

BIHZY 50 mg 088 SAFEAR, AT 24
K, RPN 4H DNAGHY) X7 & (-
WA T A TAR AN A BR A /)T DNA $2 K,
DNA 15t 5 ¥ B2 FH B BE Wi EE I HL UK Fl NanoDrop

lite (Thermo Scientific) 53 M BT TINRE o
D-Loop X J¥ 5 0y ¢ 4 51 % ™ 3« tpro-FI:
5'-AACTCCCAAAGCTAAGATTC-3'; tphe-R2: 5'-
ATCCTTTAGTTAAGCTACGC-3',

PCR S EWAFA K 50 pL, b #ik DNA
100 ng, High-Fidelity Master Mix (MCLAB) 25 puL,
RS0 pmol/L)4S 2 pL, #h 78 Jo I AL K
% 50 uL . PCR 4 B4FLF A 98 CHIAEE: 2 min; 98 °C
PE 10 s, 54 CiRK 15 s, 72 CHEMH 15 s, 374
30 MEA; e 72 CHEMH 1 min, PCR §7 3474
28 1%ZE B BEEE R i UK I I, 6B Dt
HA R A HEA T .
1.3 MIEyiE5HR

MSCHR TR PR T TR T [ T aA I8 | i G
it DL S VY AR R i 1) b BT 25 0, 2840 S AR B0 IE,
DA EY 3G A BT T AT 15 X (GR 1),
AT LR TAEY TRA R A SOE5 1, Hrp
BT )_EHES 0 5'0 R ROX #7586
FRid, PCR ¥ 38/=Wik g T A9 TR /) it
1T STR 43 BUAG I

PCR JZ i B AR BN 50 uL, Hop: BiAR
DNA100 ng, High-Fidelity Master Mix (MCLAB)
25 uL, ETF#ETIPI(10 pmol/L)4 2 pL, #hFETCH
WEE/KZE 50 pL PCR Y EFEFA: 98 CHIZE: 2 min;
98 CAEME 10s, Bk 15 s GRAIRELFE 1), 72 C
FEf15s, §7HG 30 MEFR; )5 72 CHEH 1 min,
1.4 HESITEDF

MEGA 6.0 #AFHXT £ i éd D-Loop 751,
T W Kimuar-2-Parameter I 5, % H
neighbor joining (NDAJEIEIRET . PUAFITES ., 5
QB S A F i RS AR, A5 B R 1000 1K
H RS . TR B . PRI | 3k PG
FIEREAS Ay il LG A Y 2 52 65 | REAS S PG 411 ) I 65 7
FAc Y BEA R IR R 6 A TR ] 9 35 A5 1 5
2 BERESH
2.1 EF D-Loop FHIMIEMEERE S RSHK

WL PCR WY, A T i R8T IR TR |

PEAA R W85 F Ze sz 4t 119 ASMAER) D-Loop J#
5, Jit R D-Loop J¥%] A+T Fil G+C & &4)
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Tab.1 Information of microsatellite primers
5191 SIIFAN-3) e | i SRS e ik
locus primer sequence annealing IR locus primer sequence annealing R
temperature reference temperature reference

SX22  F: CAGCCAACACACACACACAG 55.8 [16] SX351 F: CCTCGCCCTGTTACAGTCAT 58 [17]
R: CATGCGCTACAGACTCCAAA R: CCACACAGTTCACACTCTCAGAC

SX23  F: TCAGCTGGCTGGATTTCTCT 59 [16] SX350 F: AGTGAGCGAGGAAGCAAAAA 55 [17]
R: GGAGCTCCAACACATCCCTA R: TGCCTGACTTATGGGAAACC

SX37  F: TAGGAATCGCATCAGCAGTG 48 [16] Spl106 F: CACGTGGATGCGAGAAATAC 56 [18]
R: GTAAAAACCGCGAGTTCACA R: GGGGAGAAAACTGGGGTAAA

SX41  F: GCGCCACACACTCAACTCT 55 [16] | Ls19 F:CATCTTAGCCGTCTGTGGTAC 55 [19]
R: GCGTCCCAATAGACCACATT R: CAGGTCCCTAATACAATGGC

SX48  F: CTAAGCAAGCCTCTCGCTGT 49 [16] | LS54 F:CTCTAGTCTTTGTTGATTACAG 55 [19]
R: GTTTTCCCAGTCACGACGTT R: CAAAGGACTTGAAACTAGG

SX226 F: GGGGCTATCTGCTCCCATTA 56 [17] | Ls68 F: TTATTGCATGGTGTAGCTAAAC 56 [19]
R: AGGCAGTTCACCCAGAAGTC R: AGCCCAACACAGACAATATC

SX329  F: ACTGCTTGTGTGCCACTGTC 54 [17] | As100 F: GGGAGAAAACTGGGGTAAA 56 [20]
R: GGGAAACAGCTTCATTGGAA R: CCAAAAGAAGAATGGTAGACGG

SX332  F: GGAAAATTAGCGTCCAATGC 56 [17]

R: AGGCCTTCTCCTCTTGAAGC

HR 61.8% . 38.2%; PHAAFIEEF ) D-Loop J¥5
A+T Fl G+C &I HN 64.3% . 35.7%; ik G
i) D-Loop 41 A+T Hl G+C &&= 51°M 62.59% .
37.41%, #4288 D-Loop J¥ 47 Genbank H?
BEATHIRIE X, Hidh, 17 R ZRAcE 5 A A
#31 D-Loop #%1(Genbank % 55 : FI843094)H
I 99%, 10 Fé42sc T 5ifi [G i D-Loop J¥5)
(Genbank &35 5: FI843098. ) FHMIIE N 99%, 3 &
Z A 53K R D-Loop J¥%1)(Genbank % 5% 5
FI843095. )M LI K 99%.

Pt FC BT . VEAARI B |k [ R F A i 3t
119 A~/ 1) D-Loop J7# #E47 L X430 Hr, #47%E NJ
REM (1), Horp 54l s R — 2 2258
B 10 &, 5 2R Pa AR R 65 58 S — 2 i s i
H 17 B, Faifhik R Ry —A i e sc i 3
J&. 5 GenBank H b X485 B —2,

FTF D-Loop 551, ¥4l i it FCH3(S) LIk (R
BEL(D) . PEAAFIEF(XDb), LR EEA S35 it R
(Z-Sch) . ik (K (Z-Dau) . VG101 F] V£ (Z-Baerii)
(232 B 3L 6 ASFEAAHEAT R A [H) 388 1% BE 25 i 1T
(3 2). ZL 35 BEAS 5 00k 1 2 o 465 1) i 2 B 5 e

VT, ik ECEE 5 P40 R AT i FG A Y 8 A% I
B
2.2 STR 4y E4E

TE 15 X DAY, Ls19 F1 SX226 7£ 3 fif
fifrp 3 AR S AT, PTIX g 3 R Ls19 1E
Jit [CEFREAR e 1 4 NSRRI, FRm %
47k 126 bp M1 130 bp, Jifi [REFEA Z /D54 Hirp
1 ZHESME AT, Ls19 R VAR S vp 3L 3
R S AL, RSSO 139 bp 143 bp,
PEAR R W B AS 25 /0 5 Hop — JRbe S 1 2
Ls19 7Eik [CEERE AR LY 10 10 2 AN L, HE
SEPEZE N 124 bp. 127 bp, ik [REEREA /DS
Horp— e 4. BIRER R 3. B 2,

SX226 et [CEFHE A ALy 1 5 A4S 47 5
K, BRSP4 185 bp, &S FEAY & A A5
PR, SX226 TEPUIARMIEGIRFA ALy 1 8
ANEEAEEN, RS 260 bp ., 273 bp., 283 bp,
FHEAR D E A b — SRR R, SX226 1
INCE R AR LY I 3 AN, B
17k 180 bp . 182 bp, AR /D& Hh— 454
SRS, BARME B LEE 3 FE 2,
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K1 RES(S) . IKIREL(D). PEAAFIIESG(Xb) . 225883 (Z)H T D-Loop [T 411 NJ R GEM
Fig. 1 NI phylogenetic tree of Acipenser schrenckii (S), Acipenser baerii (Xb), Huso dauricus
(D) and hybrids (Z) reconstructed based on D-Loop sequence

*2 KL, BAREMITILE. ARESHRTMEET D-Loop FIIREEGER

Tab.2 Genetic distance based on D-Loop sequence in purebred and hybrid sturgeons

T2 species it FG#5 Acipenser schrenckii PU {1 #1343 Acipenser baerii  iA# Huso dauricus ~ Z-Sch  Z-Baerii  Z-Dau
Jifi 53 Acipenser schrenckii - - - - - -
PYAA RIS 5 Acipenser baerii 0.205 - - - - -
5 G5 Huso dauricus 5.698 6.053 - - - -
Z-Sch 0.003 0.205 5.725 - - -
Z-Baerii 0.205 0.000 6.053 0.205 - -
Z-Dau 5.698 6.053 0.001 5.725 6.052 -

1 Z-Baerii AR TR R WA A9 24 22 63, Z-Dau ABREA R IK TR 4238 835 Z-Sch HEAS 2 it PG 67 1) 42 58 6.
Note: Z-Baerii indicates the hybrids whose female parent was Siberian sturgeon; Z-Dau indicates the hybrids whose female parent was
Kaluga; Z-Sch indicates the hybrids whose female parent was Amur sturgeon.

*3 IMBE2NMUIERIMS EFHERT
Tab. 3 Specific amplified product information of 2 specific microsatellite loci in three species of sturgeons

PE1AH) .53 Acipenser baerii A G #8 Huso dauricus

Jifi F#5 Acipenser schrenckii

R

specificloci T ELKIE/bp BREAMbp BRI RREAHbp BRI FFE&Hbp
size range specific band size range specific band size range specific band

Ls19 121-130 126 139 124

133-150 124-127

130 143 127

S$X226 147-209 185 243-283 260 180-186 180

273 182

283
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2 2

Z 63000} A g B & C

2 56000 £28000F £ 64000

g 29000 £24000+ 139 bp € 56000 127 bp

= 126 bp 3 2 48000

8 42000 £20000F 143bp  § 40000

£ 35000 216000F 2 i

= 28000 § 12000} g 320001 124 bp

21000 € oot & 24000 |

& 14000 130 bp i 116000 [ |
#7000 1 & 4000 = 8000

% 0 L L L .;R ok L s J " S ok |

® 90 110 130 150 & 90 110 130 15 ® 80 100 120 140

Y1 i Bt K /]Mbp amplified fragment size Y1 i Bt KX/]Mbp amplified fragment size Y1 i Bt K /JMbp amplified fragment size

2

§ 400007 p 2 ool E 2 F

£ 35000 £ 5200 § 18000 180 bp

. L g i 2 -8

= 30000 185 bp = 2400} 0ty L 273bp 515000 182 bp

25000 [ $ 2000 P 8 12000 |

£ 20000 £ 1600 g 9000

& 15000 = 1200 £ ool
10000 i 800} =
B s000f 400} 28350 = 3000f
%3 0 | m I | -ER 0 bt dodith A J -ﬁﬂ 0 1 J 1 1
® 140 180 220 260 ¥ 180 220 260 300 140 180 220 260

P18 By K /Mbp amplified fragment size
&l 2

14 K By K/|Mbp amplified fragment size

RN Ls19, SX226 7E 3 FEAMA T i 4E 5tk 46

1% By K/Mbp amplified fragment size

A Tl F IS RAENL Ls19 b SEALSE R UK B: VYRR ALERL 1L Ls19 b f) 25 (37 R R e 14
C: IR REEAMATE Ls19 AR SR R]; D: il B3 ATE LR SX226 1 HYSF A7 FE I ] E: 447 1) I 454>
TRTEAL AL SX226 F A FE R I A]; Fr 3k [REEAMATEAL i SX226 [ il A5 (07 B [ g ]
Fig. 2 The typical genotype of microsatellite loci Ls19, SX226 in Amur sturgeon, Siberian sturgeon and Kaluga
A: The typical genotyping of Ls19 from Amur sturgeon individual; B: The typical genotyping of Ls19 from
Siberian sturgeon individual; C: The typical genotyping of Ls19 from Kaluga individual; D: The typical

genotyping of SX226 from Amur sturgeon individual; E: The typical genotyping of SX226 from Siberian
sturgeon individual; F: The typical genotyping of SX226 from Kaluga individual.

23 KRAMMESLHEE

Ls19 F1 SX226 5|¥4 1 30 24435 fd DNA,
STR Zr RUKGIN 45 SR UL 4, AR 4% 6 f 4 11F 457
X 30 R AR M T S, A PR R A
A AR B A+ N RS

3 Wig

ST LR RS N 2 B R B SE 5, SRAE AL |
ORI IR AT MR AR R, TR G I WA R
AR E Tk, BIREEE N H K, Hl T
HogE TRk e, AREIX PR ML, HA
RE S e s A A AR BB BRI, JEFRIER A
(2558 BORRA B, WSRO A T 2 A5,
BT A B AL S O S R R T e TARIE, B
AILRAE . BRI RLE RS A, 2
IKFERRGE I TR T2 SR R A AR e P B
ol It 25 5 3 531 DAL A e PR 2 R A 5 TR 2 A J=
TETFEE T, o2 2 1A R 5 G 00 24 5 o B AL R A SRR 114

A %07 o AR B TR TR A A I 1S
it IR QR SH e ss AR T 45, IR E
WWABI YA AT LIS E X 3 Fhi, a4k
Sz A4 i DX [R5 31 B R R G B A0 BT B T
PTG AR —2, #H%5 P H D-Loop
J¥51) 2 B PCR 7 %5 5 Hh AR HUEAE & 1 TR AR T,
E—F A Structure FRAFXTACATD FLiE T T 48
S o ANSCR FHERLR BRI FAZ L I AL bR iCAH 25 &
(772, BFSEHE T . PEAA R 6 . 5 FC B T
DEY GRS, IR I E & U
FE T 30 MNARFEESL A FEASKIR, IFARHE D-Loop J7
A1) ()35t % B B R SRR 0 BT A o A SRR it B S e
B ARCHFFEFRGIY Ls19 A1 SX226 Al LT
X riX 3 Fp - 5 2 4238 P, 7 30 BB AR AL T
FISEE T, F 29 MK, Ls19 K SX226 %5 H7%
AZER—F, IS5 D-Loop FIAKELER—F,; H
HANA Z12 1 D-Loop 48 78 45 2 Ry ik G, 7 11 A
1% Ls19 %@ 45 Nk G, T A 5|
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Tab. 4 Identification results of 30 individuals unknown sturgeons

Ls19 S$X226 D-Loop
R i 2 5
sample code 34 - B2 fop Y L 34 - B2 fop e S e 4 I
amplified fragment identified result amplified fragment identified result identified result
Z1 139 Baerii 260,263,283 Baerii Baerii
72 126,139,143 Sch Baerii 161,185,260,270 Sch Baerii Sch
Z3 124,126 Sch Dau 180,185 Sch Dau Sch
z4 124,126 Dau Sch 180,185 Dau Sch Dau
75 124,126 Dau Sch 180,185 Dau Sch Dau
76 139,143 Baerii 260,273,278 Baerii Baerii
77 139 Baerii 256,265,273 Baerii Baerii
78 126 Sch 179,181,185,269 Sch Sch
79 126,139 Sch Baerii 185,256,273 Sch Baerii Sch
Z10 139,143 Baerii 260,273,283 Baerii Baerii
Z11 135,139,143 Baerii 265,273,283 Baerii Baerii
Z12 120,124 Dau 179,181,185 Sch Dau
Z13 126,129,139 Sch Baerii 185,260,273 Sch Baerii Sch
714 139,143 Baerii 273,283 Baerii Baerii
Z15 126,135,143 Sch Baerii 162,185,260,271 Sch Baerii Sch
Z16 123,126,139 Sch Baerii 185,260,273 Sch Baerii Sch
zZ17 139,143 Baerii 260,263,283 Baerii Baerii
Z18 139,143 Baerii 260,265,273 Baerii Baerii
719 139 Baerii 260,265,273,278 Baerii Baerii
720 123,135,143 Baerii 260,265,275 Baerii Baerii
721 126,139 Sch Baerii 181,185,273 Sch Baerii Sch
722 143 Baerii 260,264,275,279 Baerii Baerii
723 131,139 Baerii 260,265,273 Baerii Baerii
724 139,143 Baerii 260,264,283 Baerii Baerii
725 139,143 Baerii 260,265 Baerii Baerii
726 126,135,139 Sch Baerii 161,185,260,271 Sch Baerii Sch
727 123,139,143 Baerii 260,273,283 Baerii Baerii
728 139,143 Baerii 260,263 Baerii Baerii
729 135,139,143 Baerii 260,265,273 Baerii Baerii
Z30 126,139,143 Sch Baerii 181,185,265,273 Sch Baerii Sch

7 Sch Ajiti FG#7, Baerii A FG{A AW £F, Dau Ak (KA.

Note: Sch indicates Amur sturgeon; Baerii indicates Siberian sturgeon; Dau indicates Kaluga.

Y SX226 YESE R MNICE . AWFREE R BIR,
MEETIY) Ls19 A1 SX226 %5 H A £ A B
HRA 96.7%, 7 [ SR WX 5| 4056k — A4
HEAT S E T 100% 1 %828 Hh XU SR AR IR, 3R
L% B DR 2L A ol T R ARG A T AR g S
Hh 28 3 B 1 DR SR TR

ARG E ST B RR T S vk, R T
55 DAL o DR A T B Al e ik A B, R T 2R

BiARSER 1 D-Loop Fric il it — 25 45 e REA R
VR LA X 43 SCABE AT 5, 4B 7 vk fa B, ml DA
R ECET | PRI | Gk R R s R/
WesE RFE B L, T E IR E R RA ST
KR ZEAh, B F & P 1 6 (Acipenser  guelden-
staedti) . RLWIET . /MAE (Acipenser ruthenus)%E, i
ARSI SX226 2 [ IS T &k,
Ls19 2 H b Ir 2wk, ©A13RETEE GET |
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Application of germplasm identification in Amur sturgeon (Acipenser
schrenckii), Siberian sturgeon (Acipenser baerii), and Kaluga (Huso
dauricus), and their hybrids

KONG lJie, LI Shikai, WANG Jinle, ZENG Shiyu, LIU Ting

Fisheries Research Institute of Guizhou Academy of Aquaculture Sciences, Guizhou Engineering Technology Center of
Special Aquaculture, Guiyang 550025, China

Abstract: In this paper, we analyzed the mitochondrial and nuclear genomes of Amur sturgeon (Acipenser
schrenckii), Siberian sturgeon (Acipenser baerii) and Kaluga (Huso dauricus) to establish genetic markers that can
be used for germplasm identification. In the D-Loop region of the mitochondrial genome, 119 samples from the
three known sturgeon species as well as samples from 30 unknown sturgeon species were sequenced. The un-
known species were identified by multiple sequence alignment, constructing NJ phylogenetic trees, and calculat-
ing genetic distance. In the nuclear genome, fifteen microsatellite markers were used to analyze differences in the
genomes of the three known species. Two primers were obtained, Ls19 and SX226, which amplified specific bands
in the three known species. In Amur sturgeon, the specific bands of Ls19 amplification products were 126 bp and
130 bp. In Siberian sturgeon, they were 139 bp and 143 bp, and in Kaluga, they were 124 bp and 127 bp. For
SX226, the specific band of amplification products was 185 bp in Amur sturgeon. In Siberian sturgeon, the spe-
cific bands of SX226 amplification products were 260 bp, 273 bp and 283 bp, and in Kaluga, they were 180 bp and

182 bp. Based on the above results, the unknown sturgeon germplasm samples were identified as: 17 Acipenser
baerii, 1 Acipenser schrenckii, 1 Huso dauricus, 2 Huso dauricusxAcipenser schrenckii, 1 Acipenser schrenckiix
Huso dauricus, and 8 Acipenser schrenckiixAcipenser baerii. These results show that the Ls19 and SX226 mi-
crosatellite primers can be used in the molecular identification of germplasm from Amur sturgeon, Siberian stur-
geon, Kaluga, and their hybrids.
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