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A GRS 8 5 FRFE BRI G R AN S stk
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Fig. 1 Morphological characteristics of adult Huso dauricus

1.1.2 HEARIR AU A BRSO
JEF 1B AR 2 S FRA BRI, it 66 BB
Horp, BB 8 RBMBEAAEA, ALK
308 2B s YT 388 M 5 R AR S B 2 SR ST 6 3 DA
Hh ] 2R VTP B B A R 1) 18 PR A IR 4R AR A,
TREAE R 190~240 cm, AFEEFH 180~400 kg
FREEREAR AT 0K F T b B K R 2R AT B i £
BHARTESLGEL B) S T 5 s e e Ft
A RA R E RGO R 027 B), ¥RhE
HERREEE F AR ACES, RKEE RN
190~230 cm, 1REE{E [ 100~150 kg,
113 #HARE MHARER, B7HC & 6E4H
21, TATCK CBEH 2 R Mg % 5, A
K40 DNA /NEHEHGRF & (Life Sciences, JE[H)
TR B R S R LY T vk o B 2l B DNA B
J5, BU5 pL AR IS Y DNA F 1% 3 s e o vk,
Kl DNA AR 5 i, #iE32Y 50 ng/ul 25 H o
1.2 Zkifk DNA ¥ 18F0

FIH5IY L15267 (5'-AATGACTTGAAGA-
ACCACCGT-3")P" f1 H1065-12s (5'-GGCATAGT-
GGGGTATCTAATCCCAGTTTGT-3) 4 &, 7
PATRI B34 8 G AR Z R /R DNA (1 Cyt b JEH A
D-loop X274, HMR BEKIEZ 3 kb, PCR
FNAR ZARFUR 50 uL, &4 1 x Ex Taq mix(E4
Y1, Ki%), 250 ng DNA BiHR, L15267 F1 H1065-
12S 51414 20 pmol, PCR 4" #4 #2741 F: 94°C i
5P 5 min; 94°C7EME 30 s, 56°CIB & 30's, 72°C 4E
fifi 3 min, 40 MEH; T2 72°CLEAH 15 min, PCR
FEYIRE RN A\, AR A AT AL
() H15396 (5'-GGATTTGAGAAAGGGGTCGG-3')
M H129 (5'-GCGGAGACTTGCATGTGTAA-3")3]
YT
1.3 HIBESH

A ClusterX v1.83 FA4X Iy 45 R 47 HE 7
(alignment)!”), A\ TG A AL IE . X 5¢ 5 (9 551 R L
FHIFKBE, FH DNAsp v5.10 30150 2 gy
PR AR . RS RS ST, e
HE SR 1 F 5 DNA 4N, FIH MEGA7 # 4!
4845 4 (neighbor-joining, NDUY, 2307 T A B 5%
AR Cyt b HAAERIBCE #E H 80 R IR T 51 25
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3 (Acipenser medirostris) Fl JiE W1 & #3 (Acipenser
mikadoi)2 Kif& D-loop X [RIUE)T 5 RINEHE, 7
B 13 GBS R D-loop HAAFEIEI SR KRR . 4P
Pk BARS BT . B B A 2 maximum
composite likelihood, & F # {1 45 4% 4t (transi-
tions ) A i 4 (transversions), 43 A AT {5 B A )
{1 Rk (bootstrap) R, 28 1000 ¥k [ AL
FREN 53 R R SRR, HARZSHIETE MEGAT
1 ERIAE

2 HRESH

21 MESHF

AHFGE Y G 51 0] LAY 3G AT R A Y 58
# Cyt b FEFFI D-loop J¥51, {HJEH FER A
H1 D-loop X [ 5'sifj e 4y Ab 5 ik A7 7E & 751, B
H PCR =Py i LASE o BT DA 2 H15396
FH129 ERI)T 51 Pkt T 85 X, 435
FE Cyt b FEH 5 F1 D-loop X 33 (#8437 51 o
R HEP X SRR AR T A 66 BAMAR) Cyt b 3
5'%i 806 bp 41 il D-loop [X. 3% 790 bp F41 .
W5 ()35 G B Cyt b SERE /P50 AL T, G.
C VU i 3 19 LL 4] 50 51 2 26.30% . 26.67% .
15.14%. 31.89%, A+T=52.97%, G+C=47.03%, H
L G & B AR T A 3 Fhadi iy & &, H
JE AT BI& RS T GHC & . & ik
[CEE D-loop X A, T, G. C PUFPHEIE A3 He i)
Oy 9K 32.45% . 30.01% . 15.02% . 22.52%,
A+T=62.46%, G+C=37.54%, A+T 1) & 0 05
F G+C W& i, TS A B AR, S5
fib £11 2K A 2R KT K D-loop DX 3k 4 A1 It — 2%,
2.2 ZRHI{k DNA SHEE

TEFT A MAE 1 66 RBAMAH, Cyt b P SA
AELES, FARE T 1D Cyt b ZEH B A5 R,
PEARSTEEAR Cyt b FEPH () Z MG — 2 8T .
MZEKiK DNA # D-loop [X. 331 66 B4 A 4t
K10 DMAEFAS, B X T 9 F D-loop HAfFHI
(CRI~CRY), &5 NE 1 i, HPHmm 8 B
B AEA R IR R L 6 FPALAERL, X 6 Fh A% Al
FETE 8 DR SeHdEE, AR T /Y 58 IR MAR R

A5 PG, X 5 MR ALAETE 6 i
225 . D-loop HLA5RIF1{5 B E #2238 GenBank
(Accession Numbers: MF940101~MF940110), £%
AFER R BRAEBLAT IR 1 PR .

Fz1 XK D-loop XFEHFFHIAERERE
=N SE
Tab. 1 Thedistribution of the haplotypes of partial D-loop
sequencesin three Kaluga populations

RASRUTS A BPARRME MONEEAR LdEk

haplotype number of wild Quzhou  Fangshan

name individuals population population population
CRI1 41 - 10 31
CR2 4 - 4 -
CR3 3 2 1 -
CR4 4 1 3 -
CR5 9 - 9 -
CR6 1 1 - _
CR7 2 2 - -
CR8 1 1 - -
CR9 1 1 - _
427 total 66 8 27 31

1 PWERER, YoRE AR AR 8 B
&1 6 PP AR A 4 BRI SRR, TFRIEA 58
BAR A R R 5 A m, RN A S
b AT U B RE AN 21, 1 D 1L R v AR SR AR Y
291 31 BAARE & A ) 1 A AR AR
R A IR FE AR G T 5 X B AR R R B A AR 4ok
& DNA ) D-loop #R43JF 84T T ZREME L4
Br, 45 R ER(ER 2), XIT D-loop IX, DA4#HE M
orpT, BAETIZRENE Hy 3RF) 0.593, HEHRZ
FEPE(m) L 0.00213 Lt BF A FEAR 1 A AL 22
BEVE (H=0.929) 203 2 T FRFHAFA (He=0.477)
23 RHERESH

839 HBLUA 26 27 R0 R R I 6
(Pseudoscaphirhynchus fedtschenkoi) A 3% 45 [7] i
) Cyt b B BLAh, Hay 26 FhEPE B 2ERY
Cyt b B[Rl BOSAETE T AN b 4B 4%k
AT as R R B 2ER] DL a5 RZERE (1A 2),
Ik PR 55 v W S 00 T I 85 1) S 2% 00 R Il o R
H 2R pifk D-loop X MRS, HEAEE
ZEH, NKIEAIEGYFR I R G LB T
IAE D-loop HUAHHIA 434 rh, AHFoE Hik+#E
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Tab. 2 Diversity comparison of partial D-loop sequencesin wild and cultured Huso dauricus populations
HEAEL RS TR (H) ZHMAEES) CFYBFRERK)

number of number of number of average number of
individuals haplotypes polymorphic sites nucleotide differences

66 9 10 1.843
8 6 8 3.143

PRI (H)  BTREZHME @

£ sample
i P haplotype diversity nucleotide diversity

47 total
B A A
wild population

FRIHREA

cultured population

0.593
0.929

0.00213
0.00357

58 0.477 0.00187 1.618

RZ Witid Acipenser gueldenstaedtii (KJ789859)
100 W HHE Acipenser persicus (AJ245837)
A YN AR Acipenser naccarii (AJ245834)

98| L PUAFINEET Acipenser baerii (JQV45341)
&Yt Acipenser brevirostrum (KX817302)
49 W83 Acipenser fulvescens (KU985070)

_|— BRI Acipenser nudiventris (KU321568)
91 /MASE} Acipenser ruthenus (KF153104)
[NJEEF Acipenser stellatus (AJ585050)
FAT il /NI =83 Pseudoscaphirhynchus hermanni (EF484338)
Bl 4R K AUG™ Pseudoscaphirhynchus kaufmanni (EF484340)
BR#E Huso huso (AY442351)

100 — H W4 Acipenser medirostris (KM591217)
Jit i 415 Acipenser mikadoi (KX276658)
A E#8 Huso dauricus (MF940101)

100 |' KRR Acipenser dabryanus (KP981414)

rh4E4E Acipenser sinensis (KJ174513)
I: i X85 Acipenser schrenckii (KF150287)

99 I E 1] Acipenser transmontanus (AB042837)
XM Acipenser oxyrinchus (KP997217)
100 |— KVGHEF Acipenser sturio (KP997216)
%’Eﬁ 4™ Scaphirhynchus platorynchus (U56985)

BI85 Scaphirhynchus albus (US6987)
8L WL D445 Scaphirhynchus suttkusi (U55994)

LY Polyodon spathula (AP004353)
Y FILEE Psephurus gladius (AY571339)

50

98

100

92

98

94

100

[
100 !

0.0100
Bl 2 T Cyt b FEPNERDFI LI HGA R 0 EHE H 8RR Gk B W

Fig. 2 The phylogenetic tree of the Acipenseriformes family constructed based on the partial
sequence of the Cyt b gene by the neighbour-joining method

Acipenser medirostris Fl Acipenser mikadoi [R] 1 ¥
IRANERE, 45T A G D-loop FRA% A SR AE
—BIEW AR, 5 Acipenser medirostris F1 Acip-
enser mikadoi i) D-loop JF# 514346 BH . (1K1 3).

Tt
HEA 21 22 Lk, HhEEFRFENIE R T —5%
Bl HAR O N T | FRAE R, AT

B3N T 5550 @ﬁﬁiﬁﬁﬁ?ﬂﬁiﬁl?iiﬁtﬁtﬁﬁiﬂﬁﬁ
BORMERS, FRAE MBS R, © 2 moy 72

3

— REFFRIEENY, 2015 7= 5K 9.08 T1 t, £k
SRR Y 86.5%!1T. T 6T 32 3% A
WIRY 10 ZF Bl 5 fct, B
VLB Z 52 Bl (R 4240) E’EEEE]@T%@{E*IJE@T
(Acipenser baeri)Z23CFh . VYR F W 63 1 2L Wy 3
(Polyodon spathula), 25835550 L7 &1 90% LA
o BB B, FE 3 A Y T i ) fe 35 Y R) R
Z— RN TR E T A e A B, B S

T mARIRE, MiRL, 243l R IEATE,
T F AR R 2 (A ) 2 AE, TR A R AR A M
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78 — CR2 (MF940103)

CR6 (MF940107
27 (2 )

CR3 (MF940104)
26
58L CR5 (MF940106)

321 cra (MF940105)

1511 Ccro (MF940110)

37 cr1 (MF940102)

100

CR7 (MF940108)

CRS8 (MF940109)

"R Acipenser medirostris (KM591217)
|

P
0.0100

FET 1545 Acipenser mikadoi (KX276658)

K3 ARHETE A EAYIA IR EE D-loop DX BAA% RIOC A%

Fig. 3 Haplotypes tree of D-loop region constructed the neighbour-joining method

B LA S it i B T R, R, RS A
FREZ5 RN AN DL s A 45 B A5 JE Rl BT TAR
MR

P A= 3R T BE 40y f0 3 E A T A RS i N T4t )
eFRAE, YR E R — N 10%, EHEA
RPN, ATLAE] 40%~50%, (8 i T4
FRoE R, 4 [ [l P A R A AR R —
HAR/N, BEAh, BHETAE R IE A H R R BE
57 B3k [ A £, XoF 77 FE AP A ¢ 78 o 3 R R 19
TIABR . BB B 55 2 S I i KRR B L 4
FRIk FCBE R 8L ZREPE KT, DLkt e IR O i
R W GEAAHTERE TR, MR TAZIE NG, 4
RiK DNA EH A &AL TR, BIRE IR &
AR AL R A RS A W 5 . FRE i 00 P s
S VEPE (AN N 28 A7 70 2R AR AH DG ) 9 55, H
JE LB T LA N S R gt [, S
IR RI/R DNA LR, B RsfE . =
AL E A, L SRR R, HeBGE S
R AR B L AT T R bRIC, AR X T A
K TAEFERE B P, 3 BAE A FIF A
AR IRAEFRIC . LRI PR B SR TG I A%
IR 2H B B A B AL R AT, (ERE NGB AR 6 R mT LA
VI T i AP As o0, FE R R 0B L 2544,
R 5 S I R R A A5 B S . ARSI b

N N FRBA BRI SL T 66 EBAEEARTEL KR Cyt b
It R4 He 2 fR] — AN A A B AN IS SR B AR E
ST B AR BRI I8 IR R AR AR, HL st A% 2 R PR AR
Ko [, AR ERALARAR D-loop IXAE KAk g
WX AL ZRE v E U0 Nk, AWFSE R A
D-loop X it — 15k [ ()3 4L R
ARG AE IR G R D-loop X FLAG N 2 9 Fh FLA%
A, 5t D-loop XIIEHLE, B AEMARB G ZHEME
AR XL S T IR, (H 2 SR 5 2K
WA, AR ZHNEKAUN 0.00357, — i ihi
K, HEMAISMLRIR DNA H Cyt b FEFHFI
D-loop X i J2 '8 %5 AH 208 14 (— M K 1) i PR A
tRNA, 29150 /M 2), 78 5 %5 % Wiy v > BE R s
f bt 2K PAERE2ZF MRS, R
PP AR GR IR AR DT s AT RE&e Ty 1™ AL
B AR, 25 I A [Q A K (R A T B, AR
it A% 22 P AT RETE AR 1) — B st e B — AL FE —
MRIKHIKT . B 2R 2 EE
21, fERfEYF R TAES, g3 Em K
G ZAEE RS B, YT, A CEE A A
PR O W IR, A 5T N — 24 7R H
AL ZREVEKCP WA IR o BRI, X A PG B Y
AERERTT RIERER R TAEC R 28RS K
FFREE Rk R, AN 6 4~ D-loop HLfE#Y
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H HA 2 AR MFRAE RS20 . HIRoK I
K LFEE AR5 O (A 50) PR A 1Y 35 KB R
D-loop Xigtf& ZREPER I 25 B2 o1l %
REFF IR s REERE R 31 BRI
T 1 AHAEEL, AT, B SRR 0 it AR
ZHPEECR T L, 7 2 DR AL AR
2. EIRIMEIIR, IATFRMEA AN T BT
FErhRtR TR AR RS S T B, F
JEE IR G O 20k BE W f, HEP A R st L 24
PEARARAR, 75N T 5 i b 00 5 35 4% 457 3L,
HEAT RIGR R, d st 2R DRI, B
DUPHE AT g RS AT 488 10T A st A5 2 Rl

WAk, SR IETIELFEA 2 4.5 12~3.5 12
AEHT), N ECE ST 49X (Chondrostei) H 7E B AE
b — U, fERE N A R, AT
W3 A S By H R 2 A R R oo, W)
i R k4 R WA HES Y 7E Ak b & T i P e 1
SR Rid), TR A AR T 2
IR 2 Dyt —fe AR EINEGR i), 8P E M
HRAEIEAE LA A A i RN fe, JE H M@
KA L A 45 R o, BUAFE 0 2 g e iR
FEORPAREAR . AR L SRR SE IO R R E A,
— At ) T L A 2R 2 22 Ty T —FR A B
NS (AR N2 i H, 83 H 200y
S P AR M AR AT O R A, RE MU
BIEAZ 5L, AR RE/RBAEIT N, R
SSR HI SNP “E#Z Gt (AR 448 DNA 73 TARICTT
ST TCA R A AT B 0 S A BRI AR 2R OK
o UL, ASBESE A R A% L R 53
TR ic RS AL 7500 o

KT IR B s ML, 25850252 Bl
ARy 27 MEDE BT 2 AFE RIERL
(Acipenseridae) il #L ) #3 F} (Polyodontidae), J& 3
A 2 AFr, RIS £ VL H 83 (Psephurus
gladius)[zo]o AbFFEh, REW)ERL AT RS 6]
& B HAWFNE 53 TFIIE MR AR (K 1433 1), B35
WA E LN A WA E, 530 )2 638 (Acip-
enser). ¥2J& (Huso) . ¥*#3)& (Scaphirhynchus) .
it | (Pseudoscaphirhynchus), — ik -k a] DA
IHAPA W RE, B/ A4 A &3 7 Bl (Acipenser-

inae), Jii P& ¥4 il ™ 85 3V B} (Scaphirhynchinae)
SRTAFET 0 FEUR BT s 20 2122 AR
HEFRLFR R R U, (R BR TR (1 533
) [ B — R, HR =R 5455000 =14
JEIFA——XF N . KPUEEEF (Acipenser sturio) Fll &
M (Acipenser oxyrinchus) ¥4 % Ztxilt, B l—
MR E 1 433 D)o AR RN RS die H b 2
SR T R AV) R T EZE (V) 14
45 43 25 I R R (Huso  huso) F13K B (Huso dau-
ricus) 5 I H A K PG B E RO PR 828, s
BAREN T EY AR . T8 R 5™
#37E 20 22 60 4F X5 JL-F- 463, GenBank H -4
WCRZFI R Cyt b FEFFH, A5 RS
T E ) = AR 2 ANF Cyt b RN TS,
RAERE A R e RZIE A KPS,
ABEFE ik [EE 5500 36 P rh Wy B3R 12 T I 5
REGEG KRB R, X5 =F¥4 TR
S DXl b B A A R B A —
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Mitochondrial DNA genetic diversity in the wild and two cultured
Kaluga (Huso dauricus) populationsin China

HU Guo', CHENG Lei', MA Bo', SUN Dajiang', WANG Bin', LIU Xiaoyong', LIU Shufang®, ZHANG Ying'

1. Heilongjiang Province Cold-Water Fish Germplasm Resources and Aquaculture Key Laboratory, Heilongjiang River
Fisheries Research Institute, Chinese Academy of Fishery Sciences, Harbin 150070, China;
2. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China

Abstract: Kaluga (Huso dauricus) is the native sturgeon in the Amur river. Similar to other sturgeons, their popu-
lations have sharply decreased in recent decades; they have been identified as one of the most endangered species
in the world. Unlike the rapid decline of wild populations, sturgeon farming has rapidly increased in China
Mainland. The intra-specific hybridization of the female Kaluga and male Amur sturgeon (Huso dauri-
cusQ xAcipenser schrenckiid) is widely performed, constituting a large part of sturgeon production in China. In
this study, we use the Cyt b gene and D-loop region of mitochondrial DNA to assess the genetic diversity of three
Kaluga populations, including the wild population from the Amur river, and two populations cultured in national
sturgeon breeding farms located in China: one from Fangshan, in Beijing city and the other from Quzhou, in the
Zhejiang province. All of the tested individuals were of identical the Cyt b haplotype, whereas 9 haplotypes were
found in the D-loop region. There was no diversity detected at the nucleotide level on the Cyt b gene locus. For the
D-loop region, haplotype diversity (Hy) reached 0.593, but nucleotide diversity (z) was only 0.00213. There were
6 D-loop haplotypes detected in 8 individuals from the wild population and 5 haplotypes detected in 58 individuals
from the cultured populations. The results suggested the wild Kaluga population might have experienced a serious
genetic bottleneck. Meanwhile, in the process of artificial propagation of Kaluga, only a few individuals might
have been involved in reproduction each time in both the cultured populations. Phylogenetic tree analysis based on
partial sequences of the Cyt b genes supported the previous results from other researchers. The phylogenetic rela-
tionship between Huso dauricus and other Pacific sturgeon species was close, but that between Huso dauricus and
Huso huso was not. Our result implied that the prevalence of the traditional Huso genus was not supported by
molecular genetic data.
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