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Evaluation of early performances of induced reciprocal hybrids
between Siberian sturgeon (Acipenser baerii) and Russian

sturgeon (A. gueldenstaedtii)

Eun Jeong Kim

Department of Fisheries Biology, The Graduate School

Pukyong National University

Abstract

Siberian sturgeon (Acipenser baerii) exhibits fast growth
and high survival rates during early life stages under artificial
seedling production conditions. On the other hand, Russian
sturgeon (A. gueldenstaedtii) represents higher market
preference compared to Siberian sturgeon, which is mainly
attributed by more valued caviar and external morphology.
However, practical conditions for artificial seedling production
of Russian sturgeon have been less established as relative to
those of Siberian sturgeon, particularly in Korean aquaculture

domain. In this study, artificial hybridization between two

- vili -



species was carried out in a reciprocal manner [genotype
abbreviations: A. baerii parent (BB), A. baerii female x A
gueldenstaedtii male (BG), A gueldenstaedtii female x A. baerii
male (GB), and A. gueldenstaedtii parent (GG)], and examined
the effects of hybridization on the embryonic development,
hatchability and larval performances. Fertilization rates were
not significantly affected by reciprocal hybridization itself, while
embryonic viability and hatchability of hybrid genotypes were
similar “with those of maternal species. Prolarvae of four
genotypes showed a similar degree of early survival rate,
although patterns of ontogenic development and pigment plug
evacuation were genotype-dependent. Genotypes BB and BG
showed more active swimming behavior than did GB and GG.
Phototactic responses of BG and GB hybrids were more similar
with their maternal parents BB and GG, respectively. Reciprocal
hybrid genotypes could be successfully identified by using PCR
typing of both nuclear and mitochondrial DNA markers. After
six-week growth trial from age of about 4 months after
hatching (initial average body: 38.5+4.6 g), hybrid group GB

showed the highest average body weight gain, while the group

_iX_



GG revealed the lowest score. Hybrid group BG displayed the
average body weight similar with that of Siberian sturgeon
group BB. For the pattern of total length growth from the
same growth trial, total length was the longest in GB and this
highest score was followed by BB, BG and GG. Taken together,
the hybrid genotype GB is capable of exhibiting the potential
of hybrid vigor, in terms of significantly superior body weight
gain to its parental genotypes during early life stages. On the
other hand, its reciprocal counterpart BG represents the early
growth performance similar with its maternal parent genotype

(BB).
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7}A13L )Y (Natochin et al, 1985).
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Table 1. Staging of embryo development used in this study

Time at
Stages Description
18°C (h)

1 Fertilization 0
2 The first cleavage 2
3 The second cleavage 3
4 Eight-cell stage at animal hemisphere 4
5 Sixteen-cell stage; irregular shapes of blastomeres 5
6 Irregular shapes of blastomeres also at vegetal hemisphere 6
7 Continued - cleavages; blastomeres smaller with irregular 7

shapes
8 Early blastula 9
9 Late blastula 11
10 Onset gastrulation 19
11 Typical dorsal lip formation 20
12 Epiboly covers two-third of embryo 25
13 Formation of large yolk plug 28
14 Formation of small yolk plug 30
15 Completion of gastrulation 32
16 Onset neurulation 33
17 Wide neural plate formed 34
18 Folded structure in head region 35
19 Rudimentary excretory system visible 37
20 Pronephros structured 40
21 Tail thickened; pronephroi perpendicular to neural tube 46
22 Round shape head and rudimentary eyes visible; somites 55

formed
23 Rod-shaped tail and rudimentary heart visible 59
24 Straightened heart tube; somites evident. 70
25 S-heart formed and onset heart beating 73
26 Tail straightened and rudimentary fin bud in caudal region 86
27 Tail approached the heart and eyes became pigmented 94
28 Straightened tail reached head and embryo capable of 101

moving
29 First occurrence of advanced hatch 119
30 Mass hatch 130
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Table 2. Oligonucleotide primers and thermal cycling conditions

used in this study

) Amplificati Thermal cycling
Primer name Sequence (5 'to 3’) . .
on size condition
AB D-loop FW1 GACAGGTAGCTTCCACAGTT
774 (in BB)
605 (in GG)
28 cycles at
AB D-loop RV1 GGACCTGAAATAGGAACCAG
95 C for 2 min,
95 C for 20 sec,
64 C for 20 sec,
AB D-loop FW2 = TCACCCTTAACTCCCAAAGC
495 (in BB) 72 C for 45 sec
326 (in GG)
AB D-loop RV2 CAGACAAGAATGTTCGGCTC
AB SLDM FW1 %éAGCTGTTTGCACAAGCAGTA
447
35 cycles at
AB SLDM RV1 TACACCAGTTTGGCGGCTCACAC Y
AG 95 C for 2 min,
95 C for 20 sec,
64 C for 30 sec,
AB SLDM FW2 TCAGCGCTTCGTGTTTCAGT
68 C for 80 sec
1301
AB SLDM RV2 CGGGGACAAACATTTCTTCCTG

_15_
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1. &F aujTe] +H4E, vl 2 E R 73L&

Askd wulFe]l 4 &2 BB9 BGY A5 <F 98%,
GGSt GBE °F 90% = YEIY FHFwHjwd FAHES EAFTY
TRET AR, AldlE ol HZFgolo s
A Bty £ FAES YAt (Fig 14). &4 o] A&
&2 7 4 Alol A BGE BB, GBE GG} AN oH,
A T 120412 7]F2 2 BB, BG2 4% 85%°]7, GG} GB
ol A% °F 50%° HE&S UEHATH(Fig. 1B). T 2l
AA Y EE FF fF=o AHET FH BALT e} FA}
stgom Fa dA =gt AQAZ 2 o8] Ao mofo
A 2 BAS} & Aoliol AT (Fig. 2). SFAIRE F-3} JHA
FH FRAMA L85 AR 2A9 fASH BB BGTE

>
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F&-3 wul

FEHE 4%l AT EF R3I89 A @A £ &}

Zo] BBS} BG= ¢F 80% ©]49 H31&E, GG GB= 45% ©I
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A. Fertilization rate (%) B. Embryonic Viability (%)

_P>005
I P>0.05
100 4 . g | 100 1
90 - | b T :
el | b a 90— Fap™e BB
1 80 P> 0.05at
70 . 120 hpf
60 70 -
50
40 - | 668
30 1 50 - a GG
20 P>005t0 B
i 40 4 120 hpf
0 e e | L T T 1 30 T TR 1 Ty N & 1
BB BG GB GG 2 12 24 48 72 96 120

hpf hpf hpf hpf hpf hpf hpf

Fig. 1. Fertilization rate and embryonic viability of reciprocal
hybrids (BG and GB) as relative to those of parental species (BB
and GG). Means with different letters are significantly different
based on student’s t-test and/or ANOVA at P = 0.05
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BG I':f‘lﬂ }a’n‘!

nole

Fig. 2. Embryos at pre-hatching stage from reciprocal hybrids (BG
and GG) and their parental species (BB and GG).

V4 4t ventricle, MB: mid brain, EY: eye rudiment, RG:
rudimentary gills; PN: pronephros, OC: otocyst
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Aol BalgS ®Hol o] I BAFH FASI tH(Fig 3).
2. &% wuje &7] Ao (prolarvae) 2 3

7V 33 Aol AR
Zkoj o] Al AdolA d&EFT SFRAFH(FE F 99)
A g 2 FHoo H+ AA&I FAE BB (22.52 mm,
41.1 mg), BG (20.93 mm, 40.2 mg), GB (21.50 mm, 41.6 mg),
GG (19.83 mm, 414 mg)lE 4719 FAAE =T FAZ A
A FAREES YA BEE A dEFF SEARA7
A= e 438 215 % 73 A7 L BT 95%

oo MEES HHATH(Fig. 4).

A
71Ee Baxo] e A FARIA T Haatols & 4%
7}A™ g o] Al (pronephros)E 71 THFig. 5). ©l&1dH2
3 1AM E L3 FFEs BYoH, 13 & 294

qAe e FAEF AFAAA ol b FFHo, dR

rr

o

X
rlr



90 _ P> 0.05

60 -
50 +
40
30 ~
20 ~ '
10 ~

-
i
|

BB BG GB GG

Fig. 3. Hatching success (%) of reciprocal hybrids (BG and GB) and

their parental species (BB and GG). Means with different letters are

significantly different based on student’s t-test and/or ANOVA at P
= 0.05.
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Fig. 4. Length and body weight development of reciprocal hybrids
and (BG and GB) their parental species (BB and GG) up to yolk
plug evacuation (9 DPH). Significant differences were observed

neither in length nor weight growth among the four experimental

genotypes (P > 0.05).
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Fig. 5. Larval development and ontogeny of reciprocal hybrids (BG
and GB) and their parental species (GG and BB) at just hatching (0
day post hatching; 0 DPH).
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A glel doftth AEA =R} EAHOE A7) AHs)

H FEe] meFo]l K F3o] YEs . Pigment plug® &
= £57F 3% OFC W A 2ol e GGILEY
A5 & FAF 25l HsiA pigment plug®] &5 A Aol

_C|>_

Ax= AoE AZAHAT(Fig. 6) 3} £ 4Uo =23t o
&gk ZlHEo] FEHHOoE A LIS AF T F AT &
A, 7FEA =R e o] T & WEdte] o A AWM= A
Bas] A FHAG. olrbu|= oprte] FA R EIA ¥

Fol BAHY T A9 9% 2TY =% 47 BIHAUL
[e=]

fd

&
&) pigment'TE2 GG7F 71 W pigmentE EH O™
BBE= 7FHE 22 pigmentations YWEFHSTH FEY H-5 ¥
9] pigmentation¥ 9] Wl &3t 7k BGEY= GB7F O B2
pigmentE Rt F3 & 6Yol =L pigmentation©] T
A= o] FHET o} 75 SHlA S pigmentation©|

gA3 A #2HMY GG, GB, BG, BB o2 #A A

_i-[o
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Fig. 6. Larval developments of reciprocal hybrids (BG and GB) and
their parental species (GG and BB) at 2 DPH.

YI: yolk invagination, PP: pigment plug.
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Fig. 7. Larval development (upper: lateral view, lower: ventral view)
of reciprocal hybrids (BG and GB) and their parental species (GG
and BB) at 4 DPH.

V4: 4™ ventricle, MB: mid brain, OV: optic vesicle, OP: operculum,
EL: eye lens, BAB: barbel, EXG: external gills, EXN: external nares;
PF: pectoral fin, YI: yolk invagination
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pigmentation®] A=7} @ty EI A= u|7} BT} W3
aE S 3l & 4 Ao, pigment pluges BT & &0
2 o]F3l9t(Fig. 8). ¥3 ¥ 14¢ A=} AAstA Gee Al
A g gele] g3 ol g2 f1E aFY &gA F
Bol] 71539 om 5 2 scuted] HES BE FAHEY IE A

Z 7hsskg ey olw BB GBOl scute/l= 157] A3 ol
oy 53 22 1S BRIt GG BGE 7% scuted] Ji<F
T 127] AFolm BBET Y2 Ao =E FESIATHFig. 9).

BHyow 53], B3 & 3~54A 9 717 =2 d4H FRAHEe
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Fig. 8. Larval development (upper: dorsal view of anterior part of
body, lower: pelvic region showing the concentrated pigment plug,

PP) of reciprocal hybrids (BG and GB) and their parental species (GG
and BB) at 6 DPH. Differential degrees of melanin pigmentations

among four genotypes are indicated by rectangular boxes.
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5mm

in scute array pattern

similar with GG in scute array pattern

GB similar with

Fig. 9. Larval development of reciprocal hybrids (BG and GB) and
their parental species (GG and BB) at 14 DPH. Array of dorsal

scutes in fish beloning to each genotype is indicated by arrows.
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22l JhA) mpela=e] Bl&-S BBS A% F 90%, BG7F F 80%,
GB+= ¢F 27% Z1¥]3l GG7F °F 17% = #ZEATH(Fig. 10).

7}. & DNA mHAE o] &3 &AF 73 AT

o B4 A F F A o) E W=
2 BB% GG T3 Solfo] 7= H F U= d99 d71A
dol7} SRIE AT Locus-19] 7% BB= adenine (A)S, ®WFH
GGE guanine (G)& YEIW= ©dH7] ®Wo] HXE EFsta
AL, locus-28] 4% BB+ thymine (T)<, ¥ GG adenine
EE cytosine (A/CQ)= YEIHE WolE x&sta Ut BGS
GB #EFL locus-19] 3T F oA A/G double peaksE UEM
o™, ¥ Jocus-29] FF A T/A double peaksES L}E}
Ul Aok (Fig. 11).

U v|EF =g o} DNA TlAE o] &3 BAFHY HAF
Primer set-LS ©] &3 nEZX g o} DNAS] PCR =%

A3 BGFES EAIR BB YAl 774 bpe SE4

m{n
[llO
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Fig. 10. Phototaxis responses of reciprocal hybrids (BG and GB) and

their parental species (GG and BB). Means with different letters are

significantly different based on student’s t-test and/or ANOVA at P =
0.05.
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Fig. 11. Nuclear DNA-based genetic verification of reciprocal

hybrids (BG and GB) and their parental species (GG and BB).
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YJeb Ak dhd GBERES 2AIQ GGt Y3l 605 bpo
SENES HHSATY Primer ser-S
DNAS| SZAY A3 A BGE BB 5Y3 =719 PCRTE
AHE(495 bp)S, W GBE GGt Y FE4HE(326 bp)=
e S (Fig. 12).

i
o
oo
e
=)
Hr

4

n
Au)
o

4. % Aol Fujsts 57

7} g 4
BBSt GG sl Il SAFLE Yeus Feol B
&, AA, scute] TE T xo]E U3 Hto g2 EHA FE
o] 7F&3lth. BBE GGSF Hlalste] FFolo Zolrt A A
Mol Bt} €om scutel] M7 B3 1 Z7)7) B ERS
HA sHARE BBek F #F alni(BG B GB)S =
E3717F ol H it

1

2
o
ut
-
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D-loop primer set-L
it
Acipenseriform

D-loop primer set-S

mitogenome @ * fils
% Py

=\ g /R

of 2
7/

%, 2 &

& 3

Fig. 12. Maternal inheritance of mtDNA marker in reciprocal

hybrids (BG and GB) and their parental species (GG and BB).
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22 scuteE FEFS MES 7HAH GG Z scuteEe] 4t
g wES JHHT JEFAFS Y T FEHE EolANL
BEARGE FAY £ 9 FAS 34E UEFSH(Fig. 13). BB
= SH gl AEZE da FF3] 9" & scuteo] HEEH

(e=]
Rew o] fof 22 scutego] oA FH ko] B 4w

scuteFl € XE3F GB+= BBY E U, BGE GG B FAFSHA
t}(Fig. 14).
AT 5 % scuted] g W2 ES FAQ FAS I

Lo

2
o] stx=Eo] EAetH o GGt B =W 2 scute?] 4t
27} Ak o] Jtk(Fig. 15). ZEA v o] ZHl= Hj g2
T3 AFe BA9 fAstel GBE BBAY WA Exd
ZHES 7HAI dNeH, BGE MlEe F7F A1 2WEHA

&2 GG =Hls a2 A th(Fig. 16).

6. 1719 #&F wvjze] AL 2 27| A%
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Fig. 13. Ventral view of reciprocal hybrid fry (BG and GB) and their
parental species (GG and BB) after cartilage and bone staining.

Total lengths of specimens are 9 - 10 cm.

VS: ventral scute
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Fig. 14. Lateral view of reciprocal hybrid fry (BG and GB) and their
parental species (GG and BB) after cartilage and bone staining.

Total lengths of specimens are 9 - 10 cm.

DS: dorsal scute, LS: lateral scute, VS: ventral scute
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Fig. 15. Dorsal view of reciprocal hybrid fry (BG and GB) and their

parental species (GG and BB) after cartilage and bone staining.

Total lengths of specimens are 9 - 10 cm.

DS: dorsal scute, LS: lateral scute
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Fig. 16. Caudal view of reciprocal hybrid fry (BG and GB) and their

parental species (GG and BB) after cartilage and bone staining. Total

lengths of specimens are 9 - 10 cm.

GS: ganoid scale, CFR: caudal fin ray
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T BARAE F HA A= TA
Ao AT A& GB= B 233.5+23.7
go®2 714 5% A% F4& Jeddth ¥, BGe B
182.9+27.6 golN o™, GG 150.2¢30.4 g HT AT
B}l BB+ 189.8+36.3 go| A tH(Fig. 17). W+ 42 GB, BB,

T

BG, GG =22 33.0 cm, 329 cm, 314 cm, 283 cm% T (Fig.
18). HI= H7lellA GG7F 7HE =2 HIREEE EA, T2
FHeo 3k FHES YUY A A8 &S gdskr] 9

FANERYEE AAFT SUHEFLE UF3ls W, GB, BG,

BB, GG =22 AlE HEF o] =TH(Fig 19.).
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300 -
250 | P<0.01
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—_ ]
on 200 | BB %%
=3 1 i ]‘ P>0.05
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=0 ]
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ow 2W 4w 6W
Grow-out period (week)

Fig. 17. Comparison of body weight of reciprocal hybrids (BG and
GB) and their parental species (GG and BB) after six weeks of
growth trial from 4-month-old age. Means with different letters are
significantly different based on ANOVA at P = 0.05.

Feed conversion ratio = total amount of feed consumed (g)/total

body weight gain (g)
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‘E‘n 0.10
g 25 ! 0.00 — : T )
= ! BB BG GB GG
S 20 :
= 0.50 ‘ C
15 oW b
i 5 @b o
10 0.30
0.20
5
0.10
0 T T T y 0.00 1
ow 2w W 6W BB BG GB GG
Grow-out period (week) Exp. genotype

Fig. 18. Comparison of length growth and condition factor of
reciprocal hybrids (BG and GB) and their parental species (GG and
BB) after six weeks of growth trial from 4-month-old age. Means
with different letters are significantly different based on ANOVA at

P = 0.05.
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Fig. 19. Comparison of feed conversion ratio of reciprocal hybrids

(BG and GB) and their parental species (GG and BB) after six weeks

of growth trial from 4-month-old age. Means with different letters
are significantly different based on ANOVA at P = 0.05.

Feed conversion ratio = total amount of feed consumed (g)/total

body weight gain (g)
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EoAgolA AaE Agatel A AEamzel F4
5, B4 o] AES 9 RS FE 4% A ALT 2A
dalo] ohel AHEE 4L Yehile £4E0) A4S 479

FAAY TFS BT 90%ol R YElgou, 4 F 1204
Z

—_

A BG FES BB FAME oF 85%9] i AEES, 1¥1
GB #F2 GGt A oF 50%9 HEES JEldT R
& oA v AEEH FARE AFe B O =X, BB9 BGF
ARRE §3l&S JERHAIL(80% ©17), GG GB7F frARSE F
E5(45% °1HE UEIHATE mebA o)de] 27wy F
stgo A AFES o] Abole] (BB GGIH YA Aol
AA T BB} BGZE FrAkskal, GGF GBIE frAMSIERE HolA F
3 = AAle B g wrl 159 FHE 2 FIE
o fofugk FFo] gloty ATt FFuvlae] F3} A
HE FTRAZMA A8FHE A =2 2A fASHY BB
BG7l i o2 GGt GBETH 4143 #3l TEE UEUAE
b ole FF FEA A FHY de] EA(F, BBl B
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F18}2) (Misgurnus i ;fL3g1@§%
epis) -
142 (M.

anguillicaudatus)®
¥ vk o Sl)ﬂ:r:] Aofﬂﬂﬁ FZF(Kim et al, 19
uE o) %Qﬂigéi?(%ﬁéﬂ%ﬂﬁ%;il%ﬂﬁ B
A FF ®ud bk g =7] BEpaEeie 7 i}o]*ajl =
b= o7t QT of A3dolE U & jt 5 Bl
mmwmsﬁﬂq_c.qﬁm,wﬂ@q A4
Fx1 3} A} E_jﬂr%ga”eplnus FAN AEo 1:_-—:2_0 ;‘Clariag
5 (C gariepinus opj.]ﬁ ERHE /}}g_}‘— :ﬂ%(é
592 LERH o] E;_;JJF C. batrachus 7t gg)gﬁljxd%
A| (Paralichtys olivace BF $13L(Rahman et al, 1;9‘— e
7S 0] 83 whHl= L:)Z%P;’q‘ﬂ} W 7}2e] (Veraspe o
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(Oryzias dancena)®t A¥bsAHE(0. javanicus)t &4F F =4 &+

HhEARY AT vigEAE] RS o) &7 wHlT A= o)A

v AoH(F 5, 2010).

W

o}

Ao of

A%

UERol, ol

H =

[¢]

I gael 7

Ulo

Z frAETHA 5, 2012). #ko] o

bl

o]
e

& msten ol GGE U+ BB

[¢]

o #2

3 ol

= T

qr

94

]

)

o 71213 Ao = BBY I3xoj7} Ao w GGEUF &

d7F

=

o). olabe] Aol A Alul2 ok

AEA 71 del
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o

Chinese sturgeon (A. sinensis)2]
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©]™(Zhuang et al, 2002), shortnose sturgeon (A. brevirostum)
9} white sturgeon (A. transmontanus)®] &A= S F3F
)& (Richmond and Kynard., 1995; Kynard et al., 2010)X.QIt}h
I dEA AT 2 AYolA Moz AR AlulE]ol E 3o
(BB)9} BIAIQH AP Fo(GG)Y FFAol T dF
RNoy FLI Ao AFfel AFHZQ A RludTFE of
Zl o] Fo up gtk B AFAI, F HPFolY FIAolE
< A 9 734 S B, Adlgol gl 4%
oo e A7 dA FEAEES Ho ojdY AT AHAY
AL3FA TH(Gisbert and Williot, 1997). HFH B Ao A 2 Ao}
AR A, §3 AF A4 FRAS BEE) oy
H =4 F34d 77k jkeS HJo2H Aot A
Agelsks widle] F3A EAES R ol dFEIAES
d&3ztolE gz 3 #Eo] ofyr] el B d72%
oko] A AR Hlals ofHARL B Ao} HIP oY B¢ F3
2o @Alo]F Bl X (AF) sl WA F34d 5ol Aol
7F 9= o Sheol Haid wh glof(Chebanov and Galich, 2013),
ol Ba% 4 Aok ¥ A7 A%, ¥
Aol AZIGIA Aol Axparelel @alel "ol b HE
s

A J2F e A Eue 2A% {fARE F34
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peak FX)E UHEHHUTE webx B A= 5 BGE
GB7} +3% A A4 Soll o3k A Sl ozt =A ¥
Ao} BA wAE ol o8] AAdE karyogamy 3 3 3
TUEs HAFT

tetralineata)®} %7l (Iksookimia longicorpa)?t %% &4 23
o} AT (el &, 2009). ¥, EANET 71
APl T A4S 98l RAG2 A F& o83 SNP
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o
rﬂ

©

(¢}

a1 Qo] RAG SNPE ©| &% EF7N(Cobitis

fllo
o)

Q3

marker (Li et al, 2015) “12]aZ RAPD & o]&3 = F&H

¢

Soll #3 AFEo] Haud vl 9O = Z(Havelka et al, 2017),
somatolactin F%AF2] SNPE 7|Wto 2 3 B AFAel Fd
DNA t}lAES] W AL8-ES F3l Acipenser & o]F<9 Rt ¢
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UERG T metA BG ¥ GB FE2 EA Y 3|33t D-loop &
ole] HEFZ=go} DNAE Ztal low, Mol | A HE
ZEg o} DNAS M A BA fd A& 2 BT gtk
(Liu and Cordes, 2004). wetAl B AolA HAg FFY &
Atz AR mEZEYo mFE ol&st] EA 7o)
34 71s3tal, somatolactin A SNP U©lAE o] &35t

karyogamy ¥Ao] &l 7H53EE F wiA A|XEHE o] &S
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AR DA 9 /b 323 FAC 9 ke FFE0

frolzlel #F BT FH FARN ) AEES
e FE wulTelA GB7F FRE Hol 92 7] A
FE Uetd o 24 FFAAE B /T AT wzted 9
3 ¥ B 3k ¢F FEE YEHUE AT A8E £
ot GBS A% #HY &4 A ARF4AE 253% HE OE 159
oAl Zpol7b Uehtr] AFEAL, e T1Fol Hlalste] H
O AF fIAE A 2=AF 712 S #ASAH BG FHES B
Alet B fAskel BB2E TAIA ZFolzF (I, wkE Ao o
2 FAR 66 K= €53 5% 7] s Aok It
Hog FF oFY A4S &F9 Fhe BEE Zo] RE
A Ao, Clarias batrachus®} Clarias gariepinus Xt 3%
oAFoA FHF A7 BaE v Qo] B A7 AAet {FAS
% tH(Rahman et al, 1995). HIWFS §7}o| A GG, GB, BG, BB

o0 F MWEE HYY 66O A W AFEIE BF

_52_



z7] A

Bis

i+
o

;A GGHTH

32 Bolw, FA GG

ol
o7
o

o

e

Jo

372

1A 66l

xS

HA(@A) o 6o FHE H ol

el

|

= UEy

| 5 AA

K]

E
=

el

-

bo, 53 WAABSE 9

S

A zA7E A% ofof

A3 =

| —
)

_53_



ZE g0}

Aol H2Hdo] (Acipenser baeril)T 13EHAYLHA]
Z7] Aole] AgAo] wMEa AEEo] Fve S JHA A
o Ao} HZF4o] (A gueldenstaedtii)

Aulote]l Adsgoz Qs Aulgol E33

rlr
fo
o2k
»
[-'0
dm
oX,
o

e
=2
I,
ol
==
>
ol
o

48t Wl % (reciprocal hybrids) [FAAE °Fo] : A baerii
parent (BB), A. baerii female x A. gueldenstaedtii male (BG), A.
gueldenstaedtii female x A. baerii male (GB), A. gueldenstaedtii
parent (GG)]= thAo= ®j A, F3& 9 FAHEF I8 A
oo Y ol s AL s

2 ATolA Ak Aol At gEueiee] A
E, 2 Y AEE 2 FEE2 FF f = A ARERE 2A 9
Gl me 2gEE B4 et 489 45 479

FAAE 2FEIbe Fovk Aozt flled, W AE&



2
Z:]—
J

°

3|

=

=
=

B

A=

}e karyogamy

FA T

: 385 = 4.6 g)dl

o

9

°]-&

3 = A
993 nEZ =g o} DNA marker

=

=

o

=

sl 4l

¢

B9 o} BB9 BGIF A

=

=

bohe el Al 2

] SNP DNA marker

o

IS

Hyow, F34 whgell glo] BGO A¢ BB FARD UA
, GBS 7% GG} FA}

(BB} GGZH) F A Aol

1, GG+ GBZF A
FE ok d3kate] 9

i
N
Njo
Nfo

X

k)

.WJ-O

43 23, 6Bt M w2

=

A6 F3F A%

i
—_

N
Nlo

A5

}

loj ol Hla) $-3)

=
A

GB7} frol7] @Al A <

B
o
o7
or
o
=R

_55_



A7F mA AEA

I A4 AR

3|

\

2 7-¢A A

oy
i
il

—_

;01_

K

2 A=dUT HEol AA3A

o vhe} 3

=

=

]

=

ZAke] vheg APk

4o

J))

==

=
=

A1ere) #

AAdEd AFHAAM A FuFHIH =+

1

=]
|

)

1B
“
A, o]34 XA, Berkay, TuluglAl= 7+

1.

°
o

=gy

S

o
s

ol
BR

-

o

Sojgt

1h=3

%

|

AT A o]

yoh a1ga

A

oy

o]

il

or
)

=3
1o

_56_



=)
AN
=)
lo
fru
R
o
R
jriu)
I
o
i,
2
N
>
ot
=3
v

, TopH |, 2 g
Y, 1xg, 28 stusttel e T4 A Ak mhE
=]

& A, o] REY =Eg obA A¥T W 1T ovy)

_57_



HFuEFH

Akbarzadeh A, Farahmand H, Mahjoubi F, Nematollahi MA,
Leskinen P, Rytkénen K and Nikinmaa M (2011) The
transcription of l-gulono-gamma-lactone oxidase, a key enzyme
for biosynthesis of ascorbate, during development of Persian
sturgeon Acipenser persicus. Comp. Biochem. Physiol. B.

Biochem. Mol. Biol. 158, 282-288.

Bronzi P, Rosenthal H and Gessner | (2011) Global sturgeon
aquaculture production: an overview. ]. Appl. Ichthyol. 27,

169-175.

Boscari E, Barmintseva A, Pujolar |]M, Doukakis P, Mugue N
and Congiu L (2014) Species and hybrid identification of
sturgeon caviar: a new molecular approach to detect illegal

trade. Mol.r Ecol. Resour. 14, 489-498.

Chebanov MS and Galich EV (2013) Sturgeon hatchery manual;

_58_



FAO Fisheries and aquaculture technical paper. NO 558,
Ankara, FAO, 115

Cho YS, Douglas SE, Gallant JW, Kim KY, Kim DS and Nam YK
(2007) Isolation and characterization of cDNA sequences of
L-gulono-gamma-lactone oxidase, a key enzyme for biosynthesis
of ascorbic acid, from extant primitive fish groups. Comp.

Biochem. Physiol. B. Biochem. Mol. Biol. 147, 178-190.

Dettlaff TA, Ginsburg AS and Schmalhausen OI (1993) Sturgeon
fishes; development biology and aquaculture, Berlin, Springer,

pp- 300

Dunham RA, Smitherman RO, Brooks M], Benchakan M and
Chappell JA (1982) Paternal predominance in reciprocal
channel-blue hybrid catfish. Aquaculture 29, 389-396.

Gisbert E and Williot P (1997) Larval behaviour and effect of

the timing of initial feeding on growth and survival of Siberian

sturgeon (Acipenser baeri) larvae under small scale hatchery

_59_



production. Aquaculture 156, 63-76

Gisbert E and Williot P (2002) Advances in the larval rearing
of Siberian sturgeon, ]. Fish Biol. 60, 1071-1092.

Ginsburg AS and Dettlaff TA (1991) The Russian sturgeon
Acipenser giildenstddti. Part 1. Gametes and early development
up to time of hatching, In Animal Species for Developmental

Studies. Consultants Bureau, New York, NY. pp. 15-65.

Havelka M, Fujimoto T, Hagihara S, Adachi S and Arai S
(2017) Nuclear DNA markers for identification of beluga and
sterlet sturgeons and their interspecific bester hybrid. Sci. Rep.

7, 1694.

Li J, Liu D, Ma Q, Zhang X, Dai W, Chen Y, Liu Y and Song Z
(2015) Discriminating Dabry’s sturgeon (Acipenser dabryanus)
and Chinese sturgeon (A. sinensis) based on DNA barcode and

six nuclear markers. Hydrobiol. 757, 185-196

_60_



Liu Z] and Cordes JF (2004) Review: DNA marker technologies
and their applications in aquaculture genetics. Aquaculture 238,

1-37

Karpinsky MG (2010) Review: The Caspian Sea benthos: unique
fauna and community formed under strong grazing pressure.

Mar Pollut Bull 61, 156-161.

Kim DS, Nam YK and Park IS (1995) Survival and karyological
analysis of reciprocal diploid and triploid hybrids between mud
loach ' (Misgurnus mizolepis) and cyprinid loach (Misgumus

anguillicaudatus). Aquaculture 135, 257-265.

Kim KK, Bang IC, Kim Y, Nam YK and Kim DS (1996) Early
survival and chromosomes of intergeneric hybrids between
Japanese flounder Paralichtys olivaceus and spotted halibut

Verasper variegatus. Fish. Sci. 62, 490-491.

Kim KY, Lee SY, Song HY, Park C and Nam YK (2009)

Complete mitogenome of the Russian sturgeon Acipenser

_6‘]_



gueldenstaedtii (Acipenseriformes; Acipenseridae). ]. Fish. Sci.

Tech. 12, 35-43.

Kynard B, Parker E and Kynard B (2010) Ontogenetic behavior
of Kootenai river white sturgeon, Acipenser transmontanus, with

a note on body color: A laboratory study. Environ. Biol. Fish.

88, 65-77.

McKay LR, Thssen PE and McMillan I (1992) Early mortality of
tiger trout (Salvelinus fontinalis x Salmo trutta) and the effects

of triploidy. Aquaculture 102, 43-54.

Natochin YV, Lukianenko VI, Klrsanov VI, Lavrova EA, Metallov
GF and Shakhmatova EI (1985) Features of osmotic and ionic
regulations in Russian sturgeon (Acipenser giildenstddti brandt).

Comp. Biochem. Physiol. A. Physiol. 80, 297-302.

Park C and Chapman FA (2005) An extender solution for the

short-term storage of sturgeon semen. North Am. ]. Aquacult.

67, 52-57.

_62_



Park EH and Kim DS (1984) A procedure for staining cartilage
and bone of whole vertebrate larvae while rendering all other

tissues transparent. Stain Technol. 59, 269-272.

Park CH, Lee SY, Kim DS and Nam YK (2013a) Embryonic
development of Siberian sturgeon Acipenser baerii under
hatchery conditions: An image guide with embryological

descriptions. Fish. Aquat. Sci. 16, 15-23.

Park CH, Lee SY, Kim DS and Nam YK (2013b) Effects of
incubation temperature on egg development, hatching and
pigment plug evacuation in farmed Siberian sturgeon Acipenser

baerii. Fish. Aquat. Sci.- 16, 25-34.

Rahman MA, Bhadra A, Begum N, Islam MS and Hussain MG
(1995) Production of hybrid vigor through cross breeding
between Clarias batrachus Lin. and Clarias gariepinus Bur.

Aquaculture 138, 125-130.

_63_



Richmond AM and Kynard B (1995) Ontogenetic behaviour of

shortnose sturgeon, Acipenser brevirostrum. Copeia 1, 172-182.

Seong KB and Baik KK (1999) The early growth of Siberian
sturgeon, Acipenser baeri in the internal transplantation. Bull.

Natl. Fish. Res. Dev. Inst. Kor. 57, 87-93.

Webb MAH and Doroshov SI (2011) Importance of
environmental endocrinology in fisheries management and

aquaculture of sturgeons. Gen. Comp. Endocrinol. 170, 313-321.

Zhuanga P, Kynard B, Zhang L, Zhang T and Cao W  (2002)

Ontogenetic behavior and migration of Chinese sturgeon,

Acipenser sinensis. Environ. Biol. Fish. 65, 83-97.

2784, BN, 18, A5F (1995) F=2 X< HrrAw gt
A

S Aoje AE 3 AA #Y AT d=FATIA 8,

A8M, AA%, A& 8, 9A4 (2012) 28] Rhodeus

_64_



uyekii2} ®'d=7§°] R notatus 7+ FuujA|, FraulA Y A

A MEzFASHH A, o783 A 24, 151-159.

Fohed, dad, PAE, AES (2010) mhokEARE Oryzias
dancena®} AL AE] Oryzias javanicus b FE =, 74k
7815 4] 43, 462-473.

JBES

F3, 2

of\

) 3, A28, WA (2009) M[EE =g o} col
9} 3 RAGI FAA EA ) &3k =F N (Cobitis tetralineata) <k
&N (Iksookimia longicorpa) Xt AA™E 4. o 7353

A 21, 287-290.

_65_



	Ⅰ. 서 론
	Ⅱ. 재료 및 방법 
	1. 친어 선발 및 잡종 그룹 유도
	가. 성숙친어 선발
	나. 호르몬에 의한 인공산란 유도 및 인공수정
	다. 상반 교배 잡종 실험군의 유도

	2. 수정률, 배 발생 및 부화율 평가
	가. 수정률, 발생 배의 생존율 및 부화율 평가
	나. 발생 관찰 및 기록

	3. 초기 난황 자어의 발달 
	가. 난황 자어의 생존 및 성장 조사
	나. 형태 분화 조사
	다. 주광성 특성 조사

	4. 유전학적 동정 
	가. 미토콘드리아 DNA를 이용한 유전자 마커 조건
	나. 핵 DNA를 이용한 유전자 마커 조건

	5. 잡종 치어의 골격 분석
	6. 초기 생존율 및 성장 조사 
	가. 유어기 생존율 및 성장 평가

	Ⅲ. 결과
	1. 잡종 교배군의 수정률, 배 발생률 및 부화율
	2. 잡종 교배군의 초기 자어(prolarvae) 발달 특징 
	가. 난황 자어의 성장
	나. 자어의 형태학적 특징
	다. 주광성 특징

	3. 잡종의 유전학적 동정
	가. 핵 DNA 마커를 이용한 잡종 유전형 검증
	나. 미토콘드리아 DNA 마커를 이용한 모계유전의 검증

	4. 잡종 치어의 형태학적 특징 
	가. 외관상 특징
	나. 골격 형질의 특징

	6. 유어기의 잡종 교배군의 생존 및 초기 성장 
	Ⅳ. 고찰
	국문요약
	감사의 글
	참고문헌


<startpage>15
Ⅰ. 서 론 1
Ⅱ. 재료 및 방법  5
1. 친어 선발 및 잡종 그룹 유도 5
  가. 성숙친어 선발 5
  나. 호르몬에 의한 인공산란 유도 및 인공수정 5
  다. 상반 교배 잡종 실험군의 유도 6
2. 수정률, 배 발생 및 부화율 평가 7
  가. 수정률, 발생 배의 생존율 및 부화율 평가 7
  나. 발생 관찰 및 기록 8
3. 초기 난황 자어의 발달  8
  가. 난황 자어의 생존 및 성장 조사 10
  나. 형태 분화 조사 10
  다. 주광성 특성 조사 11
4. 유전학적 동정  12
  가. 미토콘드리아 DNA를 이용한 유전자 마커 조건 12
  나. 핵 DNA를 이용한 유전자 마커 조건 13
5. 잡종 치어의 골격 분석 14
6. 초기 생존율 및 성장 조사  16
  가. 유어기 생존율 및 성장 평가 16
Ⅲ. 결과 18
1. 잡종 교배군의 수정률, 배 발생률 및 부화율 18
2. 잡종 교배군의 초기 자어(prolarvae) 발달 특징  21
  가. 난황 자어의 성장 21
  나. 자어의 형태학적 특징 21
  다. 주광성 특징 28
3. 잡종의 유전학적 동정 31
  가. 핵 DNA 마커를 이용한 잡종 유전형 검증 31
  나. 미토콘드리아 DNA 마커를 이용한 모계유전의 검증 31
4. 잡종 치어의 형태학적 특징  34
  가. 외관상 특징 34
  나. 골격 형질의 특징 34
6. 유어기의 잡종 교배군의 생존 및 초기 성장  36
Ⅳ. 고찰 45
국문요약 54
감사의 글 56
참고문헌 58
</body>

