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A method to control sexual maturaion of
rainbow trout using maturational genes

in brain, pituitary and liver
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SUMMARY
(FELGE)

Rainbow trout is a coldwater fish species classified as the Salmonidae.
Their natural spawning season at aquacultural farm is between October and
December in Korea. Seed production industry of rainbow trout has low
commercial value, because seed production of rainbow trout concentrate on
the short-term period in Korea. Hence, artificial acceleration of sexual
maturation is important objectives in fisheries farm. Photoperiod is an
environmentalcue that adjusts the seasonal timing of sexual maturation in
salmonids. Gonadal maturation in teleost fish is regulated by the
brain-pituitary-gonadal axis. Initially, gonadotropin releasing hormones
(GnRH), which are produced in the brain and released into the pituitary
stimulates the synthesis and release of follicle-stimulating hormone (FSH)
and luteinizing hormone (LH) in pituitary. Expression of FSH triggers
production of estradiol (E2) that is one of the major inducers of
vitellogenin (VTG) synthesis in hepatocytes. VTG is released into the blood
stream and stored in developing oocytes. LH stimulates final maturation of
the oocytes by increasing the production of 17a,20B-dihydroxy—4-
pregnen—-3-one (DHP).

The purpose of this study was to investigate the effects of various
photoperiod manipulation on induction of sexual maturation in female
rainbow trout. In our results, gonadosomatic index (GSI) of female rainbow
trout which were exposed to shorter light photoperiod regime were
significantly higher than other groups, whereas hepatosomatic index (HSI)
of the experimental group was significantly lower than other groups. In

addition, female rainbow trout of the experimental group only ovulated in



september, but female rainbow trout of other groups did not ovulate in the
same time-point. Furthermore, mRNA levels of VIG and FSHP in the
experimental fish were significantly lower than other groups, whereas
mRNA lvels of GTHa and LH were significantly higher than other
groups. Therefore, we suggest that shorter light photoperiod regimes

accelerate sexual maturation of female rainbow trout.
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o dERALE AALAFRT GEse WY AMEed s F
A& Fx3y, AHAEGd vXes 328 FAAY dEPE 2
BHEE 2YUHY

<4y 83>
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ge FARREGHOR 2}
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F715 W37 g5 oA e 0] f=dua ¢HA U
FAMNEAE EFete AolF oRE BF7] 2 53] GdF7)9
o AL T B A7 F3H

Al 82 FoAA HEE wFlHFl <R H-HeA- ‘gél*i
olojAl= AAWNEHZIH AHFAN AdHE A4HdBd 328

HAZHAA FF320 & 3t Aol 2 A AT

= AFetF 528 GnRH (BA7HA 13F 2] 220 ¥AH, i

%0 % sGnRH, cGnRH-)7} #7899 Wsg 6 Axste] x5

FHE JRE AL

o= AA L1990 DA ME TAHALH, H3lFA 22| FAE

sGnRHY}. sGnRH noradrenalin®l| 93} %31, dopamine®l] ¢} &l <A
HateAdaEe 23R/ AHAFIE ol GnRH«] Aeded
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A A=
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9] 7] GREAEI} M AFAHE IR ATEL (VIGS &
Fate A" =, HAseAdA FHlE FSHY 5ol oA &
T A dRAEY FAHQA AN Fo HEHZF &
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R I =3

1) AHS5A1d 2 A
- A4 ofy EAESFRE

o]

1.5x16 m 4714
1209}2], 480w}a])

1¥E 199 8Ate R YAoE BF
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- WIrekol A o] EATESZE 6x165 m 2704
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2) 337 A2
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O 1A18F: ALl dFANE AAdA Hodx ZA 195 18A7te =
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* QYA ZALSE A F-o= time switchE A8 & A%
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O 3A8F: AAYR s &#A 124 7H3E A &s, 104 A 10417, 8
AZtez dEsA o] & 19 T 8AIZteE HA (1-25X)
3 = 39 29 3¢ 12¢ 39 22d AN @ 7EA]
z 9 12L/12D 10L/14D 8L/16D 8L/16D
o 71X 7k 07~19 07~17 07~15 07~15
* QA7 ZALSHE AL & time switchS AlE &
O 4A1 8T YEZF(1-138 X))
g3 = 39 24 ~ A &7 A
z 9 Aad
< WIZkgol R >
g3 29 19 12€ 11¢€(3€ 11¥9(3¥9 21¥(3¢¥ 31¥ (49 114 (A &71A
%z w |17L/7D | 24L/0D | 20L/4D | 18L/6D | 16L/8D |14L/10D | A2 4%
o 7| A1 7H07A] ~24| 07~07 | 07~03 | 07~01 | 07~23 | 07~21 (AL A

3) B 2%
- AT AETY 40W BT N(EE 125~340Lux)
Aol F - AFTF 40W F3F 1270(RE 80~112Lux)

4) d=ad A 28 2 BE A}

H: AAHAFEE2EWET 2 F(GnRH) §37}

- BF7), FL3 2E BRARRE AG7IBAA £ F, HY AR
oA FHH ABPREA HFARE FLEHH, ojdf HAME
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Jaed AAdAIzeEs 4D 2eg 2dsE Adeias
#2l GnRH (sGnRH, cGnRH-I))7} 8 49&&

_ webd, Welol =5 2R GRHE ¥4 BHEE RUHZA 913
real-time polymerase chain reaction (3 @PCR, qPCR) ¥H-& &g3ln
B2 hE TAAES YHSAUNE EARRUGHO R A}

HatgA: AANATF2E (FSH, LH) §3A

- HEpgAol A FemAy olFH ZERoIZN F FRe
AANATE 2R, JEAFF 2 EFSH)F FAFA 52 E(LH)o] &)
- FSHE 32 A<x7]19 ujeAM T zFesiy dvx 1124 37
AAE A #Asn LHe ATAHSES 2dsto dda e

- B AFdAME #5748 wsltd ©& FSH ¥ LH mRNA £3+2] W
TS AYPCRYYLZ XA}

e

G FAN AT (VIG) #x4 2d
dEAEe] FAo Al dEMA (yolk protein) 7] 7] 9
7] GRAE7 M AZAE GFARATEL (VIG)E F5319
48 Aolth. ¥, HaFAA Eul® FSHe AFo 9siA =
o] Ao GEAL HFAHA RGN F2T HEHH 219
- w2y, FXAE) k29 VIG FAA HEES RASY FAT
AEdRAE He AL ASA71EE 24

i

oo Pt
>

real-time polymerase chain reaction (3 ZPCR, qPCR) *}H

7}) Total RNA %2 2 cDNA $H4

- A8 & initial control 1§ 571 & vHH AT ¥ 53t 2h, > H & A|
g A

-693 9o 7+ 2 FA 5ute Y At 3L, H H3AE AF T H
QA ALl F& AT F-80C A4 mRNA & H7HA] 2.3
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- Zt A 5L RNeasy MINI kit{QIAGEN, Valencia, CA, USA)E A&314
total RNAE &

- =% total RNAE 1 ug A% § M-MLV Reverse Transcriptase kit
(Bioneer, Daejeon, Korea)E A3t ARAL] XAIMo| wal G} vk-g-&

AN E (DNAE A

) Quantitative Real-Time Polymerase Chain Reaction (Q-PCR) #4]
- qPCRe| AH&-$ 2]2 Zelo]HEL O. mykiss®] G71XEE gz

Primer express v3.0 software (Applied Biosystems, Boston, MA, USA)E
ARSSte] A%

- FAN Fole] 7 22E9 total RNAZHE A& cDNA (045 ug), Power
SYBR Green 1 PCR Master Mix (10 uL) (Applied Biosystems) ¥ I3
Aol geja Zejolo] HESH $4 F# 20 uLE PCR system (ABI 7500
Fast Real-Time PCR System, Applied Biosystems)& ©]-4-3}¢ W& 713}

- PCR Z2EZ2 AAANe dgf, 50TelA 2%, 95CoA 108 ¥ ¥,
two-step PCRHYHOZ 4A|

- denaturing step (95, 15%), annealing % extension step (60C, 1%&)9] &
02 % 40cycled 3
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Primer Direction Sequence

ritGTHa-F Forward 5’ ~CCCACTACGGTCCAAGCAAA-3’
rtGTHa-R Reverse 5°~ ACAAGGAGATTTCCAGCCCATAC-3"
rtFSHb-F Forward 5’ - GTATGGCTGCCGACTAAACAACA-3’
rtFSHb-R  Reverse 5 -GCTCTTGGCAACGGGTATGA-3”
rtLHb-F Forward 5~ GCCCTGTCAGCCCATCAA-3*
rtLHb-R Reverse 5°-CCAAGGGGGACAGTCAGGTA-3"
1tVTG-F Forward 5" - CATTCATCCAGGCTGCTATTATGG- 3*
tVITG-R Reverse 5"-CAGCAAAAGAGGCAGCAGAAT-3"
rtb-actin-F  Forward 5°-CTTCCTCGGTATGGAGTCTTGG 37

rtb-actin-R Reverse 5’ -GTGGGGGGGCGATGAT-3"

QPCRe Al8-® Lgjnxzelo)lne] A7 Y

Aapd H32R 83 35 ZA}
A E o] AL o, H3lgA, 7He HEol=A 28 BT
olu gl AAHe] AXAHE P FHAEANA AAEE AAHRolEdE

o 3] Ao HHY. Gy, AT AN &

He "d9F59 A2 ZO|= (estradiol-17beta, testosterone, 17 and 20
beta-dihydroxy-4-pregnen-3-one) & 9] R3S XAt FF7|wsl,
AAsTE 328 fFd29 B, YL dadte] s AAE #HE

FRB WA 2N

779 T Y&EE7t Aold Ao qyHE FAEe] A
H A58 WeAAEY FHA Aol Bd, $H& L WAL F

zAlete] FRALAG] FASE olNEA 227

= AEFAHQA 7NxAEE A|AFuA

2
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o. AAFPA A789 2 7 A
1) 23 L AFF =4}
2) 234 A, mRNAFZ, cDNATA
3) real-time (q)PCR, 4™ mRNA A %4
4) Radioimmunoassay (WAMAYZS3H)

5 vd, dAAY, £H& F WS
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23 BEINH 2A}

1) AHZA

< 4474k >
g5 | AT | AE | AB(em) | AF(g) | HSI GSI vl 3
Al Z+ s 41.1 1214.6 1.35 9.64 2
3.7 ) 41.0 896.0 1.24 351
) ¥ 42.2 1184.8 191 3.97 FZtdd
1 A8
)
) 2 432 1361.8 1.19 097 | 27194l
=27k | 2 AET "
(6. 21)
n $ 44.1 12461 | 119 | 095 | e
3 AEF
()
) ¥ 45.2 1462.0 1.16 0.99 Z71A
4 AgTt
)
) $ 49.2 1891.5 0.82 1871 Y=
1A 8+
)
) £ 475 1837.8 1.06 5.02 Fhud
zg |2A8T »
9. 6)
) ? 48.1 1930.5 0.98 5.87 Fag
3 AETF
)
. ¥ 48.8 1877.3 1.22 6.53 g
R
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SE | AEF | AE | AF(em) | MF(g) | HSI GSI H] 31
) $ 60.8 2360.1 1.44 2.85 zeot
A &} AT .
(2. 8) -
3 396 1095.9 147 013 | 27194
gz
3
- $ 53.1 2447 4 1.19 211 | Frag
Zzk | AT "
6. 22) -
x4 45.2 1467.5 1.09 0.55 27144
CESH
>
) 9 586 3050.8 111 11.61 ) g
z3 Algat
3
8. 1)
9 476 1344.0 1.17 101 | 27194
CES
3
_ ? e 3
zg Al St .
(12. 11)
2 516 2026.0 0.94 13.56 A g
=t
2
2) Rahg 24
< Rzt FAF >
N7l ANBF | AHeF] | AFF | $gE | H3}& H] 1
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