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SUMMARY

1. Title

Transcriptome responses of synchronization in eel neuroendocrine system

II. R&D Goals
1. Exploration of major neuroendocrine transcripts of eels influenced by environmental factors

2. Identifying neuroendocrine transcripts related to the initiation of spawning migration of eels

Ill. Content and scope of R&D

1. Exploration of major neuroendocrine transcripts for each stage of sexual maturation of eels
- Searching for neuroendocrine transcripts using RNA-sequencing

- DEG analysis of the deep brain and photoreceptor organ transcriptome according to the
degree of sexual maturity

2. Expression of neuroendocrine transcripts related to initiation of spawning migration in
nocturnal eels

- Analysis of the effect of photoperiod and water temperature on transcriptomic expression
characteristics of neuroendocrine mechanisms

- Analysis of transcriptomic expression characteristics of major tissues of deep brain and

photoreceptive organs related to the initiation of spawning migratory

A) Goal 1: Acquiring neuroendocrine transcriptomic information of eels using RNA-sequencing
O Neuroendocrine synchronization and cloning of transcriptome

- Obtaining sequences for core transcripts of neuroendocrine synchronization (6 types; Perl,
Per2, Per3, Cry2, Cry3, Cry4 mRNA) and Melatonin synthase gene (2 types, aanatl, 2
mRNA) using RNA-sequencing

- Verification of completed transcript sequence and amino acid sequence analysis through gene

cloning

B) Goal 2: Expression of transcriptome related to the environmental responses of eels in deep
brain and photoreceptor organs
O Analysis of gene expression characteristics of retina and biological clock in deep brain
according to the circadian cycle
- The expression of circadian clock genes in LD (12L:12D), DD, and LL conditions was

investigated, and it was confirmed that the circadian oscillator was activated by light in the



retina and deep brain.

- In the retina, each transcript was synchronized by light, but the expression of the transcript
did not show a significant change in the deep brain

- It was confirmed that the expression of biological clock transcripts in the deep brain after

retinal removal surgery is synchronized by light

C) Goal 3: A study on the expression characteristics of initiation transcript of the eel
neuroendocrine synchronization

O Analysis of neuroendocrine rhythm synchronization expression characteristics according to
the changes of photoperiod

- The change from long cycle (15L9D) to short cycle (9L15D) is thought to act as an
important environmental factor that synchronizes neuroendocrine

- It was confirmed that melatonin secretion was rapidly increased due to the changes of
moonlight and directly affected by the activity of the BPG axis, which affects scattering.

* Neuroendocrine synchronization of eels is affected by light, and unlike common bony fish
and mammals, it is thought that the retina plays a major role in synchronizing neuroendocrine

secretion.

V. Expected outcomes

1. It is possible to interpret the spawning ecology of eels endocrinologically

2. Identification of neuroendocrine biorhythm mechanisms for each behavioral pattern of
nocturnal fish

3. Suggest the possibility of entire eel farming through controlling of environmental factors

4. High-quality fertilized eggs can be produced by inducing stable and eco-friendly maturation
5. Propose the possibility of aquaculture for fish species that cannot be farmed by exploring

appropriate environmental factors

KEYWORDS : W7o}, wxlo] Abghs|ff, Wgo] dAd<, AA @&, A U1, o3

“J, Eel, eel migration, eel reproduction, transcript, neuro-endocrine, nocturnal



0

o
il

wK

R R e LR R LR L LR AR

A2 e AT @

17% Q—LHQ,] ?jerﬂ]lg— 6&3‘%—

20
32

38
38
39
40

CE’—TL/\EJ] jl/].vo/] 9/] vo/]

34.

41

41

14,

41

42



A1&EME

N
]

T
ﬁo
B

B

ujn

fi'e)

of

o

i

2. 3874

il

Ho

2010

T
T

P QT2

—

B
ol
Mo
A

)

o]

171 98l 20053 H-E

S

olglgt EAME a4

22
~

=K

ol
oF
ofw
A

o

How

ox
file)

¢}

o

ol = 7}

—@_’

ol &

AT

b gl

Ho

ox

™

o

o
ol
Ay

0

4
5

(4) ol

2 2Jo] W#o] gonadotropin hormone(GTH) =

S

i
N



5 T oo WoRe ™o A
td2z 2o, fhs ,
o B T I~ 7o X
~ K X o o I r
oy CLNN s W T o Ne o xo 7 ™
° = g ) o o T & = aﬂﬁ "
A » T L om Twok o O 5
T = S T T o w T oo
o O =
K T Qo TR S e X ey
X ﬂ == o W_H [ap)] :.L OT 5 - UL ‘NL
) S o R of F = o e T
0:) o . A Koo O
A o ﬁ.E q — AT N 0 ~— ﬁ; ‘_ﬂOf
o WL ﬂ ol N s, M.L m_w_v ﬂ.t.! .\MM ,Iﬂ
ol < %) o T ny BT =0 M XK MT
0 T ome K T x o oy TR
= ~ —_— o o
o Z._O UL ‘_lw_mu 1 - AT Z.ﬂo ‘_Ir.Vl 1_ ]__/[ .m__A
7! T Mo o T o fo _ = ™
K N T fn o 54 T o X
i © T L s = Tk .
i T oo b S . 2
— == T —
4 zPd2 33 el :
® °om ol - i = L )
= o m Mo R C ujn
.MW_ W ow mm = 3 o ™R ol
T o A K TG - M o
iy <~ T o A i N
S wEzE o rgi a3k :
— X T ~ X —_
2 o o o F Ca O o
owme I T wm A F o= WMoz T
o o O#E T =0 ~ T X a
7 r e e A W < o o Moo
A (I S wm R o wF m,.rwb = B W a7 mm m._
oM w2 SR i Lo - < =
Iy X G- Lk B o
B _ T o T = o W I W B T oz
~ K o4 w2 B © & % Z ok o e
X o 0 (@) ) < X < ‘_ﬂ_u . " o)
m o~ 2T o~ B ' B e ne
o T AT X N R R AT

Aell 2la) Aot

-
X

RE R

Al Az oke] A7 A
(e}

-
L

o]
2R

s

5

3

A%

1

T

ot

2 8]s

W EnAls S el Bl AaTed 9

AN EH F713

%

[¢}

]

L.

A
2.
l



7ol whek ",

o

—_—

o
N

B
o
oy
1o
il

a
i)

)
T

ﬁo
B
o

-

o)J
70
e
o}

jans
iz

R kA

<

A

o g

=
[}

o,

interval timere ¥7]3}% %] ¢

-
L

3

N
;O._
<
T
o
ol
NIl

ﬂo
B

ol o] A H

3.

AlA Aiigolz of 10784

ol Ao} A

Al vl

=

o
K

172 8

)

& B¢ F2AL

X
ol
0

)
et

s

(€]

o] (glass eel)ell Al A A o]

=

= o

o] 52 Puberty©hA (A

774

9]

% Avte]ot

2

Dy

il oA

]

&< (silver eel) AF&HS ¢

70 %

Eis

2 ol A&

o

= A2

B a7

2 AgHE= A

oNA 7t

=
=

71 EEolAl ol (temperature zone)olA <

=i}
=

Fal 2F&3] 8- (catadromous migration) <F

AR 7HA]

ﬁo
B

= Ardag.

[e]
= AL

o]
s

HA # o]

3



Egg +—

\/

Glass eel =

|

Yellow eel

Silver ee| =

ainiew Ajjenxas | S— DUMjEWLWI Aj|ENX3S |

Spawning —

a9 1 o] AFe AEEE L 5
DY M Aol wet F A wAY

Silver eel(==

A Wste] Fukstol Agehis AQUEH S

aly
ﬂ
2
<
X
o
v
~
7Y
1o
o
rlu
B
o
offt
it

#3383 Qlr} tgo] Pol: ok

i)

S Al719] 2o 2, yellow eel(FH o], T4

Fob 2] o 4 o8] 8ol
A o AL A& W e A A
9] RN Agars ARAUENE FAFA)E

Environmental Input

Photoperiodic information
(Daylight & Moonlight)

0 P
(Visual & Non-visual)

Photoperiodic clocks
(central and peripheral)

Endocrine Output

Neuroendocrine
(Dopamine, Melatonin, GnRHs etc.)

Sexual maturation ?
(migration accelerator)

fto
do
=
[40

TS W RS B wgeld

S ARt Glass eel(2 7o,

oftl
Ru)

>
l-'O
(i
o
o

MABHE St AR WS ©HA)

o, AttE S8l dlFR olFste A4 s ©). olesh Wil A g
A2 A, 2B A e ek ATt

4 A zoliel nluste] F 5ol4 7ld wjEow

ofFow ANFUWEH| A SHoM FAY =0

gt F5% ot} od EAE A3

9] U nEta BdeA Hojv £ o

S 20S gAYy JAATE Fal

FAA| L Awe FE A%

24 7)ol wa) Agekax

_ﬁ
et



3

2

Silver eel = Spawning —)—l

N

1%

A
>

Catadromous migration to the
West Mariana Ridge
F(CITES), o whet

}

>

],

Aol ] § ]2 & oo LA Ut

sl 541 3007 WelolA Aea)

e,
X
Yellow eel

Growth in fresh water area

Xo

o %
o), Anguilla japonica® life cycle &

Glass eel

Return to the fresh water
move with ocean current

Larvae

A2 & =H2l A0

Egg
& 2| 7HA]
A AA A

AAA o=
Eel biological life cycle

wheha

v
oy 2.

1d. Juy el

o]

2013

el FE Agol ¥}

al
=

Y, 53

=,

2010

1

R

T

—

T

1

k<3
=

=

SotAlob 478 (

T

—

+e

[¢)
ted, 20160 L&l oo

°

2}
A&l A o FAL

Al

=

1

°
il

:Il



T4 WYY

MY 9IF B 4 ‘
("16)

)

Q1 149K Moj 44 ("15)

! )

2T[ALE RY
e—— e e 0 (10)

AR 14508 Azl A ('12) Aol g 42 (1)

a9 3 FHE AR g S Ted F3 A REAR(EA]: g



| m2-2-4 srFomzsEmEMRORK

FRFA0FF

EREDFE
FRLSAVFIFERTLUFF

AT F ¥

(I kEREATE -2 — T, FH14
(2002) BB AT LS A+ ¥
TOBREICED (RROER), $4ATH
22 (2010) Fioik, AT#Mmd 598460
EafbE 2T [REEM] CRDLELL
(WeRnER), &6, E2BHYFX0
FEH S LT Z 5~ DT O
CHEETh L ® L &= (FROER).

| TFAOEEZRE. MERORRES).

.

SHODME

* RESIOREAREMAFHOMRE (RA
MEMBEES).

«REOLHOBEES T LOMR (4t

A A &
(4 7=m L ICHE)

A A g 918 (www.ifa.maff.go.jp)



18, i3] A= 9AE AZUEY Fo AAA &4

1. a7Hhy
7}, Ao

Il
—
DO
-
—
[\
9
2
X
B
Ey
—
N
me
o
g
>
Ho
o
>,
ot
2
o
ofo
_OL
32
£

ol W 3 AN transcripome A AAOA AAFE WA (AF
233~726g, A% 55.3 ~ 80.7cm)E AFFER(FEFTE H00L, F=&= 20 + 17T,
FF71= 12L:12D) oA 193t A Al & A3 o] &advt. dAo1¢ sampling
< F(ZT6)T  okgH(ZT18)el Ethyl 3-aminobenzoate methanesulfonate
(MS-222, Sigma-Aldrich, St., USA)E °o]&3t nt3 = zt At <4 7212 6
A F 129]E sampling 3Tk, Total RNA+ TriPure Isolation reagent
(Roche Diagnostics)E ©]&3to] #2311, Genomic DNA contaminationE I
3171 913l Deoxyribonuclease (Wako, Tokyo, Japan)< °|&3te] A3ttt +&
g total RNAE 2100 bioanalyzer RNA 6000 NANO chip<& ©|&3td H& 2 %

e s,

waol dAda e SR dAS AHst g5 X HA 153 oA A &
Ado] o] &3y, WAl AL Human chorionic gonadotropin (HCG,

10IU/g-D <& 154 tAez F 83 & FAsI . W] 47l dojsial+

& (salmon pituitary extract: SPE, 20 mg/kg-1)E 1Y t4o =2 ZF 83 BT+

%
FABAY (AF 1), 44% FEA S £z 2de 120:12D 7719 337 (3%



= 0700h, &% = 1900h) 283 Ak T2 20 £ 1TE FASA L gk 3

_/‘r_
Alw (5SS 1E)S o] §3te] Abgatart.

. Total RNA & % ¢cDNAZA

Total RNAE RNA-iso (TaKaRa-Bio, Otsu, Japan)& °]&3dte #elsit}. &
2] total RNAE HAZ1Y%E3 spectrometers ©o|&3te] HHF HAEAsAT.
Genomic DNA contamination® #3}7] €3] DNase I (Promega, Madison, WI)
S AgstAtt. ¢cDNA 42 1000nge] total RNAE F3 22 Transcriptor High
Fidelity ¢cDNA Synthesis kit (Roche-diagnostics, Indianapolis, IN)E& °]-&-3l

o. 7148 4

Sequencings B3 92 Z7te] d7|AM¥E2 BLASTN (National Center for
Biotechnology Information, National Institutes of Health, Bethesda, MD), 1
2]3l amino acid sequencest translator program (ORF Finder, NCBI,
http://www. Ncbi.nlm.nih.gov/gorf/gorf. html)< °]&3td ®FAsUT. a8n
2v7kel - xke] phylogenetic tree 42 MEGA v.5 softwareolA pairwise
sequence  comparisons (pairwise  deletion  of gaps)&  ©|&3}
Neighbor&#8211:Joining methodol ¢&]l 1,0003] bootstrap trialZ ]33t}
1 A3E CONSENSE program of PHYLIPE A Zsle] EASAY (29 2).

2. AAF A AAA A A (Whole Transcriptome Sequencing)

AAb A% A A4S 918k, total RNAS 1 pge TruSeq® Stranded
Total RNA Sample Preparation Guide (Illumina) ¢ “RiboZero Delete and
Fragment RNA procedures &% ribosomal RNAZE #|A3d7] st Al&EHA 1,
ribosomal RNAZF AIA® total RNA 500 ng< Illumina TruSeqTM RNA
sample preparation kitE AF&3te] ¢cDNA Ao AH&=HAct restA 1 By
9= Zt. Random primer®t GHAL &4 (Super-Script II, Invtrogen,
Carlsbad, CA, USA)E o] &3ty THIE total RNAS FI7IH SR gt ¢DNAE



FdAdstdem, o TAHE cDNAE "2 kitdl 38 ASS o]&3le ol F7l=e]
DNASZ H#EA, o] cDNAE library THE 9dte] A1&5Ad. golvefg +
s fsted FAE olF7lE cDNAE Ilumina TruSeqTM RNA sample
preparation kitE o|&sted 1 A FAF FH W web FRjeitt. gelBE gy
4 A= DropSense96 (Trinean) ¥ Ribogreen (invitrogen)o 2 FA S =
Aot oem, e 1 golveg]e QCE Agilent 2100 Bioanalyzero 2 #2183t}
A% HAARA AMEEAL  llumina  NextSeqh00  ZHEZL  AE3}]
2&#8201;x&#8201:150 base pairs® A Zol| tste] Hol= 50M reads® AL

=2 Aot

v}, De Novo Transcriptome Assembly

A7 AA AE B 9t AYAFdE raw sequencing data] ¥ FAL
FastQC v.0.11.3 application (http://www.bioinformatics.
babraham.ac.uk/projects/ fastqc/) S E3to] & F22 readE =H3ste] F3H
A}, AHHe AAE ¢ste], Cutadapt Python package (chen et al., 2014) &
AR AL, oA EE = °lE cleaned reads® 7FAA Trinity Z2Z1% (Grabherr
et al., 2011)= Ab&stel APFHAT. thaol, 2 oJAE8l= transrate software
(Smith_Unna et al., 2015)% de novo transcriptome assembly %3 S8<& &
P3tAtt. Gene predictione HAMYEA o FHA o= Zzaze AUGUSTUS
software (Stanke and Morgenstern, 2005)2 ORF A& g A& HAAS &
o, Blastx®} Blastn €x2l% (Altschul et al., 1990)<& AF&3to] 7]Eo] Hud
rhodopsin family 32 AEE3 thxsto] W] Z2 9 rhodopsin family 3=t
£ d3lem, 1 #el& 9l3led NCBI nonredundant (nr) databases AM&3le] =1

A e AEL sttt

2. 34 Cloning

Wadoje] AANATI, 2, Perl, 2, 3¢ Cryl, 2, 3 7149 EAZ f138) H 4
°] ¢cDNA cloning= Fdstith. 2 #d7e] @82 RT-PCR< °]&3 SF=HAH.
RT-PCR< 94T, 45%¢9] denaturation, 58C, 45%¢] annealing, 72T, 1&9



o|X

extension® 36 cycle® =AM FIAEHJY. FZH PCR 2L 1.5% agarose

geld A71GEdte] 2zt 2B AV|E 98t gel purification kit (Roche)E ©]
£-3to] GAleAdtt. A" PCR A& S pGEM-T Easy Vector (Promega)E °©]-83}
o ligation, JM109 Competent Cell (Takara Bio)& ©]&3}% transformations
F3P3A Y. 1mg ampicillin, 0.8mg X-galS 3 LB plateo] Z=&ste] v st
. LB plate2] #A colonyE 5mle] LB broth(lml LB broth/100ng ampicillin)

o wjekst & plasmid extract kit (Roche)Z ©]&3sle] plasmid DNAZS st
o}

Total RNA extraction = Library preparation B lllumina HiSeq 2000

* Genome guided
Short read N Mapping on the N de novo
processing genome (Tophat2) transcriptome

assembling (Trinity)

Unigene set Opsin family genes Phylogenetic

construction P search (tBlastn) | & gPCR analysi
(CD-HIT-EST) ( ) R

1% 5. RNA-seq ¥ DEG A3 flowchart

2. d+4%
(1) A3 W&y 573 HAA cloning
RNA-seqE Tdl @& A A FE F AAFARS} #ddE A= F 8707F A
o]

&
A, o Ageld #ddE WAl W Hexe] mRNAE
(

w

aanatl(Aralkylamine N-Acetyltransferase), 2, Perl (period), 2,
Cry2(cryptochrome), 3, 47} S A (2" 6~ 13). W] AAFHAA &4 2

B A 714D B 2 DNA cloningd e ol&ael ZAlETh wole]



aralkylamine N-acetyltransferase (AANAT)9] ¢cDNAE Tzt Ax oA FZ3HA
ok Wigol wuh AANAT1F ¥ AANAT29 A7INEE ®Askslth. AANATI,
AANAT29 <7l= ZZ 615bp, 489bpolUth. AANAT1, AANAT2 e
amino acide 204aa, 163aa°] AT}

Wgol AANATS amino acid A8 Aeds tE T&5« Hlu 4% A7,
AANATIS e ofFolA 81~94%, A F(Xenopust laevis)®t X7
(Columba livia)v 727 84%<F 85% =2 vlwz =L A4S JUedloy EZHF
(Mus musculus, Ovis aries)® 70~71%=2 ¥Hlmwd W& 4L Y.
AANAT29] amino acid A¥ &&8E& oJFelA 80~89%, = HluA & F&d=
HAn A F(Xenopust laevis)olA 69%, ZF/(Columba livia)e 72%, Zf+

(Mus musculus, Ovis aries)dlX 67~68% = vl w7 & A=A e},

W7ol o] Period (Per)9 cDNA+v HolA AMZ39c). Aol ¥ Per 359 A71A
S BEA%A Y. Perl, Per2, Per39 97|&= ztzt 3173 bp, 3657 bp, 1248 bpe]
Tt Perl, Per2, Per3 #+#A%2] amino acide= 1057 aa, 1218 aa, 416 aa©]%l

e

W7ol Per®l amino acid A8 A8 & & vl 4% 23, Perle %
TAL oFA 59~71%, A F(Xenopust laevis)dlA 57%, X7 (Mus
musculus, Rottus norvericus, Homo sapiens)ollA] 59~61%2 EE FETolA
B A E BAT Per29 amino acid A€ FEdE oAFoNA 61~T73%= Y&
&

Eo Mg HwAHoR T ATAHAES EYoy UAF(Xenopust laevis)eolA

il

47% ., EF(Rottus norvericus, Mus musculus, Homo sapiens)olA 49~51%

2 HwAd Fe AEAS BT Per39 amino acid AY HAFZAHE o FolA

60~64%, X+7F(Mus musculus, Rottus norvericus, Homo sapiens)°lA]

Wgole] Cryptochrome (Cry)el cDNAE o4 AEsidtt. WA o Cry 3%



9] A7IMEE EAFAY. Cry2, Cry3, Cryde 971 242 1857 bp, 951 bp,
1002 bpel¥tt. Cry2, Cry3, Cry4d +4A2 amino acide= 618 aa, 317 aa, 333

aa°l .

o] Cryel amino acid A8 A= thE TE& vl 43 27, Cry29
BERE oFolA 82~91%, FAF(Xenopust laevis)elA 79%, Z7F(Gallus
gallus)°llAl 80%, X7 (Mus musculus, Homo sapiens)°lA] 81~82% = E& &
ETA =2 AEAHE EYY. Cry39 amino acid XY 4EAH2 Zebrafish
(Danio rerio)ollAl 84% =2 Hlw4d & FeAs EAtt EI & FETL(Gallus
gallus, Mus musculus, Homo sapiens)® Cryl® amino acid ME3 73% = H]
w3 T2 A4S YWY, Cry49 amino acid ME 45482 Zebrafish (Danio
rerio)ol A 72% 2 ¥HuA =L AEAHES EAoY FAF(Xenopust laevis)ellA]

65% ., ZF(Gallus gallus)oA 65% = vlud F& A=A Vet

3 1. AANATL obu]AF d7)A g

AANAT]1 MSVVSALPFLKPLHMRAPISPGRQRRHTLPASEFRSLSPEDAISVFEIEREAFISVSGEC 60
PLHLDEVRHFLTLCPELSLGWFEEGRLVAFI IGSLWDQDKLNMDALTLHKPHGTTVHIHV 120
LAVHRTFROQGKGSILMWRYLOYLRCLPYVRRAVLMCEDFLVPFYQKSGFKVLGPSDITV 180
GPLTFIEMQYPVRGHAFMRRNSGC 204

3 2. AANAT2 obu]n:AF A7)A g

AANAT2 RSCRARSHFLLGTSRLOAAGGSPVAMAQQAISSPFLRPFFLKTPVSVASPGRQRRHTLPA 60
SEFRNLTPQDAISVFEIEREAFISVSGECPLTLEEVLGFLGQCPELSLGWFEEGQLVAFI 120
IGSGWDKERLAQEAMTRHVADTTTVHIHVLSVHRHCRQQGKGS 163

¥ 3. Perl ofu|:At 47144

Perl MMSDDNSDSAPSNDTRGGVGGAEEEEEARQGAGSPGLSGDSSSSDTNRKRGAAPGGVSKA 60
RSASRGPQDDTDAHSSGNDSGERDSEGRLGREASRGRQSTCSSQFSSSHNGKDSAMILET 120
TESNKSSNSHSPSPPSSSVAYSLLSASSEQDHPSTSGCSSEQSARLQTOKELMKALKELK 180
IRVPAERRGKGRSSTLASLQYALNCVKQVRANQEYYHOQWSVEESHDCSLDLSTFTIEELD 240



NITSEYTLKNTDTEFSVAISEFVSGKVVYISPOQASSLLRCKPERLOGALFSELLAPQDVSTE
YSSTAPSRLPLWAACSGSVTSPRDRAQEKSMEFCRISGGREQEGVVRYYPFRLTPYQLTLR
DSDVSDAQPCCLLIAERVHSGYEAPRIPADKRIFTTSHTPSCLFQEVDERAVPLLGYLPQ
DLVGTPVLLYLHPEDRPLMVAIHKKILOQFAGQPFEHSPLRLCARSGEYLTIDTSWSSEVN
PWSRKVAFIVGRHKVRTSPLNEDVFTAPPGGEGRSLVPEISQLCEQIHRLLVQPVHSSSS
QOGYCSLGSNGSHELPASAASSSDSAAAAEDPAPPHKPMTFQQICKDVHMVKTSGQQVFEID
SRNRSPPRKHASAGVVKAVQCLDVGKLISEGVKVDKIPPKAELPPPPERRESAPAYSYQQ
INCLDSIIRYLESCNVPNTVKRKCGSSSGTTSSTSDDDKOQKEAAGSTNVTLDAAAGQKAG
POGPAPALSPLALHSKADSVVSVTSQCSFSSTIVHVGDKKPPESDIVMEETPPTPTPAPL
TPAATPTAVAPPPPAPPSPAGAEREGRRGGAGRLGLTKEVLLAHTQQEEQNFLCRFRDLN
QLPVFDPSSAPYPPSATPFAKGVRSSRDYPAVGSSGRRRGRGAKRLKHQEGLAVRRGGGV
SGTAGGLGANANGEGRGGLAFPPPHHLPLGPQTSSSSWPASVVSQASLPPVPYPPVLPLY
PLYPPLAPPNGLPNMQPTPRYPIQAPQLPPPLVPPMMAFVLPNYMEFPQLNPAMSQLNPAV
IQLNPAISQLNPAISQLNPAISQLNPAISQLNPAISQL

B 4. per2 OfO|At HAI7IME

Per2

MSDDSDSKPYLYSALEGRDEGAVACSSMSQLHRMGGYGEGRGRGGAELGLASEGSDSSSQ
GPDPSPHSDRKRARSLHEEDVEMKSSGSSGSGTESHSNESHGNDSHGNESHGNESLGSSN
GNSKDSALLVSSGSNKSSNSHSPSPPSSSNAFSLLSASSEQDNPSTSGCSSEESAKAKTQ
KELLKTLKELKLHLPSEKRQKGNKSSTLSALKYALRCVKQVEANEEYYQLLMINDSQPSG
LDVSSYTIEEIDSITSEYTLKNTDIFAVAVSLITGKIVYISDQASCILNCKQSNEFKNAKE
VEFLTPQDVSVEYSFTTPYRLPSWSMCTGAESSPSDCMQEKSEFFCRISGGRERGGDPQYY
PFRMTPYRMKVQDTEHAEDQFCCLLLAERVHSGYEAPRIPTDKRIFTTTHTPGCIFQDVD
ERAIPLLGFLPQDLIGTPILLHLHPNDRPIMLATIHRKILQYAGQPFDHSSIRFCARNGEY
VIIDTSWSSEVNPWSRKVSEFIIGRHKVRMGPVNEDVFAAPPSTEVKTMDSDIQEITEQIH
RLLLOPVHNNGSSCYGSMGSNEHLMSVASSSDSNGGRPRPEEEESRKAKPRTFQEVCKGV
HMOKNQYQQGAAAFPPKTEPKRMPSTESQQKSPVVRPKDSAVHLSGKENVVSMEDLVGVQ
HMOKNQYQQOGAAAFPPKTEPKRMPSTESQQKSPVVRPKDSAVHLSGKENVVSMEDLVGVQ
EELTYKDETVYSYQQISCLDSVIRYLESCSVPITVKRKCQSSSNTASTNSDEDKQNAVDN
AMQVSEEPALLEAQPGLPPVKVHKKPPGAAVGSSLAPLALPSKAESVMSITSQCSYSSTI
VHVGDKKPQPESEIIEDVSGAGEMGEGPAVAPPSSAVSLPSQEREAYKKLGLTKHVLAAH
TOKEEQVFLSRFRDLRGMLSLQADCSVHLDRQRGQPATDAAAAAQGRKQGKAGGRAESAN
RRGGRNKKTKSKRVKKHESSDSTVSHRKQOSLLPPROQGLNQTSWSPSDTSQSTTLPMAYPA
VMPAYPMOMYPGAGPANARVNPSLPPGFGESQCGQDPRLPMPPTPYSTPLVTPMVALVLP
NYMFPOMGGAPHQPEFYPDQTSFPPOAAFNGPAPEFSATPAFQVOPOQFASONPFPAQLRFQA
QPFPYGMPAEAPKSPAPEPREAVSRSSTPQOSLGANGQASPPLFQSRCSSPLOLNLLOLEE
TPRSAEKMDSSAPPGGSQGNGVMDKGSAAGPAKSGQEKQQVGAPPGSPPWAVYSPIFSHQ
PAACPANTHLSHSAVRQQ

300
360
420
480
540
600
660
720
780
840
900
960
1020
1057

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1278



3 5.

Per3

3 6.

Cry2

3 7.

Cry3
Cry3
Cry3
Cry3
Cry3
Cry3

3 8.

Cry4
Cry4

Per3 o}u| Ak 7144

MRPDLQTSRDSVWPADQLAGOMPSGGAFIEGEEEDGEGDEAMECSSVPGGGGGGPEQPLA
AFGPGVKGTVGGSEEVGRSDVGVASRHDGTDSPSNHRSQSTTGLDKRSELHADPASNQTE
SSGSEHPEQERAQSHREIMRAMREMKRRLPSDRKGHRKARTVEALHYALRCVKQVQASSE
YHKVLLGSWKEEQGEVCPTVCTLEELESVTSEHTLKNTGMFAVVESLTSGRVLYVSEQAP
SILGLRGSFLRAARFVELLCPQDVNVEFYAHTAQPHLPPWTLGPDRKADLYDCTWVKSEFEC
RLRGGKDGEGEARYSPFRLTPYLLKVRGGEGEEDQPCCLALAERVHSGYEAPRIPLEKRV
FTTTHSPGCVFMEVDDRAVPLLGYLPQDLIGSSVLACLHPEDRPLMLALHHKILKYAGQR

PFEYRSLRLRCQONGDYV

Cry2 otv|xAt 47144
MAPNSIHWFRKGLRLHDNPALREAVRGAGTVRCVYFLDPWFAGSSNLGVNRWRFLLQCLE
DLDASLRKLNSRLFVVRGQPANVFPRLFKEWKISRLTFEYDSEPFGKERDAATIKKLAMEA
GVEVCVKTSHTLYDLDRVIELNGGQPPLTYKRFQTLISRMDPPEPPVDPLCASFMGRCVT
PVADDHGDKYGVPSLEELGFDTEGLPSAVWPGGETEALTRIERHLERKAWVANFERPRMN
ANSLLASPTGLSPYLRFGCLSCRLFYLKLTDLYKKVKRNSSPPLSLYGQLLWREFFYTAA
TNNPREFDKMEGNPICVQIPWDRNPEALAKWAEGCSGFPWIDAIMTQLRQEGWIHHLARHA
VACFLTRGDLWISWEEGMKVFEELLLDADWSVNAGSWMWLSCSSFFQQFFHCYCPVGFEFGR
RTDPNGDYIRRYLPVLRGFPAKYIYDPWNAPESVQKAAKCVIGVQYPRPMVQHAEASRLN
IERMRQIYQQLSCYRGLGLLATVPSNPGGNEGAAAMGACAAEGPHEGATAAGYQLSVTPQ
IDWSTGVHPYPPKESQSSSSTQQOQGEFTGGGSSLVCYRQESQQTLTAPQGLSSILSTVKRH
SEDAPPSVSSKVQRONSN

Cry3 ofu|=AF 47144
MVVNSIHWFRKGLRLHDNPALQEALNGADTVRCVYILDPWFAGSANVGVNRWRFLLESLE
DLDTSLRKLNSRLEVIRGQPADVFPRLFKEWNITRLTFEYDSEPYGKERDGAIIKMAQEF
GVETRVKNSHTLYNLDRIIELNNNSPPLTFKRFQALVSRLELPKKPLPPVTRQQOMDGCPA
HIADNHDERYGVPSLEELGFKTHGLSPAVWKGGETEAMDRLNKHLDRKAWVANFERPRIG
ASSLMASPTGLSPYLRFGCLSCRVFYYKLRELYQQVRRHGSPPLSLFGQLLWREFFYAAA
TDNPNFDRMAGNPICVQ

Cry4 otu]:=At 47144
MTHRTTHLFRKGLRLHDNPSLVAALESSAAVYPVFVLDRAFLEGAMRMGPLRWRFLLQST
RDLODGLAALGSRLHVLQGRHEAVLRRLVRRWGVTQLTLDAEVEPFYAQLDDGLRALCQE

60

120
180
240
300
360
420
437

60

120
180
240
300
360
420
480
540
600
618

60

120
180
240
300
317

60
120



Cry4
Cry4
Cry4
Cry4

LGVLVRSCVAHTLYDVRRITIKANGGEPPLTYKKFLOVLSVLGEPDKPAREITLODFQKCK
TPVDDGNDEQYRIPSLEDLGIEVDLEVLWPGGESEGLKRLEKHFESQGWIANFSKPRTIP
NSLLPSTTGLSPYFSLGCLSVRSEFYYKLSNIYAQSKNHSLPPVSLOGQLLWREFFYTVAS
ATPNFTKMAGNPICLQIGWYEDQAALEKWRTAQT

180
240
300
334



The structure of AANAT proteins

AANAT1a -—————— M3VVSALPFLEPLHMELPI SPGRO

TLPASEFRSLSPEDAISVFEIEREAFI 34

AAMATZ MAQQATSSPFLRPFFLETPVSVE - SEGRORRHTLPASEFRNLTPQDAISVFEIEREAFT 58
PRKAM4-3-3 Cie-
AANATIa GRLVAFIIGSLWDODELNMDALTLHEPHGT 114
AANATZ GOLVAFIIGSGWDEFERLAQEAMTRHVADTT 118
Dic-2
AANATa Y IVLAVHRTFROOGRGSILMWRYLOYLRCLPYVRRAVIMCEDFLVPFYQRSGFEVLG| 174
AAMNATZ T LSVHRHCROOGEGFILLWE YL RCLPELERALLVCEEFLVPFYLEAGFEERG| 178
Motif A Matif B
AAMNATA ESDITVGPLTFIEMQY PVRGHAFMERNSGC 204
AAMNATZ FSAISVGSFAFMEMEY LLGGLAYAREN 208
PKAM4-3-3
Sequence alignment of Anguilla japonica AANAT1a and AANATZ.
Bﬂ—Japanese eel_aanat2
Zebrafish_aanat?
496 Senegalensis sole_aanaf? Teleost
——Damselfish_aanat? aanat2
1000 Medaka aanat?
313 Seabass_aanat?
Sheep_aanat
1000 1000 aanat
Mouse_aanat
Xenopus_aanatt
659
Green anoles_aanat? aanati
502 Chicken_aanat1
489 .
] 453 Pigeon_aanat
Zebrafish_sanatia
55 Japanese eel_aanatia
787 Gitthead seabream _aanat Teleost
868 aanatia
975 Damselfish_aanatia
2T volow ¢ roaker_aanati
——Medaka_aanatib
i - Teleost
— 008 L Goldline spinefoot_aanat1b aanat1b

22 6. WAO] aanat amino acid®] AlEEFsA 4



Febrafish_Perta

BT Japaneses eel_Peri

FE] Febrafish_Perib
1000 G54

Medaa_Per1

Xenopus lsevis_Pern

Human_Per1

1000 Rat_Per1
1000 1000
Mouse_Perl

Medaka_PerZa

Medaka_PerZb

%

82 Zebrafeh_Per2

005 1000
23| 3 Japaneses eel_Per2

Xenopus igevis_Per?

1000 | Human_Per2

1mc|| —— Rat_Per2

L Mouse_Per?

Japaneses eel_Per3

1000

Medaka_Pera

Zebrafeh_Perd

Human_Per3

1000 ——Rat_Per3

]
H10606D

Mouse Perl

Drosophila melanogaster Per

a3 7. WAFO] Period amino acid®] AlEEFEA A



o978

1000

as9 Zebrafish CRY1a

Zebrafish CRY1b

TFLI: Henopus laevis CRY

Chicken CRY1

_L—M ouse CRY 1
T090L_ byyrran CRY

1000

Zebrafish CRY 23

Japanese eel CRY 2

1000

0.05

1000

Zebrafish CRY 2b
Zebrafish CRY 3
Japanese eel CRYJ

1000 Henopus laevis CRY2a

L Xenopus laevis CRY2b

Chicken CRY2

1000 Mouse CRY 2
s B

Human CRY 2

1000]

Zebrafish (6-4)PHR

Xenopus laevis (6-4)PHR

Zebrafish CRY 4

1000

Japanese eel CRY4

993

Chicken CRY 4

Henopus laevis CRY 4

1000 |

Xenopus laevis CRY-DASH

Zebrafish CRY-DASH

1000 |

Xenopus topicalis CRYE

Zebrafish CRYE



272, W HAF 4 FF87F &4 ik JAMA 2™

1. 7493
7}, Ao
Ao AlgE WFAE Aegds A WEFS Fa A A ALS Fold A F

Ha ATl 280golld HWh AT 450g°] H= AAE FAst] e A&t

1C, LED(KRGB3, SS Light, Co., Seoul, South Korea)& ©°]&3}e] 12L:12D
=73 (3% = 07:00 h, &% = 19:00 h, 600 lx, PPFD = 10.0 pmolm ', Ap

= 545 nm)lAM PsAth.

4. 4% g3

AGolE 137 24 F 5 A 2F0E o] 4939

(1) 12L12D &3 (ZT0: A% = 7:00 h, &% = 19:00 h)
(2) LL 24(2477F 35

(3) DD ZA (2443 &%)

Ao AHEH Fecle LEDE AR&sIt. Al &2 20 £ 1CTE FASIAH.
Adols 39 Fol 2 2FH ZT &2 CT 2, 6, 10, 14, 18, 22 & oA ®H, 8194

g3ttt ddoj= 0.01%2 2-phenoxyethnal (Sigma-aldrich)& ©|&3+4
5~1083t AbSFE o] &3t m st AEL o, Wo2 oA ZFE HEoto] &4

of Ab&g wj7kx] -80TCellA HASIATE.

I

. Total RNA ¥ ¢cDNA &4
Total RNAE RNA-iso (TaKaRa-Bio, Otsu, Japan)Z o] &3] E& sttt &
2l¥  total RNAE #H7|9%3 spectrometer® ©]&3ste] HZF-HA EAST).

Genomic DNA contamination® 33}7] $3l DNase I (Promega, Madison, WI,



USA)E AHEsti . ¢cDNA 4L 1000nge total RNAS F3 22 Transcriptor
High Fidelity ¢cDNA Synthesis kit (Roche-diagnostics, Indianapolis, IN)E ©]

b fAxe] de JgH qPCR WS ol&3ste At #4112 BioRad
CFX96TM Real Time System (BioRad, Hercules, CA)® SYBR Green premix
0 (Takara-Bio)< ©°]&3t¥th. Primer sequence® Primer-BLAST program
(http://www.ncbi.nlm.nih.gov/ tools/ primer-blast/)E ©°]&3] < 100-200bp
ezt H=s  AASUY. PCR ¥&e 50% SYBR Premix Ex Taq
(TaKaRa-Bio), 10 ?M¢] primer, Z8]1 20ng® cDNAE ©o]&3dte] Hbg-3}o]
denaturation (45s, 94C), annealing (45s, 58C), 18|31 extension (1 min,
72C)ollA 40 cycle TF3tAth. 2t F32e] #d-2 standard DNASFS] &4 &4

2 EFl-alpha normalization 5% Z3] #2433},

2. A74d %

(1) €571d w& 39 2 HAF AAANA F34 &8 54 £4

waojo Al LD (12h light:12h darkness), LL (constant light), DD
(constant darkness) Z7°A circadian rhythmsE ZANSFA T, H oA AANAT2
mRNA 2@ LD, LL, DD ZdA 2F <dF7] g5 HstE HolA &ken
A AANAT1 mRNA 2d& LD LL 27X ZT14004 AHS Holw dF7
F WsE vEhlth siAR DD 2o s HEe dF7] gF WstE Holx| skt

Perl mRNA ©d2 HoA LLIZ DD 7oA itsl= dF7] 2§ WHsE BA
om LD A E dF7] glF ®stE HolA] &Futt wetelA Perl mRNA 2@
< LL 23ddA dF7] g& HstE Holx LUAIRE LD DD ZZolA ZT22¢ &

e Bla Bl Fde 57 gE dses 328 5 A

Per2 mRNA @& Ho|A DD Z7oA dF7] W3} 258 Aoy LD LL
E o 1D DD ZAA



Zvzy 763 ZT20 F-h oz Hjs=dk g5 IS Koy LL ZAdAE 4F7] g5

Per3 mRNA 23 H oA LLI DD ZZoA 437 W3 g &5L Hgoey LD
H3ES Holx &gth. Per3 mRNA wde weloaA] LD X
AdA dF7] g5 HEE Koy LLY DD 2AdA dE W3S Holx Zurt.

Cry2 mRNA &dL2 YA LD A gl ¥HaE B9 oy LLY DD &34
A dF7] g5 W3S HolA gttt WA Cry2 mRNA 23S 1D LL =4
oA dF7] P& WIS Bgort DD ZAdA & WalE Holx] &t}

Cry3 mRNA #d& LD DD oA 2lF ®HIE Holx| &stor; LL 27
A dF7] g% HiES Byt gt A Cry3 mRNA 23& LD, LL, DD 2& =%
oA 37 & W3 He 3w LD DD ZAdA ZT22¢] Aotk agx

LD DD oA v$3 dF7] g5 S #&E&E 5 Ao,

_Q

il

Cry4 mRNA ¥3d& LD9 LL &ZoA A7) 8lF WHIE Holx &skev DD
ZAdqA dF7] FdE W3S 1Ytk WA Cryd mRNA 23S LD, LL, DD &

E A ZT14904 ez 437 85 ¥stE 291 LD DD Z7A ul<
ot dF7] gE S BEIT S At Wl A perl, per2, cry3, cry4d mRNA
23 25 LD DD ZAdA ¥%d A6 g 1Y
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3. Wgel ARUEN $13 AN B 2E 54 AT

1. a9
7} BF714 3
AFole 133 £ T F F AFoE Yol ddsgn
(1) Long photoperiod (LP): 15L9D = (ZT0: A% = 6:00 h, &% =
21:00 h)

(2) Short photoperiod (SP): 9L15D &= (ZT0: H%& = 6:00 h, &% =
15:00 h)

Aol AHgd Fadle LEDE AR AbS 28 20 £ 1TE FA5H

A Fol 7+ 1EW 772, 6, 10, 14, 18, 22 % oA W, 614 AZ e}

S} 0.01%<] 2-phenoxyethnal (Sigma-aldrich)& °]&3le] 5~10%3t

AbgFE o] 8ot mASI T, AIES M, WS oJARFH AEse] Ao AEE

80TColA HAstlt.

k)

)

By
|

of =2
5ul4 AEdelant, Adel: 0

-
ofe
)
S,
T

.01%9 2-phenoxyethnal
(Sigma-aldrich) & ©¢]&3dle] 5~10&% ASFE o] &35l vlHSET. AMEL ¥, &

oS o] H 2 HE] A Zdte] BEAo Al&E w7bx] -80Col|A] H AT}
th. Total RNA ¥ cDNA 4

Total RNAE RNA-iso (TaKaRa-Bio, Otsu, Japan)& ©|&3te] Eg3tit}. &

¥ total RNAE ZA7]19%3 spectrometerE ©o|&3ste] HaF-HA EASHAT.



Genomic DNA contamination® 33}7] $13l DNase I (Promega, Madison, WI,
USA)E Attt cDNA 4L 1000nge total RNAS F¥ o2 Transcriptor
High Fidelity ¢cDNA Synthesis kit (Roche-diagnostics, Indianapolis, IN)E ©]

S FdskaAtt.

2. Real-time qPCR

ZF frAxke] Tde FHAH qPCR WS ol&ste &AMkt 412 BioRad
CFX96TM Real Time System (BioRad, Hercules, CA)¢} SYBR Green premix
0 (Takara-Bio)< ©°]&3t¥th. Primer sequence® Primer-BLAST program
(http://www.ncbi.nlm.nih.gov/ tools/ primer-blast/)E °]&3] < 100-200bp
A7t H&E%s AASEY. PCRO¥FE2 50% SYBR Premix Ex Tagq
(TaKaRa-Bio), 10 ?M¢ primer, 222 20nge] cDNAE o] &3dto] Hk-3-3}o]
denaturation (45s, 94C), annealing (45s, 58C), Z12]3 extension (1 min,
72C)NA 40 cycle &3tk 2 F212e] B3-S standard DNA<Fe] B &4 A

2 EFl-alpha normalization 5% Z3] #2433},

¥ 10. Real-time gPCR 45 93t primer set X

Gene Primer Sequence
(Accession No.)
AANAT1 Forward 5-ACGCGTGCACTACTCTTGTG-3
Reverse 5-GCGCTTCTAGTCACCAAAGG-3
AANAT2 Forward 5-CTATCAGCTCCCCCTTCCTC-3
Reverse 5-TCCCTCTCGATCTCGAACAC-3
Perl Forward 5-GCAGAAGGAGCTGATGAAGG-3
Reverse 5-TGATGTTGTCCAGCTCTTCG-3
Per2 Forward 5-CAAGGCGAAAACTCAGAAGG-3
Reverse 5-GTCGATCTCCTCGATGGTGT-3
Per3 Forward 5-CACGCTGATCCTGCCAGTAA-3
Reverse 5-CTGGTCAGGGAGAACACCAC-3
Cry2 Forward 5-CCCCTCACCTACAAGCGTTT-3
Reverse 5—TGGCGTTCATTCTGGGTCTC-3
Cry3 Forward 5-GGGTCAGCCAGCAGATGTAT-3
Reverse 5-TCCAGGTTGTAGAGCGTGTG-3
Cry4 Forward 5-ATTCCAAGCCTGGAGGATCT-3
Reverse 5-CGGTAACAGGGAGTTTGGAA-3




2. 4727
(1) #F7183td] g AZHEY JF 718 28 54 £4

oAl LP  (long photoperiod), SP (short photoperiod) ZzieA]
clock-controlled gene¥ clock gene® circadian rhythm< ZAFSIETE. oA
AANATZ2 mRNA &L 7ZT61A peak® SP ZoAMT 2l5& HA WutolA
AANAT1 mRNA ¥& g]5o] SPAlA ZT149 ZT18A peaks Heolw LD %3
Ak Bl5S Bth Perl mRNA TS HoA LP 2744 55 Biou
TRkl SP 23l mRNA Ed #Hel fol3 Ao]lE Heolx| fgivh. gErelx
Perl mRNA #d g]5c] LPe SP 231 E% YelgAwt LP 2dA g Fo] Ay

Holz &9ttt Per2 mRNA 23L& watoa] Pt SP ZAA 2% LD DD %

A FAHA Bl5S B oy LP ZAA ZT1490 A4 peaks Heolw <7 thE kA

o] gE5& HYtt Per3 mRNA 2L oA LP ZAHT SP ZHdA] RE F71
A

o] Sp ARt BlE& EiAH.

Cry2 mRNA ZdL oA LP 2L gl5& HolA &%ka SP A= &
= EAAIN ZT63 ZT22 A% frolgh zto]& Bt WateA = LPe SP Z1dofA
gE5S EIAR ZT10A FeJgt Aols Holw T
mRNA THL HoA SP = 852 EIAT LP =13 ZT28 AYsty =&
TR A g 2ol & Holx] grgkom W WuteA = SP &7 ZT229] peak
= Holm LD 2313 fAg 2l52 BRon LP A glge] AdEe 42 B
Atk Cry4 mRNA TdL oA LP, SP 3 EF 5% Holx| kA gutd
A SP zxAd ZT14¢ peaks HolW g&& WeEtWTh Bl A perl, per2, cry3,
cry4 mRNA & 2]5°] Short photoperiod®} 12L12D ZZolA H|S=3F djd S B
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(2) @F719 @& g% 2 HAAF AAFAA AAA &d Ey] W3

W7gojo Al NM (new moon)¥ FM (full moon) ZZlA clock-controlled
gene®} clock gene? circadian rhythm< ZAFSFI T oAl AANAT2 mRNA #
e FMeA 2152 BEA3 NMeAE 24hellA] FM3 Fox5 Holn 25 Hol
A gskth. AANATI mRNA 2@ Fetox] NMel| 855 233 FMeA = 24hel
NM# fFola5 Holw 2l§& HolA sttt

Perl mRNA #de oA NMZ FM 2% 52 293 WA 04holA
peak@ NM¥Z} FMolA 2]5E HTh Per2 mRNA @@ FMoA 2l5& HolA
FUATE Ho A 12hel] frolet Ao]lE Holw NMel 855 ettt gehelA] Per2
mRNA 2&dE 12he] 74 =2 @4, 24hol] 71 @& d¥z NMZ FM 25 L
o} DD 233 H|%=g 2l5S Btk Per3 mRNA 2d 2 HoA gl&o] iR %
ol A NMZF FMeo] ARtE e 2l5s B

)

Cry2 mRNA ZdE HolA NM¥ FMo] s = ggs EAth. el Cry2
mRNA Zd-& NM# FMeA A2 AL 252 EAT Cry3 mRNA 32 ¥
A NMZ} FM 2% 85S Holx] &dAT gute| A= 04hell 71 2 #wg Hol
M NM2Z} FMelA 255 B3t o] 852 LD9 DD oA 253 fARRE 4
= EAt. Cry4 mRNA 2dL oA 252 HolA FUAIRE "refeA NMel 20h
o 7H¢ & ddE Holn LD DD 217 fA18 B 5S Bt WEtelA perl,
per2, cry3, cry4d mRNA & 2 5°] New moon, Short photoperiod®t 12L12D
Z7o A Bl =g fH S BT
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24, AFUE % SHAF

1. 43457 1

HTFUHE 1-1. RNA-seqS 0|8¢t WO MEUEH A & =2
O AAUEH 5718 AAMA cloning

- RNA-seq= °| &3 AAWEY F713 4] HAA (6F: Perl, Per2, Per3,
Cry2, Cry3, Cry4 mRNA), Melatonin &4 &4& F3AH(2%F, aanatl, 2 mRNA)
sequence SHE

- AR F2YS 53 AAMA sequence HZ, ofnxAl A EA 9w

2. AHER2
ATUHE 2-1. WO N7 X F+I|2 &4 B8 DA ¢
O dF7le W2 w3 AN BAAA FHA Fd 549 24
- LD(12L:12D), DD, LL &Y BAAA FAAe] 2SS AR o &

Wyl AR AAA A AAA7F el 9]&] circadian osillator’} AEEH & AS

ot

- Wt e Zhzhe] AANA 7} ol old) E7]3F HYA T HA R E AAbH e
dol fFolHgl Wsts JEhlA] 2%
= 5 HAFAA AAAA AAA Lol Hle oM T8 He A
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