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1. [XICHIC

BEEILa TRV N A, EURFIREBINLIEAE LT
BIAIRNEZ 2 BROEETH Y, R0 FHIICIXEER
FROWBOERE, 774 FBRERENOHEHRINATWVWDLA NS
A NANVEMBECE £ 5, BEBIXIZ L A N EIIRAY
MOIRDARNT A NSANVERFEOFITBNT, b MK
iz HEETHY E X~ X EHR XU RO/ (K
1A) Y OBERIHIC LS P mE LR A6 b, B ET
TR LUTENARAEYMTH D0 I, KEREZEL R
BENLCUEZTHZ LI AFORELZGIET L Z L1348
HOFEFETHY, RN OBEIZIZE S —HEOE F{nER
B BT Y 2o d D, Bk L ITEBREEN R B KT
BT DHARNT A SAVAEY OB B IR LR
RETE G 1T, YA AW ORI RIZ I 1T 5 s A Mg O Bl
KRB BERROBE TH 228, BEE ORI OZEIL
NETHEROLICHEED, HZESNIBREIEAICEERT D
55T OEZRAE) OEEBICE THAIAATEIIRITIE L A L)
ST,

2007 FICBEE L IE CTH L EMRmMBE 7 VT v ke
(Vaucheria frigida) CTH LS NWT-HHOF AN HREA — L F
71 AOMFEETY, BEEOE A THHRBL NS Z
& NS & (Takahashi et al. 2007), # D% 2010 4220 &
NiztEao >4 I Ku (Ectocarpus siliculos) (X1 1B) O£ )
LAEFNOHIZA— VA7 v LB &EONORBEFR DN FIR &
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AR 728 s+ L S vz (Mark et al. 2010), &4 X R (I EHRHL O FIED RN S LT
RN, S AR EN TS AR RS T OB IS T DR A LT
2T, BB R T 2 8B FREBAIT IR OB ELHFI R TR b nwh, F—1 47
AP EAI RaDes ) AMEITICED 7206 SRR, BEEOISEIZED
DT HEORAORERFNNY LD EIIHALNTH D, AT, I E TloEs
ENTNDNL D OWEHEDO RIS Z /RN T 5 LIS, ¥4I Fanl ) AR
FUZ AL S - e R EER - & OFEMEIC S W TE KT 5,

2. BEBAOAZEKREEELRTF

ZIVE TICHE SN TV DB EE OIS ERINE, HEESCEOME, SEMEIC X 2 Bl
TR ORI, HEFREBEOH Y THEU LS ER RSN DBOEN G, B O
BB 1 OMIBARME O FFESCIN D FH, WEKHII O EFMEICE THIFICE > TS (F 1D, @
EOREOHITIL, ISRV IEFENH WG TV D EBRSEFOMMESE T, #ROHMHGE
DML BONLIMELEONE TN TUINDED, Z< OBEBEOFEN BRI 2% L TH
FORESLHEERIE L TV D Z EFEW RN THA I,
Cock HDOWEHFICLDETFI Rud

®1 BEROXGERS

e am) ETs XE X 7 LI A AREE R T & LT
Fucus inflatus BiEFEE " Hurd 1920 % %ﬂ D % @ ﬁlﬁ % /}5 ﬁg D *ﬁ |§| E {ﬁ + L j'ﬁ
(I:ftg;s;)rratus BIEEE 8/ Bentrup, F. W. 1963 @ . @jﬁéi‘ﬁ%%ﬁﬁxfﬁ E) - 4 }\ 7 o
Silvetia compressa 1B F (7)) DRt % Pearson et.al. 2004

(phytochrome) OH[FEER T 13T 5L

(TOT7)

Aacontylm nedosm 351:?%&5 R FoR e s 190 TW5 (Cocketal. 2010), HONDZE
Gy kmewmems T CEb 2 AT L LT, DNA KRR
Laminaria saccharina B{EF (O0) sk 5 Lining & Dring 1975 (photolyase) = 7 U 7 h7 L7 7 IV
HITMFATLALT)  ERFEORE K Lining 1981 —Tohy, FEAEMDOIkEE, WiEE
mEEER w0 L o Sk, R, TAECERRR AT R
TR EE ND Nultsch & Pfau 1979 5 nwahry va N7 BN (cryptochrome:
(l{;j:;? P nﬁgﬁﬁga R " pone o 2008 CRY) & CRY-DASH OHH[FIEAR T 03%
mosees own man oemirmi | VERVIEE 2H, X BT A Sk
Dictyota dichotoma mE 4B Miiller & Clauss 1975 MBECRA O ANZ R E L THE S
T wrsme wm NIA— LA v AOMFBRET 5
ERIED anﬁﬁ Nultsch & Pfau 1979 AHEINnTnWs, =LA 7 ueiIin
(s;ys;;;i:jg lomentaria i%:?%ﬁamgfiﬁk & Dring & Liining 1975a 35 < c:x ]\ ? )< J /\0/1) /Vﬁfﬁr@ﬁﬁz = 35 ﬂ
BREDOBK & Dring & Liining 1975b Z)%E%(@ﬁf#@ﬂi?ﬁ‘ %1:9 ﬁﬁ{ﬁ%ﬁ)*ﬁﬁj é
Sphacelaria rigidula ERIBFRR ND Hoopen et. al. 1983 ITUWT=2, DNA YeRElEREE - 7 U 7 K
(YRHTI) SEN: RERE
Ectocarpus siliculosus EHE % Kawai et al. 1990 sa L7y 1Y —OMEEETIL A b
(UFzFm) HEREE & Hillrichs & Schmid 2001 F A A /I/itfﬁ)ﬁuﬂ*@ i*@ﬁf ﬂi%;;
S g SR COBIBIBT, 2 hT A

D XA NVEMRERZBWTIZ A I Feo
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7 AR TREENTZORO CTORETH D, A4 FuCliEIc s 5 DNA JalEE
B - 77 v rm a7y Y —OMEEL - OMRRIZE M S THRWA, WFFEHE
ATV DL TIE 2 U 7 b7 b L3N CEEEFRAOHEICED D Z & AWE
XTCWbH2 (4% - # 47T 2001, Batschauer 2005), DNA YGIEE REDRRFECMIAE N O JHEH
MAHABNIT D2 ENEREICK T 2 REERSRE - 7 ) 7 7 u b7y ) —OMEER
FOWEEMRIIIC SR D L b b, £, #HHEYONRIRMESCIERAER G T 5 7 +
N hr > (phototropin) (AZJE - ANJII 2001) X2, I RU A (Euglena gracilis) O YHEHE) <
SO FONZRIETH D NEMALT T =)Vl 7 7 —F (photoactivated adenylyl cyclase)
(Iseki et al. 2002), #k#EfH7 7 I REFT ZADOENMOZREKTH L EME O R
(rhodopsin) (Sineshchekov 2002) O [RIFEAR 7 1M H S 72> 72, ZH D OEB S

D NZ BARDIFAE RIR S LD,

3. EBEBEDOARERK
3—1. FBRARE
83—1—1. ERARI bIL
INETOBBRBETRONDHISELEDOHF THHFONLIC XL DA EBEAITREL N Z <,
ZDOHTH e N H (Fucus serratus) DARPEFHEE (Bentrup, F. W. 1963) oAU ¥E /U

gé100 R '_ (Scytosiphon lomentaria) D E.NLE REE DT AL
ot (Dring & Liining 1975a) & 18 % & ¥ Bk
jl\j i (Liining & Dring 1975), 7 77 hxr=a 7 =
ﬁ 0.1 1 >~ 7 (Laminaria saccharina) OMEMEEEAIZ
g o B _ BT LI DF5E  (Dring & Liining 1975b)
| | I fHmE (Lining 1981) 1081 5 H &4
;?J‘S 20 1 oL, EHAXZ by (i 1989) &
ol N ] LR ORIT I S ) o h
350 400 450 500 550 600 7ofERTd DB O NIEREIE IR T
T s o C b (B R

| czxonn.
S | »v=/vormEmREnT 7 2T
B | v = v ommsics 5w Rk
- THE, HVE Y OBEEHKIL 445 nm
| CROADRISED E =271 LT UV-A Fi

D 380nm ONEIX 103 1 FRETHAHZ &I

o LT (K2A), #T77 bxaryrar7o

350 400 o 50 550 600 FRFERROIEHECIE 430 nm DX T—EDOE—
& (hm)

E2 BRMOMEREOREEFIE JBRBH, 380nm TH 2 HFHDORKREIOE
A h¥E/ ) (Scvtosiphon lomentaria) DIBEER K _ .
. B HhZ7 b7 a2 T (Laminaria saccha- — 7 %=L, E—7 DOREIHEKD 430

ina) DIBFH Lining and Dring 1975a.b& Y 3ZE . .
rmg uning an ring Va. Am ktt&(%jf{‘j 70%"6&)’)7]‘: ( 2B)O j]
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YE ) UDBEBERKE ST 7 hxar7ar 7RIS T D REEREEOE WL, F6
HOZRICEART MBI AR OENE X LIS RTHD Z &ﬂrwénéoiétﬁﬁ
%L C UV-A IO RIMENTYE ) VOFANINET T €T X7 VAT NE il

RIS — LA 7 v AREE L, FEEFET T2 < UV-AEIROETH BWKIGHAHE LI
HAZHT T v pararyZOIERIZITZT I LT T =YX 27 LAF R (flavin adenine
dinucleotide, FAD) & UV-A fEIICWRINE # 5> 7T U v 2 MR s LCRi>Z UV 7 b7 A
77 IV —OFANZEENPEE L TWDLO1E Lt/

3—1—2. ENTADBHFELEFERN

EEHO NI TR O AL RHIO 1 D%, e~ Z0= Y =% (Silvetia compressa)
DL ORABBRIZE T I X 2 MlamtEioFEMEcChH A5, e X~ X BOFMEA
FHI, B & [FIRRICEEN M 2 FFORE 7 LB ME AN I R ZRIIOZREIC L > TR Z 5, =5
Be N X OEE IR ERE T2 &, OGTEMN ﬁﬁﬂ%ﬁéhéﬁhmwm)
b NN XA T O R D IAMmEORE, BRREE, MIE DO RESHIC —H DR
WL, 100 FLL BRI 5% < OB /“$MHWﬂﬁbm1%th(mwfw%
Brownlee 1998), MIEFHEICEH 5 NS ROEILIZ L A > TV,

1920 A2 Hurd 28 & N~ Z J&D Fucus inflatus % O THID TR EIEREIZ IS 1 2 BB
DR EFARZEBR T, FOE (470 nm-520 nm) (212 KRGS (520 nm-560 nm) & A
FHEIZDEN D D LR B N TUWZ2Y, 1963 1T Bentrup 28 B /3~ & & HUWNToR L7 ka5

BT AER AT R TIiE 500 nm UL O E CIIMMFEODENITEA LR LN
We, BUEIXH A BERN e N~ 2 OHEFFEICBD->TnD EEX 6N TS

BN~ X OREATICR LT, WA LE UM E T, [ UEICEET 2 A6t E R 5
&, RARITE L U TRICOIRE R & ATIZ, 2 AL TAELDLZ &b, e HEST
DIEZFRITMIEL A THEEL TN D EEX BTV D (Jaffe 1956, TR 1982), 5%
RERDEICAFIET D HEM A ZBE L, v R U HUEZ V- ERIC LV b3~ 2 o fafE
27 R ERE A R o Ry v X TENRITE L T D alREMERS RIE S 743 (Paolo
2002), IR DEY D7e L b oA I Reds  ARIZEBEmOr R v da— R375 L
HENDELEFITROD- TRV, VA Ra TROD - 2 H OS2 FIRBEE S 130
TG EEBERA 20 g, TUDOBEB TN A X OMEFEIZHLELS LTS L
RETHE, MOBEREY /7 B2 L THIRREIZRIEL THWD00s Ly, 5%,
b XA T OMBAEE 5 2 W e T e T A — AERTIC LY, e S X ONZFERICET

LHIERNBTEONDL Z ERHIRFIND,

3—2. ZOMDOAEIZK BHHHE
3—2—1. FERL

TRt BRONEOZRIETH Y, WAHEYORIELIEFIRRK, WM EmHEIcE 545
:kﬁﬂ%1%674kﬁmA®ﬁﬁfﬁ%ﬁVﬁ¢FD@?/A$KE6hk:kﬂ%,
T EEREAMN IR« AR ERHTE DR R I Nz, Lo Lenb, ZHE COAHE

6
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FHOMFGE T, OEBEOBRERRCAERINEICB T 2 REEMIT, FaE0LD LT
DI NER AT MR 72 B BRARAFYED R SN2 BNEFEZ O AR Y Tlidlew (£ 1),
T V7 OREIH & BTV IR T DR ESEOZRIE (Miller 1976), BE D H AL %
AW ERN /LN TWDTW, WBEEONRERIERICK T2 7« 7 v A EFRESF O
B 2B 25 ETHIRRWRER TH 220, EREEOMRITMIES L TR, T A=
VT O TH D Nereocystis luetkeana ORLTARIZIIT HF (stripe) DR Z R EAIEDME
EL, RELCORGIZ LV ERELONENFTHBIHEEND R - EIARELAWRIR) =
LD, RXDEEDILT 4 M7 un AREOMERIZEET 2 A HEMEZ "M L TV % (Duncan
and Foreman 1980), L722L, [l U#@3CH TRENTWDERFERICB W THRES L ERE
FHDNFIT—E TITR T2, Nereocystis luetkeana D& 721 Z BRI EFHICB T D 7 «
k7 v AMFREEFOBREBIZOWTERT 5 2 LITRINIER D, BiEEAFE>7 4 o
LFAAEAE - OMREZ B 02T 57212, ABERIC X 0 BEE ORI - mAREE ]
WIS ZRHA BN T D EREETH D,

INETT 4 M7 B AT XDREN - EREE AT SOSOMPIC L AV T & 7 ER
(X, WEHNCERFM O ERE T2 Z LICK 2 AEDOREL L b2 ERTH DL, £
< OHETHEW) DAERL DS YR MEIZ L0 HilfH S TV A 0 L [FRIERIS, BBEICR T S EE Ak
RMTF RS HJEAEIC LV HE SN TWD Z EnmESINTWD (& 1), BEBEONHFW O
ERHAXTZ bViEHYE /7 UTHLICSINTEY, SRR AE 72T F T, AT
HELRAZRICHE AL ITRRIEREONLEZRRF L THHFALORITITBH S RN &
DR SFL TS (Dring and Liining 1975), L2 L7e3 6, Y€/ VPN OREIZEWNT, H
BN XD HHFW ORI RSN TORE L, JSEHREICAZ O EITFR b TnRnZ &
H %<, Elbv X~ X HO Ascophyllum nodosum TIXIEHWIZEH G & RARICIREIE S HZ)
ThHDHZENMESNTNDE 1), THRITIED 2034 2FEICE T 2 HEEROE R
KR Z D 2 &3, eI T 57 4 b7 v AOKEREDMEIINC D723 5 )b L 7e vy,

3—2—2. #¥EX

HENDOZHEEE L THBENTND, B KTV rRovT /N7 7 Y47 s (Ikeuchi &
Ishizuka 2008) DOAHFRIEIEFIETA I FrD s/ AT RHS RN -T2, LrL, 18

BIHDOFRESCNEDUSIZ OV T, BONORERH D (F 1), EICOERBITFHF AN L
Bz L T\ 2%, EREMFICE > TEHEALOEMTHLAREME LB X DN DD, BEED
7 AR N VT N n AOREERE Th S FAD ORRLEEOTHEAETHLIEIF
J I FAD 3k 2 WIS 2 Z EAVREN TS % (Linetal. 1995 4 % - §#i < T 2001),
?%E%*EOD%%*%%EE%}?J‘“ 27 V7 b7 AR5 LT DAL B2 bbb, £, 1B
¥ #% T Thalassiosira Pseudonana (Armbrust et al. 2004), Phaeodactylum tricornutum
(Bowler et al. 2008) @ 2 FED RS/ AFLFIDE BT 72 - TW D EEESE T, BEFOfRE
SRR B2 U7 N7 v AOMEEIGF A RO THRWIZHEL T, ik
IRAFME 2 P~ T 2R ) © BERRANEE) (Furukawa et al. 1998) 0 m B O H#ill4H (Leblanc et al.
1999) (2B DFkEILOBRIFENT VD, BEASCERHEZ G A b T A ) S LAY
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FEL, B OONZRIEEZ > TWVD O H LR,

SHOEE

VAI RudF ) ABRRHEINZZ EICEY, THRE TIEZEEARE CIThb T E - EE
DIISEIEDFIE S 5 HITTA I FazhbcBREIND Z LN TPRISND, 2 E TH
EEINTWD A I RuedRISEKIGE, RO EXME (Kawai etal. 1990) & F kI
LD MBENOBHIRFEORBAHE SN D Z ETHELD EEZ LN TV DRAEKIEED L5
Té Y (Hillrichs and Schmid 2001), SEERETERIZ B3 2 A 2 S 1TEF B O DR Y
WV, VAR ReIBEEO P T EMARKREITH Dm0, Tk CHEMAICIZREIEAIZE T
DHOMFNCHEH LI TRb T IR o iR N b/, 7 LRI X
D, FIFilBT245—F P VORBBENLHAL TR, A I Fueilkiybs4d—x
2V OREREDRNT S 7= 2 & (Le Bail etal. 2010) & [RARIC, BRERKSEEZHNTYAI R

D IEHETE I BT DI DFEEINH L7805 Z ERWIFF SN D, S HIZ, invitro DFEELRIZ
F VR &N D NZ A BRSO AL PRI RE S B ERE O S E O BRI K E < kT
HTHAHD,

Lorl, A X FeidEdoRRED (K 1B) BiiREH TH L7720, A I Fellks
5 IETERET R D fE A 23 B B IC S EEFE T DAV D AR LB BT R D BRARIZ D723 D L1335 %
BV, FRIC e NN X OBMFECEERSBE MER RO E R XU FHEOIREFR I
DONTIE, A I R THLAEFEREZFNM L O>2ZNENOFE R uLFSL?’LE’%%?ﬁ%
LT D EMARAIRTHA D, VA I RudOKINEIE ST Tidie, ZEREEN I
bz Z T =2 NN OFEIZ R SN D TERET R O S A MG 23 B S M- BRICE OB T
BRI BT 2 S E I OBMRICE L O TIE RV EE DD,
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