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SARIELDOMFE DA ZIY B 5, €= OIREFHIZREITIERT (2012) RFA (2012) 2SS
Tzu,

=35 ORBAHROZAITHF () THo, 1THBEORF2KIZ L > TEBZBRE L,
Ny B CEMMaREI & 72 5, 1A O ORARBEZBIZE TX H01L, 7ok 1th s,
KA ERM TR L UCHIIE L7-1%, AERER ClIAmiiiia sz > < HiEIiaeibam e gt
o ShE U TR ERE T 5 £ COMOBHHITT X THMHTH L, VW AREPILIIETIE, far Attt
(2n) MATEHRITE S TH DO L IIRRHTH D, BEUREIIZIN TS E S,
FNENDREDSE 2w d T2, 2 < O TERUBAHERZ T2 Z N TE D, BB
1B A7 = ) & AR ME: (SR Zelie ERE OFIEI O ol X, R & AEMBIROBR & W
ST TR & A N D E OIS BRI FZER R L R D, BVRX D &, Y L
FHE 2 L5 Z L2 L~ C, fa AR RO HERES 2 SEE AHA CORaT. U 7= fERS 25 L7
DIEAH D D>ENSTERIODNFIZE G H 45 (Nishiyama et al. 2003, Sano et al. 2005, Sakakibara et al.,
2008 73 £),

Eﬁmﬁg (:%ﬁﬁﬁﬁ)

<< 98

500 pm
ﬁﬁﬁﬁ&ﬁ'ﬁ
1. €37 D4%FER

T. Kohchi & K. Ishizaki-2

BSJ-Revi ew 3: 59 (2012)



Y BlA e RiRR 3:60 (2012)

TR FOFERRR TS, MR EDHIZZETHETHRL, FRERIRZAR D oy F s
FEUTEWT, PHRZ AR ETOERIRE Y, PRI IATIE, HMUARTH - THAERKEA)S
BRTBIETED LW OFEDRH D,

1-3. REEHEH
B=7 13 8 KOFYEIRITIMNZ T, A AT X YetafR, A RILY Yetalks & MR <o 5
(CKF12012), BRI TIE, M7V NEIEESE (Bl) 22 63E3 2 3RIKOZXTEI AL
T5 7 v FN X EAGED IR L, FRISREIC L > T2 >, =27 T, #BREE LT
BEANTRT D BB R RAR L RS, SREERAICH D B =713, BEALI &L A
SR EAR~EATT D, B=T N IXHENEL 2% LIRS Z 2 R B TH5H (Wann 1925), H
BN T, KRS IEET 5 2 & A ST % (Lloyd & Steinmetz 1937), X4RFD SRR
BN D 7T T RESLHABEERZ YR E U TSR ST, L Lan D, BaNER=ETE=
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IWCE T, BifE, MHCHOENERE & U CRUAl s o Mt CEREE U7 SR#E, Takaragaike-1 (BERR) &
Takaragaike-2 (MEFK) 23FH SACU % (Okadaet al. 2000), Z 415 DA#EIE, Marchantia polymorpha ssp.
ruderalis (7>>CDIRFED Marchantia polymorpha) \ZJ&9 %, Takaragaike-1 #£35 & U Takaragaike-2 & H
ROPAC 7 vt—2ZNTT ) BT A 7T V=) EEESHL (Okadaetal. 2000), PR EIROMEE AT
T~ (Okadaet al. 2001, Ishizaki et al. 2002, Yamato et al. 2007) . HifE, ZILHDO%FE, 7/ L7
RYx MERIILD, SFIERMECEAREER S LTRSS TWD, a i moss, B
RARTERET 5720, B L 72 B CREICHIR CTh 5 & 5 X 5723, Takaragaike-1 33 X U Takaragaike-2
DENZIE, MERERDENZ T Tl  FRERIC SR RZRIBAE LTz, 22T, 2006 F0 5 R LAS
Bla D, Takaragaike-1 HRODF YLK & Takaragaike-2 OWEMEG AR E & Ok 21572, KET RV
F—4 Joint Genome Institute (2351752 2 =7 1 7’0 7T NIFIRENT27 ) MEGHIITR LA
BB GILTN S (http://www.jgi.doe.gov/sequencing/why/99191 html, K11 2012),

F 7, BIEHIPUWERSBIE -~ > B T DI ORI & LT, IR F-DORENA G Kitashirakawa
MRAEREE LTz, Takaragaike-1 £k & OO ZFIH LT, 8 RADOFYAIAE KT 8 DOEGHHEN D 72
DIBIEHIXZAERL LT, BIFE, 77/ DRI & BEHIR DR G 2D TN D, = B 72BN T
b, RO SN 5, RBERHILD Fl kT 2%, 3 <IZ Recombinant Inbred
MOE S Ie~w vy B ZHEME L THHARECH D, YRR TIIAT n#ES b FE LN 20,
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77y T VT W =2 OEEEUIREE Ch o 70, FEEBREIZIB W THEAMAEIRAD
DI OBENTREE Ip o T2 2 E R X oMT L 700, BN ES e o1, I rbREEL
7=B ==/ Sporelings 13N LTEY, 77y 7 ) T L HPEEHHIIE LT MEFCH D

(Ishizaki et al. 2008) , {RIAREFHIOD 72 Thal 1A 52 S, 5 H H® Sporelings % i35, Z 21272
a7 TV T w2MA, 2 AROMAFERIC L > TS5, Ak, =537 7w xr7 )70
BYE LTIV, T by U I ORI X - TR ATRE L 72 D, LRk,
R TT rma "y TV T HREL, BEHOFEAZGL0EREEM LT =T 7 285#1 25, 20
MO THM CAG REMRIC L > T, ZROEIEBYANGOND (K4), Fox OIFEETIE L a8
P35 1000 VWV DTEIHAAZFF TN D, BD #0090 R a o, 27— 7 vy 7 aHETH
%o TEERHAIEERIE ORI AR < TN (2008) ZBIRSAZ0,

B ==%® Sporelings & FHWOIPEIRHAD IR TH D Z L0, FERMRExRELTnDHZ L
ZIEMN LT, TDNA 2ERFB L OEROY 7L UTHIAT 2 Z L3 REL e odz, =27 057 )
LYA X, SEHTEE A XBLOTDNA ODFAE A LITRE L2 & 25, BT A%<
T-DNA A SN D5E, 70000 OIS L7 EHA TT N TOBRIGF 2 —EITE SN D 2 &
WTPARENTZ, £T2, 0% DHIRHE CAREFAHE/ET 2121E, 920 IRFEOEEEEAR L] > =
LT D LER SN, ZIVETIZ, TBREAIREEYRZEBEL, ZORIDET NV —A L LT
REZ F o7 TRk LIpWERYR AR, 2 OJFKE{S % T-DNA % % 7' & U CRIE Lz (R,
IKBARHS, AN RERT—4), £, B=arPNEREOA—F v THBETH Z L 2FIHL
T, A—F T UREEZWETYRDR Y )V —= T aTo T, AXFRD LOEBRET D586/ A 7
—=V 7 HIETHIUE, UL D OFZEE TS HEAIA S T 8572 TDNA B8R R 7 Y — = 7 H3F]
REChH D, FIHE 20 HTREIRHYAZ B L, MIREA—F o U A CAET D85 K % 10 #5R
HHUFF L7z, TAIL-PCR #1To72& 25, SWEIEMHLY A T DA —F 2 VIVEHREIR - (ARF+) #i(R
FHMNLITHEE 472 2 RIS AT, BB BB I8 T DA S Tekkx 70mfinsG b e (BHE
B, AFARE D RIERT—4),
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ZRIAT S X I8 = I 3EIRMAZ U L CRE T, 2R T 7 u Ry 7 ) TR E RIS & 72
motz, SIVEOBFE LERIKROYIRTIZ 31T 2 AR T, MEEICHiRs R AHE X 5
ZERbhoT, ZOBEBEOHIIINENER THDH Z EIZER L, HEFOERKERIGICT 7a
YTV T OREGEATo T, YIWHERE, AT 58 L CoRoiEsaliin % & heiaikiia 41
BHZT 5 Z & CRE U OWBEIREDMS DIV, laT Aol ikl s 5 &, L U7 st
R a ZELNERLT DIIIARAE TH D DD, FADOIFEEHANG DU IV K 5 702 < D5
IR CE 2 EMRFIETH S (ARETE, AN/, K¥ER), BIREST, SN Lz A 27
nvA L EEDTA4ODEY~v——N = I BRI A RETH S (EHEZE, AN/,
Sandy Floyd & #7562, BEFEBREOVERCHIERIE 21T 2 Wa, & DWIIRFEDZRIE AR
BIURIGBIZ T 28 AT 286055 LTERTH 5,

T anRy T T &G Ule B = 3 O EEEHCL R OMERIZI\O T, Ml 2 ZRIECIAET
HZELHDH L THD, EEONYIFLE T, R X > THT215C, FEERYO TI
D5 T2, T3 LA EIL T, fTCHE LI R ISRR AT 5, E=a7 T, PR TH
% Z & SAEMEEDS LI 5 7 a—2Th D72, TR DEMEEE 8 L < (RRIBIZO
EODTL D 1SRRI 0BT ), MREMNTITED, Ziut, JHEE (gemma) OF—HAL LW
I ET, Gl EFEATND (FE L, S FESINEE D ZN TR VRN EIZiER) . G #HARIER
e UCHERFT 5 & & BIg, O e 2D Gl R B HID G2 AL —7abbkl & U CEBRICHEL T
W5 (K5), MEPEZEER T 2B EHECH 5720, HHARNGERA7RIE 2 HERE L 7= & & O nl
RE7ofRREL 725, B=a71Y, AR SITHMR L L COIEIRAZ G5 2 L TE ha=—r a5k
A THDHEER D,

MARDREL
T T1 G1 G2
= ‘ =¥ |
18T L— b+
TiZ1{@&T > e
FLURHTL— 5 TIORREITR (ORI
(RIS R E TSR Ehi-WiEEE5 B M3 (G2) 2 BITICALS
(GIZERRERT DERIT.
3 THSRMT S A A R<) :
Tl '_ B, @
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3-2. HEHERZ IZ &k DEETFHIE

BRI RBAR THSRERITI IS, AHIFREHA X 2RI LTI -2 — 7T ¢ D7 FE L 7
5o BEAVUFRITIL, EVEEE CHERMBZ ZE 352 ERMONTVDER, B=37I2ids T
FELRNEDITHD, TN EAHE FAFDBENE L TEDNNIAHTH D, fHHITA xR
BN T2 8 B TR OB T 152 %S L7 (Teradaetal. 2007), 24U, 3EAIMEDEEK
~— =T 2 SOOI THA, S BIAMINCADER~— T — (ZOHA1E, 1 HiEE
TH5DTA Binf) ZBEL/ZTDNA 2 A T 27 MWL Z LICXY, @H O T-DNA D7
H RIENC L DB A PR 2 &0 ) b DO TH D, il ) MENTICFARWERSL X (X280
—EBZLNOT, ZOFEEZE=T7IT0H Uiz, 2011 ORI, BAIOREMBIDN TG,
ZOFHEZ L > TEIEE TITR 20 BIEFOMEBESILTWD (AlRS KFEK), PCRIEZHWTHBY
DIVERHARZ [FET DB D D713, 15 DAVTZFAIMMMHRRDK) 2% E L < EnFgE Sz b D
Thd, FEIZITEEOR TS S DD, 200 EEIZ E OFAfitk L  DNA 2t LT PCR %17
2, HTHEEISBIEFHEERZ RETE D L DT o7,

3-3. FERAT ) L~DREERHL

RN IR OIS, BERAL 2 by R TS DOMFET D, BEHRAT 7 AT, REHN
DA FEREIZ BB/ NE L F 2 TN 120 HE Y OBEFHa— REhb, EERICBOTL, &7
J I EERHAS ) MO BN EE Th 5, — M, HERLA DNA COBIETIEL, FHIH
MHZ ZFIH LT D, 7T 2 REFTAIERE CEREZBMT 2 & W o 7@ Gk Tl Sz
(Boyntonetal. 1984), BUETIE, #3323, B AV UTRIAT R EITBNT, AT F <A 2 itk
BioT LW olo@k~— I —BIn F 2O OMEEN A G- Tea VA N T 7 NaS—=FT 4 I NI
72 & ORI 72 FE TRITIN OZEREARIZEA UGBS 5 1EPL L TN, BT /Ui e A
XF XTI ERSU TN L TRV, [REROFEE B = 27 BEsiiiiuds L OMED A Tl H
Lz & 2 A, TEIRIMAZ iR 55 455 Z L IZRE) L72 (Chiyoda et al. 2007, Chiyoda et al. 2008,
AH TN 2008) , FEBRIC, T DJ51EZ W TEERMAIR S - OBSREMT2M T T S (Ueda et al. 2012),
LA DNA 132 2 B —TH D720, TRTCOAE—EMIE DNA [CEE M 72RE ST AR v 772
ARVERRI R 2 T 2O TH D, L LE=2/ TiL, Sporelings x5 & L CHiEL7-E
BHEHUADR RN O RET T A v 7 ThHYG b d o7 (Chiyodaetal.2008), /S ANE~T =272
RIETH > THIMEEOREREZRD ZE CRES T AN v 7 T4 U EREHICHBET 5 Z A3 ATfE
Thd (BN FME).

4. ZEREERARDH

TEA XRF AT TIIBDOTGIRIBFYRD MBS L, FR% 72 MBI ORI R E < Bl LTz, 78K
ERUROSBET, EMBROBERCEE R ETH S, © AV VAR A O EST b, [ HAE
RS D S F S ERFEOBIEF 2R L T D Z EAVREN TS (Nishiyama et al. 2003) ,
ZHUTTED E X U H R A0 XA H R NS T IO ) DENTNS &SN T 5
(Rensing et al. 2008, Banks et al. 2011), B ==/ L A G OB %2 b 7220 b D0, Binf 1
VTR SE L 2y PEREFLTWD Z EAVRENTWS (KAIEE2012), F7z, =24
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(T LI CYLEIR L~ L TORHALZRRER LT- Z 30 & RS, SR 20T 5815097
TLEMENE AV U BRI EHARTHENZ EAVRSN TN D, Z OMEAIRACHIERE S 7 CHE
Thd, 2FV, B=a TR ISR ERURDOSBEIINZ T, 7 MG b o FBIE
LIEMEICH D Z EDVRR STV D,

Y EA XS A TLEE T OTCRMED 72 80 B— 2R BAR D RBIRASBHIGE C v vFf5il & 280 S41C
Wo, BIzIE, HREERICKET 2ADEEER - Ch 5 PIF 7 7 2 U —I 3OS 703 TTRANAE
AT % (Leivaretal. 2008), ZAUIKkIL T, E=a7 D PIFEEEIE FIXHE -2 —ThH Y, BB TZ0
B2 LIER ORI Z H7pvy OF HEH S RIER) . ZOBIDRT L OIS, AR A
BIG D5y FHE DB ¥ = A5 OISR BURD N L O FIRENED B D

AR D Burgeff ORE (1943)121%, UREEICE = 37 ROZUREE BRI EES VU CTRT ST g
ZEDNRE SN TN D, EIRROEREAZ R T OBBIE RO B O HE, TIVGITE B
THHD, BUETIIAFTRIETH D Z & L8O B S NV T2 DIBEHE BRI TH 5 DR
L ZATHD,

BIE, SMHCIIEZOR IS 50, B=I 7 O1% 0~ EMS 72 8 O RFIC L > T
PR L CERAKEZBRET D Z L3 ATRECTh D (AIRAKE S KFER), B=T 7 & M2 EKOFEIT,
AR DOBASHIZLITTRMEIMENZ SITINZ T, EEH O BB A TH Y, EHERHMEE V-
T KBl 70 < ZRAEFUAN LI CHBECE 22 & ThDH, ZNETIE, A—F T OREHENMET L
IERARSOH ENENEDME T LB RUROHHI R LT D, SO KO/, FEt%
AR phot IZERZ O ONEFEIL TV UMAETI D RIEER) . TWHEERAOE TR~/Z L1, 7
7any 7T BN LI TIRA SIS TDNA 28R4 7L U CERKEZSHEST 5 Z & b7
REL o TG, A141T, ZROERAZINEL T, FRICHBIHET DHHIZ/ED Z L NEETH
A

5. BE

B = a7 ITBEFEORVER R & 523, BRI FEETFARIIAE 57213020 Th 5,
B REIENT-ET VA L 72 5121E, WL O0OER S D,

MELE LTOBWNE, 22N OEWFECEA ORER S5, B=I 7 TR CH D720, &
BEBPBIER 2T DBNIMER - BREICEENVETH D, £, = 7iikiis s XX
IZHARTHL, SESFMEAMEERBL CNDT0, =7 B4Ry 1& Bk L Tt 572
DI TRPMETH D,

7o, HBAEDFBEIIR RN HN Y ooH 50y (ER - L 2012), OB LIERICA
R VHIEA S ZTEREE DT O S DU £ THAET %, WA DIl HE097720, BIERHEICIT
TRBUETH D, HEAEICOBREORMN D 5, FEREEREETIE, 7 L— MEEIC L 2 EEI5K
RS RIREL 7o o CWA DS, EOR I AEKD, Rt b 720y, fatkod 2 KA1 CRELT 572
DIZIE, A—7 VR COFEDMETH D, KO0 Z0EE L LW b— MERIZHART, 4—
T U RRIEHTOOFTHN Y, EEFTE Y N T v YD D 2T, AN & OOl -0
REEE Vo Te N T TN B D, BRIIREIIL T T OB AN TN D, BRI ZRBREE CA
TE S DFERET D TEDBFENLEEND,
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Y =2 ORI 5 EH RN IR FE L T D R, BAEDIRIEL 2 b~ — b —8fn IR
LTEY, HIECD I OWTER LIRAEREOHEEN AL LT D, SO LRI
ICRWVTHIRF L2y (5 2012, 5K 2012), £70, ZSREERORE G £72070<, ThnbFE
SHAZVENH DL, UV Y—AOHEAFIZTEHLTH, Ay 72 —L LTORSIERL<, BEEICL
GRS BURDIEE L S DFRE L 72> T D,

kv b, B=37 2BROMEMRFRIEOFERIEL & LTSt E - 7213020 Th D, Zhe
SIFFFEOMAEZER L, HREETL2EPNRUITHD, BUE, SEIEREMIGOT 0T 4
YA A A=V T LN T BN I & AEE b =S CERE SO L D 1T TN D,
7 MERITS & L VREHITE = A A SR T DGR T — Z = 2 DOB3IINETH .,

TRV EFFE OB 21T S a A XF AT LR L7en3 o, B Bt bic B2 o8 T, €
=T EMEHT & £ &2 EEl9s AT FIcED 5 2 L1, IEFICELWEDTH S, £
72, WA —2r T RE SN DI AT ORI L - T, SREORANS S E8F =
/7 accession <CUTRED 2 7 HEM) & FAEHZ U CTHFET 5 Z E DN A[REE 72> C & T, BF VHEMI LN %
WAL RNT, =27 07— Z8MHIA USRI 5 2 & biif S5, b o
T & SRR FRICAT CE DR L L, E=a 7 OHetZE LD,

HiEE

KWL, SCHRFFE R ZOFIAREE ORI ERADI &2 & & 1ITEDTz, 7 LOfITIIKE
T )LF—4 Joint Genome Institute, 74— A F = U 7" Monash K John Bowman &+, &R
Huls & LT A e isai st ) L3R 7 N—"7, IRy RFpEE -0 L ORI CThH 5, FHF
PEHFAZ I L D s IS, R RN G o E RN E) T+ & OEFRFE T 5,

SRR F- DU EARHE L, R OFARZE LI BBIER % 727 R, 220220 T 5,
Flo, KXDRINTEKR LTCA ARG, WERIZTET 2 A2 v 7R BTz Eho
WEa D 7273 68 =7 OWFFERROMESLICHR L TV 5, 2 2 TH N TOH-FERIFEE OA4RTZ L
T B A= (T2, HEFIRFIEZ 3 U CEHOB =T 3 2 =T ¢ OFFEEICHBEE2 21T T 5,
AL LR L7z,

51 AR
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FLWET VHEY) & U THIRF S U0 D 5658k EREY) € = =4 (Marchantia polymorpha L.) @

7 BRGRDEATND, TNETY A XF AT, R EOW AN LI L LT D84 72
TEFED S 7 BHMFEHE - el S, [ FRE T 7 D720 e BISH B NI o TE 2, LAL,
FE Ol b A2 2 5 B CEERMEICH D EHE b o7 ) MMERIT, S0 A XY
UVARITOLEDIZROEN TV D, AT, =377 0 [RA=—7 « T Ea—] %
1TV, B ERE T ) DD 1o b a BT DD OFT B A T L2\,

1. Y3412+ 5 15 L] ##E

FEY) THID TEDLRY ) ADRESNT-DIF v v A XF X T % (The Arabidopsis Genome
Initiative 2000) , = ™%, A * (International Rice Genome Sequencing Project 2005) 7% & DEM D 7
J ADBNERI BN SH, EHIZiEe AV U AR T (Rensing et al. 2008) & \\No 727 /LAY D
77 BTN T bfifHE S VT & 7o, AFRHEERE R C 30 UL EOkE FHEMFED 7 7 SMEHRS A S
T\ 5 (http://www.phytozome net/, http://www.plantgdborg/72 &) ZEt%2&E2 5L, =7 ns
J DARGEII R A LT T D72, UL, AT RTH ) DEELIRVENRTY ) Azt
21258, W B T 57 ) MFRICEBNTE =373 LAKMAEY > TVt RHZ LT
x5,

1986 &, ==/ (Ohyamaetal. 1986) & % /N2 (Shinozaki et al. 1986) DIEFKIKST ) LD
FEEBN S FHR N TR STz, TNENOTA RI3HI 120kb E# 160kb ThHh 0, SEREPEIZH &2
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(2725 T2k FDI bz KU T4 7 ADK) 16kb  (Andersonetal. 1981) P4 77— %7 J A
DHFI50kb  (Sangeretal. 1982) & iz L CHEGERICKE VN, BERMAY 7 AHIOMEFHE, BERAN
HOfll x DEIEF TR L, BIEHROBRBITIER LI THWbWw D 7 LFFE & [F U IS
Mo TWEEEZD,

1992 45, Ml & L QIO CE =7 T hay KU T4 ) AORMEIEHIAH G M2 0
(Odaetal. 1992) , ¥ =T [3EERAB L O hay R THEIGTOF ) ARSI 04k
Lipole, 20X, B=3 7 TCIIEMMIIAFIEST 2 3D T ) L0 55 2 M EAMN fifwi
SINTHBY, B=a 72l ANTRT 5 ) LRGETHEY 7 7 250 XL Y | EACEf T
HTENTE D,

2007 A, B=2 3G ORREROH TR /IS Y Tl (9 10Mb) OF 7 K038 68T
7257 (Yamato et al. 2007, KRAIESE 2009) , ZAUTAEMPEG AR L L CTIIwD <, IR EY
OMEGEfRE LTHHID T, YHRAEMKE LTHE M (Skaletsky etal. 2003) I8 L NTF /X P—
(Kuroki et al. 2006) |2k < 3 FH THH-72,

2008 4, B==24 D FEIhi=r 7 A Btk KO X eiall) OffginthE oz, i
1Tk 3L F—44 Joint Genome Institute (JGI), %% Monash K- John Bowman 5, FEBKZEDI]
W2 b % a7 &3 2 EEEILFEE T H 5 (http://www.jgi.doe.gov/sequencing/why/99191 html), FLE
T, B e O AR — S B b v, 7 MERIAE ORfEIZET CEYE 23 LT\ 5,

AT, B=37r0ET7 /Wi E L COFEBRENIITMLINTWD Z L2 BE 2 (1
W2 - AN 2012) , EFUEME LCOB =475 ) AORSE S ) A7y Foitk
BRI ) L) Y — R LB ITHENT D,

2. /Ay k- o= REE=055/ A

IGI TlE, 57 ) AOEREREGH T, KM —r o v 7 E2BGT HR1IC3 a
NAF =N T —lr v v T a7 TIN5, B=I7r 04, ko P1 sk A T4 0K (PAC)
4771 (Okadaetal.2000) £ V#EAIZ30 7 12— ANZOWTHERNZREL, T=a4745 )
LEFHMBI L7, b vy b Za— 30T Eaisichk L, 20 7 52— 13 PAC
A 77V ALEIGRITI T IGL THENT ST, 780 D 10 7 0 — 2OV TIEEN O 7EE 2
K x OBEBRIZESOTRY, ENENoH CEr ST,

WA\ b= TORRER VIORT, GBS L7 PAC 7 0 —2 DA ¥ — ki
A ZADOAFHIFI33IMbD THY, ZHIFHI280Mb & ZFEDL 5N TWD S ) AYA X (Okada et al.
2000) DRI 1%ITH4ST 5, ¥==T47 % 5 DNA O GC & 8IT 40%H1#%:THY, Drpl & b4
fRHT L7 PAC 7 0 — U TIEIRE RIS & IR0 T, T2, =Ty 777U
7 OREEL D RNOKEEINHIZEAER LN eh o7, Lha b TV ARY v EFLET D
R 6 1 7 a—r 20472 <, 100kb 12 1 HRREOHE TH -7, ULEOERLY, ¥
=377 ) AOMRGICRR B ORI S S s, R, EEob&s/u—r Dy ay b
VTR ETRUTNVLUTHER, ZROEBRFEZET 1 70— 2RO TILRAF 2R
BonTn5s,
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1 My b= TOEED
Length Estimated number Gene density TE* density
Clone (kb) GC% of genes (per 10 kb) (per 10 kb) tRNA gene

pMM24-53F7 133 41.0 13 1.0 2
pMM23-591A3 48 42.9 3 0.6 0
pMM23-245C5 96 41.2 6 0.6 0
pPMM23-619A2 129 42.6 7 0.5 1 H(GTG)
pMM23-432E3 66 44.9 6 0.9 0
pMM23-90H5 118 44.1 9 0.8 1
pMM23-136B7 110 41.0 4 0.4 3
pMM23-679E2 117 41.7 6 0.5 3
pMM24-60A8 87 38.9 4 0.5 3
pMM23-293A4 170 394 12 0.7 3
pMM23-040-G3 97 41.3 12 1.2 0
pMM23-065-F6 86 443 7 0.8 1 C(GCA)
pMM23-108-D2 118 41.9 10 0.8 1
pMM23-163-G12 117 42.6 8 0.7 2
pMM23-241-G5 54 47.1 3 0.6 1
pMM23-298-A3 104 423 5 0.5 2
pMM23-322-A9 77 38.4 6 0.8 1
pMM23-493-F4 140 40.6 11 0.8 1 D(GTC)
pMM23-493-H3 131 41.7 12 0.9 2
pMM23-493-H9 97 42.6 8 0.8 1
pMM23-494-B9 120 39.0 8 0.7 1
pMM23-494-D2 85 43.0 8 0.9 1 V(CAC), D(GTC), M(CAT)
pPMM23-494-F10 106 41.8 9 0.8 1
pPMM23-494-F11 147 43.0 7 0.5 2
pMM23-495-F10 119 43.6 9 0.8 0
pMM23-498-C1 129 43.8 8 0.6 0
pMM23-498-D12 116 41.7 14 1.2 0
pMM23-498-F2 111 51.7 0 0.0 many
pMM23-539-E1 119 40.5 13 1.1 2
pMM24-013-G6 111 42.6 7 0.6 1

3,260 424 235 0.7 0.1

* transposable element

I, T —=F _N—=R TR INTND T X/ BRSNS 2B RIS L O =25 EST (&
2) DYV TEITY, Z Ny Ea— FEREHN Lz, ZROEBRFZ2Eiel 7 n—r
PISNCTITEI D & o R BB F R RNES T, ZOHEEIT10kb 472007 Tho7o, T
vuAXFAFD10kb %720 23 (TAIRI0 [ZHESL) ik, M mybh-Z7mr—r0D1D
Td % pMM23-619A2 DB FHIX 2K 1 IZRT A, BIsF-OMHBER0R [£EH) THHZ &
WD, Y= OBLEIEHA L TIEARWA, EST 75— 75 1% 18,000~20,000 T 5
EHEHIEND, ZHUE, M ay b7 a—r DT —2NLHEI SN DB FEER 0.7/10kb (=
20,000 f&/280 Mb) & K< —ET %,
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&2 ESTYVY—X

7477 = v AR i PERI R %

rlwa dideoxy Tak-1 o TR 17,592
rlwb, MO1 dideoxy Tak-1 ol HESREE (RREY 16,130
FO1 dideoxy WA RS 9 MERHT D) 671
lwe?” dideoxy Tak-1 J HEPR (R 66,892
lwd" dideoxy F, (Tak-2/Tak-1) AN Q HhEERAK 66,750
lwe? dideoxy Tak-1 I HRAR  (BEFT) 65,741
Iwf? dideoxy BC4? 2 HRIK EIREYERYE) 66,140
CGGW? pyro AR A/ E e+ MERST 1,243,241
CGGX? pyro BPAEREVE & TR HERRTT 976,634
Anth pyro Tak-1 I TESRFE 690,003

1) 524E ¢ DNAZ 10— O R4 7 E
2)IGLIZ &L B
3) Tak-2 ¥R (Z Tak-1#k % 4 [BR L A2HL

NCBI NR . (5 ] - a8
Atha Lo -
Smol - ' " B m=n =
Ppat " - e ]
Mpol EST 1151 smm -_— e -
Mpol M619A2.6 ME19A2.5 :m\m -His(GTG) M619A2.3 M619A2.1
Gene T —Imt W - L
BOOD 2 16000 ; 24000 L 32000 . 40000 i 48000
r— HANE B
M619A2.4 M619A2.2
-
E—
—
—
»
2 LR |
-— ——
] = [ ]
] = _—
ME19A2.1 ME19A2.7 MEAA?
! T I i |
56000 64000 72000 80000 88000 96000
T
-
L}

1T 48y b= T IZRALLNT piIN23-619A2 DIEE

A A U= pMM23-619A2 DFECSIZ R L, ETFOKEBOMEIRICH DR v 7 AFHET S Y v %, fE
ETFR Y D) BHEY DS UIEESITa— R <7, BADOEEICH 5K v 7 ZZLLTF DRSNS 5
$HLI Nk % 7k 9 : NCBINR, NCBI non-redundant protein sequences ; Atha, Smol 33 .U Ppat, & A X X,
ARXAZERBIOE AV U TR T OBIEFET /L ; Mpol EST, £==/ EST,
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NAuay b rua—rnoh, 470 —TEE6MEO RNA B FARWIEST, B=2
A ) DTHEET B (RNA BEF OFEMIZ SO\ TIIS B O N R -5, £7-, BEFHE
FHEIIZEI P 5 miRNA 72 & DIRSF RNA IOV T b, B B TIRIF STV D S O —HF R
7SN TV (Floyd and Bowman 2004) , &I GTIIZRV, 72k, B==/7 0 RNA &
11X, MOBEBADFREEY 7 A% =% L TEY, WMz o EaT, X @R 1 EErr
ETDHZ ENREN TS (Fujisawa et al. 2003, Sone et al. 1999)

3. B

IGLIZ K> TR SND T/ 27 = Z DEIULL, ERIKOBIG T~ vy B 72T 120, 15
&AL Takaragaike-1 #35 & O Kitashirakawa-2 #% (AINZEZ - AlIRAR 2012) (27 55 28 % F)
ML TEIs#IMZER L. (M2), ZORf, EFEo 30O A 1y k-7 n—2g8te PAC Y
7= XOER LTS~ —H—31 ffl, £ L CTE=2% EST B L OB L 1ERk LT
dCAPS (derived cleaved amplified polymorphic sequences) 3 JX T SSR (simple sequence repeats) ~ —
H=18 e AT (KETMS, REELT—F), At 109 HO~—T—iF, T=a7DF%A
HRELFELTH L 8 EDHBEHRFITIHR L, £ EDERITKI900cM & 727z,

BN OFEFE %2 EIF 5728, BIfE JGI (2T Takaragaike-1 ££35 X O Kitashirakawa-2 # % A2ZHc L
THRONIZ F R RHDOKBE S — 7 v I PEIT P Th 5, S bI, ENLBIBFAFZEITIC N T,
xtHRHE T d 5 Kitashirakawa-2 BROW AR — 7 L K27 — 2 BB S 4, k325 IGI D
T LT L OWENED 5T D,

Linkage group No.1 ; 81.36 cM Linkage group No.2 ; 72.18 cM Linkage group No.3 ; 63.58 cM Linkage group No.4 ; 113.18 cM

cM Loci cM Loci cM Loci cM Loci

32 HT-SSR-E008 HT-SSR-pMM23-494D2 . HT-SSR-pMM23-494F 11 * | HT-sSR-E007
23 HT-d-E035 10.9 HT-d-E027 ** 1.5
HT-SSR-pMM23-493H9 67 HT-d-MpGAPC 108 g9 __Ill-— pre ;\oﬂ‘nggs.Aﬁy
g HE SR 0100 o0 IS Hramize HY2
HT-SSR-pMM23-494B9 HT-SSR-MpNPH3 128 36 I g eggee-4oeHs

HT-SSR-E018 **

14.1 26.0
245 HT-d-Mpftsz2 HT-SSR-E021 *
67 HT-SSR-pMM23-494F10 204 9z HT-d-E037 108 — | HT-SSR-MpPHY
- HT-d-E042 " 2 HT-d-E023 I— wraes PHY
66 HT-d-E031 HT-d-E02s
176 - HT-SSR-E016 204 —
1.5 HT-d-E008
|— HT-d-pMM23-194A7
HT-d-MpAN,
00 HT-a-EG02 AN 241 —
1.4 — I — HT-d-EO13
— 1} )= HT-d-E007
a4 I HT-SSR-E006

Linkage group No.5 ; 215.71 cM  Linkage group No.6 ; 91.11 cM Linkage group No.7 ; 131.67 cM  Linkage group No.8 ; 127.95 cM
cM cM

cM Loci Loci cM Loci Loci
| — HT-ssm-E020 HT-SSH»Mp\A}IAA | — Hr-ssr-e012 32 — [I— Hr-d-E03s
HTSWTITRY 200 —] 3=~ Hmi=
349 —— ot HT-d-E039 | HT-d-pMM23-494G4
99 H?';""E"&;ESLOELO" R | HT-d-pMM24-34B2 393
| hrssh 133 -d- 5 ——{l =< HT-dpMm24-
s s FY 18.4 S ry p— o :fg Egzz | HT-d-E020*
48 — |I— HT-d-EQ01 . Y HT-SSR- "
55 |}~ HI-SSR-E032 HT-SSR-MpTOCT 17 \ HT-d-E005
— Ara 0.0 HT-SSR-E003
=N o N
39 k HT-d-E022 ’ HT-a-MpHGH Y] 6.6 / HT-SSR-E002 67 | HT-d-pMM23-498C1
v I\ HT-dE044 159 59 HT-SSR-E013 - [— HT-d-E003 2
152 — SRR ARF1 y HT-d MoDESH )ES6 38 HTSSRESST e
o |— HT-SSR-MpAR) 33 HE-dMoDES 35 HFaeor |— HT-d-MpMC1 and MpARF2
4.8 — I p— HI-d-Eosz 32 HT-SSR-E015 14.2 ——
1e —IF< HEgEose . 0.0 HT-d-E021 3.1 —|}|=—— HT-SSRE022
b AR 18 / \ iuossDESS b I AR
- HT-SSR-E010 X HT -SSR :
HAN i eHDZ1 HUAINE | e
4 HT-SSA-E004 e A resE L O
23 I~ HT-88R-E030 0.0 RT-d- 23 47557
109 — I HLS8RET7 T 0.0 HT-SSR-E027
88 —] HT-SSR-EQ0S Tosa e
83 —}[ =~ H1-S3R-E01S
— HT-d-MpHMP1
482 — |
|— HT-d-E004

2 ¥-d5nEGHE
FEAE R Takaragaike-1 #35 & O Kitashirakawa-2 #RIZ L H IV SR A FIH U7 B8 I, ~— I —DMERS
NTND —EBOBIRFITHOW T HHIK IR L7z,
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4. FS 785/ LA

JGLIZE A KRB —r oo 70, F2BHOT7 Ve —F CTEBEISNTND, Thbb,
P2 I —IEIZ K D Fosmid 7 v — 2 ORIGES IR E, & L TR —75 > ¥ Roche GS-FLX IZ &

BT ) hvay N ThHD, THWETITK2IX DT ) ALy VxR L, 2011412 A
WZIFEET 27 Y ver.06 321 2=T A NRETY V—ZAZNTWD, 7T U ver.06 1T
BITDaT 4 ZEIIAI 8400 T, ZDRERIDEFHIKI 200 Mb, $720 55 ) LOK T0%7H =1
TATILE S THNR=EINTNDZ LD, £z, BEHEKERIZHV DN 109 EHO~—h
—, BROINETICHAEL TV D X affEg ~— D —9 HOEThb~y 752 LN TET,
E50Z, IGI THESH L2 EST O 90% b~ v 7 TE=Z &nb, SRR T 7 VIEF )
LORNHE I N—=LTNDEM/HTHENTE S,

B4R cDNA ZHET v 7 VIC~ v B 7 LIZ PIRRIRITIC L W, B=a X v X078
B FO—REREENR A TE (£3), £7, =%V A buUHExsR oL, Biaf
Loy Iy aA XFTAF L= rokinbien, ZHUEELT, E=a70
IRV NIV EA XFTRATOEDO LY OREVHAARL TS, LrL, EEONINETH
STELEEBETFEZRDRY, B=a70BEFIZBITHA 2 ha AFATAMIL, Mok FEyE
LA THRGFEINTODEIONEETHD, iBIIAATHLD, E=I/rTidA v barazbic
RDNBI T OEIENE WAL H D, —FH T, v brrBIlO 53 ERERER (UTR) OF
JF A XFTAFTOLOLVBEFIIRE L, ZO/RE=T 0B 1rOEEIIYrA XX
TOLOLYREL RDHMEMICH D, 2L, BE=T757 ) DB HBIEFEENR B A XF
AFT ) LI BIERNZ EDO—KERSTND,

—RIZ, BERAY) mRNA O 555 B CHRpIO AUG MBth= Ko b7e 0, &2 BFRR3 B
mEND, L, BE=a 75 0BEFClE, AeEMEAS—Y e 7 Lol 6illt=a KUTh o
ZEMBES IR IS ATG O Efitls, UL LIS D ATG Bohsd (M3), Zo ko7
UTR-ATG (ZIIARDHEAMIZH DD BN D EFENTND Z b, B=T 7 OfIFRE
EIXIELWEIGa RO Z2RETZDDOMBEND L AxbD2EEZX LD, BFERTIE, ELWE
o RV OIEEEZ 5D, ZO L AEIARATH L, ZOZ s, E=I7O&EETD
Btk RUZRELZY, 5UTR & O CHAMMICEAT HBRIITERRMLETH D,

x3 TZdr7H&LUVPO0O4XF XS DEGFIEBEDLEK

Y= YA XS AT
XY BB 4.7 5.9
WX U (bp) 351 296
VA v hr R (bp) 432 165
455 EFHER GE IR (bp) 379 152
W23 IEFHERFEIR: (bp) 470 237

1) 6,406 K D542 RK cDNAESIZIGI KT 7 7 Alc~ v 7 L THERE,
2) TAIR101ZH:5<
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UTR-ATG

Starts [

Stops [

K3 HIEELFNL EH&E
ZDOBLEADE2 =X N, MEMEOA— Y a7 L OEUMENSHEE SN FUDNTFET S (K
F), L2aL, #EEBE= R o B3Rzl 10 [Ho ATG BEET 5.

5. TRMEDELETFER

INETIEONZE=d7 ESTBLX O ) AERNO R 2 TE-2 L 0ofT, 57 /U0 &
LTHEZLLEROEEPOHM NN DX, BEFEEDODRITHD, BiaFEEITEMDO L
OEIEF L= MY —ZIEKL, KVEMETEZRR L B2 EMICFEIETE, LLED
B, BeA 3 X OMERE DS L - O Bn T DI EIL, T D OMSREMRIT O K & 72fEE L 72 5,
B 2L, O FEE I NZ IR THDH 7 4 b7 v AiE, v aA XFXFI2E 5 5 TEAET D08,
FNENHWC IR DA 2 L oob, EENRER LR LND (K4), E->T, ®H
BT DREEEIC W TIT A RARTIIBE LI L, ZNEMDT-OITIT L EE BIREVER L7
< TIEZe B7aVy (Strasseretal. 2010) , Lvh, 7 4 b7 v AEFEAERT D X 2 R0 EOBRT
DELBEIEF 7 7 2 V=% L T\5728 (Leivar and Quail 2011) , 7 4 b7 o L&A L7z
T FIARERITEHEFUL L TR Y, TOMMIAREEL 2> Tnd, 2O L) nElsTEHE
1%, WA O OB FIZHONTH —RIICR 55,

—J7, B AV ARATIE, FEY) THE— SR AR 2 23 PTREZR SEBR T ¥ (Schaefer
2001) , ZD7 7 LALLM SNTWASZ LMD (Rensing etal. 2008) , &7 VA & L TIA<
HnoinnTing, L, BEVEHORKEHLWIE AV Y TR COBLTFEENH D
(Rensing et al. 2007) , Bz L7 4 N7 v ABIE I DO LD L3R 8177 I U —
EER L, TTEMERELR-oTWD (K4), £, Y CIxE BB THHLFY b, t
AV YHRIFIIL2 a—FET D GRS 2012) . TD720, EEFHEREMATIZE LTI,
kR P CTHLE AV ) TR IFIZENTH YA X AT LRKOMEZ I TV EF
2%

ZhIxtL, B=3IFET D74 b a A, M7« hoa b - 77 I U —030i
THLRNZAE L Rod 1 0 FEOATHS (K4), E6IZ, 74 hZubixfr Ly s
F AR THIL 7% B &2 729 & & %2 51TV %D PHYTOCHROME INTERACTIG FACTOR
(PIF) 1%, B=a 7 TlX 1 B FRELPRON->TE LT, B TiET S LB NRE LD
GF D, REET—X), e AV ) B3 37 Ty 7 VRESTEREIERIZ D
HBIG T DL MBIET 7 7 2 V=2 LTWDER, T=a7 57 ) AMIUTEDEL NE—ER
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FELTHFEL TS S LW (RAIT—HEZRT), S HIT, mRMEEOHERCIZRBIZ I EHE R
e 2 T2 T CLE 5113, WD TIER EETFNPORIBEF77 IV —ZFEHKL TN
0, B=a SN ENORMOIEE THlE LizA—Y a 7B 1 BEFTOROh->TND

(FEE—ER 2012) , FIRRDOM DY, O FIHEHRIER FIZ OV THEE STV % (Sasaki et al. 2007)
TR, EHRAR E2 o =2 a5 BiEicn@EIc oD LS A EEZ OO, £ LL
Il X2 DB TR CTHUM, EARKTH D fEEEZ R, 2%V, =adr&2ET 1L
T 52 & T, WM A O A HIER ORI ER S L < IXIEFHRIC L D 1M S 2 [mhEE LS,
bz EAEAIC L0 T 2 AR e U< A fifIC& D AREMEN B 5, AR 212 X 2 15 i
ATREIC A o T2 BIME (MNZEZ - ARARE 2012) , \EMWITTEMEOER ST, E=2 70T 4l
ELTORERBATH D,

LePHYB1 3
I -
GmPHYB €%
AtPHYB
PHYB/D X
AtPHYD w
ZmayPHYB1 deXYVARIT
ZmayPHYB2 5 —
4|£OsatPHYB 4€=d7
AtPHYE
] LePHYE PHYE
AtPHYC CERIEE
m LePHYF
ZmayPHYC1 PHYC
—(;: ZmayPHYC2
OsatPHYC
Bl AtPHYA PHYA
4ﬁ: LePHYA
GmPHYA
ZmayPHYA1 ;
y—I:zmgPHYAZ Acap: Adiantum capillus-veneris (RS54 %)
OsatPHYA At: Arabidopsis thaliana (304 XFXF)
AcapPHY1 | 3,4 . i
AcapPHgaz\p I kLY Cpur: Cer.atodon pt{rpuceus (¥ /O /7H3Y)
CpurPHY2 Gm: Glycine max(#' 4 X)
PpatPHY 14 Mcal: Mesotaenium caldariorum (#%5)
— 4PpatPHY3< Msca: Mougeotia scalaris (E4 7))
PpatPHY4 .
Ppatg;‘;ﬁ:YSE < Le: Lycopersicon esculentum (k= k)
CpurPHY3 : i \zxtE=3
& urbHYe A4 1EY) Mpal Marchant/? paleacea(?&/\ B 'iz 37)
PpatPHY5c Mpol: Marchantia polymorpha(¥=34)
s :::PHY%S{ Osat: Oryza sativa({xR)
Mpo|:|j:( < Ppat: Physcomitrella patens (£ AYUHRI4)
MpalPHY Smar: Selaginella martensii (4 X h&EIN)

Zmay: Zea mays(bJEQIY)

McalPHY Yo K
4’— MscaPHY I ’%*E

K4 74 bo0OLEGEFODTFRIGHE

6. MEERk

V= I IR T 0, YR 8 AT A, MEY IR L U CHERR Tt X Ytk (n=
8+X), HEFRTIZY Beafk (n=8+Y) &b, Y YBAIROHEERS L X YetfRKOER /3 BIH DL
WD, P=d47 Y etk s, b hROF LR D—0 Y Yefafk & RIS Ytk &b Lz &
ZZHiLD (Yamato etal. 2007) o Y YR DBIATHEIL0.1/10kb FRETH Y, FHYEIROHE
TEAE 0.7 & HEA_TH SR, ZhE, X PR & OfH 2 236 Sz 2 & T o8B T
MDRKL, SHIZLba N T VARY UROKERBSINER LB bD, Ik, PR
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x4 EToId7rB8LCHEMICEITEEEFI 72 —DHE

BT vaAXFAF AXHHAEN  BAVUHRIA =
Wox 16 6 3 1
CLE 28 6 4 2
KAV A/ 3 3 1
PIN 5 4 4
AUX /LAY 2 4 1
ARF 23 7 14 3
AUXT M 29 3 2 1
7R 6 2 4 1
7PL 3 2 1
ruccA 11 3 6 4
7 M 3 1 4 1

(Monash X5 ® Bowmant#it & & O [FEHFZE)

ICBW I X AR 2 2 S0 T, Y Ptk L FgEOEN BB TroRE, BIO
kT U ARY RRAEESNDOHERE) T & THISRD,

=37 X YR OEGIEHR 215572, ZHVE CICHBEL 7= X Qe b~ — T —% AT,
IGL7 7Y ver.06 XV AEFH39Mb ORHIZFIH L7z, Y BfRIZ RV E STz 64 OB
TG, i Ld 20 FHORET N X PEKESIZRWESTE (K5), Ziuk, B==2
I X et & Y Yo KA A CYRICHSRT 5 Z L2 WD T LTV D, LvL, ERENO
B FOREME ECOMBERMRITIZE A ERFINTE LT, XKL Y Qe LTl
ke, MFIFREAERLNLVOFREZBEV KL TE eSS, £z, =37 Y PARiCi,
t I (Egydio de Carvalho et al. 2002) , ~ 7 A (Lorenzetti et al. 2004) 3} X Uk 7 7 X RET A
(Ikeda et al. 2007) THEEIZAIZMNEE L SN B0, MBS L O—HOEBY TRESNTND
HERIZ KSR E s (Hirai et al. 2008, Mori et al. 2006) D7RE 1 772 EIRFAET D08, 2 H 0 [
EInF] OIEBNIA OFTMEY ) DIZROD - TV, A%, X P EORSINH LN Shih
X, Y il JOR AR S Ok A il LT, MEREBR O EMI BT A Y RO
FRSLBFENH BN > T 2 b D EHIFf SR D,

7. SEOREE

=70 r ) AT =2 IIHEANO2OH Y, TNEFIHTE SIS L TREET 2008815 T
Hb, IGL TOT B TANKETTIUL, HNCT /T — 3 270, FRFHZ I E TICE
LIz v T A7 VT h— L7 —2CxERKETdH 5 Kitashirakawa-2 RSO T — X OffE A H H
897, JGI TOREUEN 22T — 2 AR —Z Mz, BT O R R+ 5 L Ikc &
DEVBEFOLWHART —Z X—AOBEZFE L W5, Rk, 7/ AT —2BINNT v
AT VT h =T =2 D% NIBIERAHTH D03, FHEMERRED Y 7 =2 MIIIEBNZHRIS L
TWHDT, BRAH 5 FEE 1LEES Sz,
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BUE £ TIZE L OHMIFEIZOWTZED S ) ABHLNCENTE 2, UL, FIHATE 51E#
BAMEBRITIER 722 & T, [ HEMIC R b Dk A RBIG %2 5 FROBIEFITH O 5 7 ek X
(B2 T=DIEA I D ) DOSERMERCEMES ORI I T E 72201, ke b
W ) LDV TEHLRRZIZS KR, BTV TOLL A RIS R>TLESTY
LHOTIIRNEDS I, Bix o ) ANHEASTE A%, =475 ) A2 ORET
T 2EZonTEEZTINDLEEFEELIIEFE LTS,

B

AfaCHY EiF7=s ) 57 ey =2 M, JGI, Monash K5® John Bowman 18135 JX O Sandra
Floyd &+ & OEFEILFEIE CTH D, ENOIFFRIZOWTIE, TR A B L OBl O F
TR B DO ZZ T TWD, XA vy k-7 a—r O, A HERTFOEAEZIEL,
TR FOAZ £, HE Ko FHES™ L L OXFEETH D, 2K cDNA O,
PR ZFOEERES & E L L0V LRESHRIEE ORI TH D, 7 —Z T TiE, BIsY
WFFERT O Rl st 36 KOV AT R —1 L K 0 2 K72 53R 2 TAW -, BIsHIEKE, FEHERFED
REFMRIZED DO THD, &&IS, KA7av=7 MIBb- CET-AAFIE LA &
LEF L OWRE AR TFBLOIEKT) OA L AS—ZEH LT,

M338F12.2
Y  M338F121 X
M338F12.3
M166C5.1
. M166C5.25 M95E. 1
o) M408G1.2f
=  M547D3.2 B
wy MB47D3q
™
~— M547D3.1f
< M338F12.3f
do M217D8.1 b M286B9.1f
£ M217D8.2 < M402H5.6f
o M286B9,2f
S M104E4.1 0 Ve
< M217D8.1f
M578C3.1f
M359F1.1 M166C5.2f
M95EB.1 M166C5.1f
M286B9.1 < M41H12.1f
. M408G1.2 < M104E4.1f
0
S  M286B9.2 - VI88B7.1f
o M578C31
i M88B7.1
S M402H5.1 ; | @ M359F1.1f
o M402H5.6 V140245, 11
oo M338F12.1f
£
o | M547D3.2f
O
MaTH12.1 5 XZfKEYZEEBAODHEREEFOLfH
X Yetafk & Y Yeto RO RGT 5851 & AR THREATS,
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An introduction to the taxonomy and morphology of Marchantia polymorpha

Key words: bryophytes; Marchantia polymorpha; morphology; taxonomy

Masaki Shimamura
Department of Biology, Graduate School of Science, Hiroshima University

Kagamiyama 1-3-1, Higashi-Hiroshima 739-8526, Japan

1. [FLC&HIC
Y=g, ARk ZE iR oA U, AR OEREEED T b S@ic A bivd 2 7l
MO1oTHD, A THEYICEURIIZ2 B SN D LRI D, Hix I AREREEIZE Y LT
BY, WEWFOHMBRERETIE, ZAAHORERHE L TUREES 2 <TY bt Tnb, 3
— 1y K ETEHEL DM FEOEER & LA VWS 7 Leopold Kny 12 &% —HOAEY)
BIFE (1874~191D)DH T, FEMie = ORRAHRSNZZ & H (Knyl890), B=a 7%
AFEDOMRER & L TN TEZHEH TR W SR ST % (Stotler 1994), 19 HEfLIZF W
T, bo & bFREOEALTH YD 1 OTHY, T /UEHOTM E LIERDGFETH D,
INETORWIFEOREL TERM LRI, 7 MERSH T BB TFOFiEZ AVt
%%L@éi@%k%&%?k&é&%z%ﬂé@%bEﬁﬂmmo$mfi,t::ﬁ_@f
HOFRTHIRS HWELZ O L EY, ZOENSTFICET I ML E LD, 5%
@ﬁn@@%%m L7z,

2. Eod7OREFHME & EILERIER

I HEMNTHEE R A b 7oV EMRIRDS, EEARAERTH L R TRESITbh, #/8
(Marchantiophyta), & #H (Bryophyta), *” / =% %H (Anthocerotophyta)? 3 FEIZ0FH I LTV D
T B 3HORMBKIIR WVIE(LOERL TENENIC SR LA 2% ffb\%)f:&') BlfRIR DI RE T8
T DIEE RSSO T 2 DIFEE LWV, RROEREPNREIZE S TWD, B EEY /=
THDRIFENKILEZ R THWDLDIZ L, ZAFITH > TWRY, £, A HORTRIX
B ARHCROIRER B I ERICEDNTOREETRRE L, BEOEDE T L2 uﬂ@?%@*ﬁﬂﬁﬂ
EL, ZUOTOMNBIZET 5, B EOMFAIL, TEmI BRI E kOO —E (ghflla)
AR STREE TR L, MO CRIFRDINTICE H L7 IR L, B AN
5, YV ATEORHRE, EICo#EEE b H, EICm ?T%ﬁf:ﬁﬂ@%ﬁin‘ﬂfrﬁk%nﬁbﬁmﬁ"]
IR Lkt 5, Z AL tViE“G MR O L FERBIC I Z 0, faF e (B
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) bIFARNECRIFICSE T3 528, Y/ A7H T, RO TR S EFIT
[T CERIINCEZ Y, P HHTR b DORBRIEEIND,

ZAKH, B, V) ITEORHEIRICOW IR A ZeiGmni d 503, BT D)1 R
T DL <IL, B=a 7 PNEENDL XA PR BYINIEE L2 Z L2 3FF LTV 5D (Qiuetal
2006, 2007), HHTOSHAR (Crandall-Stotler et al. 2009) Ti, A HHIEX, K& a~F a7
(Haplomitriopsida), £ ==/l (Marchantiopsida), 7~ I =~ (Jungermanniopsida) ? 3 #EIZK
MENTWD, a~F Al (K208 1L, &LOPNDIELIZEZZ N TNWD, BELHDH
THE T D2ERDONEE O TH D, IO & i 9 2 72O ORI NI E
ZHlen, iR ZE bilciene Y, aZiiy s L THHNIREERH Y, 2 A FHOFTH RS
MREREEED TNDL EEZEZ LN TND, YA ITHTZ A FHOR O EZE00ET, £
DIFRELZAETH Y, BT HEENE, EFEMITIR > THET 2250, X L EDOHEAARH
R CINERRRE Db & B 72 HUREEIRYE (simple thalloid) & Kk ~% TH 5, E=arzGtet=a/
M GK400FE) 1%, RERIEREDINEE LGOI NV—T"Thbd, BE=I7fTlE, SREEL S/
7200 (REA) A oMaipR (K2 26 DEMEEIRME (complex thalloid) & K iX4 5 (4T
DR TH %,

= rfida~F A7k T L7z, B EEDOHR ThiR b RWVESZ b D080
12LEZLNTNS (K1), P=arfokfolh S 2/ REHLle LT, A4/L REXfioHE
D BHOMND AR D —H L EBEZ G DIEAVRBADE =T rflO b D LTS Z &7
FEf STV % (Wellman et al. 2003, Graham et al. 2004), 7272L, (Zo& 0 ¥ =I7 & 5505
FEMR DA AT AR IR DO HE 2> B LIro7 o> TR (Walton 1925), BUAEFED /547 784
— R RN OFERIL, B =T fOMAENHARD~ L 24 (Permian) & HAERD =
Bifc  (Triassic) OBEH (P-THLR ; K2AES TR OHERRBO A K EMEREZ ESED, £
D%, WAL, e U7 BRER SIS LT, WO L7 Z & AR LTS (Wheeler 2000),

B=arfilix, VA= /df L B=a 7z KB Zid (He-Nygren et al. 2006), 7 A
N =TTy, VANB=ITHOHRNLRY, VAR =3 (Blasia pusilla) &> % 7
=7 (Cavicularia densa) @ 2 FiZETe, FEREKDFKITITZED X 5126 BR HMIDWEIFLIAZD &
D, WENCEESEEEZ IR 255 A & O EREC, MERIROMERRIR 2 oo, - iRixE ==
AR & AR TORALT, BERIR D Jeimls 12 fE O &, iR em (I OV%, o T-ZED A EE (i
BE) 3 2 MRl EDELZ S0, RN B 3 RIS L > T4 DI Ui s 72 &, YRR
2 F O TR L BT D HFHE A H > (Duckett & Renzaglia 1993, Shimamura et al. 2005, WS &
2006), VAN =TT, E=a 7 floP TH R B PIHIIOEL, =T Mo CR
M 72 T REMIRFE 2 fif 2 7= 0 JElE L B 2 51T D (Forrest et al. 2006, Shimamura et al. 2012), —J7,
T=drzatheB=a7df (8 400 ff) X, ¥ 2=/ H (Sphaerocarpales), &Y T/ H
(Neohodgsoniales), X 7' ¥%¥ ==/ H (Lunulariales), ¥ ==/ H (Marchantiales) 75720, K
KOFEIT Y= BIZEEND (Long 2006), ¥ == HDOLEERNFEREORFEREZ X 2 127
4, P=a7HE¥=24F (Marchantiaceae) (£, Y= BDOP T, &b L7-45%E0E
EEZLNTVWS, E=3 7B, [RELELK[EELMET 2 EEEOERKEZ GO &, BER
RONGHE g & AR Z b L, ARICIZRIC L 22BN H DD (FRURIE) &720b o
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CEEER) omAN5bT 2, kO ERFR OISt EFEE2 > 2 2 &, Ak
BROMFARZ AT 2 72D DRI AT Cdo D HERRTE, MERRFEA 3T 5 70 & DIRETEE THRHIY
SFbhb, INHOMET Y =37 28T =347 F (Marchantiaceae) TIT—fxAI7=2%, D
OB TIXINLDOED —H, HDHVIFIRKHBHITRILL, HELTWDLZEHEZW
(Boisselier-Dubayle et al. 2002, X 3), £7-, ¥=24 HOMFIAIL, o ¥ 1 5HE T
EAHMT, FEED | MR, WITEVDRET 5, E=T 7R TlE, 28EO/NS 22 laF R
#HEO L (MERRIR) DT L CRAEL, BV T T, fafbhk, ElRE VO RBEmkowwE
T3 EHIRESNRRORET S, B=a7fHE, 7F =V €8=a5E (Bucegia), 7 ==
/7 )@ (Preissia), ¥ ==/ J& (Marchantia)’)>572%, £ ==/ J@(Marchantia)lI#J 40 FEH %5,
HARENIZIX, M. polymorpha ssp. ruderalis (‘2 ==7r), M. polymorpha ssp. polymorpha (¥ F £ =
=/r), Marchantia paleacea ssp. paleacea (7YX ==/r), Marchantia paleacea. ssp. diptera (7 %
NREB=27%), Marchantia emarginata ssp. tosana ( N ¥ ==7), Marchantia pinnata (& ~7 €
=3/) 3495, (Bishler 1989, 1998, Ffil « &k 2012),

Y IUERE 21A%R Y/ 3T ERNEN

X 1. bR DAY = MORMEANE, # A FITHREORE HEHOF T, bo & bIc oy Lz &
EZ HILTWB, HESHEY & 2 7O ZHEURIC W TIIBIRE /SRR TRV, B ORI 5 D
%03y ) I L HEE AR ISR L 72 D 2 L AR LTV B,

S E = =

FE—d45%#

7AREZI4H | ¥ B 2.8 == 7o FEESFERED R B R,
PE =L = S et s N
SUFamTaE ; Bodbragh=arfig, E=37i
YosE=g4#| B MoOBORYA ED B =37 HOP Tt
SUHY I ) .
CodsE LM LEEEB XN D,
7% Shimamura et al. (2012)% & & IZ1EX],
e e ol =

— ShYFE=T47H
e koyod48
AN =T B8
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3= A MO T ESEREORHY, a. VANV =S BYANRNY =4 E, v v 7 L34 (Cavicularia densa) DIENE
B O IZIERIE, T AANY = RHE, KEE ARV PIEREONTICERERRES E S AT S 5, ki
DSBS GIAATe, HERR & MERRRN 22 <, EERHITRIRIRICITE L, IRT-RIZIERIADIIMICA <, b IHY
FE=IFAIAYFE=IFE, I DY =247 (Lunularia cruciata) OMEZHE, I H Y X ¥ =a7FT 1 BOR=E
b0, HERIRITIEN, MERRIRICIAERD 2, BT RO L <H#ET 5, = HAROEMERE D, ¢ Foadd
FHE IR, X XA (Sphaerocarpos donnelli), %2 2T BHIREE B 72220, MIWERIRIAORZ ) 4E
D XD ICHIIARL, EEERITITVINEEZ b, 77 A BOREal L AiEkEEET D, d E=a 7 BE=37F, 7
A8 =% (Preissia quadrata) OWERRFE URERT: - Al KiRE), E=7RHT 1 BOXEL b, HERE, MR
& b0, MRIRIIAIEREFIEEZ D, e. =BV vy I5HR, T T4 (Conocephalum conicum) DRERRIR, ¥ ¥
7RI BOKEE S0, MERRRITIER, MERFEMII FEIm ORI ET 5. MBS R0 MR
W, f. B=2 5BV HY ISR, DAY I (Reboulia hemisphaerica ssp. orientalis) OMERRAE & HERRIR, Yo 9=
TRHIREDN 13 JBIZHET 5, [EICFUERD 720, ZXIMEIET T2 < MK ORI D> H O TER 20 H 175 .
MEPESERRN 2N, g B=IFrBU VT avdrfl, YA X r YU F a v 2 (Sauteria yatsuensis) OMERFFE  (fdznz
KR, Yo FavarBoxEiT2~3 B, [EICREIERAZRV, HEEHETZEREDOEPIC O, HERRFEIZRV ),
AR, K[ESLOB BRI, HHIFERN2, h BE=3 7By X237k, U357 (Ricciafluitans), 7% 37 FHIK
FER 23 JEICHET D, MR L MERRIRA 72 <, 1EIRER &ERARIIZERIEPENC LA, J RTINS 2 v, KA il
LCAEET LML H D, i E=arBr€=a 78, r¥=2% (Dumortiera hirsuta) OIEZRFE, ¥ =3 FHIR=E
REWE T DRI, HERRFE, MERHTZ b oW MERFTINIIER IS, BRI 20,

e

¥
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3. ¥ =34 (Marchantia polymorpha) D9 BFHITFEDESE

Y= I O BEFRIMIEIL, Marchantia polymorpha L.7317534-(Z Linnaeus|Z & - Crodk X7z
Z LD (Linnaeus1753), M. polymorpha L. JRFRDE = 3 7) [ZIXAFTHICAFTEREIC L - T,
TEREIZZARMED D Z &3, Linnaeus F &0F DB OBIECTRO HNTE Y, $Z% < OFENSE
B (EFECATE) AFCHE ST & 72, Burgeff (1943)1XF 41 5 & M. polymorpha ($%3%), M. aquatica,
M. alpestrisD3D>OMNE L7-FE L U CTEIL L7z, Z D%, Burgeff (1943)D 5 & 73508 EE, £
< DWFFEFIZM. polymorpha DFEN /3 FERE & L T2 AL B 4L (Schuster 1992), BRI 3 DD Hiifi
DIZFRBO D DN & 725> T % (Bischler & Boisselier-Dubayle 1991, Perold 1999, Paton 1999),
IR ERDER TH > 72, M. polymorpha L. (Linnaeus 1753){ZB4 LTI, Bischler & Boisselier-
-Dubayle (199112 & ¥, JFEEE THIH STV DKM (Dillenius 1741-1742)3 L7 ¥ A4 7L LT
BB STz, EORERIRHEIE, Tk, M. aquatical SIVTWTEHEMIZ—ET 5.

BERO BT\ D 3 DO 9 BM. polymorpha ssp. polymorpha (163K, M. aquatica & S i
TWeb o) 1X, BEREPREICKENMEET, EE RO GET TRZ 572 e
DBEVEDNERE CTHIR CH 5. I BICMEN O BN SHTH D Z &, ATHIRE OIS
IEE A EDT RN LR ETHREST b D, FEICIHOAKIINIAT L, ARRIREEERIZITA
B LRV, AFERIAARICS ML (B)I1987), YFE=a7 & JiENnTn5, KAZIREBRY
TEEEAS B FITREL 0D 19524 | ZHERS WL R 7 [ CRRAE SV Z 7R T, M. polymorpha ssp.
montivagans (ME3K, M. alpestris & T2 b D)L, FERIKROIEI2 emiZET 5 2 & b 5 R
DFEM T, FEREOFRIDO BN S 720, I —r v /3T, (L2 I I R 750
SEBEREICATL (ML < OEMERHCORETSR L H D), ABIREREIZIZAET L,
AHFEL Z N ETORT, HARTIIOMDMERL SIVTWRV, M. polymorpha ssp.ruderalis  (1Ek,
WFDM. polymorphal SIVTWe b D) 1X, FEREKDOFREDOBHE (KT LR VWESY)
AT, MG O BMICIER N5 Z &, EMEIRROA AR R A I DT 57 8D
RN B 5, NBNI7eEBREE 2 A EER IR IR < 94 L, B PERIC AT 2 HlIc B AR
HHiDb, BRTHAROEL TERIZAERL, “B=a 704 THEN, %< OFFE=E T
FMELE LTHOWOBN TV D DX ZOHFFETH 5,

Burgeff (1943) OAMEFEERIL LR O3HFEDOBIZMIEIRZE 2 5 LT, BBRREWERZ R L TH
Do THIZED EXYTFE=T5 &M alpestris (BUAE, ssp. montivagans & LT\ 2 & D)DH TI,
FL A ETHENE Z 72000, I HICAE LTI =TIl E b b 0n b5, —
7T, B=371X, YFE=3F LM apestrisTiVENE DB TR IZRMET 5, Thdzx, 1
TEB=370, YFE=357 LM alpestris DHEFRIZHLR T 5 & & 2 72, Schuster (1983, 1992) $, %
DEZHXFFL, E=Id 5 OAFEDBAAREIZROND Z b EB=a71%, ERRUCAET
THEREICEIRT 5, EFITH LWEE B X T2, Z0®%IThivT v A L - DNAZRIOfENT % i
UC, Z20OHfENBEMICHXAITE D Z LI LN o720, B =37 3o difE o JEfE
WHEJRT 2 &0 ) FEILEAS S0 Tu/eLy (Boisselier-Dubayle & Bischler 1989, Boisselier-Dubayle et
al. 1995), YetoREI W OMFELIA =9, MM YR EETr) TH D Z N> T
% (Bischler 1986).
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4. ¥YFE==% (M. polymorpha ssp. polymorpha) DIEAR, a. FERIK (MERK) O, FEIREITHIE <, RIX 4~8 mn
IIREDAENE =T LG, AL ToMERIT ORED) 133ERIEDEERIT ITALET 2, MERIRIT/ NSV, A
3~3.5 cm RO D, ZOEARITEMIEIREZ O TORYY, b, FRRIEPIERE. PR KE=rnambE T,
FRISER O R RANERE TR (RHD . . JERER OFHEY. SEE 7R, DS RMRTHEILI, 2% (K 15 O
= DR OfTEY & Helgsd J) . Specim. exam. Japan. Pref. Gunma: Ozegahara, 1400 m alt. H. Ando 9143 (HIRO).

4. EZd5DEFER

B=ar OEEROMIKAZX 5 1RT. B=I 73 oy &R U<, BROZERE S R
RREAT D, o a sy LRk, ATEOFERE 22 oMK CGERK) IXTHEMEOERIETH S,
TR THERERLRR C,  BERRICIERG 28 2 DT D HERRFE, MERRICIEINER 2 DT DHERRFED TERL &
b, Z<OEAFETIE, BhliaE DNFERORONTZR OB S0, B =T 7135
T, BBV THAMZRWT, RHIMICHTZ 0 kx & HERRFE & s TR S D, b0
BT CIER S I ERRFE DS MERRFE IS » TR T 203 & 5, HERR OISR CIE D Tk 1
DERROEIIZHCERE L, WE TN TOND &, SZRINIEAEZLED, EHEORRI AL
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SID, fal FARITHERR DHEZRIR D TEBIIEEE L THtR T 5. e F RO CIIBE D A B 20,
HBAHDOIF DB SN D, KF A DI SR F-23 83 L, ORI & FRTHL 2 Al A% T
WIKDBSIER S D, AMARRZIT L2 FIRET T <, MEIEROEMFIRONEIIER S
D WEMEIFIC Ko THIERE R I AT 21T 5, LU, AEROKEE TR ONDIEREIZONT, X
DEEL SRS D,

AUAE

FHEN BFESF e

Eoimix
(HEiR)

5. B=a 7 0AER,

5. BFLIEFHRSF

=37 ORI 10-15 pm FBREOIKKE T, RHENGKHShd &, XS 7R ENTE
ZIFRIRT D2 L2 <, EBICRIFET D, FEIFITTUKFNT, REDNAEREITD Z ENEE
THDHI END>TD (Inoue 1960, Nakazato et al. 1999), 7 1IFEEDERIT, K/ 2 >Dflfa
EHEUDRENHEITH (K 6a), DD BH/ANS WAL DITHRMI OB CEHEER) 23MBE L,
REVHAIIEE DT S Z LT, RN —FICE R, REICERZ S OFRIKE 2D
(Inoue 1960) (¥ 6b), E D% AHANZRMRFHEIT, SRROIMNEERT (K 60), &HHRRED
RESIZRD L, 2 HMICAZRITHANE U iifa /A 2 4 0 R THmMa s HBL L, JFURIKR i
FERABAED TN S3 73 TE 2 (Leitgeb 1880) (X 6d) . & HITJFSRIARD ML +HEIZHN L,
EEE TN S R AT 5 BB O ARSI R S D &, BEREOBAE (/v F) BERS
, EHZ b o FEROMEMIEOIERD B4 % (O'Hanlon 1926) (X 6¢)
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6. B=a 7 DFRIK, a. BT OERFIOMILGHTE /NS WHIRE ORI HET S (KD, b, FEHERIR (R
A 2R b0, Bofliassdie o 72 JF0R, o WIIOECRIIFE ORISR NS — 2 2 b 728, B RBLRDOIE
b0, d FURE RICA UTamiile (RAD, e THNGHIRAANEC D &, £ ZNEAR (/ vF) Lieo>T (RHED, F
IR BRIRDTERA G E 2o

6. HEYIR (FERE)

R L= = ofiik (BERA) 1308 8 mm 7>5 15 mm F2E, HiEo/E 0% 0.3 mm 2>
5 0.6 mm FEET, “ORICHR A KL TRET 5, =234 B ORERIKO W THEME 5
fE LTk & 7e > TR Y, ML OFHM Y R I I fOBERYE & A FHOIRH] S HAEER
& (simple thalloid) & JIZN 2 DITHkE L, BEHEEERIA (complex thalloid) & KiFdh s (X 7). #EIR
ROTESHTILOBAELCE AL TER Y, TOMESHIINHOEAREERE 2> T D, iR
ZRERCT 2RO YZE, 1 DO TERMAY (apical cell) 234 LD b5, TEmMALILEL O
HIRIZ HEATRELT, MEICEA TR Y, WESRIZ X > TE U X > TRFRIZEY B
FNTWNWAHZ LT, offas XEITE %, THmAIOEL CITER M RN Z > T D
—J5C, TESSMIE B RO SZRMEE IR, MRz M3 Fma s chiiEd 5 2 LT, ik
DIFREFERIC EE L E A 5> T D, a7y CldlEmiiias 580 &k 1 >offila (2
7 A MICHRT HMIEEE A v 7 7 A b & IO, IR 2R 2 RS RIS b5,
D OREDIRIZA 0 7 7 A4 RDPEBERSTEETH Y, Aa 774 MIEMIROMIRE
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DIRHALL T2 o TND W2 5, THmAIROR, TEmMiaOMiassZ 7 mofl#E, Aa>7 7 A
T ORI E N Z — o OFBINEE, SRR B RRIER 2 XL T\ D, E=T7
OTEEAIE 4 SOMIf Sy Hm 2 OB Th 5 (IX18), THumMiao B hm (UM 5 m)
(3R OREHEAAN AN TRUE L TR Y, MEmfl 5 ET DB L G I L > TRESNT
W5, THEGRIRL DA DT EANCEI ) a7 Ay MChkToHE AR T 74, 8
mZEl Y HENToE 7 A2 MCHRT2IEm A 0 7 7 4 M, FEREO IR A R T 5 Rk

(R EHE) L%, HmEMROMITIZEIY HEN/ct 7 Ay MIHERTHMG AT 74 b
HIE, FEREZRERNT 52 TOMMA 2T 5 (M9, 10), Ar 77 A T4 [BEIOHIR SR
MBI, MHFATT 7 A RDSHIRLE 22 o TR T, R M (RFZ - %), 5 miEM
ik, B CGRIRMEDORK), MEmRPGEM (R - kR - (R L), EmiEEHEME~ L o5
I NET % (Crandall-Stotler 1981), ¥ =7 DA, MG A0 7 7 A OO 5E 2 —
N, TEmAlEE <R ETHY, “RIEHmMIE (secondary apical cell) & b X _XDHIRHFENET
L7, TESmMf G A a7 7 A S OB AR &0 5T 2013 LV, E=a70%
H—DTHMmAMIEZ © 72720 IR U7l E O EF 62 < H 5, L Ll 2 ERL, T
AIIGE T O A 0 7 7 A S SEE A OJREEZ TR L7 2 & 2 i T AU TA Sl ia 4 [F) 2 C
x5,

EREOFEANL, REN7 F7 7 TEDLONIREZPEIEL TWD, TOHE FITIE, KE(air
chamber)23 b5, flx DKEIL 6 AILO/NEEZHK L TWDH720, BERIKEZEESBD 5
L 6 ALDOEERD A2 D, [BITFRITAET HKELL (air pore) ITL > THFR LB LTV D,
RESLT 4 PO/ BERIRIZER Y PHEN MR CTH 0, ek TR Bl U 7 MiaiEss
Bleasnsd (K 11), T =37 [EE, HEEFEMOKLO L O ZeBHPESEIX L e
WEFIR SN TWD, L LE=37HOW L D) OFE CIEKE L2 PSR BlE L 7= Mk
DH L, EHEHSOMES, WEOEICEVERL, [EADOBTEZEL TNDHEEZXD
NAHHEINBEE STV D (Walker & Pennington 1939), 52 O WNHICIZEERRIKZ 2 < S Tofifa ([F)
{bs%; assimilatory filament) 72373fbL, JeARKZfH > TS (B 11), KEESL & MR 2 2 72
RENL, RALA i A T HERE ) OZEPIERE & FIERIC, ARGk A B BP0 oD, KB L
KT VWERFED IR IR E AAEMIANICE S T LIS o TV D (Meyer et al. 2008), K =EFLOBHE
HEE 2D, RERR SO THD &L, HEE Y ORI & A~ THEEUZ L D KRDIE KN
REWETFHEIND, LAL, ZOZABIEHD, HmIcH: LR N D DK OWRIN A 3E
TWDHD0E LitZe, BE=3 7 HOK[EOFRAEFICE L L, Hlo&NE O/ & 2 %
H O ORI AR U7 ARSI 28 (WASEE]R; Hofmeister 1851 72 &) & 5 HfRAME O
HIR R ORI B IR D0 (FMERCIR; Leitgeb1880 72 X) D2 OMRdb o743, 7 X A%E
==/ %\ 7z Apostolakos & Galatis (1982) DOFEAIZMEMRFAIRIZEI, KENH O MICHMERR
ThbHILERL TS, BE=a 7B\ ThH, WMMEROTER T OB A 285 L, [ED
PEREREAB D &, FIMVEORBMFE LIZRMNAEL, ZAPIERL TREL 2> TV DHERT
NElETES (K 12a<),

KED FHEEOZERIR D BEE (AL, parenchymatous tissue) | XRTEGLHE & 72 > T\ 5, X
FARRICEE R E <, MR EE T, FERRNIIMOME L /A<, BRI FEZE L TV
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%o WLk oo AR EE | 2 I THE G DRl M EAZ T 2 NS E I R IR S B v 5 (1K 13), D
WZRZ 72K (oil body) Z & Tella (H{AHNL; idioblast, oil cell) 1%, FERIAKD LA T4 12
HMeT 5, BERA NIRRT THDHMERIL, A V7TV A MeEMOER, SEO%ER->Tn
% (Suire et al. 2000) ,

BERRONE AR (Hur 28 5400 (21%, MEF (ventral scale) & {RAR (rhizoid) 2373kd % (X
13), BRARITFERIRNE H O LKL 3R A EOTHE L TELTZHOT, 1HlaNrbR5, (IR
20X, BEACR, BRROWNAEREIZ X 5 80% b DA BURIR (pegged rhizoid F721% tuberculate
rhizoid) &, FUINRBERCROIEE LA 7272 EERAR (smooth rthizoid) D 2 2D A 73 %,
WE TR DWEZH S TEY, BEGHOMES M S R > T\ (Kammerling 1897,
Schiffner1909, 4tJ1l 1977), AFAARITA S 1020 um BREDO S DONEL L, HEEENHAE LT, 3E
WO IR AZ B3 X 9 ICEmIZ - THONTW A (X 14a, b), AR, IBEZ KT 2
FECHIRE 2 RV SERf & 72 578, k325 2 & C, ENENOMICE < BMERSZFA L,
BRI 2RI K 2G5 NARE ) OMREZ > T 5 (McConaha 1941), —J7, FifF
BARIE, AR LV K< (2040 um), FIZHRO 25O 0ZF DA AT, HIlWE
ICEATWD, 7272 LAEEEDS 20, JERIEOH WIS TES SR E o Tn o 2 &
B2, FREIRIE, FTHICHEL, BEREEZEMICETE L, BRSO/ ZHEAT D%
HEbHRoTWND (K 14c), BE=T D% < O CTHERZ BT 5 B EMIZ O D FEIER
A28 T, MENIZRATSZERN 0o TWb, Rl LA E=a 703 fifED 5 b,
M. polymorpha ssp. montivagans OREWIRIZIL, OB =7 E LR, HEFERALNLN, B=
D LY F B =D B (Ligrone et al. 2007), ZE3£5y DEWGATIZIFATEE T 5%
FARECITEA & OIENVEI2 D, FEIEE OIEICEHT HMEEZ K-> T LE-T2O0E LV
W, B=3 7 oWEEREICIE, ATarT VU ARERLTEY, MYMOLEREZREL TW
L eV HAELH D (Kutschera et al. 2007),

Mg, BEeEEE S X o I5ET 5 1 HIEO koMK, oS, B=
ITHDOEERECREDNH Y, BEFET IR0 1 SORL LS, B=a7 TIHEEREOH
Rzt AT 3D, FF6INCTALE L (M 15a,b), HHRD 2 FNZIIMD 4 FNTITI2NZEEIR DA
s (K15¢), ZOfMEMIE, b &b & EERIRDO TR T TR R 2 D & i
O ROITHEELTREL TV D, HEWIE, TR R LIERE R O EALE D AR A~ BB
NDITHE, JEmMANC S ZIAE TSR ORI AR OZEE & LTKS (X 15d), o 251
DI IIZERBOFRERIZIR > TR TET OO B D, R ERZ W2 5 a2 #pk o
S ZTER L TRV, 210 BV VKSEREDEE & 72> TW % (McConaha 1941, 4bJ11 1977) (14 14b),
AAEE =37 BOMOFEE CITME 1L 4 FI2W Y, B=3 70 L 9 ICEREDBENHRKEL
FMZIT AT Z & idenic, BV CREZ R 57O DOFRIEIC /2 5 (¥ 15d),
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7. B =2 BRI ORENTE O, 1
TR 0D 3 BRI I R EFLCOMRITE U
R[ENGL, TOFICHENTAHR (B
B) 2o D, EHEEREOEMR &R
RAMET D, BRIARDEEFT IR S X
ICEERIROIE I 2R AT 2, TR
RITENC > T TV D, ZEIRIED
T2 AR 2353 6 B

S BIEAOT A~

8. THumAlE (RF) Z&ieflikbl i, a. FREOHILEITATR2UA, b, HIEEICEE) SRR T2 A,
c. HHEHEICEE ORI Z B 2000, d Eimiila & B DA v 7 7 A b DSR2 — > ORI,

BEXAQ77A b~
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9. XABDOHEREZLDAR T 7 A bOHRE AL — &, MBORAERIELE 72 2HI00E, a. a~vF A7~
Far (FIFEME), 125020774 b 1IBOENEHKEND, b. a~vF A5l 2 huAf 730 FETLEE
). 120ART 74 bipbRERRZEL NS AEENERIND, VR T/ EMY RI T/ E CEEME), 15
DABT 7 A MNpb 2DZHIVAATS, HDWNE 2 DI BFENTZ LOIEPBR SN D, d. B =7 #fifi] GERME),
avFATMER CRRANE = RmTH, a~TF I TEZEAT MR, BREOR G &b,

10. B=a sl An7y
A - OMEFTEI R, FEO RO
a2 580 S ffa o
MRS B AR 2 (03 1 L OR
¥, 1~8 ORfEFHIT T E R,
EIROREOMAE T H
Sz 1R kT 5,
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1L B=aroKELEREL, a. FEREEEOHIKEL. 5~ 6 AFBOME~ DKED P IEICRELSHAT S

(RHD, ZERKFIGHICITREN ML LRV (REH) AREEHI ST D, b KRELOWH, [ELE LY £
PR RO L 7oL, SREALICET A RIAIEE T 5, KENTIIIERRICE AR S D, FEEICIIEERA
DL LR, . RN RIZKELOR L, BIEOTOIZFUbREBRE Uiz, KL (B 1XMFE O R %
Ho, d. KEAOEE, HE L7 4 OB D H LHFRICBDO LT 5,

-

12. [REDOERHBE, a. FHOFRLGHBOWHE, KELOERE R 5REHMRMICEC L3 &M R L9ikLo

OHHRE (R, b, FETORE, ROZTEMPECALE (KRFN) TETFHAICHROEPEIHZET, K
FIAOERONNIRLE) > b D (REA). c. LR ZMHATZKE,

ER

B\

13. ARk (BEE) O, a. FEREOMERKIZIFEILARD S D LTRSS, Frr R EL TS, Tk
OMBITIAAIAL, b, FHREROMIITITBR R HIROBER S 5,
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Al

. Al T E.'Q
14, ARUR &R EAR, a. BERIEOERIZIE > THO L ARUAR, BERUR, BRIROIEEZ o, b. 3
W R OFRUARDH, Wl LA ICEDN TV D, ¢ EMITFID > THO S R AR,

15. Bk A OTERE, a BEIRMKOEm, MEREH (ORI PEmEAZE > L2205, NRIOERR
(IO A TN EY (R 2395, b, R O3 OfEIX, Wl 3 519, &5 6 S
BT %, e INPIDOMEER OB, ISR R S D (ORI, d. B S LI HRIRA TS, THm
R8> % 7 F OESIIEEM 50 H L7z j@if i ThRESN TV D (RED . RIMIOREIER I3RS

DFNHIEAH L TND (R,

2 i, €. G L e
Wa oty ik Ry 00 L €
X ATPGMBON )| A o &‘& ¥

7. SR M
TERAE DT EHRITEICI > T, BEMEEFES ORI, gemma cup) 2SR ESLS (K 152), BEHE
FEROFIZTNIAR DD Y, SMUNZHENROZEEN & 5 Z LT, b B =77 EEp ML

M. Shimamura-14
BSJ- Revi ew 3: 97 (2012)



Y BlA e RiRR 3:98 (2012)

PRE L OUTRM L OFRIS D 1 212725 (X 16a,b), EMIEIRONETIE, EEOMILZ IR &
LT, MEHIENNLD ERDETRA LRSS (B 16¢), MEMIFIXHARIROM & 2 DDA
ZHb, HIEICREADH 5, MIEOFIZWEREZ LTS (K 16d), MR T 51T,
BB ZRET DRIKENMES N D, HAHIRCERAROJFIE & 72 DM & b5 223, MM
DOHNEIZHE E > TV D ) BITKECMEIEA 130t T, REIICEIEMEZ Rz 720, iR
JERRE R CRIFRINCI Z D720, EHEFITZRRIRD L 5 2 5D H 2kl 2 &, MHE
DINEZE RS TZEEMET D, kA SAELIURERT 2 EMHFIL, BV LE D 2 & THOH S
WEEL, MMEIERONTICERET 5, B L EMESEL, BUEEROBIRND EFIZIEN 5T
#5185 (splash cup)lZ72 > TV D728, BEMEIEZRNICE B TZALC L - C, 3R & IE S TRERITHR
WD, EMEIENIEPEIEER )N D 120 cm OFEREIC £ TRRA S &) itdk b 2 (Equihua 1987),
PEEERHIE I ZPE D 5 &, BT A NSRS b L, A OTEIE N EE 2 458, 58
D & AR E D,

16, MEVEIRSR L HEMERE, o MEMEIRSR. b EEMEIRGRORK, TR ETOIMUICIEENEL S, . EEMEFROEE O HGR
oMM, BRI (RED) &b, d Wb oREL TR, MBSEELR (REH) L2500/ v
F (RFD,

8. IfFfT LM

HERE & HERRIZZ 0, HERSHT (antheridiophore), WERSHT (archegoniophore) & XiZiv s, Axik
DAFER A 53T 2 (417, 18) o KESRFED EER D FIRIR O 1E T o 5 HEZRIR (antheridial receptacle),
([ZIXIERESS (antheridium) 7237307 %, HESRIRITZERIKIZ LS RI7BIEZFF > TR Y, P50
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8HT HHDONL (M 17a,¢), HERIKRPET 2R T, B O H AN KECEER, 8
AN NG e & AR 230k % (X 17b), HERRFEDOINOWE 2 Bl53 2 &, FEIRIRIEH 2> & Hif
FTOEMMURDORE 2 WA TND 2 ENghDd (M 17c), A LTZHERRIRIZ, TEOIRWEE A
b7, HERRD FEICKZ 72O TUVMEIE L 72> T D (X 17b,d), HERRFE FEB ARk O
ZRIK (archegonial receptacle) I, < 8-10 & L, FHIRZ%E (digitate ray) & LiEN2#E%2 1o (1K
17a), fE A ORI ORI, TESHRAH D, HERRRO K EIEFE CiEIIER (archegonium) 73
Wa LR SN D, FRIRZEHE DI EN RN MESHE T, EINEROSHE 2SR O 711
FIZENTW DR, Z D%, MERRRITHRR AN EE L7223 DAEET 5720, IRt AT L,
BRI Lo ALEICIER S D K 91272 D (IX] 18b), MERRFEDIIOWE 2 BlE 3 2 &, MERefE & [FIER,
TEIRIRNIE 70> 58T D ARUEAROHZ 2 52 T D (X 18¢c), MERRFEDINTIE, ERNE
R bt d %, MR, HERTOMIIERENICITHE S EE LI-BERE LR TE 5, £, I
IR, MEERIR S EEICREN b L, THENCITEE A RROMEDN b 272 &, AR 72 E 1325
WIKERICLTH D, MRRROIRREEOWHZBIZET L &, FERERAIIL, BRIZR-72b 0
ThdHZ Eenbns (X18d),

e EAB OT HIFS B

17. HEZRIROMEIE, a. HEGHFESMT, b, MESRIROMENTE, c. MOMWTE, d. HESSROER, BEMEERE, KManIE
fif i cEDND,
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‘ .W;‘.'ti} i '..’: g X L
i Y >
L R A A

18. MESFEDOMEIE, a. MESHESME, b. MERHEOMENHE (FEOMDIEL), o MORMTIHE, d. FRIRISE ORI,

9. &z LB

ISR XERRIR OB OBIE ORI H B0 H S 7= REO | fICER T 5, SR iR
TLHWMET, T2V L 9I1C, [EICLS P, 77 2= RobEFT (ERFREE) 2k S
% (X 19a), EREIED PRI H 2 1ERw 2 B ERVVRE L ITRR Y, ERIRZEONED
i, FMER T, RO EDH D HAEL S (X 19b), @EkbGasiio B, 7
SVFLTOHM LB U TV 5, BRI OVIZ S5, | MRED Y ¥ &> bl o NE R R
f#k (spermatogenous tissue, androgonial tissue) T 5, F&JFFELAR XK 7 & 72 2 K Al fa
(spermatogenous cell) DFHD>5H72 5, FEFRAITHIROMEREZIZE A EET, DEGRNEAR
T DA AR 0 IR 720, KIFMRIIZ B O/NS 2 GO G725 (K19¢), Ekbas
TITON DR OMII I TH D, Kl (sperm cell) Z kT 2 FiEEMAE (sperm mother cell)
DD, BEAFORMIREEZ6r UHIRRBE DS RLD F IR SN D720, X =AF0/NE%
B0 (X 19d),

Z A BEDORIR O EME > 2 TIEHOED L 9 e ERIROBUNE R L (BRI, polar

M. Shimamura-17

BSJ-Revi ew 3: 100 (2012)



PR AR TR 3: 101 (2012)

organizer) 7> DIUINETZMNE Z 50, £ OWNHEBIZIZH L/ IMER 720y (Brown & Lemmon 1990,
Shimamura et al. 2004), L7>L, FEHIIOSGETIE, 1 JOHLVIME (centriole) % % o 72 HULMA
(centrosome)2S HEL L, ﬂ'*jiﬁﬁw@ﬁd\”@ﬁﬂﬂiqlu}: 7#% (Carothers & Kreitner 1968), H.Lv/MAIT
R K -~ T DI FE CHIE O FE LS LR/ MA; basal body) ~& 2T 2% (Moser &
Kreitner 1970) , FEMIRDKE -~ & ZRET 218 T, MIRE O/, BEOER, F1Fa OMINE
WiE (e, 2774, %r¢m)@%ﬁﬂk % (¥ 20a-d), FEpk L7oRETI%, BEE L7
PRI 2 HD D RWVIMEEZ S5, BB KOICAT T L KENDMINE DR H 5,
SHROMIEIZIZI ha > RUT0RH Y, %J%'%Lﬁi CHEY DHFRIEASE D D& S ITANT T 2
AKOHEDPATIHO TN D, B EHEORICOMIEDEE Y 235V, REOMILEIZITEE
AL I bary RUTHRHL (K 20e, 1), a7 EHORFO I k:/%)7%@ﬁ¢ﬂ§%®%
IR FEBIAE N D Z L B3MBIER STV D (Yuasa 1952), Lo, >/ A7 E X A FHOKS
M2 KE -~ L AL RE T 5 iR THIIWE AL 2 7 IZHK T %5 DNA AR OB THAT 5 2
& (Izumi & Ono 1999, Shimamura et al. 1999), k4 22 FED AR 2T CHERA L I 3 R
TRRHBIET D Z EIVREINTEY (Pacak & Szweykowska -Kulinska 2003, McDaniel et al.
2007, Jankowiak-Siuda et al. 2008), D% < OFE FAEY & FIREZ, = 7T HHIIRE A VA
T BEMERIGT DO OBENFET 5 B2 biLd, A THEYOHEOWmE, %< DHE
AEWNTIED 92 WEEDOWINETE (HEE#ER) 226722570, BRI H A =AM bizan
DIFHETH D, B= :7%&@ AR DTER LT, &2 WITERER T O RS HuIC 1T
HEEOIERE PRI A PR 2 W T2 2 < ORI SV, AT T4 2T
DI NE DHR, %E/J\ﬁi@@ﬂ%iﬁk, SRR LIRS e LS RN S STV D (Carothers
& Duckett 1980, Renzaglia & Garbary 2001),

EINER Y, MERRR OFEIBOREGMIUCEIR T 223, MERRIRIL, FmiICE T D HERRIR & iE o
T, EL AL THET 57, HORRERE LMK TlX, Bz /2iEdnes ilﬂﬁﬁg DT
TR END, EIREs 1T AICEIR L, kO 53T 22 K - TRONCNERICA
C7-Aifa s, DREAERE & 722 (X 21a), YRR LIEINER AN AR T DITIEV IR L, HEELQI]
OB OER & 72 DAeHAE (cover cell), 4 {ELL EOSHIEAAL (neck canal cell), JPFHACIZHET 2 IETEH
i (ventral canal cell), JNHMNE (egg) ZTERLT H(IX 21b), #eHlld & SEIEMIIEAS, 1EINERD REE
FECHRET S Z LT, B3I ~2ET 570 0mEAH< (K 21c,d), MEEMRIZNS <
B, ZREREE CEGFT D LB H D, B =T i CIISHE 2Rk 7 2 SR 6 FCir O (1
Wril CEIEAIIL O JE D & 6 fHORIRIAE Y & <), EDOWNER, ZHEOBRIK 1238~ E BiET 5
WL 722 (K21d), YA I/ fCrESEians s SNl SO R cHh 5, 58k LIz EIigs
7T AT, EHATIER (venter) & EWSEET (neck) =4 5, Hﬁiﬂ@lﬁiﬂ 11 E D HNAm fa
N5, 1EINFROHIITER O R OMIIZE Y PHENL TV D (K 21e), AR ORI
FmsZ 5 &, EINGRAE A AATERR ORI L, {f‘bffﬁ)ﬁi(pseudoperlanth)k XiF¥n s,
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B4 20. K57 OfE & TEAORRE, a ST ORIO FMOMILSEL, b 8, A7 74 UBUNEDTERL, o MltE DR b
LEDEE, d AT T4 VTR oI EOME, e OB, L MO THEMETBELLE=d7 K1, ae
Carothers & Kreitner (1968), Shimamura et al. (1999)% £ Z{EX,
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50 um

21. HEHREROTZRGEIE, a. F\ OGS & NEOINEHING (RE0) O, b. &G ONMIIZRKE ) ORI,
c. PRI ORI & S OI(L) . d. YRS, SO (RED) 13 6 MilasI THEN D,

e. 5oR% L7z gigs,

10. 2§

HELRIR IR DMl CREZRIR O A AR OIS 5 &, ZOIESI CiEfaa i L, &6
freD EEROFLE 8 U TR D ERRIR BT E o 7oK ~EHT 5 (X22a,b), & OFLOKERTIHE I
T—=FHT, HAPKS 2o TR Y, BRORE 2R T@EOKEL LI, BRARZR ST
% (X22¢), B=27 BIZITHERRITHD 2 WFE S 200, Z01E, HERKROERRRZED L)
B, KPR % 20 com T < OF & F TERITEH L, JBIC X D8O 247 9 (Shimamura et
al. 2008) , 5D L T A, ZD X D RZELRH ~OREENN /M FEHITE =37 T STV,
=T TN TRERRIR D FICBE 72, T2 aDREANAKIC L > Tixhalidsn, A
IR D Z & TR L T\ D £ & 2 BT %, Duckett & Pressel (2009)23 A F L 7
N—"THEME UTIRE &2 RO RIS T L2 FZRIC K 2 &, HERR O B TRk ki ITaK 30
cm OFEEECRR OB > 72, —F THESHED DI S NTZ A F L o 70—y, 1 ReLINIE, &
10ecm DR E Oz v =—DFHIAIIRIZ, AREROFITI > TIRNRD Z & bahole, £z,
MR A B L T2RICIR Lz & 2 A, 30~60 43 CHERRFED EFSICE CTHEA LTIRNEI=E Lz, =
N OFEFIL, FIRMAROIEM-CMERRFE, MERHTICIEET D A RUAROF AN, WA Rk %
TEELEDLET TR, ZRHICBNTHRFOBERREK & L THiEL TW D AREMEA R LT
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%, HERDOULL THEBT HMEROMERR TIE, I EIERBEBRMOITANRA L, WIZIT
RNCHTAAES N IEIIER T, R LZIEN YV O bL DL b5, SN TR TEE L
THERRIR MRS BT Oz d & bRGIITIERR S HL, SRR IR 23 B2 BT 5 EAS - 7R AE
THKGANCRE TWD Z EAVRIR SN D (Parihar 1956), 4 & ERSICHMERRE OWr #8122 L C
Hle & T A, MERHFEDIOBARAIIMERRIR CTH v L, 2 OFRRZEENEROBARR & —fi &
272> TCWND T ER D hoTe, LIEh o> TE A~ ORI OIEE ORMICALE 5 EINgEHE,
WA FARFUICE Y PAEN TV D (K123), K FIFTMEROIRRIB ORI & 2 Bl 1L, EINRD
TGEFEET, FRROBMEBGUC L0 ZEWIEITND O TIERWES 5 iy, K3 EIRR
D5 DA B OFRWECFHE LN TR BERH S ETHUE, T mm BLFO I < BN S L
FQWANTAN

b,
£ e

1 A 2 ) ;’« - / o
ct?’.",-"..’ '\ Ve 7~ {NPF:.W"I..

B 22. KO, a HERRRD LOKPITEH LR H(HE LTV 25857, b, wkEesEo EoREhin. ()
LI ORE (R, ERBaIEICIXEIER N TE LW, B b a5 ERBIZHEN - B ITViERE LTH
LOLND, . TN (K LREOHINE (KR, O OWmIZ7 —F T, OB DML bOKE
LITARD R0 D,
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23, WERRR OFRIRZSIE IR ORI,  MERHEDO NERICIIZEIR IR 2> 5 — R & (270 > ToARUBARD RS A Y IA AT
D, IENEREEIRIRIGE ~ L e < ARURDOHUTI Y FIEN TN D Z &350 %, FEFIMRIRZ R L TRET 55
&, HEE SN LR ORI 2 RHICRT,

11. BaFE

SR LTI, EIREROWNE TRl R ARG T 5. £7, ETHAICHHEL, ET 22004
RADSTERL ST D, RN TEIUCEAZT D K O RIME THRPFBZ D (K 24a) . SRV MAIOHE
JORET, WERRPIB Y, SMUTE LRWNRIOMIEA A Uz & &1 (X 24b), SMAlZT 7
4737 2 (amphithecium), PNHIZ > K73 7 A4 (endothecium) & KO, ZAFTIET > 7 «
TV LINBFHREOHZDZAEL, =2 K70 LB ITREMERE (BT E#k) osNELDL, Y
J ATFOKE G, EVHO—HTIE= Y KT v AnE, HoRLEmodt (ar 27,
columella) & JIEiL 2 ZFHAMO AL, RUFEFRKIZT 7 4 7 v 0 MTEIRT 5.

AR L7z K 912, S E 2 o TGRSR O > B 1 2 DIEINERZ WAiAte K 912, AR
(pseudoperianth) 3 FEEET 5, & BIZEDOIMAN G, HIEE (MEBIE; female involucre) TIRFE IS,
R, 8% OFRIRZGE OB ORNNLE 3 2 IR 2 B0 PTe X 9 12%#E T 5 (Parihar 1956),
EINERDOIZERIE, R EROREICFEM L ClRE L, R EZEEaie s ) 7 7 (calyptra) & 72
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%o, DFEV, RARIINANGIEIZ, BV 7 N7, {Afbfk, HEICEY 3 BIRESNTHRET
% (1% 24¢,d, 26a), 1V 7 N T EAAIEHNE, ZTRERBZ ORWVERY REE LR, X EEDO LA
W ZEEEVE X A JE I, SIS 2 AT 2 72D O 2 B (bract) & KO, ZONERIZH
%, JAFHOENE S L TR A2 EAA TS K 9 1IZH 2 DIRORFEMMEZ JEHE (perianth) & K A
TWb, B=a 7o ko, Ak 1] BN 0nERIEX A 5T, RO ZHEME 2 1
BT RR DB DATRITNDGD, BIEL B, 168 &AL, a7k s &
2 Hivd,

Y TIRER, BRI EFIZm»o TRET 22, =30 D% < OFE TILIEINERN
MERRIR D TERIZ T ZZOWNTWNDEWT, JHRIIIREL, THIZm) > TlET 5, g
It & A SF L FRE, 2, W, W (JT-58) O3 ODES ML TETWD (X 24d), 2 (foot) 13,
BABIR & DR/ T, BUBIRD O IR~ DR TR 2 H > T\ D, 8 & BRI e
WAL A JREE (placenta) & J TN, FREETIX, BOMBAR, Ba-(AX5 O OHIAE 2 EME 7 ARIE % 2Rk
%o Z OIEEIIEAB AL IR O E RS L BER H 5 & B2 BTV D, TR & 3 2 ekt
LT, MBI OBRICEMRET 5 2 LT, #HiafkiEsmE oM LT, #ii, 1=
DOFRE & = DONE O sk (sporogenous tissue) 2> 725, FalEAHARIZIE, HORRHMEAD (elater
mother cell, elaterocyte) & faJFH#MfE (sporogenous cell) X272 > T3 %, ¥ =2/ Tiiish
FHERRIRIE & A IR R HZ2 1T, MRAERDOAHEITV, HORAHIN (elatercell) & 722 (P 2
TRV ECIIHCR I S A U CTHEIINTS) . REHIRIE 4 1205 5 [ OMIRS R AT, 1
DK KT L 16-32 EIZHIIN L, sy R 24T 5 B B:Mfa (spore mother cell, sporocyte) & 72
% (M 24e), E=T 7 BTIL, B=I7 %250 TEERRED AV T3 T OFG-0RlIE 7 k&
DEZREN L < FHR BTV 5 (Brown et al. 2007, 2010, Shimamura et al. 2012), ¥ == ClIfu 1Rk
HRIZT272 1 DO FEK GERER) 205 (K25a), ORI~ T4 20208, FkD
el & 72 D M E SIS B T2, DN EITIERRDBL T K-> TH &2 UOIE S 7zl
IR > THEATT D Z E R0 > T D ([K125b) , # A FHETITHOH LSRR E Kidh s,
el Z AR T HCR DSR2 ET 2 2 e 3 d 5705, B=a 7 OFHOWNEITNE T
EHCRANRRICHT L, BORRITERD by (KM 26a), M3 1 >ONE-(K&H72 Y 300,000
PLE, 1 OOMERRENS 7,000,000 EHLL EFEA SN D & OHEENSH D (O’Hanlon 1926), 1 DD
FRFEITED GRKIT T THRR 100 {EFRREE D Ra-1-R 2 eI IR T 5 & W 9 il (Duckett &
Pressel 2009) & % DT, FEEED 1 DOMEFHEH 720 O T OFEAEIT D - & 20 H LI/,
B EHE T 1%, WREITERIRDOIBEZTER L, AoEHIMIRE 2o (X 26b), SRS S
T OEFEIROIBEZ TR L, Bk aTITAIIE 2 R0, JEMIL Cd DR (elater) & 722 (X 26¢) .
fa I, EIRRRICHRT 20 Y 7 M Z 1A ENTREBTHRET 528, 284 BRI,
WMBEL, $IIH VT RN TE2M0, EDICh YT NTEE MBI L wEE Z TR, 4
WZEHT 5 (X 26d), EO%, FHRENRLTARD SN H O ABANIAI, HoR D ZES T 5 Z
L TharAzERIcrt s s,
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24. JAFAEORAERE, a 1T @A) D@, SERIIORMIOIHE (R 3L, EAT D MRS
SN, b, T RT T ABEUTR, ZHEINORAIOS R E (ORI &0 SHEIZE MR B30T %, o IROBR
Wi, BRI, JEIRRROIEERICHkT 20 Y 77 1T, IR DI DIEET DB FHEN THRET 2, d &,
W, Mar2e (HiE & Jalsiiik) o 3 SO ML L7 RO, e B RIERTO MR OMENTH, HRH
fied & BRI AN AZ BT RLE T 5,

(425, W, a RAT-REMIAOZETE T BMENC & 58185, P K, N B, b, BEOHEOGREK () L
(#H) OB, BOSRIISLLEREPDHRT 2, CREOREITITy-Fa—7 0 (EE) BFEEL, BEOR
BOWNE OF) OO RS L7025,
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“;v ' '% ¢

g Vi-of Vﬁ‘f ‘h Y
A i B e O v a0
e X an i

26. SERE LT-MAFIEDIERE, a. BERDHE T LI fa-HROMINTE, b, HEEOBMRILE, c Ja+ L ik, #4503 2
FWSEOIEZ T 5, WHEDM X (I TEEE, d WNHRL, HEOIMIEH L3,

12. €237 OH8EFN - WEZHMROSEORE LRE

KRG THAIT L7 M. polymorpha (JhZED¥ =27 )O3 BFHIRIEIEFEIC I — 1 v N0 T 5
T % TCIAT O T E TGN H O, 7 7 HIBROWMIZ OV TIE, FEM7ZR 0B, B5r)
FENTIZ 22 STV, BARTIE, AU (1987) S BES IR 7 R CRREE SR EZ H L1, Y
FEB=2% (M. polymorpha var. aquatica & U CIRIE, BIAED ssp. polymorpha \ZHHY) Z#E L1z
ZELMBMNT, JREOE =T OFENFERICET 2RI 2, B =T 3T EORER
2L 2T, HEVITHHIER “BRHD” TLARWEOEEN LD T IR ol & ) miTh
DR, EHIZHARIZIE, Ytk EO/IMATERGHRAL (nucleolar organizer) ODALE S I — 12 v /7 \GE
DA FFE & TR DIEEREN H D Z A ST Y (Bischler 1986), 7/ AMEEDEWDH
HZENRBEINTWAD,

M. polymorpha ssp. montivagans (2B L Cl%, 3—nr v /3PS TEH, 77U (Perold 1999), ALK

(Schuster 1992), © 7 (Konstantinova & Bakalin 2009), #%[E (Choi etal. 2010), 72 EEfEESH 5
VN R O MU A RO RS I B AEFTRHRE SN TE Y, BARENTHH 7 RilamA
OEBFNLEND, 3 OOHMMOZNZINOFRIIEEEDNMINTFET 5 Z L1k, oES
IR E N Z L > TR DIRR & b7 - TE 72, FIZITEEARBRE CAT L WA E=T
TIEYF =R Z R~ T Z B S (L)1l 1987, Schuster 1992), 41 DFFHT T 3 SD
HiFE R O B OREY) DB R, TEREO FTBMEDIEA G272 5 Z L 2 IR L2\,
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=7 OHEBIFREICE LTI 200 4ELL RIZHO 72 DHFFROEL O T, FEMICHEIE - itk Sh
T&Elz, 1220, RE, EkA, AR, MESRFE, HERIEL Voo == Ml Ra ORfk
DR, Moo = 7 Em ORER & ORREIMEIZSOWTE, ZhvE TEmA e L Tne, B
18, B RIS D 2 A FAD RAEHINLE S = 7 REW A5 53 BRE D NS O SR AL RIER A LIZWVMZEE &
TR, TEREDHEAIZBT D D iin 2 R BRI W TIT R D BRENE > T& 72, E=37%E
TORER & LTGRO T, [ ARSI e SEROBRNNIRE © 2 L ORI B, 2 rRaikeA Oie
{ERAESARIIIEDRFELHAL TE LD TIIRNES Iy, TNETH D, AT 57200
TREIZE & L COHER ST 2 T iEOSNTTZREOZANE TN T, BAR7 ARk ORHRI: 28 T
FEELL~VVTRREL, EEEIAEFABUR CIZEAED D 2 LS TE 2700 LIVRVY,
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Key words: Cytoskeleton, Membrane traffic, Organelle, Rab5, VAMP727

Atsuko Era & Takashi Ueda
Department of Biological Sciences, Graduate School of Science, The University of Tokyo
7-3-1,Hongo, Bunkyo-ku, Tokyo, 113-0033, Japan
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T WY, R, R, ete.)
FIZRNT, TOIEMREEZE>TWDHON “PEOE” VAT L ThHDH, BASHiE, Bt/ MaoH
3, R MEOBEA~ORE &, THUTR BAOAT v 7 A0 LB 5 2 LI KV kD o
ThY, HFOAT v 7 TIIPEEAE, B - & DA77 Cld Rab GTPase & SNARE % /37
B, SRS A FANER 5 (1), 70 BISHIRE LR HHTEE AT, Rab
GTPase, SNARE #1327 BDE v MREZHWTNG, £z, ZHLONFEEBEDANH T2
JAET B Z WD, ANHXTOTAT LT 4T 4 —ZWENTTODRTTHHEBEL S,
DO TR AN DEULEMDREE L, BUFOFRAN~ LT DI T, MR OBSEE 2
DUHES AR L CE T, ANAX T ORBENA, RN SR b ZE LI ch 5, il
SBAHEO AT T, WA, Rab GTPase, SNARE D=Ly MHEL TG 2 &b, IS
DEFLITIE, TNOZME Y M a— LTV ARG TOERE, ZHUCki EROERIC L D1
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REDZEAL R LIE T 572 2 & AR
SND,OF D, HEHE AR, Rab GTPase,
SNARE DA b, BEASIEREEE D ER
eV 7 LT0nE0THD (K 2)
(Dacks & Field 2007),

2. RAB5 JIL—TJDHEED ZHE1L

Rab GTPase I, Hings/ |\ 2 FErNEL
BT HDAT v T HRET 501 AA
v FTH D, ZDOHD Rabs 7 —71F,
—HRDFIS 4 i & BRI < PRAF

Ly
aﬁ*%@% RabA
FAIARTA | e

SNARE A

\&5@ RabA2
R

FAILSRSA2

RabA2

— | AT A2

SNARE A2

SNARE A2

2 [RREHIHRF OB FEE & RGERIBOEMIE.

SITHRY, =0 BY— AR THKGE (Dacks & Field 2007 & Y &)
LCW5%, BIZEUNTIE, Rabs 23k~
fcﬁI‘ N2 ]\ V—A%’éﬁ‘é@éjﬁ’é’ﬁ ;Eﬁio Tu a MpARAG-Venus FM1-43

5 ERHBILTWD (Grosshans et al.
2006), 3 EA XFRFITIE, RHAI

ARA7, ARA6 &£\>9 3OO Rab5 & ™
Ihd5H, RHAL & ARAT %, 8D ‘
Rabs & L PG4, BE4AEY (%) VIPARAG QBTL-Citrine Fr——
ICIRAFENTH A 7D RABS (A7 4
Rab5) ThD, —J7 ARAG (%, PRAFH
Rab5 &3l 7 < 7 Rl R EEAR
T T BT Y, IERIRHER ek A Fr

STW5, ZOXA 7D RABS I3k
- N Ly 3 (a) MpARA6 DHARERIBTE. FM-43 Ik Y SR)LEni-T
REPICIEC IR ST DTS BIICE O )7 B L TN, (b) EEEATE IARAG (OIS
At o OER A O BRI IAFAE M43 (2K Y SR EN-RIES (FRG 2 FULERE
- L, A (erasome) [ZRAELTW\D, [EFEEMEE Rab (X, BEH O
LARNZ EDD, ARAG 77U o 2 eom AR BIE I BT 5 22 B TLNB.
PO CIE 165 U -ki%  Bars—20 um

B2 RABS THDH EEZ NS (w7 VT HBEASLT a7 L7 ¥0—HIZlE, ARA6 LbHD
FEEEORHY A AT 5 RABS DMFET D0, TOHRIIAHTH D), &T, Z0D ARA6 IF, —kL
D& O RFERSERIE Z I L CWDDTES S Dy, vaA XFAFITBNTEOHBNREZBIZ LT
BhHE, BRI RABS H ARAG6 &, Zffk L7 KV —2X (multivesicular endosome: MVE) |ZJ&7E
LCWe, 7285, MEDRMETZERICT ST, —HEEL >R 5= FY —AEHIZRIEL
TWDZ EDURENTZ (ZDZ D, =2 R —ANIHERA B \N 5D 2 L0 D) (Uedaetal.
2001), ZDJFEDENDD, (R RABS & ARA6 73, B DHEREA A L CUWD Z EAVRIR STV
7o ELUCHEF, R RABS 1T R Y — L BIRIEEA~D, ARA6 (X2 R — A7) bR~
OFERE TIITZ BTN Z 20, DUWDINZEH B E 72572 (Bbine et al. 2011), TlE, I ARA6 H
JELTWATY R — AL~ TC, MIEREE 72 I3 it~ D L 9 7N E TN WD DO THA
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9 7% FAUTARTE ARA6 73\ D2 5 miRIESREDFBUZ R 2 D& 5 [ & & BRI CTH D03,
ARAG FREEAVD 72 < L BN DDA h L AT DRI B 2 &9 FIRAMGF B0 H 5,

SC, ARROEY, ZD ARA6 # A 7D RABS I, [ FREICIAS RAFSIVTN D, [ BRI
BT 2 =37, ZOX A TDRABS ZFio> T % (MpARA6), TiE, MpARA6 I HA
XFAXFD ARA6 & [REET R Y — L0 BRI~ OERIE ZH# L T2 D TH A 9 7%, MpARA6
DRI HAEZ R & 25, RUE0 =2 BV —ARENRO - (X 3a), T, MpARAG (L
ZDOTy RY =L EOF NIRRT O COFREZHIHI L TWDDTHA 272 BUEE TITHEHNT
WAAERIE, MpARAG6 MMM & & AR & ¢ Fe70 2 A7 72 I ] (erasome) -~k Z 0o T
WHZ EEREL TS (X 3b), ZOfERIE, B=I 7BV TR RABS 73 24 X)X
FTLIFRRDMREEZ A L TND T 2R LTS, B =37 3 Lo Tl B OIRAS IR 4 6
S, HARTOHETESRT DY) & e T-Ond Ly,

3. BETFHEMNHEED SNARE, VAMP727 DAZDITREL ?

Rab GTPase DIE72 & F T 1V s/ Ma ERRE B Sv7-1%, ik MElZJRfE3 5 R-SNARE &
PRI JRET 5 Q-SNARE & MG ETEE L, BRAEDEZ 5, 2@ SNARE OHIZE, FEAH
HDHDNEHSH, VAMPT 1Z R-SNARE O—FET, i) VAMP7 |Z VAMP71 & VAMP72 ® 2 7 /L—
TINSRRVNLSTND, S BICHEFREICIE, VAMPT2 OY 7 7 —7Téh 5 VAMPT27 MFAEL T
W5, VAMPT727 (2137 2/ KRN longin K A A > & BRI 2 BEIR SR 2l A ABCA | 2 F5 - C
Y, FLLO R-SNARE |3 AP LI Z BN TS IR STV D, L LR G,
VAMP727 #0551 DIFAEIE, B AV U TR I70A X1 2 B N TIIER SIVTORN, 2D Z &b,
Z OERMHRS ORI, B FREOE L ORI T, S ZHEHN I L T 5 Rl Ot
TTEZ-7=bDEEPR TV, UL, =340 EST fi#tTic L, BEMIHARSYIZET 5
MpVAMP727 ¥ = 7 AFHET D Z EBA LN e oTz, ZDZ 20D, VAMPT2 ~OEEMAI D
A, I ZREORIELIENEZ 722 &, B AV Y HRAr0 ZE RN VAMP727
VAMP72 2o 72 Z EAVRIE S5, TiE MpVAMP727 & VAMPT727 (372 X 5 ZRiiidsii i Chshe
TWDDD, LIUTEHDOMIIERE TH 5,

4. E-ad5 D79 F Al

FEMIRIOIC N T, AV H 3T O 2 L T DDITZTEICT 7 F UABETH D L Vb T g,
7o, HROIFREIERL, MlENZY, JumkERy, 77 F Al 2 BIGUIZIIIEY, T F
> OFEHIRA O EATEENC 5 % 5 5B I I TR &V (Hasezawa & Kumagai 2002, Hussey et al. 2006,
Tijs Ketelaar 2001), F4 1%, Lifeact (Riedl et al. 2008) &\ 9 7 —7 % HN\T, ¥=I7 D7 7 F 4
MEDT A TA A=V T h58I Tz (Braet al. 2009), EDRER, 77 F L ARMERDEDORKSITEH UTHE
JEAIEZ OOW D H#E L WDk ToMBiER S (M 4), BRI, VT 7 AR &R E )
ST, FERDT 7 F ABHEDO K SIZ L DLEL, in vitro S50V 0 A XF X F OIRSIHIIIZ I\ TH
W STV D (Michelot et al. 2007, Staiger et al. 2009), FEMJHIAUZISNT, 77 FUABHEL I A 1
A7 LTS TOiERN 295 Z LA S TERY, B=3 7 TH 2o HiEESN LRS-,
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4 (a)Lifeact-Venus IZ& Y[
Hesn-E=3507oF>
i, AR 3 BEECEE

-EfgZEThEThdF, & FT
FRLEREDE-1D, Bar=
20 um, (b) 7O F AHHEDELY
E#), Bar=2um, (¢) 24>
> ATPase BREH (BDM), #uNE
EAMEHF Oryzalin), #uNE
ZEILH| (Paclitaxel) ANIBiL,
a BE & EFKIZERR, Bar=5

um

Oryzalin =\ Paclitaxel

WA THES) & AR, DI R I AV AURIFL TS T 8, E, BUNEAREE, ETRE
EEETS, W\EENILESD 2 &3, To L AEERESES Z L b b L 72 o72 (Braetal.in
press), ZDOV =TT a=—2 7 7 F AGHEOSETNT, B =T pE IR S o lapE e
VAT LIRDODE LIVRV Y,

5. 74 bFX¥S)— ~HEZd5AILHRS~

o (TBUE, BHANT X T~—H—%FA, P=DrOfix AN HX T % it 5 2 L &3
BCND, FRBEIENL, WL S B HORRS mm OERESEE 2T 4 RV T ACRE, 0%
Rl xR L LT\ 5, ZOFERONL S0vE LA RIS S8 CIES 9,

5-1. /MR ETILIAR

UNRENLIE S eVl | SP-GFP-HDEL ST-Venus Merged ™,
B RGBT NRT T 5;1 o *
R LN RIE S 7 F L e B

B L7z% @ (SP-GFP-HDEL)
-, MERE, o)
TERARIC S — DA &
RIS TR S TN D,

Fo, BES LG B
STz, /MEEREED RIS
LB TERY, MxT%
OFERIFZL L T, Fb
UAR% syalyl transferase (ST)%
AT b L2 A, R
v MIROFEED AT CBIZZ S 172, Bar=20 um
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5-2. JILUKRE RSURINLDHRY FT—4 (TGN)

TGN O AIFUKIZIE, a4 XF A FITEBWTTON IZRET % 2 E 3BTV % Q-SNARE, SYP61
DEFZE H 2B =27 D EST Z25E L, 1554072 MpSYP6 [ ZHE X L/ B afE S¥- b 0x H
Wz, STIZE D Ak Enz ke, TGN ThH & HIFFS 1D MpSYP6 27— |k 2 U M,
Bz Lo AT % X 9 728 & 4 HA7-, Bar=20 um

ST-Venys mRFP-MpSYP6 Mergegds

5-3. fAaiR

T A XFAFIBO TR RBES S
T EMENBIVTU S, Q-SNARE, SYP11, SYP12,
SYP13 D% &2 P =34 D EST %%
L, £55407= MpSYP1 (28062 L /80 B e
S, =3 offiflalkz vk L7z, Bar=20
um

5-4. &iaE

T aA XFAHTR WA
B JRET 2 Z ERH BT
% Q-SNARE, SYP2 DOE#% ¢,
LIS, BP=T 7 D EST #M L,
15 BHAU7= MpSYP2 (2O H w8
VB EMESE, E=a7 0l
fafEz rfi b Lz, B=a5 0
TNIITEREIR D = < T £ THI
JANSIEWIZIEDR > TS, K
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oz B  FPERIIBIE SR, Eiz, MaRE ORI IR I MR A A LT D,
Bar =20 um

5-5. TUF AL KRR

5D Lifeact 12X 0 7 7 F ABHED v L SRR ISV T, FMI43 &0 ) = R A h—3 R
DIBYRASEIC K 2RIl A Yeth Uz, RIS, AR, SERHARDRIOBNZERIZT 7 F AR Y
S SN TWDEEFD39372%, Bar=20 um

Lifeact=Venus

5-6. FUOFUMi#EESI baV )7
Hed Lifeact 12X
DT T T HHMEDS
AlRAL S A7 A
\Z % L T, Mito
Tracker (2L 52 b
v KU T OgE
AT T F v
MRAHEIZ VR o T2 Bl 1]
ZAN N =V N
U T N EBLE S
A7z, Bar=20 um

Lifeact-Venus Mito Tracker

6. #F -EL-J7HEEMFEDSE-

FH=FEN b O, B=37, Fx OMAEICBNTH, YA X T XFOHITNDORIC
WE=TTPEZTND AT E b5, FREIREZ L B0 RS BRIS, RiE->Tim A XX
FTOFERNTLE D L9 RETEAITVRY, TEEERHEVITHER>TNDEMNDTE, AMDIEE
EIIOFEY, EMOIARBNL T HAAFEATE R > THIZR A TWAETH D, HUTHIREAE LT
SRV TTIRRLNUT, TERRBRR> T 2R TH D, Lo LEBRITEBO L2 D HIFED A1)
T, ZOMIBORETETHRR->TWND O, iRz >< Dz & 5ITTHE LB in - HHH 5
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RDBDIZING, FIUTEIRIRDTED, RN & ERZHIROE R, ML & EiifaoEy y, &
HUNTIEESITGEEL D & ZATEA D, T =a7 L va A XX FOMBLOENL 24 (HHELL
FRNCAFE L7 3B Sen b, WX ED L 5 REFEDNEEN TS T=DTEA S Dy, ZLTED
ZERME MR L, ED LD RERL~NVDOZEREN LB > T DDy, £, L=
DRI & DIFNT 2 B =T Hifad £ 5 W o TR Db HMUIZARNZIZTbWeohy, E=2
o &N D AL BIRER VEY) & RO TSR A 2O ZRERE & 1X, DFE 5 & 2 A% 50\ ) RiEE
ST ZETHDL BTN,

A F ORI A8 Z & Th b, BaITB =Ml A /121 7 ORI 54 & 8t 2
YRTBEIZE D RYE LTS AT o T D, B=I 7 b Th D00, UIReH DREHBaOR
OREANTRT 2 UHZ TN D, MIERLTVUAK, TON 2 EDA NIRRT, vuAf XFRF
DENS ERFERRDIEREL & > TWND LD ThDH, SBUEE TOHFx DBIZEICL VA LI-E==
TR R ORI, FIE S 1EV MRS Toiafi s X 0 Bk b= 22 %, IERIC2=—2 7
B THITED T 7 FABHETEA 90 Z 9 W T RHBIIRTIZFER OFPAZ B L TRV, Z0T 7
T ABHEOB E DEFNZASHITFND 72N D TH D,

FITBRTe LD, ANVTRTDT AT T 47 4 —ITELBI D255+ TRE D, DRITEY
DB TZS, B0 — RO DFRF OB 2 RO T & Lich, ZDOAMBRTRHE
W7 IEASEBIREE A N TR THEREN D D725 5 L THUITE HIRTH D, Fix 13k HAEMITIA S PRFE
T D ARA6 B RABS DEZ A XF R ) LB = T, [ HRe ) 2 iR mies 4
L TELOTITRVINEEZ T, LrL, €9 6B =370 ARA6 I RABS |33 121 XFXF ARA6
LIFRARDREETIIZDVTND L) TH D, 29 bIESIRESN TS RAB 2DT, {7 o
MICEOEELEEN 2> TNDENE BTN b DD, ZIUTEEXTH D, ARA6 R RABS O
FEREDSHEM) DR T E DFREZRR L L CODOMNEIRIERFATH Y, FEFICHEORETH D,

[RERDZE 2 J773 0, FEFREPINZ UOMFAE L7 & oAU Tu Nz VAMP727 1, FlFHE) RS 7ol
R TIET= DV TNATEA S EHEIE LTz, 20 TREFREINZ LOMFIE LR\ &V ) |ifE
1%, T AV U TRIT0A XX N> TR LN HIFRIZESS DT, SEFxNE=
4D EST T8, P= 24712013 VAMPI2T B TAMIET 5 Z LV L, Z ORiHEIIE-
Teo EAVYTRIATIHNND LWV T, a il EE > TUIR DRV E NS Z &2 -
o, T, vaA XFRHENT VAMPT727 1E, HEIERTXE & D AT 3T &R &
DOREIHIITI B E, FEFIECPA L AMMPEICEAS LTS Z L3 HvE 725 TS (Ebine et al.
2011, Ebine et al. 2008), ¥ ==/ VAMP727 |13 1A XF X500 VAMP727 & H72 HHHE%F5-> T
HDEAH D, =TT T2 DT R0DT, MIRERIEREREUIC IR 2% FN TR > T 5725
I, FERFIL IV TIEE D725 5 Dy BUEIEH Th 5,

BfER 2 DNEL fLA TV BB = il T, Enb R EEMETIchH D, TN THER
RO B ENRE D ZEREN i LN E 2o TE T, BB =37 fllla TR LI DRSNS
Y= OFRERCERICED L )IZHE L TV DEOEEE RO bAUE, [ HEHOAFERIgILE
DEINZEIE L TS TzDDE NS T2 BE R A~DRE ek o N e T2 57259,
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EHiEF
ARG A b BT 0, BHEECA ) £ Ui O Sk, Tl AR, s hess
OIFIBEIENT Z OB A ) TR L B
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The role of abscisic acid in stress response and dormancy of liverworts

Key words: abscisic acid; desiccation stress; protein phosphatase 2C.

Daisuke Takezawa
Graduate School of Science and Engineering; Institute for Environmental Science and
Technology, Saitama University
Sakura-ku, Saitama, 338-8570, Japan

1. [ZL®HIZ

7T U (ABA) ITEAXRTLAUAEEW T, B TIEE ML NDHH A LE S DD
Thd, MAEMIZENTIE, ABA MBS T2V OOORHRNZRBIG N H Y, i ORIRS
KA NV ATEE LRI A~OBE G2 ERE OB TH D, T4, FyTnaievnA X
AF DR D, ABA GRS, 2B &G MISIEZICZED 550+ A =X LOfEHIN
HEA TS (Cutleretal. 2010), ABA [FHEMITHEA OILEW TIT72 <, BEEEOMEEE, W, 7
var v s, mAEBMICLREIN, SEIERABERZROZEARBRINTVND
(Hartung 2010), LU, ZHHDEWNE L ABA ESRRIESCZ R Z R - CndnE D
DIIFRHTH D, WolEH, a7, VX EEieIF £k FiEY (Embryophyta) @27 /v—7
IZBWT, ABA MWHEOIREIEA N L AIREICB W TRETHEENH LN E/R->TEY, ABA
JISEINZBD DR EREH B D A T = X LDFENRBEND, EFE, e AV YV TRraT7
(Physcomitrella patens) <°€ ==/ (Marchantia polymorpha) %3 fEMT & B1n AL O B
FEPHETIZOFL, B EHEWICRT S D ABA IGEICE D L BIR TR, MM OmESERIZIS T
HENDOEEINHA LN/ D Z EDNHIFF STV D (Takezawa et al. 2011),

2. WEYMOEELBERIZET S ABA DEE

S F S FE 72k BRIV T ABA 3B 54BN 7 1k R IIZIGIT DT 578, £ O3
T O, KIR, KILES, EHEHRILER S, BEMmIIRBBNR7Tne R s, MlaonsH -
R B E ORI - FoEBRmAERAE 22 & 2 rfli 2 & O T B EAE @O 7 1 & ANFET D, B
FOoBHe Lo ar i, AMmTEIICSAEZKORMIZE LT, HEERY L1385 A=
AL Z VD BRERITHIS LT D, KDY D 72 W BREE T IC WV T, MEE AAEITAR 2 LRI L
7oKz RAL D DA AT 5 Z LIC KV KOBERZR S, £LE AT, RERZFTZ20
TR O RAMRRI L, KOBEZ S Z LR TE RV IZ, Mld L~L T oK
ZRD, ERREBICB O THMdOEE 2B 22> BN 5, a 7O Z 0 X
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I M AR D T ORI EE B E Th o 72 £ FE 2 5L (Oliver et al. 2005), [
REY OHEAIETE TR b YN L2 7 —7Th 5 2 7R m ORI 2 o b v )
HENZOZ EHEFHELTWS (K1),

Liverworts

Ancestral
green
alga

Mosses a4 HEY

Hornworts

: . Lycophytes
WS Pteridophytes
SN
Q Gymnosperms
g Angiosperms

T : T : T T :l | : B S FEMEO
(B-kR) (BASE) SoifmifE
500 450 400 350 300 0 (mya)

H1. BELEAEYMDEIL EABAL O HEEFH)IBIE

FHRT O ERIEIC T D ABA OREIZAS/NCTHZ L2k by, ok
NS ME T H o 72 ABA JRE ORI Z R L, 2 O% O TR L7oHEE R
i D ABA ISEHEREICOWT LR ATRD WL E X TS, 2T, EF/VEmME LTDS
TR N SN HOOH L AV U IR I roB=a 72\, ABA IZRVSIEEIIN
DEDZAL L, ABA JSE O THEICE L CTRIT 21772 > T D,

3. I7HEYID ABA IE

ATREMO ABA I, EITE/ 7 n—F AR W FEC IV, sEBLOY 27
YD R DFE/ D STV % (Hartung et al. 1987, Werner et al. 1991) , Ji1-RIZ KL% Fio#E
LY AT, ABADNKALOMASEZ (T 5 Z &3k 3 U % = (Funaria hygrometrica)
S Y XY ) 34 (Anthoceros punctatus) (ZFEVTHA XL TW % (Garner and Paolillo 1973,
Hartung etal. 1987), F72, #EHIZOWTIE, JFRIKIZ ABA 2352 2 4AFERIZOWT, HEgHY
ZL D ERERH D (M 2), FEEOFRAEHNIINEZ ABA T 25 &, EORENIHE S, &
MAEFEIZRE T d % brood cell BVFFE SN D, £72, ABA ITHFURIED B EEERA~DIMEELET
ZEB A STV D  (Valadon and Mummery 1971, Menon and Lal 1974, Goode et al. 1993, Chopra
and Kapur 1989), & 2 7 X =47 TlE, ABA MLEEMJFRIHINN O S IERIIE 2 35845 2 & 238
LMLl oTRY, WA N ANRNA ABA 24N ES5 (Wemeretal. 1991), [RICE =2 7
ZoArBIBT O AV U R IATZIZEBNTY, ERO K D 72 ABA BRI L D REA L0
o WS A B U AMMEOI R HME STV %  (Goode et al. 1993, Minami et al. 2003), 4%/ A
WREFEES NI AV U TR T TlE, S5 ABA IWEEG FORB T 1 7 7 A VITe, &
(2B D v 7T VIR T OREREMANT 3T 72T %D (Cuming et al. 2007, Komatsu et al. 2009,
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Chater et al. 2011),

g2k
#E Yt A= %
IEEX7S \ r SRt 1 brood cell
\\/ABA ABA AL
!| EERK
budfZ &
=3
e — * =2
LS
R ?T F‘iﬁéﬂﬁm?
ABA

IRER#E+F 2

X2 #REEMOEBAKICETHABADEE

ZHUTKL, BFETIE, ABA ICX-oTHlERINHAFLEICE L TR LTV D HRITA
720N, L L, Hellwege 35 X OF Hartung & OFEBRIZ2BF5EIZ L W, B==4H (Marchatiales) |Z
BT 5 4R B Exormotheca holstii & /KAEDEF Y X 3 (Riccia fluitans) ([Z3WNT, NA
ABA il & WO BENH H 2N SN TV D (Hellwege et al. 1994, 1996), £7=, w7 a4
IZBWTIX, ABA MEFFRAICHEE SN D LEA BEX VX7 BIZonThmEshTnd

(Hellwege et al. 1996), E==a 47 BUATYH, 7 ¥ ~X I BIZET 5 Y X247 (Pallavicinia
Iyellii) \Zxf L, ABA THZIEMHELZFHET D Z &3HE I TU%  (Pence et al. 2005), — 5 T,
B =37 1Zx LTE, ABA ITHEMTEZ 358 L2 & OFER 15 540 TV % (Pence et al. 2005) ,
Pryce (1972) 1%, HHITHWT ABA BHESNDBIRDIRNT LD, HHICEWVT ABA D%
FNIRERTHY, VX TV U (LNA) (K3) O X9 RBERICAL AT 2{bE%H ABA
RO & 2 L5 AR 2 454 L 72 (Pryce 1972) . LNA X X V' %€ = 2/ (Lunularia cruciata)
ORIRFE L B L CEMT OWE L LCHE S h, B= 2 7 BEIESC L Z A0k, 7 v
AFEF-DOFFEEZIHT D Z ENHESNTODIED, FE7 0 LT OMHEZERESE5 L0 )
HiELH D (Valio and Schwabe 1970), L72>L, LNA 73 ABA & RIEEO/EFEREC X 0 MR
AL TWDENE D MMDZOWTIEIRHATS 5,

OH
OH HO,C
loen
= COH
o " Ho
ABA LNA

3. 77U B (ABA) EILXS U EE (LNA)
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3. =345 %#FA\\i- BBA LB EYFERIFRZE

FH O, B ABA ISEOSFHEEI LT D700, ¥=247 % ABA ISEMEOET
IWRELTHNIT D52 L2 B LERAHED TE 7o, BEEESLIICHB VT ABA OFELZHR~
7l 2 A, ABA [FE=F EMEFORMEZIH L, BRI T DO R A (2ET 5
Z ML E 7257 (Tougane et al. 2010, Akter et al. 2011), F£7=, B=IrEFEMaicisC
ABA |3 2t AFHET-O ABA FHEME AT Em O 7 1€ — % — il FI2® 5 GUS# s T (Em-GUS)
ERERFIIEE L L, 202 &b, EXLIXE=I /00 5%y & 3EO ABA I
(LB RARIANR 7 BFAET 5 & B 2, FEKFONN, Ak, TEKFEORM O OWH %215
=25 ABA [N BB RF OB RS T,

HE=H 51X, B=27 ESTBAIERN S 2 1+ XF X ABSCISIC ACID INSENSITIVEI (ABI1)?
REDZEZ RN L, MpABII L4413 7=, >0 A XFXF ABIl 137 0T AV KRAT 72—+
2C (PP2C) Z=— KL, HHEH7Z Gly 2 Asp (ZZAL LT= abil-1 28503 ABA 2 MR %
RTZENMLNTWD, YA XF X FITIX ABI 251 985178 [ 7 v—7 Al PP2C % =
— RFL, 215 PP2C 1% ABA ¥ 7 FIUVBEDOAOHIER T Th b L ZEZ BN TW5D, i, 7
Jb—7" A PP2C 23N ABA Z /K PYR/PYL/RCAR L EHEMEMEHL, Yo7 A &%) —8
SnRK2 OtV gtz LT ABA > 7 L RICHIEIL TWD Z ERH BN E o7 (Park et
al. 2009)

Y= MpABIl [Z> 1 A XFXF D7 )L—7 APP2C & C RO K A A 2\ CHAFE
HERD (K4), RN L7 NV—T AR T D B2, W lE9, NEEHD KA
A F A XFXF PP2C L OFIFEWEIZ AR~ 7208, BTy 7L F->TE Y, GFP @é
Z XTI K D JRAERRITERR ) & & MpABIl OB JRIEIC T 595 Z LRSI,

= iR —i@RE T v A TlX, MpABIl OEFEIFBLY ABA J&EM 7 Em-GUS Bix
T OB AR INHI LTz, E£72, MpABII BA T2 WEFEBT 2 b AV U R I EEHAE
EH L7z & 25, EOREGRAHIRITAE 72 ABA FEREMA R LT, T70bb, BAKIZBWT
ABA T & 0 45 S 2 BURE T PESC @B R MiHE DY MpABII R B CIIBIZR S LT, ABA
H)72 LEA # VX7 BOERBBIZE AR bW & 57 & 72 o 72 (Tougane et al. 2010) .

[ MpABI [ | ] ] H=4
{ '
PpABIALCT | ) e
wl 3
PpABIBL I | | EXVAREr
\ 7
f ABI1 [ I T
ABI2 =3 |
AHG1 [ — '
At5g59220 - | casxrx+
At2g29380 M1 |
AtPP2CA [ T 1
At1g07430 | I D | [ NoKig KAy
HAB1 I I D | [ pP2c Kx4Y
I [

\_HAB2 (

B4, €04 eAV)ARTTELIVIOAXFZXFDT IL—TA
PP2CORYANTFRIEED L
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$£7-2, MpABIl BFEIFEBRRIE ABA JEE 721 T <AKEBULRRIC L KB H D Z L BH LN E
720, ABA [HHURERR IS D3 AR ZIZ B G- LT D 2 & 23R S 472 (Bhyan et al. 2012),
IIDOFEREND, BHEIZH PP2C 20 L7z ABA JREHIHMSENFE L, ABA INEIZED D K
KR53 F A Ty = A W73 FAEM ] Tl CTd 2 vlHeME /R S iz,

5. SEDEE

ZIVE TOMSET, RIALBFE - BRI W EHDRT SIL7Z ABAISE DO 1L 7D, ABA
KR 7R & D A N L ATRMEIZ IV THERET 5 [ FAEIC EB 7k &M CTh 5 2 &R
e X7z, BHD ABA BB DR B R A<Ml BEE (s - O FEBLHIEIEERE I DV T OREM
VIREARHTH Y, Bk @RISR, Ishizaki (2008) 512 & A TEEERHIEIC L VY, AFFED &
LR RENFES D, BB 5 ABA OERYWER, ¥Rz, ESAE, KRBT 5%
ENZOWTIERZE RSN L, A%, T=247 0 ABA FEESZMERERS ABA & kKB % fif
a2 Z ENTENIX, ABA DAETFHEREZPIONCT H L & BT, ABA IGE DFRIRIHNE
OMEEZH LI TEDL EEZEZTWND,

6. HiEt

AT, SCARM AR F B B4 - FEIT0(0)F L USH AN R oe ThE ) BR 1% 29k
711 ORI L0 #ED Hivtz, B= 37 OREER LSRR THRITIC OV TR E R FE DI NZE 2
it & I ARE L, TSRO RS LI L ARR A R— N2 A, —BNRRHLRIC
& % PP2C OEREMEHTI IR URERF O HE—F L, /MAEIBELOEMRIZ L D 1D THEEIZ
oty T ZITIELIEHT 5,
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Y =34 MpCLE BinFDEM
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An analysis of MpCLE genes in Marchantia polymorpha
Key words: CLE, Hormone, Peptide, Development, Marchantia polymorpha

Shinichiro Sawa, Hiroaki Honda, Ryo Tabata
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Kurokami 2-39-1, Kumamoto, 860-8555, Japan

1. [XILC®HIC

MW OFAZFEL, k2 RRmEICB T MM ERLZHFEH T LLEZ BN TVWD CLE
(CLAVATA3/Embryo-Surrounding-Region) X 7'F RAR/LE 1, v A XFXF 20T, b
MITHFEMNR 72 S TWb, 72/ Th, £ CLE 77 XU —T&% CLAVATA3 (CLV3)X°
tracheary element differentiation inhibitory factor (TDIF; CLE41/CLE44)I%, ZE T8 73 Zd4H %k D 1510
HERE Al O b 2§35 Z E B B & 725 T & TU> 5 (Betsuyaku et al. 2011a; Miwa et
al. 2009a),

W72 CLE A F 33— R 52 87813100 7 X/ BERETH Y, £ O N RIZITH
M SN D T2 D 7 AT F Rpa— FEnTWb, £72, C Rica—Rahd
CLE RAAL DS L, 12-13 7T V@BRGI0 HEh, HE#HEMEZT2%, KA LEXTTF
RALE L LTSN T, AifudEB AR 5 & B 2 51TV 5 (Ohyama et al. 2010),

INFETICARO N & IFEY T, < O CLE B2 > T\ b 75 (Oelkers et al.
2008). b AU HRIAZICHMA CLE B FDMEET 5720, Dl &b kiica s
LIS DORE T CLE X7 F RARALELCZHHA LTS EZEZ BN TS, 2O CLE B
TIE7 T I REFTRCHFET DL ENTWVSD (Oelkers et al. 2008), & ® CLE KA A 1%
SIEEBREFEESN TR, CLE X7 F Rt & L THERET 20 @I E 572 55
NDpEEBbhs, BIIEO L Z A, 20OV I REFTRAEZRE, e AV I ATRISIVH T
SIREMC BT D CLE & fa O RIL 7,

YA XF XSG NI, CLE 815128 32 EAF/E L, A R1Z1% 47 {E(Sawa et al. 2008),
VAR INERE CH DA X B H e T 15 B O CLE A5 1 03MF4ET 5 (Miwa et al. 2009b),
XS, WM ) A EIZIEEL O CLE B FMEET 52 b, MWIZHIT 5 CLE
BAR T OWRE DO EEMENME DD 12T T, ZERERAFFOZ L bifEllan s, 22T,
Fex 1L, T CLE BisT 041k, HieitEl, > 7V BEROMAZ B L THFEE1T
S>TW5,
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2. fa#, “€=CLE” »?

CLEDHERERS Y 7 IMREER DIFFEICB W T, BUE, 2 FERFHIRIT O EBbE & LT
LS v A XTFTAFREIMEDLATEY, FEL LRIV VA XFTAF 2 HNTE
770 L2L, %< OWFRENCLEY 7 FNMEIER DN 1T > TV AIZH b bT, 0
T FMBERF DL IR TH Y, ZARMITHBES 72 b D D(Kinoshita et al. 2010),
ZOTHRKRFIZIEEALEHLDIT 2> TR, SDHIZ, YuaA X F X FI2iE32H OCLE®E
B RHDITH b BT, WENEAL TWDDITICLV3ETDIFO A Th 5, CLEEA T %1t
FIFBL L7250, 2 < OCLEBZFDOIEERR S EL L RBIM AR L, 72, £< DCLE
B FIIHENTTREENS W E B X 6N, BEREUTHLRIAMEZ RIS RN LN, E0
KO BREEZ R TV AL THET L EIIREETH 5,

A XFAFICEITHCLEICET 2N Z D L 5 7RI TH 570, CLEEG T D%

BEfE<0, > 7 FNMGEZROMIICIE, T —2 AN —RNUEThoT-, T=a471%, &b
TEREREME L TEAZROTWLIERMETH L (MRS ADRER), xix, €0
=7y OBEFEEMEORS &, B FEENTRTHLAITIER L, vyuAf XF X
TiX, T-DNAFFAZ A U S, Z< OBEBEFIERNA Ny 72 Z—D006K 51257
HLTHEY ZERAETHD, LL, CLEEBETDOZLIEA v barb 729, 1007 2/
BEREOX RIJELha— NLRWe, B ks KERE S, £2< OCLEERIZIX
T-DNAFRA T A U BFELR, 2O E0D, BERERIBERMKEZ T U B FE IR 3
NgETHoTe, B=T 7 CILBLEFENTRTH LD, ZTORL 7 VT TEHI EMD,

CLEBAZTRNTICIIRER N TH D & .
ZE2bhb, £IT, Hxix, =4 4|:|:‘Tcme

4 DCLEWAGT-, “¥ =CLE“M Hiff, e cLe

fENT 2T > 120 s

3. MpCLEI £ MpCLE2D R TE
=75 4 EIZIE, 2EOCLE
BIR TR HO)Y, ENZEILMpCLE]

CLE40
: | o ==
MPCLE2<I:%’{#U-7LC (1)0 :h%ﬂi, I—CLE134
cLv3

SR 7R CLEHR TG, 245 OFIR £

PFEWIX, BTt TR, L

ST F AT F R E D et R p——
é CLEl16

U, CRDCLE R A A 3 fifask <

—mCLEM
NTFRELTHETDHZ B THES
iz,
MpCLEHiTDIFﬁ/l/‘—7OLC}§, L, M1 YuAXFXFe¥=34DOCLERH

MpCLE2/%, CLV3BJET 5 KX 1
— T O 2 A T THDHZ EDIRB I N, TDIFIE, E&EMbZMs L, mifaE M
DR RETEML S HWELFFOZ LM LTS (Itoetal. 2006), 7=, CLV3ILXTAS)
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S DR O MR Sy FUEME 2 I L, MG E O b2 RET DAoL EX DL
TWb, EH6 1, MRSHEHOEEEZGHIET S Z LT, Mo sbicEboTndiz), €
=3 THRIBEOBREZ RO WREMEDREZ 2 b7,

% 2 CH &, MpCLEIE 5T ORI B 2 1ER L, T ORI EIEL 41T 9 FC, MpCLEI
NED X D R REZ FF ORI 925 Z L2 L=, MpCLEIDBRIREIZ LV, MpCLE2D#%
EIEVEAL S, MpCLE2DZHRZBELTLED 2L bEESNLN, E=I7icid2o0
MpCLETBAZ T LIMFIE L2V D T, 5% OBB TN CEILD 2 DO CLEE R DHEHE
SEELTHRETAZ LB ARETH D L EZ TS, £2T, £, BRIFEHEMLEZERL,
ED X O RBEUFBMCERTLITII VWA ZRET L BT, B rEHEEORNE=a7%
HAWT, S%EMRBIT 21T\ nEZ 2 T D,

4. MpWOX1 DREE

oA XF XS TiE, CLV3IE, & ﬁﬁf
AF R v 7 AL G K F DWUSCHEL
(WUS)BAZFDFRBLZMEIT 5 Z & PRS
RNEIHNTWND, ¥ 7T IR
W=7 b EEMY £ CRF S WOoxs

NTWDNEDNREET HT20ls, B
== 7 A, kO, ESTESIZH
WT, WUSORER ZE2HERL, —
DO ESET (X2), MpwOXI

WOX13

MpWOX1

BRI, 217 X VB b b X WOX10
NRIBxrwa—RTHEE26h, ¥

7 A X J X} Dwuschel-related hom- woxi4
eobox13(WOX13) & fix b i VW FETA] 2 A XFAF LY== ODWOXRFA

PR Lz, WOXI13 & FIRIME &2 /~d
B TIE, BN D B RO TEY, WOXI37 7 2 U — 3k b FEIBEIN2RWOX EE X B
TV 5 (Nardmann et al. 2009), Z D Z &b, T=T4/7 2~ LR VWWOXA, WOXI3E&HH
2 RT O —XF TV ThD,

5. ¥=d45&304X+RXFDCLE & WOX D#EEE T FIILGERBOREMS

ZAVETIT, MpCLEIDIBRIFEBIEL & FBLINHIE, KO MpWOXIDBRIFEBIKZAERL L, £
DORBMAEBIELE LT, EORE, MpCLEI DB FIFBIKIL 3R B O M sy 24msl &, Zhic
P 5 RGO KA BLEE S 4L, FEEINHIRILER B IRO M5 258 R & 2 sk o &=,
FOKREALOREREPBESNTWD (HMGRRER), £, REMBEL L, ook
MWEEIZIB VT, MpCLEID&As1-3& B3 in situ hybridization test|Z & 0 #E#2 S 7= (Zachgo & K
BEK), —FH, BUEO L Z A, MpWOXIIEKEAMI TORBNPBE I N TEHT (Zachgo b A
W), MpWOXIDREMLIZED D E WV FERITRIEHG LN TV,
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INETORRIY, Fxl, MpCLENZE, REHMIESLKELOEIE 245 Z & T,
WY = ORAEEZTET L EEZXTNDLD, TOREIZEWT, MpWOXIIZMpCLEI
DTFMTHEIELRNEEZEZTND, 2O LiX, HEMYTHLND XD 7RCLEE WOXE A
L7y T IRERBE DY OB > THBEINTCZ EZREBEL TWD,

BUE, mEMWIZIEZ < OCLEBIEFDMAEL, SABEAEROEM L, 2R A
BEZ RO Z & AURIE XN TV 5 23 (Betsuyaku et al. 2011b), X7 F RAR/LE 2 & L TOHET
HEVEMSERVWREL S, ZRKRIY TROT 7T VnERKEEME T 524 T, £
BOXRTF RHENLVE AL DIEREEUNBET HZENARRERD LI I LB
X DbD, ZOHEMRY VT IREREOIZDIZ, THET, YaAXF AT &Mk Lz
P CEZEREIY FIROKTRRIE TE b0 TIE R0 EBbh b,

A%, MpCLEITZF C72<, MpCLE2Y W=, X 0 EEil7e /0 T BARFIMENT 217 5 F C,
CLEY 7 FIVARER D, FIZ, SETEFEONT ThoLZRETRO —ImEzoncd 52
ENRTE, RIEHALNDIRS TOWRWEEMWICI T 5 2 7T IR EREIF R OERE & 72D
EEZTWD,

HiEE

AKFgeaED HI2HT-0, BRI/ o7, HREKFOWMNZFEZ A, AIRAERE, &I
R PO RFIPSFIESE A, Monash KF DJohn, Bowmande A, I AFHSE4, Osnaburueck K4
D Sabine ZachgoJt A2 Z D& v TG L iP5,
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Plant-specific transcription factor LEAFY and its possible role in gametophyte development in
Marchantia polymorpha
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Takashi Araki
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Yoshida-Konoe-cho, Sakyo-ku, Kyoto 606-8501, Japan

1. [ZL®IC

B == (Marchantia polymorpha) 1%, %2 FAEY) (GA4#EY) [Embryophyta]) OBIADRHOHTII,
BOYINTME LT £ B2 DD EHE R T 2T /VEM CTh D SRIIEEF O, TN & Ailfy, FFn
ETN, WER ORI ASIR),, EEOHFZEE T, ERROEICHT 2B L5, 2007 FErbE=
I WA D CTE Tz, 2O T, bivbiud, (1) #E IO TEOBEIN L SHFE S
NTEY, ZOMERERRICBIL R D, Q) FE MO LR CRIG FEENTEA LRI -
TBLT, Ay u VRS CHEE TE 5, L) 2 508L51 5, MWl OFZEIN ¥ LEAFY
(LFY) (Z& R L, BHOBITRRODEDE LTINS,

A TIL, EFPTLFY ICOWTHEEL L, DWT, ¥=a 7B\ TLFY 258 5 aTREM AN E W L o
ALONNE 2 TWD, AYEAFEZIT DHEOEENCHOWT, B=a 7B MEl7oxtg L LTt s
N5 XTI TOBLBEIZED ETOMAEE T L8, SHOMIEEDFWEERNT D & & bl,
FOBEIA LT,

2. {EYER D ERF LEAFY

LEAFY/FLORICAULA (LFY/FLO) (LL'F, ffffD7-8,LFY EWET) 1%, > v A XF X7 (Arabidopsis
thaliana) & =% = V' 7 (Antirrhinum majus) (233 NC, TEF 2G0T I\ 2R AT D 258556203, 16
Fr5ARk S L COBMEAIERS T ke T, EEREHIAZ R TEEER T L L CRE SIS, K 350
~430 7 X AN O N RBNZ 76 7 XV BREERDON RA A CRIT160 7 2 /D C R
AALENY, EBIZES RSN AL U &2F> (B1), &
L LTyaA XFAFZBT 20580 5, LFY IIMEEFTERICHIT 5
~ AL —HHIA T TH D Z EBHLMNIISTND (e LT —2k{t DNAKA
Moyroud et al. 2010, Siriwardana and Lamb 2012a) , #55-K7-& LTD
LFY OHEEIZOWTIL, DNA F5A AL U ThDH C AL (4
KD 2-2. B[ OSLAREEDRGE S4L,DNA & OFFALERC

N C

100 aa —EE

1. LFY ZEBEOEE
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EMUICNE T X BEREPRFES N T D (Hames eral.2008) , £72, T OFERIZEESWC,LFY
D DNA ~DFEGDEYYFEEET VHIMER S, 7/ 5 O LFY &Y A NOEMR RN S
TW5 (Moyroud et al.2011), BMENIEEILTUVEN RAA UAZBILTY, Hlill7e»> T, &I
BUF B EEMI RS X7z (Siriwardana and Lamb 2012b) , & 512, {EFF & 3F4E 2 12381) B HilfEEER &
{5 OREFEI72RR R Z ebh, {EFERBIEOBE (T2 CICHIEREASE - & LCRIES
NTWEbDEED T, ZEOBGT-MFEE S 7= (Winter ef al. 2011, Siriwardana and Lamb 2012a) , 2
B 2B HHERERE S T ORIENBIX, ZHIVE TTEIN TN h o 7 AR « AR
BT D LFY OWTEREREINEENO BN, Bk 5 5% OMFGREE AT 5 2 L1ioTz, KIZIC
DECTIES DD, FELZ co-factor HUN ODAE AU TVS  (Siriwardana and Lamb 2012a) .

LFY OHEEOERIL, 2D X HIZ, bolEbyrA X TR ORI L WA TE 72D, TRk
BT b~ A — iR & WO LEDST R HBILN G, FEFHE)Z RO Z L ALy e s
ISFEIE SAVTVD 2012 4F 6 H 1 HORERT, #FHE B 2200, #-FAEP B 110, & 2 W)
B 53, /NEEKENN S 76, SREIN DRI 660 (7272 L, KPS X248 (Sphagnum) OFENNE D =< 4
WHOD) OEFINEGESITND), 29 LIEREND, LFY #5113, a7 &tebe mic)sS
SHHEL, BFHER & — D FRHENT A B DRI oYL AR GRS OO /N 7 RN LR 5 5 iR
HEZRTIE, SR - —8n L UUFET 5 Z DRI LMNC -T2, Zhud, B HE otk
DIBFET, FE I EAE DL DB ED T, %< DEEERFEEFD, B FEEICEY K& 77
RU—ZIT D LD IC7oTEZ & &I TH 5 (Riechmann et al. 2000, Moyroud et al. 2009) ,
LFY BB 57 7 2V — 2T DICE LR TN OV ChH D &L &b, iz,
L EOEPHIZHOWTEH,DNA FEE RAA L (C RAA V) OffiE & DNA ~OfE Gk, W <o
DN w7 AL = w7 ZEEHE BIZIE,TBA F T ARE—R) OFNEBITND (Hames
etal.2008) Z L5, N7 U ARRY RGO ATREMEDS N ZFL TV D DS, WTHLOSAT SRS IFEIRE
DEASWIIEFIAL L, HEIOA 720y (Moyroud er al. 2009), 3 TIZ, 7/ MEgihise T LTn5
2FRORESE, 7 7 X REF A (Chlamydomonas reinhardtii) & 75/ViR~ 7 A (Volvox carteri) (213471
VBT PEIELIRNT &, B bR (BIRREY) (B OEEEIR 1Tl D FTREMDS BV, faeta
DR TH I V7B (BRI 2010) R0 LA —T 4, #EEE S Vo 7ol FRE OlRRE L S D
HO (ENDMREECH D NIHEE L TORNE D ThDH, TIDOREAICET 525E& L LU,
Smith 1955a, Graham 1996 [1993], J |- 2007 Z#Z&[) (ZiXA/V Y B VA ET D AREMED & U, 5003
e,

AR 2 S0 LFY FHRNE S T, LFY AV v 72 NEEDLY (NLY), (2O, R (Bf
TERIED) ORFSEREICRIT 2 HEBINY — U O EHFE TR SN TE Y, ZAUIESNT, M.
Frohlich (Z & U #l AR OAEDRLIFIZ I 2 B MGEHAMRE Sive. ((eikd 2-1-2. 22 H),
fHEA LIS DR HAEY)CIE, #8822 ) IR =T (Physcomitrella patens) O 220 LFY &8st

(PpLFYI, PpLFY2) |ZBE9 DHFZEMENT > THENAFIETH Y, Holtll 72> THIRWCRITT S 7= 2
it =2 ki OBREOHF T, il 2 HI TN S4 T 5 (Cuming 2009, Vanderpoorten and Goffinet
2009), AR TIEBL N — L OFF7LRIT &, TBAR TR 2 - - BSREM#HT A3 72 &1 (Tanahashi ef al.
2005, koo 2-1-4. #2) | B5ERT- & ZIHSHIET 2 538 AEEFROHE( L & 5 B D BT
BEL RIS (Maizel et al. 2005)
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2-1. BEHEMOSRIEICEHITS LFY
2-1-1. HFHEY

BFHEMI 31T DLFY 12OV T, Moyroud et al. (2009) (2 & 2 St OIS A ZAE9~ 2 DItk
NED (ARSCH OB FSTEROSTER Y A 026 OIRIUIRIC 72 570%), vaA XFAF XX a VL
OHEHETIE, h~ & (Solanum esculentum [1E84 & LTI, Lycopersicon esculentum), FALSIFLORA
[FA]) , ~~F =2=7 (Petunia x hybrida, ABERRANT LEAF AND FLOWER [ALF]) , %32 (Nicotiana
tabacum, Nicotiana FLO/LFY [NFL)) , =X R (Pisum sativun, UNIFOLIATA [UNI|) , XY =27 (Lotus
Jjaponicus, LJLFY) , Z/V77~ 3% (Medicago truncamula, SINGLE LEAFLETI [SGLI]) , 1 % (Oryza
japonica, RICE FLO/LFY [RFL]) , hvEv = (Zeamays,ZEAFLO/LFY 12 [ZFL12)) 7% C,LFYA /v
Y 1 7 DORSRERAEZE B 2\ NIFEBUNHIA, WRPEBUADG DL, HERERT N Z b Tng (5
DB DAFNTER T4 R . 23S OO DS 25 Z L1, 12& A EDOLE, LFYIXE
DIEFIRFAINVIETH LN, v aA XFAFR0X 0 F g V7 THLMNIR>TWD L D b3k
DO~ AL —HERT-& L COXREIZLT LHERIZ L THD EIFRL2WZ ETHD, BlIZIE, b~ R
F7EBR VT, YuA XFT AT OGS MERIZH - TNWD LB D 2 LN TE 575, ABCEIS T
D9 H,AY T ABIET-OFBHIENZE L 5 Z & 2R T IMEZRBIU IS S TR, £, a A X
FRFOlfy ZEFARDNGRD TEPSZACHGRIE L AVR S 720 DIk L, 2 b OFEORRERBZA A (1
~ hDfak leafy inflorescence (Ifi), ~7F 1 3 D7fl] 712 " HIEFUKR) (ZIAMAACROBE 2R 72 8 D3E
BRHBOND, —F, T a2=7 OEAITIEL, (EORERRICVETIIH D OO, fERLART HXTH
Oy GHERETIR LA R TALFIE, 1EHIEREIERR D T2 O OFIIREN & 1372 > Tl ZD7=8), ALF
R T OBRFERBIL Z N & W e RBAIOZ LA O E B 2 S, BN &1, ~ Ao 3FDY;
BITIE, FEOFREIRITINZ, BEOTRE I b B e &E 2 Fel- LT 0, MR AT
NHEIENHIE(LT 5, FEITFHW L OO, FEROFRTANT b~ FOGAIZSL A bb, ZiHUE, LFY
DNEERRALRAE (indeterminacy) OHERAZISWTEHEREEIZ ©OZ L 28T 5 6 D LIFIR STV D,
[FERIZ LT, A XD RFL & - ORBUMHEIATIL, 1ERGRIE L & ITEF OB OB h 8152
D Z &M, RFL FBAL 3BT 2Rk D IR RAEDORERHC B 5 L B 2 b, BRI Z &
\Z, RFL ZEBIPIHIACIE, Rk ST XIER 7o IERE S fatk 4 Ff o T ¥, RLF {5 FHI3AEEF ek
DEBELHIEAA TN E SD,

PLRIZIE AT X912, #AHEZIT DLFY O5ENL, BEREMFHT A2 SV R DAV Ofi A 72T
b, LT HETIER <, 25T Y Cidiaw, FEORIF &R 2R 5, Fis 1
4 (basal angiosperm) % &T0Z% < O TLFY BInF OB/ NZ — L DMRT STV D28, Z 2T
SN EITT 5,

2-1-2. BBy

A CIX, Vv T 4 v F T (Welwitschia mirabilis) , 7% L@ (Gnetum) , V7 VED 1 1E

(Zamia furfuracea) , 4 F 2 v (Ginkgo biloba) 75 & D &#E (Frohlich and Parker 2000, Shindo et al. 1999 72
&) R0, BRAA (BHEERER) D%l (Mouradov er al. 1998, Mellerowicz et al. 1998, Vazquez-Lobo et al. 2007)
MOBIG 7 v—= VISR ST E T, ZORER, 723 LMEZRARFEY O 7 2, ko
I, BIETEMBICEY ,LFYZ L— ROBIE T ENLYZ L— ROBIE T 1 a B—FD2fFHETH 2
ENHLMNI o To, A & 7Y DB TIL,NLY 7 L— ROBIGFRKbN-EEZ LN TND
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(Frohlich and Parker 2000, Frohlich 2003, p. 70X 2 % 2:[R)

5 4 T =%~ (Pinus radiata) T, AN 2 DDi&(n+, NEEDLY (NLY) & Pinus radiata
FLO/LFY-like (PrFLL) 75HBf =40, HEMEBRE ORlor28F8) L REMERE (Va2 IChi 222
FVDFEHL B — U MEAT S 47~ (Mouradov et al. 1998, Mellerowicz et al. 1998) , % OfER:, NLY {5173
FAHEMER RN OMER 24 U A Ffi T894 2% (7272 L, Mouradov et al. (1998) 121, HEMERFD/ M
FHEDIEH R T HIET 2 Z L SR SN TV D) DIT% L, PrELL &5 T 3RE e e ER BTl
FEHMN O, IR EOMER R CITE L A EFHN RN -T2 RNA 71 M,
M. Frohlich 1%, 245 DFERN G, NLY BIsF-I3MEMEER S C, PrELL E{n 3R CE e g
BT 5, £V KIR—BbESIZ H L NLYZ L— KOG D3 FRENZ 2 5 56 Tlidebiu T
5L EBDET, #EMOIED e 2T DIEMHAERRE (MaFZERE) ([THkT 2 &7
% ,”Mostly Male theory” % 42" L 7= (Frohlich and Parker 2000, Frohlich 2003, 1302 L A i & L Claft
B (2012) DHLONRONYLTY), L, [INLYZ L— RO@ a3 A e, LFY 7 L— R D
BRI T ) SIS, BROTT 47— 2w THESR IS T E - TBLT, £
DRBIIHT ST ERFSEZ STt OB D (Shindo et al. 2001, Vazquez-Lobo et al. 200772 £) />
B b IRFS IR &, "Mostly Male theory” (25t U CIEHEHIFY72 7572358y (Vazquez-Lobo et al. 2007,
Siriwardana and Lamb 2012a) , #¢ FHEOIEDRIRIZETT 2 B2 @ L L TIE, MADSAR > 7 A& 5+
DIfZEE T D G.Theissen HIZEDHDNHSD (Melzer et al.2010)
2-1-3._F=RA774 ME CF1EY) &L/INESE

DEREYITCIX, HEELZE D) F v — I XU T (Ceartopteris richardii) >0 2 EInF73, BEEE
ZFADV 27 XA (Angiopteris lygodiifolia) 70 3BT T B—=2 7 ZFLTWNDHIED, <IN
7 > (Psilotum nudum) , AX7 (Equisetum arvense) 7> bZIVEI 1 BIE T HAL TS (Himi et
al.2001), ZDHH, VFv— RI AU T EDO@EIs T (CrLFYI,CrLFY2) (22O TIL,RNAT 2 v MZ
K DB 2 AU TN D, R & BRHAHERIZIW T, KBy 2 — M KUY = — |
DAL FRAZREOITIETHRILL TRV, RIS = — FOZETAIZHBW TRV B BIZE S 1L
Too —J7, BUBAARTR (REZEE) CIL, ZBBUIERD DILD OO, ke L UNEINERAER S 51
WA GO T, ZORBEL SRS D TH D L ARSI TS (Himi et al. 2001)

IINEEETCIE, B A X X=T  (Isoetes asiatica) 7> HEECHNDRE SAUTW % (Himi et al. 2001) 137>,
7 ) DREEDNE T LioA X1 X &N (Selaginella moellendorffii) (2350 T H— 2 B —DFED R T
X %, Siriwardana and Lamb (2012a) T, BFI7 74 A > FOHIZ SelLFY & LCTHY EiFHihiTng,
INEETITE ST K BBDRRO N TR ST, s,

2-1-4. gLy / J758

P REE, R, BBE, Y S0 3FE (P9 phylum) (231 H41%  (Vanderpoorten and Goffinet
2009, WERT 2012 #208), £9°, ¥ I8 (#9150%E, Renzaglia er al. 2009) 7>H135 DL 24 LFY 4
VY T OEATIROD, FEET D Z LI RNWD T, ENFTND E ZATHD,

FEENDIL, Ea v X IFEOE AV U ARI TG 200851 (PpLFY1, PpLFY2) 73, AX =
THOEZFIATIEO 1T (Atrichum angustatum) >0 2 DOIBAR DRIV BT (AranFlol
AtranFlo2) 73, TNENY 0—=2 7 &} C\\% (Tanahashi ez al. 2005, Frohlich and Estabrook 2000), t
a3 AOr a v X 3% (Funaria hygrometrica) Tlx, 72 A7 U7 ~—AEHTIZ IV BE
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IR ERETFARDER A FEILD T 0 7 7 A VO LB I Z 7203V TND DY (Szovényi et al. 2011) , F&7RMN
5,LFY AV 0 7137 — 2 R— AR SN TR, R RS 8 (Sphagnum) 7351, C KA A >
NOKIBOT 2/ BTSRRI D BT BIA IS KBS T — Z _N— A TG STV D0, 2RV LI
ZIUTEWE EOEFNOHEIT/2, #8EH (WI13000FE) OHT, I X7 @I, #EEOHELOFIIN
G LTz I XA, AXTrHEa U AT A, SIBICRICHIE LTIz EAX I i~
TR, FRENEEND (Goffinet eral. 2009, p. TOR 2 #5MH) , ik % (2-2. #&M) LHI2, &
FEA B DT MR & T, $BE T LFY BIETHFEMEL TS Z ERTINDD, EOMGE
WU, SR ) TRETH D,

FRDXHIZ, B AV VBRI FITBNTUE, 2250 s | (PpLFY1, PpLFY2) OGUS L R—4 —%
AW FEEL RS — o DT 8 S, AT L D ERREDS H 2N STV % (Tanahashi ef al.
2005), MHEsT & BT, BRA L RO T TRELL T D, 209 BERMATIE, v =— FAT
FEBIMRLOIDIED, IR IS T DRBINBIEL SN, ERBEHIBN TS, &6 LB O3B
B OO T, —, TTAROREERETIL, X UOTARSIR TR E D LI FED, faT
5%, B (seta) , & (foot) Dbkl B 7-5& L RICBRE SNz, PpLFYI PpLFY2 —FEAGEERRIZE
T, BUERICITERF I IBERE SN0 o 1208, RIHROIEADS TR L 0 BT T Len 2 &8
OGN 0Tz, 2D Z LI, WEInFNZREINOFH—REIVATH D Z L 2 EWT 5 LIRS T
W5, TEMEEROIN I AERIORS 2508 SETEAITE, IEF 72T ERORENR LN, ERFR%
FRE L B A R TR AR ST 2 & D, BUBEIZ IS BIMEERE O b OIZITRE I8, S0
GRZNE BTS2, SHII Y AR 0 K32 & T, AR TR RERE B 2709 Z &I,
b Aty (HEY)) 2 RHEOT 2EERFE TH S Bower 1930, Smith 1955b), Z OB, —HE
TBEERR DB IO THUISZR Y, & A U R T O Z ORI, #rAEmLS ORI Is1T D ME—
OFREFMT OB TH O, LFY ORI BERE ORI L ORI E & HI2, KEREE 525 b0 &
TR o TNA,

2-1-5. ¥-d45%&808%E

EHEIT, FI400/FHI5 000FEAHE L, 3OO (a~F 27, E==/7#, VAR T/ ([CKBIEh
% (Crandall-Stotler er al. 2009, WEHT 2012 ZZ[e, FEUZRE L CTIE,7,500FE L W\ Faf D HAES 0 3
% [Konrad etal.2010]), LFY AV a7 OHENRH LD, B=37fjoo€==% (Frohlich and
Estabrook 2000) & 7 =%7 (Riccia fluitans) (Maizel et al.2005) O 2 FEDIH T2 (W I HEES)
%AE DB, allelic variants & SAU5 2 FEADESI (C KA A > O—HEF) IVERSIL T\ 5, #EELL I,
HANRRELTWD EEZD,

ZO LR E S £ 2 C, EEOIL, B=a 7 bHAaREDNA L 7 o —F 281120 kbpD 7/ 2
kA 7 m— b LTz, vuaA XA LIGE, A harBEL, FHIE A ha i3 6
kbp ITWR I Tho7c CEHHHAEITD, AN P72 20084F) , B=T 712N, R
+ B LK) TN T 2 1% X, Y% 24 (Conocephalum conicum) &t A
=/ (C.japonicum) 7%, C KA A ATKE T BEDBESNEFTND GEHFRFITD, K£HER).,

BT HAEE SO (2-3. 22MR) ZRHE, ZHETOL 25, BB 2 it drs
VY, B L DO HR O BUIRZR O RTEIZ DUV T, YA T U b,
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2-2. CRAAL Y ONMER FAA D) OWEELEFEICEITD455%E?

2. DFIHATIRATZ L 1T, C AL ATRINO0T X/ BEFFEN B 72 HDDNAFE G RAA U Th Y, SR
HEEPNRE STV D (Hames eral. 2008) . 2fHDPT— h S L OYEL VI—7 Gt Sz 7 ff Do~
U w7 AG7a5 a3 ") BAEE T, DNADORY o R —AEFI Oy LiEET 2 (L
ST, ZEFETDNAIZHEST D), THEDIH, ~V v 7202 Lo3 BN w7 AH =~ v T A
ALY a3 ADNADOIFENIAIE L T, DNA & O BIEHO K2 H->TD,

Maizel et al. (2005) 1%, 37 A XFRFOLFY 7 0E—% O FCe 2 U H X240 PpLFYl %
DT PpLFY? Z3BLSWT5A1, Iy ZRRRIZET 2 RBIBIOFH & TEs T ORHFFE) <
RONBNWZ EICER L, SESERFEMTY IV BESIOHKRE I 2/ oTz, ZOREE, e AV VA
A2 OLFY T, C R AL LD 2 D507 X BFREED M OREYFEDLFY & #7205 Z L 2 HWZ L
7z, 2B Y AEFI ETIX 3943 H & 4277 H (Hames er al. (2008) i, 312%H £345%F BI247-%)
DFEEN, O TIIZENZEN, EATFV H) ET7¥=2 R) THHDIZRIL, e AV U TR
TTIE, TANRTF W D) LV AT A (C) &lgo Tz, [AEROER: (LLTF T, DCRLEFET,
F 7o, MOMMFEOLFY Z#HRM L 509) N Z F A7 ED 1 FOD 2 DDLFY Th A LD Z b, #fH
\CHEDOBEBTH D EHEH L WD, S PpLFY] Eint & IWEERAZ AW D, 2 S0
a0 5 H, H-D OEEIFEGESIOEE 726 U, Iy ZEEOFHEZ KRR TH D Z EHVR
SHTU D, Hames eral. (2008) 1%, H312723~VU v 7 Ra3D—H & L, a3 DONAKRIZ Y72 H5P308DE & 9H
E1~NY w7 A RIET 5 2 L, ZDO—ORIOK3072N 22 BEIO 42 OALED T T = (G) &EHE
FHAEERT2Z 06, B XV U TXI7IZET5H H-DEB LW R—C (03D _EIZE/ e HasS WITHE
T3) OEBE, ~V v 7 RBOEANEEE 5.2 HAHeMENR B 5 & LT\ A,

Maizel et al. (2005) DORFFEDORE S CEES N E HAIV TN 2FEOESE, =37 & 7% 37 DLFY
%, WTNBHRE ThH o7z, bk (2-1-5. 2ZH) O Lo, bhoiud, E=a 7 0LFy (CLT,
MpLFY &%) ORRERSIE L HIT, Ux 7, E AT Y A7 OC KA L OFBNZHFTNDR, ED
FIZBWTHHE—a bt — &2 00, WTNLBHREITHSD, LIen->T, ZTNETOLEZAEEE=
IO AT LT X THRI TH 5, 708, I XITROEGESNNT —F N— AT KBEIBGR ST
W5 (2-1-4. %Z28) 2, Wb RBEOERT XL 0 SEFRENKBOES TH Y, #EADILT T
I3l U7z Z DB N7 L— 7 S HRBY, DCEIDUW T DLFY 28 oI oW TS D & Z AR TH
Do

BN L2, C R AL D 20FTOERIINNZ, B AV VBRI EZF I TIINRAA >
EC N AL L OBOMEBNT2~T6T 2/ B Ly (hORETIFKI1007 2/ BEO L DOMNE, 7272
LB TCIIE =37 LMERDB2Y), DI, E AV U TRIT O 2 O5OBE DXV« A |k
7 A% (Tanahashi er al. 2005) 1%, > 2 A XF A FRA X B A BN (accession: EFJ20684.1) , ==
7 G ED B AN 2572000023, 20084F) L1352 D N R A A » KO NKAZ =2 — R4 550
WUz, ORI ONRWEWA v hr a2 FRD, 2T TSRO 1D 2 SDOBIsT (AtranFlol,
AtranFlo2) DFELF (accession: AB286054.1, AB286055.1) Z b A U Hx A Libigd 5 &, ZOFEC
BWTH, ZOA v hu OIHERTREND, ZNHNE, BHEEZETIMORR L AT, #3E TR
LFY DRFR LN E TN DH EEZ BD (B2 DRFEN) . Z OREMEAEERDEE LD & DB Tl
T EHEET 72012, BEHOEIICAIET 5 I XIS BOT Vv B VY AT R (Tukakia)
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NLYBEF R
BEFES wFiEy [T LFY ih]
BFiEY #&F LFY HR

S . |
Ea HR
B c-—O0771hE Pn |__—-]
Cr HR
[ Sm
la
HR
N v/ OT8 N |
________ o
414> hOyViEN
k- N/CH[EfES E iE FDIFHh DIEH
HR > DC &
t -~
:|7:r'fm avyyIsE@E | Pp i
; « Y €IS ER x2
£ )L 5 Eif
e [
YNNI DC ,,
" cvvrara | [ I
oA dTi < "DC
o039 *T
XI5
FOUPEYY AT
Wk T4 Vo
|
P ci "e
:7 )
A REHEY Otk B [FET 5007
e I g N =) L.} s .9_’:

2. [ELEMOEILBIETRELHESNDLFYDZEL

B OR) LEEE (F) I0OoVWTITEERRHA R LT, FThREO=ARIIA v by (R=ARI
FHED 2FRIZDIFAET D) OFFMMIEE T, 2XTFOT VT 7y ML LFY 2NEHSh TS
REWHE (FRIEGETHERD)>TWAHED) 2R =34 Mp) , vXa47 Rf) , ¥
Y34 (Co) , EAVY I () , XTI D1FE (Aa) , EAXY U HRITS Pp) , A XHHXEN
(Sm), EAIRX=F (a) , AX} (Ba) , vV T (Pn) , VFv—RKIXTTE (Cr), MHR
NI, A CIREX 1= LB 2 b2 L,
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BHOX =LA ORISR (a~F 7Y R 270) 5 OLFYDHEEEN -5,
2-3. EFREDEENSRI-HB/F2—>

PILET, FRDLFYIZOW TR L7223, BefkiZ, B S¥ — BT DR %, AIEER & OREE
TEEHOTESZ EIZLVY,

FT, YA T, LFY a7 ORBUIE TR Qn) HRICERESNS LS ThD, vrA XFX
FCIE, FEHIE (Borges et al.2008) & MFEDYR, Bhflfw, HHUukiiz (Wuesteral.2010) ThRZ7 A
7 U7 M2 SIVTWD DS, WTAUZIW TS LFY BIR TORBUIA LD Lo T, L
Tei3oC, BBATIIRBELL 2N B 2 bivd,

BRI TUE, ZAVE TIT SN RBBIFT IR RO IR N TN D, T T4 T —2 =Y
O NLY B&FOFITIE, BRI 2n) THBLT D Z LHREIILTWDER, ZHLEDAT—
\ZBIT ABIERIT 7 STy (Mouradov efal. 1998), ZDIEDy, hv b g (Picea) D (Carlsbecker
etal.2004) *°,”Mostly Male theory” OHEHIFYZLARGEEZ SEAICFBT N2 Sz U BB~ T8

(Podocarpus) , A A J& (Taxus) @ LFY BfnT ENLY BT OHAIZEW TS, PR/ 7282
B DRBUTMEL S TND D, J-OBBRIC IS T 2 FBUTH A~ DTV (Vazquez-Lobo et al.
2007), 7 FY NROYE BIAKETH S (Shindo ef al. 2001),

FEFAE) &3R0S HREMIZIBT DME— DT T2 ) Fr— R I XU T T, laFRIC
INZ T, BRI O CTHIWEBBRIH SN TS, UL, &b, SRR CRIIT 200 8\ )
REGDT, G ZEEI) 725868l 2 — AR TH S (Himi eral. 2001), /NEES 5D 72583
7245, Himietal 2001) 1%, Z DIBHEAENMADSH v 7 AT DO H O L3R5 Z b,
MIKCHIDOMADS R » 7 23R DLFYIZ X DY, > I TI LML L Tviedo T
EEBRL TS, UL a2 7T HME— DT Ch o b A U x5 T, Bk (2-1-
4. %2 OL I, FHRTNZ, BERAICBOTH V= — MEEINEH ST DR RAZR R
BlERSNTWD, BN LT, PpLFY1, PpLFY2 & %12, TERSEHI B TIITEE NI & 6D HLRh
~7=, (Tanahashi et al.2005).

LIEDS, B CHIBEURIR, JE RO CHRELL TW= b o0, o AR ClIfa 1K

(T z— NE) (2B DFEMER L 720, FETRE) CIIia 1 (32— MH) OHIIFHBNIRE S
HE DT, BRI D K 02Tz, VS U ARE X B, BUEIERIZIST DRk R
B BN R OND B A Y U AR T7ITEBNT S, TOMERZREEMEN I Tl AR 5T
WA EIITRZD Z EFT DA~ A,

INBHDZ EESIAIZEBWT, bivbhuk, =37 OidERE X UM RIS DMpLFY &5
DIEEL/ A — L DT % RT-PCR, in situ RNA hybridization, MpLFYpro (5.3):GUS JER=UA: 1210
HeDHTE 7 (EHAAT B TREKIED, AAN 574K S, 20104F, B AR 4575 1R1R2x, 2011
), ZOFER, B AV Y R LIARRIC, BURER &Aoo 7 CRET 2 Z LA bR o7,

LU, BURIARIZIT DFBLORRRBIT & A U TR T D5 130 D OEBER TR D Z &
bLbhote, FO—ON, AT E ORABRRCHIT DRI TH D (AR < B THRIEN, B
APPSR ER, 20114F) , Z OFEBLIN SRR HEREN )/ BIR A FF O AlREME S m\ O 2 &1, 88T
ROFRERIZ2 L b FFSATND (EHAA - = THEKIED, HAEY P25 750R4, 201 14F) .
Z DAY, PpLFYI PpLFY2 —FESERORURADN BT 2R 702 & LIl Th 5,
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3. E=d47IIHB+5ifAETERRME & BHEATERE

I THENE, 2 AROHIFEAZ RO T (spermatozoid) EIFEINZ L THMAEZR I /29, ZNbHD
BLE R S A AFEER B I3 ETH Y, 2, 1EkE4s (antheridium) , 1EINEE (archegonium)
EMEEI, X7 v b (acket) VN9 1 JBOMINLEDEME IR A, BMETFEE 0T, ARERRE D
ZAMNETH D Z L1, FRERIIT RV, iz aielE M ORHE T 5 (Bower 1930, Smith
1955b, FSCTU, AU)I1 1989 (G i D), ¥ 7y MIBURTZ @b F o BER AT D,
b FEREEA~OWISTH D & SN TWD, ZHUTIZ T, idksee MEEEEE) O8I, %ik+5
£, =37 25T —MOEH T, RHILA SNBICHE 3 2 BRI b A 5B A -3 2
ENRBIN TS (Bergdolt 1926, #ik> 3-5. #£ M),

2R ODOATHEAEFEREC OO, BT (1990b) (2, AFHEVE O, MEENE, S2ks7e &b
=B B Y , B = OEEBROfE AL 1990a) OFIZ, AYEAFHEBIEOFRINE D,
REPORE T+ ZREIZ OV TR, KFI (2012) ORFLOHIZ 2 E TOMERERRIZE LD BTV
5o T, ARBEOTTY, IBA (2012) BNE=I 7 OAMATNCBE LT, 250K % F Uz CEllC
R L TND, DOHRRLT, MEDRMRLIRROLNTRY, A% O EDT- O O AT DN
NEDHD ET2>TND, RO L HZ, V=270 MpLFY G153, AM/EGNEEE, FHIlEr S
T ORI D AREMN 5 Z L 05, 2 2T, =3 7B A EMATERE D /5 b & KK,
ZHEITOWT, KR (2012) BLOUEART (2012) & DEBEZBET DD, ZHE TOWGEDIELCZ Dt
FECH: DIV AL, RAEROREE FONZRRR 32 Z El2 Lizvy, 7ok, BUF T, dOiFz 5 M9
DR, aREROLRIONTIE, Fids (FEEDHWFE4 = BUTOF4]) O X HIcFKieT 5,
3-1. MEM4ERE

Y =27 OAFEGE IOV TR, IBF (2012) 3% < OFEAZHWTHER L T\ o, £z, U
(1990a) °= 7 Hili7e EOBFEEFAIC B KRN 72 SH T D (Campbell 1928, Goebel 1930, Smith 1955b,
Parihar 1962), ZD7-%, Z Z COFLRIFMRICT EEH Z L1275,

HERRIX, HEGRHE (antheridiophore) & FRITAL D 4GB A 503 5, HERRFEOMIO BEBIZIE, HEZRIR

([antheridial] receptacle) & FHEILA FRIROMEIEDSEE SIS (BB A), B=a7@IE, AR

X 3. #ERIT - HEERRDNHE & BREFE

A TEZHEORE, W (St) SIEZRR (Rec) MBHlD, B: HEZRFE & HERRIROREIEFE, FEHT B
DS, FENMAE ST~ D, HE E, 5ODRAT—IIT3FTTWND, AT — 1 ORERFEIZ AW
RRDIN D, AT —V 4T, TIE TMETE > T HERSR D FRIINESIZR Y, BN BT 52 & T,
BWILRIZ 72D, AT — SIS, BOASr—/L « )3—%,05mm, GEEAT—0001%, B
TR ETEHAA I KL D,
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FEEIGESE LT, =7 BOP THRERR(FES S415  (Smith 1955b), KERRIRO B, Hss
FEOFEINTNT R— 2R % L TOA0, BT 2 &, k& B &SRS B D, WMo Mk &
7275 (B3 B), MmO FEICITEREEE (Goebel 1930 T, Antheridiengrube) & FHIND 7 T A =
WROBERRH Y, ZOHRITERBERDILE > TS, EigaE, ey 7y b (—HilE) IcaEn
FEIFRHA,  (spermatogenous tissue) 2>5%5 (p. 12 DR 4 BAH[H), 1EkEZHEE, AVl 20T, 1
RO EHICBHA L TERY, %ikd 25 (3-5. #ZH) FlAOMIH OB, Z O 4 8-> TRl
RBROPEHN 3 Z 2,

LI OREMAEFER B OFABFEZ I D MpLFY DEEEI 2B BN 5 Z &8, YO EE/LFRET
H5 (2-3. BLU3-3. #5M),

3-2. BHHAEEEOHER

=7 280 T, a7moaHEARRRICE LT, #8852 WITa o2
T DB OHFRNE - BETIHZ E A EREDEID LT (Schofield 1985, Vanderpoorten and Goffinet
2009, Goffinet and Shaw 2009), 7z, #&ICRD K I 1T, BRI Y T2 > THE LT RERLHHWVE DN
%2\, 2T, BRRRERE ORI, £7, MR ABRT 5 2 LicT D, EETAREIE, E=a0%
Erte R O VEAETEIZ B D WIADRIZE) e K228 - 72 19 HFERTAE, AHEAE KD Kif
GORRTH Y, AMEAFEOMME ST AERPRKEFELNTWZ & TH D (Farley 1982), Matthias
Jacob Schleiden & Theodor Schwann (Z X 2 MU EFECTE ALK T A R G ERE S EE L >oH 5 —
FC, REFIVEFIZB O TR TRENC O T S 2, FEHLEOPROMNAIZIXE S > 7o, FHIC
fRoTHTY, HAHELSNONER) (FDXREDW DD 5 FEZAEREY) Cryptogamia) [ ZAMEASRA 35 2 78
O E WS RV EERITH D, FOFREEILITH e H¥a Schleiden THho7- (1L, #+EY D=
FEIZBI LTI, fERE D DIRRTERL SN D LWV O FATEE LTV 2) (Farley 1982), BAF, FFEE DA
% L ARIEE, TS & DI PEAEFEORFZE I 31T HALE DT OffEFIE, FEIT Sachs (1906 [1875])
B LD Farley (1982) 2% &5<,

Bower (1930) (2L % &, B=a 7 OFHE L FAMMROFIHIE, 7 7 > AT B8 L~V OfE
WIEREFOIEH TR Y, FOIAMFE (£ 0D 4KF, history of development & FHIAL TV 2) (ZFH LT
WIED BRI 7247/ECd» 5 Charles Frangois Brisseau de Mirbel 73 1835 4F(2%83 L7= 2 DOE i

(Mirbel 1835a, Mirbel 1835b) (ZhGE 5, 2@ 5 5 Mirbel (1835b) 13, i&EkE#ZE B LICAFETH Y, 7
T A ROIEREEED NN FE > THAET Hidhan/s £ O RFELF AR Z > T b, Mirbel 13, i&
figs & DO T ORROE G T, Y OREESIZ M7= H D & LT, étamine (stamen) & FEUR,
ks 25 % anthere (anther), = DHOREFNIA pollen & L7-, Z DL TIL, MW E L TCHRF v

(Cucurbita pepo) %1ED, ¥ DEREAE ==/ & Hlg LT %, Mirbel 1%, HEZRIRIZKT L CTo9WE %
MZ B &, EHREERDULE > TWDART v NOBR O DRPEOHERD T % &9 Casimir Christoph
Schmidel (1747) (GEFIIARR) OBIEEZSIHL, BE THEERD DHEEOHEAR (liquere visqueuse) | %
BERLIZLHE LTV D, S HIT, ZOMRKIIAEEERONA—TIIFLACIZRZ D203, K 600 5O
BTl 25ofaki<> [{EFRL (grains entiers de pollen) | (FEEHlEZfE T L& 2 D) AL
RIEFITRD > TODDODFED LN Z L ZHE LT D, L, FTORRITITEL 2o 7 &
9 ThD, KRR VIL 555 K DT 5 &, Kook 2 5 T eiias 2 B V272
DEHEHISIND, B=I 7 OE1E, 2073 <RI, 1IEDOBEDOKE 7L & 612, Franz Unger (1837)
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FEHIIRA) IChoTHASH, 2AROHELZRSZ & LB I, Unger X2 NN ER70RAE
Tdh D LIFBRN>T28 5 Th2 (Hofmeister 1862 [1851] 124 2).

Wilhelm Hofmeister /3, Schleiden (D% 57> LI F TR LV B 4708, BRI OSRG & IR A= D
TR0, W 2 REA AR ORI & AESHgs B OFAEIZBT 2 IRER5Calit i 2 36 2 7r o 7o, Al
ARSI L 72 Hofmeister 13X, 7% « B8 DL TR 28 2 B2 ERERD ORERD IR, ASfas B TR DAE )
7R BAR A Rk < 2 & T, MO AETERER 2 BRI & fa RO HAAZ (Generationswechsel) & LT
DB LWRGERE LT, TINE TORFTEDOWEN BT (Schleiden &% D—KTh
B) KNI B AVEAGE & EEVEATEOAZ R 7R BRI X, Hofmeister (21 - C, 1L TR LET B
7o) ZEINTED (Goebel 1926 [1924], Farley 1982)

&C,Hofmeister |3, ZDOEE/LFZETHD [EShbY O Hiafst] (Hofmeister 1862 [1851]) @
TG, BERAEFIZONWTEH 1 DOERKRE Y TTND, HBE LD, BE=37DIiFnis, Vv
=7 (Fegatella conica [= Conocephalum conicum]) , ¥ > 7% 3/ (Rebouillia hemisphaerica) , X 717 %
B =2% (Lunularia vulgaris |= Lunularia cruciata)) , 7>~ 2 V== (Targionia hypophylla) @ 4 F&
Thol, B=ITTONWTIL, HAFOBIEROEH L & b, ATHIO Mirbel %13 U &9 20T/
ZEORLHIFHET b3 20 o T D, MEMARRSRE DI L IRFEAEITHAD &, HEMATERR B DRI
TSI AR IR DAV TN D203, 1EkEDS, FERADEE L CTE g (R o ks, 77 &
ROWE GERERE) OHIZINE > THEIET 5 2 &0, MG « HERRR ORI ARIEHIED & D
IEAG AR DIZHORFRR E 2 IR « FhR LT\ %, ik 3 2 FEMiasEo S B LT b i stih &
L TND,

iR Td 573, Hofmeister O [ ERAAER O LLiTE] (1851 -1, AT K - TRIBITHIHLGET
SHVIZHGERAN 1862 FITFHT SH72) 13,19 HHAEORMIAZ I £ b BB CHEHRILEED—o L &
% (Sachs 1906 [1875], Goebel 1926 [1924], Farley 1982), & DI L C, BIEZHEOTEMZFH
& FATHEDOREHIREHI T 5, T INNTHRAL DT GEERTIEE 16 ) (TR EIRORRES - —ix{bns
BV, 200D EURAMAR L FaA AR OFOHAZIZRE W IBERDS, 22720 8]0 ST
DIZHTER STV D, ZOHITIE, BFENRE T OMEET 2 ATREPEIC DWW T OF &b 2t
Do FARERER & & SRR ORG - % 58 il U 7o Bk —RISI X, Annals of Botany 56061 Fa v &V
T ORI I DN TOWEEEZ RO ONTZFRIZ, ZOFEDOZ L2 LT 5 (Tkeno and Hirase
1897), IEMDKRFEE %%\ 722> 7= Hofmeister 13 19 o> KA Y DT H7 I X AIZH - T, i
O TEROADRIEOREHL T TH D, TR S madlE, P T Karl von Goebel & % Constanze (2 L
STELEDHNTND (Goebel 1926[1924]) (£ DIGFRAROFHR & Mkl L, PRI LA ORE L~D
HEH ) & S BB HE 2 H L7z Frederick Orpen Bower K2 X %), Constanze 235 [H L T\ 5
RENOFEISETIETHRERS L, BETHE L WA E=a 7 20 RIS L D12 W H i
R, VAR A7 (Jungermannia) % 20 RKHEDITT-E WD K5 7, HEOBRESBIEIZ OV TORE
wHHL SIS,

ST, AR E OFAITBI LT, Hofmeister 12V VT, IO ZFEI ZEDR A G & 72 5 Bduard
Strasburger (1870) ASRCEFIZRAIEA I Z 72\, LIRAZ KT HERSIROIR (B3) OikrErI2EER (3~
6. 22 IZONWTHIm L TWD, E=a 7 OEHE - A L L THBILS Kny (1890) (X, LA
D XD IRINTIE SN THERR & 4172, RFOHEEITIST 2BE M OEERX (Wandtafel) ORI E
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Thd, MTroEiE @86 XK 13 X)) DXz, SHOENLT D ERNEMRK S H DD, HERD
SN L fit (55 85 BAR) RodkEar DR AR (5 86 [XIR) , MERRIROMUMT >IN (57 87 X0
72 E DB Xff %25 /TN D, KRR B FDORIMGE &2 % Goebel DEFFE (Goebel 1930) (2%, ¥
= I OAFEERE DFABFEOMEREIC B2 B ORFFEIC S & 5 < XSOMORIZEE 1 L D IXA 24448
#FHIn s,

LB, 19 AR I 1T DAFFESLOBIE T 573, 1EiEas < EINEROIAGGE &, 2RI Ofia
FARDIEA: & FIERLOERRIZEE LT, 4 H ThAMZei7E L LT, Durand (1908) (2K 25 b D0 %
%, Durand 1%, ZALE CTOMEDVAEZ ST T, IFEAIRED O OERGrR O AMFE A FERI GOl -
RLTWD, —J7, FEFEROERECE LT, P —RBIZ X 4158 (Ikeno 1903) 73 V), Durand (1908)
R OEERE (Campbell 1928, Parihar 1962) (25 ST\ 2,

3-3. ERFFOFRLIEE

Durand (1908) DFtik% $ &1, TEREAROFABIRIILL FO L IICE DD ENTED (B4), &
b, BHERIR OBEROFRBGHNE) D 1 EOIERGERAAMI (antheridium initial cell, AIC) 234 L 2,
ksl (AIC) 1, TEEMUOIEREAARRENI (antheridium proper mother cell, APMC) & 5550
HORRERRE  (stalk mother cell, SIMC) & 1208835, iEFEaeAAREE Ml (APMC) 1, fR75R &ty
2Nz X0, AEOERRHIE (antheridial cell, AC) HMRELETR - 7o kG asDIFIL A TER T 5, 1EkEasil
i (AC) 130 @ Ed a3 Z 72\, RIS (spermatogenous cell, SC) & ZMAIDES I (wall
celLWC) AU %, FEMIE (SO CESMIE (WC) 1T, &AM IRL, T, FEMMEE v
Ty NIRRT B Z LIl D, FEIFHINEIE, FERERIIE (spermatid mother cell, SMC) & LT, FldJim)

C AIC

APMC StMC

e | T
ac | [ ac stc || stc
| I — |
Ac | | ac 1
/\
sc we
‘4{1'/'} ole /,/’ o \ e|o|o|e]|e|e Sc Sc WC WC
[ \ / \ cleleleafele]®
f [ \
A (| B _—— ] ST AN
“. .[‘»‘....wé......' SC SC Sc sc
‘ | oje|eoje|eile
N ) N\ e ) EEEEEER N
/ sc wc |sclsc

o | e rdm —] — - J
10 & e opa ~
Sp

]J> = | sp

X4, EfEROIREE FEBE

A: TERERROF/EIE, B: M FIRBIEARTOE S, B LYy 7y b OKE) SRR (Ga)
DR LM 582, Cr iEffre DT AR ZH 1T HHILREE, HEIHOBEIFIEL </RLT
WV, FEIIIAS 2 B,
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DFEAEIHE BT H, 2 O CKEHMAY [spermatid, Spd]) 1XF5 1 (spermatozoid, Sp) ~& Z5HE
JHEIEAR) % (spermiogenesis), 1EfERRAMZK SV HIBEET, FEPAOMIROSZUZ LY, SRS

INEBIE GERERRE) BEIELID,
3-4. FBFERK

T ORE TR LTI, S5 (1969) <° Renzaglia and Garbary (2001) (ZFE & LN TEY, FHZ
BFEIIVORIR TH D, £z, 2 FEOBHENRZIRD &9 Bl b, Garbary ef al. (1993) 13,
IEREEROFED DAE TR « K THGAE TOREBRFED 90 DIFEIZHOWT, 2 LA —T BV v 27
RO ((Fave VT V) ICELREOREN o (BP=a 7 b8 TENLETIC
O TWEIRZ £ & OTND, EDHDIIFERERZHLD A, Renzaglia and Garbary (2001) 1%, =
N&E 72 OWEIZHEFLLUE LT, [ UBL) S, Renzaglia er al. (2000) 13, B & KFAIZ B4 5 4
B EEHT L TR Y, EOH TR T ORBGRRECIZEIC DN T H 2O (T OO %
Eir) R LTS, OB AR OMEE 2 R 7o\ s & D0, Ml Es-ORIEREICES
IF DFEIPEIZ DU T, Southworth and Cresti (1997) 73, KEMEBCE - 4%1 2D\ I, Duckett and Racey
(1975) B3, ENENSEBITIRD,

Y =3 ORSFERUCEI LTI, RO Ikeno (1903) LUK, ELREAIEITClL, HiE & iR E RS
RO DA 72 BT 2 B BMEE 2 O 72 OB BRI 3 2 807 ST D

(Carothers 1975, Carothers and Kreitner 1967, Carothers and Kreitner 1968, Carothers and Kreitner 1976,
Kreitner 1977a, Kreitner 1977b, Moser and Kreitner 1970 72 &), WEAT (2012) (21X, & 5 L7zFHOZE LN
RSN TN D, TDO—FT, MR EZ XU & T DI T ORI R-OMSEEI ZBhE U 78 s 7R
DWFZEE, B=a 7l EELTINETESTLBRINTVRY, VA XFAF0A X &1L LD
LT 2L DET MM ZEHES D FEW D, WEEZF- T, ERNEORE A2k TNDH T &

(Merchant et al. 2007, Carvalho-Santos ef al.2011) 73, ZOWFE EOZEHORERFERN EE 2 Hvb, [
31T AESRFEROYER L 1T 5, B = I % WM E OBFZED FTRENEDS 2 ZAZIEA > T
WHEFEAL D,

=3 s aaiehe EHEMOR+OMEIT, 2 < OEZAYICHEED “0+2” MG OHFERR 4o
N, XA = HMpi% RN TUvD  (Hyams and Campbell 1985, Carvalho-Santos et al. 2011), Z AU, = /7#i
Yo ZRERDRE - DIMZIRIKRE A FFT- 720 2 L DR E B 2 Hivd ORFN 2012 12X D), HEEORE
REHE & FOBIHIZBE LTI, #8773 RE T A2 FNIFEED 5Tl Y, < DA
IEFEL TS (Merchant er al. 2007, Witman 2008, Inaba 2011), Z OfE R, #iEI213 600 fEziE 2 5E
FENFET D Z DA LN 2> T D (Witman 2008), EE 51T, 77 2 RETADOERE S &
2, L DI %2 DE RGO, E=T70 EST BLOV / AME#R G RFAEMBIEARIER « 1[N
F2 B, AN LOBINCE D) b, FA =AML OMERLS (XA =W, 77 47
Jb e AR—7 ) HULKHEE) ORECER BRI -0, MR, HuiE, HEENEERZR & OMRE N
B nf 2T A1EEA#ED TEY, ZHETIS, BONbODO—ERIONWT, kR
KHRAEMGR LTS (BRI, KFFK), 29 Liz7 7 o—F Li3HIe, Mgk (Y Yetfk)
\ZFESES 58 T (Yamato er al. 2009) DD RFT-PiEhGaRDIZRL & BERBIZ B 5 vIREMED & % 8
T ST S (Yamato et al. 2009, dTs R « KFIP=EEL, FME), £OHIZiE, ~ 7 A (Mus
musculus) O Parkin co-regulated gene (PACRG) DAV Y 1 7D L 9 7R BRENS OMNEFILTND
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(Yamato et al. 2009, Supporting Information @ Table 5), ~ 7 AP PACRG i&f5 - 3FEHN ClIE Rk
TORFBLTEY, 0BG 23T YR iilia K& LTZERK (quaker™) TIZ, EERFEFX
8 - RN R 5, PACRG B FOFRENI LY ZHWEIET 5 Z EAVREIN TS (Lorenzetti ef al.
2004, Yanagimachi et al. 2004) , 7 7 2 KEF A TIL, PACRG EFEIL, #iEdi-t 2R bz > TH(EL,
SMUDEZ T Ly M IVED AR L BEDRIZRET 2 Z LB SN TS (keda e al. 2007).

PLEOMIFEREE FVE OIFNNT S, 1L, S S ERREROBERSC, B EHEOMERER] D78
B EPER Y, OB EERBICEE R 2 b OB ENSHUAHET 5 (EBFIE A 2006),
Y= OEELEEETH Y, HiEEREE VB OIENT, KRR E S (Reynolds and
Wolfe 1978) , i&tEann> IGMISE 2 PEHT 272008k (3-5. 22 ICBb2EAE (s
TORFEESRR L) | PR SR Z U S E o8E (3-6. 22 (T A EEM DA R
(B Dl K OEE) & BRAs S E DS ICB O 5 B EE, EE 2 rIREl T S NI B DlER,
HEPEICBID 5 EHE, MER ORI REDL2EAE, LW oTe bOOIFHEN TSNS, ZIVHDE
FE OB TIL, &b - O EROREDBRE CTHRBLT 2MENDH L LEX bND, TihvE

TOWRIIZREFHILAIFEINZ T, 29 LTz, Binf - EmEHE & £ OFBIEIE B 208080
HBNDZ LR, B=T T IIE IR - K FHEREZWITET D 72O DN I ET VA & 72 5 ATRedE
DTG CRFISEE L, B AR A 2 2012 FH4ER) o
3-5. EHESROHEL

TR DZAENIAKPLETH Y, 1k R O IEIEH B DIRIR DK DDA D IZ Lo THHO
DRTIUTIR BN LITES O TN D, SAGITH T > CEkFm ORI K E T L E D
T ENZUIRS, f‘j\’f%ﬁ?b VT, ERRITHH SN o O, i (2 < EORIREEE | e E AR
DOHTH S ({11 1990b) . BEHIORNZ L 912, #EETH 5WEa il OAM BT 55
WL OHFFENZIT Z OIRFRIZ E‘éﬁ“é aay:ﬁrbxi 572K 72K, WOEFFESA (Goebel 1905 [1898], Campbell
1928, Goebel 1930, Smith 1955, Parihar 1962, Watson 1971) (Zif15 Z & C, L 9 Gl o015, i
SOBFENGIH L TWBIIZEET VTS, 1930 SFEHETO LD TH Y, T<RED Y v 7 DI
%1 (Shimamura et al. 2008) ZRBNZTAUR, ITHEOTRITITE A LWL S TH D, BETIHIZEEAL
HEH IS Z LD & ot d DT, LLTNITHZEDIESE & 50T, A LEEL <7 5.

BRI 2 ErE080 D DRSSO X, YA A T RO 1R (Astrella californica) &
¥ 3T, [ERA7MER ) (forcible discharge, explosive discharge) 232 X417-Z & (Peirce 1902, Cavers
1903) ZEZHRIZ, BRI D K 9177289 Th D, v I DOz LTz Cavers [T34F, ¥
Y 2 OFSHIBELOME L 50 45501 < LARNZ 3T Thuret (1856) 128 W #ii SHL TV 2 Z & A7l
BEtE LTAELTWA (Cavers 1904), iU, 77 A E.Bomet H>HDOFMEIZ L 5 1 DT, Bomet
(2D & Thuret (1856) 1ZZFNETITHIFEAEGTIHIND Z ENehoT2 09D, FEEE, Gustav Thuret
DEIENE, BN = VT — /L EREI ISR 4 BOHO “Analyse des travaux de la Sociét” &\ 9H IH
HOHPICHES S L 9IS STl Y, BIRICHLHE S TORY, ZHRTEESTHTOBE L,
Cavers (2 Z OHEDIFELE N SHHET=Bomet (X9 &, FEDIAB O HiEHZROAIZ, TETUHE
FH & HIATH OGS A TN, BRNIOKIES 2, BRI, a7 ~F 2 T8 Th ol
Thuret 1%, b &b EITEREETHY, 2L RZF /) —TMIBIT L7 7 o ZANLMD—E Th o7
ZELHDHEVD, L, EWACESRT HIDICAREELRRD, EZORFACHERT S 2 L7l
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T~TF o THEFE & U A T, BEEOAE e EIC oW TEN T EEEE LD, BN X
(Fucus) °V %27 (Chara) \ZBEWTETFZFE A LT-DIE, Thuret T2  (Farley 1982)

& AT, #iRod Belgdolt (1928) 1, 1747 (2, Schmidel 23 EFEDEREaRASHEME AN E CThHDH Z &
2R UTBRIC, 3 CIIOERmONEM O A BIZE L T D Lk, & 512, Thuret (1851) D> 77
Zroua¥ =2/ (Fossombronia pusilla) DIEFEeROBA IR 28152 L Moore (1874) CGRR) D=
AV XB=2ITBT DEH GLl DU 2 & Uy 7 OEA LT D) OBIERIZSIH LT
WD, ZHHENBHWTY 5 & Thuret (1856) LIRTOBIZS « HEDN OOMHET D XL 9 Th D,

ST, B=a 7 OMlas it B LT, IBF (2012) RNEEAZEZOTHHLL TV D, AiHO
Mirbel (1835b) (%, Johannes Hedwig 723 & HFAD I A€ ==% (Jungermannia epiphylla [= Pellia
epiphylla]) C THER3DIE3E (Pexplosion du pollen) |z LT 5 Z L IZfilil, Hedwig o256 79
% Schmidel [1747] &, B=27 TIIERROBIG A /1.5 Z L0377 2 &, 5T Mitbel HE § 2 4F
B X SEEMob T, E=a 20k ) iﬁfﬁu%%%:ﬁé$L ITEENR -T2 L EFR LT
W5, [7 U< BIZHEST L7= Hofmeister (1862 [1851]) 1, 1EkEASA T 5 &, TEUGHEBOAMMAR)SEE UL 2
AUZ72 D, NERORSHIIE S EAG 2R OB B DﬁB%Lof% T U S, HERRIR D _LIrIZ A2 0 O
RESITK# L 72> THND Z EABIRE LTS, 2D OBIESRIERT (2012) OFLRIZHD K 51
=2 oA, Yy 37380, UERNRMEN] T3y, ZoZ i, ﬁ%mﬂ”ﬁi

B LWEOBETHLHEND TND, L, Cavers (1904) X, Vv 347 L2 HREFREA &

(explosive discharge) | 1%, BE= 7 DI, Vo B Iro7 W =27 ED 1 F (Preissia commutata)
WCBWCHBIETHZ ENTE, BE=a 7 BICBIT 52 - RNRBGTH LA H & LTV D

(Smith 1955 [p.52] IZHEIHEINTWD), ZhnbT 5L, MO HOBIZEE L Tk, ¥=2
A OHIREEFAR T 5 DML L TND D0 LIV,

BB T, WO Yy 7y NEERABE O L, s DIEHIIE 2R LIS H S o R
B L Tl Goebel (1898) DHFFENSEERD L 5 TS (Bergdolt 192612 8 %), Goebel (1898) 1, AEf L &
HiZ, vaaB=357 &0 1 fE (Fossombronia dumortieri [= Fossombronia foveolata)) & - /~X =3/ (Blyttia
lyellii [= Pallavicinia lyellii]) (22O NTRiak L CUVD, F72,Goebel (1905 [1898]) (Zi%, B=arfla&ie
EHIZTOWTOHRNE LD HNTWND, TIUFNT, Vv A7IBT DOV T,
Cavers (1904) 2R L CTRY FERE&LNLNITRVY) |, B=247 L Z ORISRV CiE, Bergdolt
(1926) 73 ==/"C,Andersen (1931) 2% Marchantia domingensis CETIVECNDBIELX & & HITHAE
LCW5, ZD 95, Bergdolt (1926) DIXid, Goebel (1930) ORI HELSILTUVD,

T ERoo 3 CtRadtam LTy 4, Bergdolt (1926) 13, E**“”W@**%Elﬂ@@ﬁ&ﬂj bbb E
LT, (1) Hlazoiey v > b (Bergdolt 1926 Tld, i&EerEE Antheridienwand & S41%) Ol
DIEH, () EkseskE (7 U < Kammerwand) OMIFROIEH, () @Ekbas (NOAME) Z£DH DR
FFORAMMEOWEDIER, 32 (DIRAAE) 228 Cnd, Vv 37 Tl idtdaiieoREiin ol
Moz 567 < m\ct I THLHN, B=Ir ORI, GOV Y 7y MlROIZEIC L 5%
HRE <, IERE e OBEI I IEBI D 72 & S, Bergdolt (1926) 1, kg O
T, Uy F%H}ﬂ@ﬁ%ka‘é Z &, FEOPERITMIREOIERIZ XL 2 D Tide <, MM REK
EIREBIND ZLICLD LFUR LTS, BoKIZH, ZORMRES AT 2 Z &I2k, vy
MR RSO RNZ 72> CTHE D A, IS DA PEH S s (B5), Andersen (1931) (2K
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% M. domingensis \Z3\F HBEEHFEEETH Y, IHRTO Y ¥ 7 MIROAIREEE 2132 5D mucilage
WEENDHZ &, Fie, i, ) v

Yy NI LE 5 PRI 17 5 ~
&, () kMo MmInEEOAME, (3) @
EREGIEOBEZ D%, a3k (T b T @
=) BER LA RIFTE (Thuc D
L0 Uy y MROEENERBERON M
WFENzE»S) @) EEwsEEEsc Aa Ab
& DHEHRTE (paraphysis; WEAT 2012 [ZXPR

SN TCND) OIFEIZ L Bk DB NI A
BOMERE, 72 EDNBED DR, Kb EHERO

X (1) THHZ ERBRENL TV D,

Andersen (1931) (X FE 7=, EREEROALO

FHRA L PR e R AT DR TN DAY, Z 2
WZIEEBR L2, ZAUT W, BiED

B UWTE - A L DT B = b
ITamZx £,

B 5. EFERRORFETE & FEllasLBIEIC BT 5Dy y MERDOREEZEL

A: R LT iR R, B RS HRIIRRSRAH B Ok RR, TEOMIIIAE L T\ 5, K TR 7255y
R X Ty MG, RO IIEHITNZ Z ety (EITANS) . Aa: REGAVRIERRO T ¥ 7 B

HRE, Ab: B L7TERERO U v & MR, Ba: K HHIESEAIZ OERGRO Y v 7 v Millla,
R CBR S T2 BB THIIEL, Bergdolt (1926) % & & IZHEX,

SSRGS BRI, ERERREOBI O8O FICAET 5 Vv &7 S OTAEROHE
WHAES 2 (R5 BZZH), BEEDOHEAIE, THIIALET S 1 ES L < TR S o050
AR ZHUCRED 525, BETH I X 0B HOL AT, 20 X5 REHIORIIE & ST
% (Goebel 1905 [1898], Goebel 1930), ~ DI ONT Y, T HE—F—+ b o FROT L NH— -

T 7RI EENT, Vv Yy NNOMEIZES U RO MEFET 20 E ) va et LT
BDMENRHH D,

TERGER D OFHIRSEO IR U C, FR D EIE, —HEOmROB| & & LR 0KNED LD
W2 L CIERREONIEIZ A D02 E V) 5T EH 5D, Goebel (1905 [1898]) 14, iEkEaliEDB B D% 1@
LTRSS ERC A DB IR TH D & Lo, kSRR REE MW L, Bl OEIC
L L CINER & )~ IR L Q% mucilage 23K DEI S RI-F D724 5 EHERIL T\ 5, 30 4
BOR UARDHE 3 UZBN TS, EEaEOR ML, D7e< & bIisEee o3 2R OMIE, <2
FLEFRRITIRN 8, IKDIBAZFFI72WEA D & L, LA L FRkOHER 2 BB L T\ % (Goebel
1930), 2D XS, WAKOBHEZE L CTH RO RDE-> TRV, MEORMPH L5 L E2% 9 Th
Do 728, DIHONOBIZE T, KITE LITHERIROZUIZIE, RFTHI7a/ i ORI 8 £ &
R0, BRI DRI S [RREES) 232 K2 ICbEbnsd (EHA, REE.
ZIUZONT Y, 5%, BT L CTALMERH D LEZTND,
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3-6. i Ihi-FEHRaDmER & FETF O - 24

ICRTABFRC X0, HERSR FE OERERRTER 02> DPEH SRS, 18 % ORI Sy - I
WL COKENZIED Y, KT 6HTL D, Z O3 - DI OmRIY, FfiusiicE 20 EolsE
WEnREED WL SEDLZ L2k TR HL LY THD (GBI 1990b 12X 5), FEEIZ,
Muggoch and Walton (1942) 1%, PEHH S REIasla 27 4 K77 2 Blzis< &, AE L C, FStia
KNI, 53D 5 BITE ISR DT 2 2 &, T A VT N —Riltige oA — 4
I Yefal Lo C, FEMIaCIINGNIEET 5 B2 oD Z L@t LT\ 5, s Eo X
N L THETFHBBHT 2 DN OWTIEARHTH 5, HEMllOMaEE E & STy o)l
1990b) , FEHIFENIZISUT DFE T OICREIZRK « BEADIREE T, MlEBEDZ L &, Bl ATEElc LT
Wb EpEB D,

JRE U2 ERR IR OO SR M 2 5% L TR Y, K& RIS R S 71213, i e
WUIZZ 2B LT T2 STk a2 2 7 TN T T A LW e 235, 20k H7%
RHED & ZAIZWED L 5 KRN D 5 &, F 2 a3k E 0 IS ERIT S N, BEL-5TC
030U SD Z 172D (Strasburger 1870, Goebel 1905 [1898]), #EMZEDBATDHAIZ BB
HAT T a-J17 (splasheup) EFETID LA THS (Watson 1971, ALJI 1990a), ZiuUZ, &
T LHKE WD IE OB EZ LB E LIRWMEIFETH D, AT T v va « By 7 HAT L DT
DA Z ATRBIZ T D 72 DIZ, FEIRuSL B U fAEE U, FEMpu s IUE U COKMINTIRA D Z & I3FRICE
BT D, D=, FERIRO MR CARR S AL, MM S D IENIER 7 £ OBk LA D
FENTIL, K51 OB Z ATEEIC 3 D RSHIREE DO B LT & & 12, SR OEERFIGEREO O S L
L CHEBREZR Y,

ST, ZOX DI UTHEPIZHU SR 05 5 6 DI, MEROEIRGROROEIZIZE 0 5L, Z
A FRTREIZ T A 72 O DMEZRFE - WEERIK  (archegoniophore, [archegonial] receptacle DZHE EDRFHEIZ DU
TIEZ ZTHEIR 720 (Goebel 1930, WEFS 2012 22R), FEEC, FT 0 ED X 512 L GEIIZEOR
AERICT2 E 0 E L DINTHONWTIE, £E L o THRWE S TH S, IBFT (2012) 1%, ARURARD,
MERRIC I 1T DREF-OBEN D DV ITHIE ORI & L CHRE S A ATHREME 2 LTV 5, 2T, 5%
AETRE WA ARG T D, GUS RRHERAEZ LAR—4 —& L THET 282 He
AT EDMFT B,

TEIRERDOTERESLCTE AN DWW TURZ Z Tl <72 )Y (Durand 1908 (ZEEMIZREC#E S 5, WEAT 2012
HEHR) |, EIREROB OEIT < AW BTG, SIS Ao CIMIIRICE 5, ST
SEIENE (ventral canal cell) 73, ZDHEOIIHINND EIZI TR (ventral canal cell) 235725, JHM
R DD CIEAREE L Gl & S OBHIMNI I LT, ks o5 1B -
TWDHREMERZ 2 Bivd ORFN 2012 12X D), HErilas b - K FRRuBfR T, €0 X 5 74ik51v
T I IS T DIERDEHE ORISR 2137 Th 5, ZOREIRD TEERFED—D
Thbd, YIRS ETORWEIIL, £io, riBsFoLchd s LD (b1 1990b 12X
%)e LIPL, HEELTBEZVOIE, B SEIRICHERT 28 FO5E130E LT, [Fl— R mAE
KezDr7v—r FERIATHD) ITHRT DG FRICIE, B2 (T CEICF—
Thd) ZEThD, P=IrOL ) BT, BTN BENICEORERS Z 5000, %
TERREORMNH Y E 5 Th 5,
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3-7. AHAEEERRTH_LOHLSE

SR I DG T OHANIE, HEATEREEZER 541 TH Y (Vanderpoorten and Goffinet 2009,
Goffinet and Shaw 2009, 4EJ11 1990b, WEFS 2012 HZM) , AMATEOFIUTIINE LD = LB3Z L
Bz oD, BHETIE, £2/3 OFEDMERERE TH 5 (Vanderpoorten and Goffinet 2009) 723, ZDZ &
I, IR 207 CC, HERIAD HHEEEA~ R 2150 Rl o E A B L, AMHEATEOREEZ S 6
(THE A & 725 CND, AT, B LWABSATNCER T 282X, 47 LS EEOEEI Mo &
RO, TR, BN OE=T 7 OKE R 5 L, REOMWOHRN LR ODEEHZ L, RO DY
BT, AHATEDN CE TR T EOBR L2 (B6), IR Tth i I Y38 =37 0%
AL, BARTIHIT E A EOHBR CREE LOMFIER T, AMATRZR 22 ) Z LiIXTEhntnbil
%o T 9 LIeAMAROIFLOH L 1T T 25Hls LT, B=a oIy FB=ar2510%<
OFEAS, BEMEEF (gemma, WEAT 2012 2ZH) 72 I K 2GR IGH L V9 HIEARESE TN D,

WALE ~ v, :
6. BSM=HFHE=TTORE
A: BEAL TN F 2 b OMERR, BEO EES THEIRZ 2 058F, RIEUTT TSR TV L1
ROMERIR 2 7] T, BEO PN, FI8VERR L RN i 2 5, B: ADIEL TR BTz,
ZRETE IR MR DD OREYE, BT FEIRIEET, RO, FRIRZSIT T & o £ HERRRIT
i >od %, 201246 A 10 B, FECKRFEATALAIEEBHIIC T Gk 52 - ).

DX RINEEDHTT, F ¥ o A0RH H5ATE, oS RMEE b 2 b5 2 ot T %
EWVOBLEDG, B TFOBAMICE S £ TOWE (3-5. BXU3-6.) (I, 1LY REREEMEZFO
bLOTHD EFA D, SARBRICE LTI, Wi L0 BIRZRO, 7 0B EMoEE M ST E A 23
RN, WTIZliib o722 D X 5 e, EINGOUHIH > I LD TE DRI 2R TE 5
ZEIHETDMEDR DD, LIeh - T, KO bl B igsslE £ Tomfad, 54 LiEH
SNHRETHD EEHITEZD,

4. SEOMEDESE
LRIz, FEEA OEZERT-LEY &, P=2 41238\ T LFY 258930 2 ATREMED b D A AT EFE D
HERI DS TN LT, BUES DU NI 205 ORFFSEICOW T, [EROfEFTrcE & L,
T. Araki-18

BSJ-Revi ew 3: 151 (2012)



YR A riR 3: 1562 (2012)

LFY [ZBIL T, e AEmORSN-FE (2-1-1.) LEEHOE AV Y xas (2-1-4.) &
BRANC, RABRRICI T EEIZ I LT DIFZEHEE A ER STV, TR & &, FE
IR — 2 TR DI FIZ S &SN T, JeABLE b o TREIDHEI ST DR E ey (BIx0F,
Mostly Male theory [2-1-2.]), BE=T 7 ZH\oitL, ZOZELZMO HEKT, BEROHLHD
L7259, LFY &, 130 D0%< DEEFRT- WEMEE OO b ETe) LIXRR Y, B o ko
EFEC, B FEEIC L DB FROBENEIZE A LB & oz, BN, B ciL, B
M7= 5T, BERERIT ML LT- 2 ZEZ 6D 2oD/85 127 (NLY & LFY) eSS TE, L
DL, BN B DB TIE, NLY Bbhiz L B2 b Cnd (2-1-2.), —F, a7z H
AT D L, BUEE TO, O TROLNZMAND S, B XY Y TRIATRLFF IO L9 ek 8D
LFY IR L TWAD Z L HEE SN D (2-2.), #8H, &L, So-<FHlnpny s =
TREINZ T 2 7RO LFY &5 1% R S5 2 & C, #8EICI1T D LFY {5+ - LFY EHE
DOEFRALOERENH SN A D, TOBNC, B AY U A3 A7 TTTICHL NS TN DI S
H— LFRE (2-1-4.L2-3.) LB=arnZh (2-3.) Zx L TELETILERHA D,
I, #EFE (13000 fl) CB%H (5000 f) LW OSZEHEEEEZ L L, AV I ARI S EE=T)
THOMNC 22T Z & DOt %, ZEh, FERE B THGET D E LTS 57249, LFY &
FRBRSAD 7 7 I REFT ARLAIR » 7 ANIAFAE L72WVIS, B B Okt Shb oy V7 E
e aL A —7%1 - RV I AT LY 28R L, B — e e oI5 Z LI, e
R OFEA: L LA B S BT, EEARERAER O LR,

A BlER B SPRUEF DIERGERERCZ DREREZ G AMAERKIZBEI L T, e AV U TRIAT 250
T, YL ORE FRE CIX, AETIZBFIEN72 S Qs a7, NEE, » & (£
=u 774 MA) L HEHERET & LT, MiB A2 A LEEWEZ R 2 76 T2 R &V S g r i idze
VS E I 5, BIAEOBFREMO—E (L Fa 7oy T V) ICBWThH, (EHEN T A E
O ERSIND, FTz, ~VL At (3~ 2 5MEFAD) ICR¥EKICH -7 FUFREITIAL 4y
ML TCWieruy Y77 U 283, #irimoBLEEZE2 050, 0 1F (Glossopteris
homevalensis) DALANHIE, FEMEWN TERGET O & HERE & & 2 GO TS TH
% (Nishida er al. 2003), 1Y (HEMEEBR) 12X > ORI 2 MEMERL AR (1098 OIFHIIE~ & i
DT DI A R T SR C R TR UL, BT OB 0w, MiEA T D70 DR
HE (77 FEFATIL600 fELL & Wbild) OBEHEIT ) AhbRbiTngd $-4.), 2D
REZZDHE, B=37 2 W TEROMER, 2 ANTITE 2709 2 LD TE R,
ME OO RE 52 T<ND bDOEWIRFCX 5, ZiUudEi, M@ T, L oHaEFes
WO L b0 Ah 9, HiE - BEBEOEHCBREZ ST 2720 DFT LAY (Thomas et al. 2010,
Carvalho-Santos et al. 2011, Vincensini ef al. 2011) (Z, Fi7=7e—B & L TE =37 012 Hiv 5 lREM: S ]
FFCE L5, AMAIRERRIZ OV TIL, KBRS O TH, MHPEORE 2222 AN A > TR,
e, 7 FEEE, Mo, MlaRE: S D, SFE ORE L T OMEEN 72 B SR, ERAwHICE
5 EESEMIEARET S (8-4.~ 3-6.), RAMRIIZET 12T 08 LT, IBIFDT—
~ThA 9, FRC, EFIIEZHOFLNFEBLSN, TNH0 ) FLAE > T, 1L U THMEASRIE
RO S5, FEIASEAINCE FICHE L2 BRI, ROk E 5 £ LA LoD, WNZ LT, A
I TAHSE LRI U & 9 (AT Z R S D70, SCTIE Y |, R OBS: 2 1T /- B2 T

T. Araki-19

BSJ-Revi ew 3: 152 (2012)



REYIBRAR TR 3: 163 (2012)

BoTATTTH %, MEOkE BHER & Z DBROERIT, HIER EOARERZRE LA D Z LIToTe,
L7eh3o T, RN O, [ EREMOMIRRE L E 2 HDRKE L DS EZO T, E=a 72 Th
PEAFEBRE DRI A HINTT D Z L%, HER EOAEMOIER OB L WO BRI D HEROH HHE
HEEA D,

5. $HYIC

B =T & WL, BE RIS 2 5mEEOBER - (W03 A T D3 i)Y &8E
IZBDILTND Z EIFEDRY) Vo e & HIZ, # Y CIIE T W BIROBERS, B4
BT E X KBRS D00 Vo T, B O A CE D, 20 o b, #%
FIZOWTE, oy (B - 888 -/ 78 23, FSZAREDHE T b A RBREDOZAIEDIE N
b, WA IRNTER L CND I N—TThHDH I EaE UL, BB LERLRELE 01X
EWUINARNWTHA S, IRZEED L THIUS, FEORMITIH S Z HIZRAR>TnD, E=a5%
HW5 Z &C, bivbiud, H7-0b, #1600 THEHT L7zREtiziR 0 22V VATRENEZ RS LTt D
FREROMSED X5 2ZF O E b o THFRET 2 Z LW TE L LERITREE L T D,

6. HiEF

AR EF TR ORRICBI 5B =24 MpLFY ORFFEE, SGIRKHE ORI E A
& (HERFZEB - PRRAOBEZERIZE) (S X BBk b &, EROZAFER GHFRE S A, FILFIEE, 5
ThifkKSA) LI EEDOPHAFTEHIC L > TEOTE LD TH D, OO TICH T~
TIE, AR TBARNCE & LT, NS #ae LAl GRS |, Kkt Gk
) (CLE, BIEBRAARED O OIFEWFZEE) | EASBRIEL @ ~ Lo KT OIFh, HEikE—
L GUEBRY) |, IWBfESE L OUERT) OBAEIINTWD, Fiz, IR ESEL (REBRF)
MBI D ZBURE TIRANTZTENTN D, L TUEHOEZR LIV, AROERIZHT=>T
I, PIRROBME T, BEEDOEEROWNTT, I 7O H\ W4 EBUTOFA OxGe E&2 1T U
E LT ERIEBE B2 Da X v FEWEEW 2, ZIUSE > TN 900 2 A EFRIRITEES
T ENTER, B2, IRl AELED DO ORI A L MTEY, WS OO EE R
BEETDHZLNTER, £, KRWEE 51X, 270 « 3 Zh O B DR %
RAETCWEREE, BIEROSEIZTHZ LN TE, 2L 2 RIS L2,
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