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®OX M K B R

BEELBELET DA R (OnzasativalL)lE, EERICRINERTTEDOD
—D&ELTHMENTHBY., LRI/ TDEEBENTIZEIEN S,
ERARTE, A ROERREOSFRIBZBBPTI—DOEFIELL
T AFXWEHMCRDSNBERB/OOSRICOVWTEALE, BRSO
O R, ERICEVMLKERSNZIES 2007 4 NERWRET
i, RET3HKTHY., TORERREILHEOB—BBREFICKYH
HWENBEBMOENTIND, £le, 7T OREAFAT, BHRARKIE
HMERPBHOND, COREE., EYEOEHORBERBNCAIT
BILICKYREEINDIIENDS, BWARICHFETIRRARES EORN
CHBITRBIBATH S LIBHSNTEY, £ SO EMDS, EOR
FCAS>/OOTSAMERBSERCLYBEEIND LM, FORED
KERBBRTHDERBEINTEL, LHL., EENEDLDICERLT
COREXFETIONCONT, RE. TOEBHLHRIEEREO-
T&LY,

EFXRE, ARMEREI/OOCRACHIZIREFMERERETHIEREZ. &
FEMPFNOBENSRTF LA, BIC, ERATRCHET I RETRR
MERBICEVEDLOILEEBEZTIIONCOVWTESEL >/

28 BHRATEFSIUHLHEYPEEBWVERBRROBR

EAVHEYEICEDLICEBLTRELTETINERETSHIC
[d. TEDEGTBHLBGRRREMARTIEMSEELN. HFHITBIZR
BRIRIBE, BEOATHRSKAEVWSEELRBAFSIHEET S/, Th
OB RICAESIZEEBRN, TIT, EFF, BATEEI /4
MEERBRRELUTAN, fitth, BEMEOERERTTIECLE. A
EFELTIE, £, RELOSBEAAEESTTIORMBERL (F1 KRS8
2) . TD%, BEEBETOSUICRLTE 28N T2ETER
L (82 RBI2) . TOHEMEKIC25C, 24 OXBHETH L (&1
BE) . /0074 NVOBRICEDLIBEENLOSNINEREL L
(Fig. 1)

%1 REBIEDBEL10,13,15,17,20,25C & L=, 10,13,15,17CD
BERTXIOAMOEBMDRK,. 25CHERICBLTE 2 EXRLICHE
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UZEXBE T, 20, 25CORERTIIE 2 BN TLICHIE UBRBET25C,
4R ORBFEFTEN. FORENEHR L, TOHER, 1V K,
R H IV OTERRIETRZ M REO Surjamukhi(SUR)TIE, 158 KT
17CTREICKR{LENMET L, 15CUTOERTIEL (CEDET L5 EE
ENBEMASMCEINIE (Fig. 2), —AH. BERKIBRIETHEREOR
F195%(0-195)Tld. 156 L N7 CHRATLEET S BIIBATHRILAEN N
RSN TV ECT OBRYE, MERKEONS DNEISTHERT
EFSH, TORLENEZERABLLELIS, TOREBHEZRNBECHES
hi= (Fig. 3),

DT EMD, CORBRREBVNDEICEY., RECHALVXINTH
RINZERI/OOSADHE, BLUTORBHZEZRE, RBRELANL
TEBBLUVBIRTEDILENERINAE, /2. SUREO-195L D33
FAFPZRARBRICAVAEELEZAR, /0074 N EERLEEE,. ETH
Lo @BEEN, 3 1ICHBT I EMRAAMICTEREINEZ DS
(Table 1), R/ O0L R EAH. CORBRRTIDShI=RLEHDR
BALHOBE—IBETFICL > THRRESNA L EbTRBEIN .

F£3F BEI/NOOLAOFHEZ6KD TFATSACIUNRIE
NADPH~- DO bononO7 «Y REE{ELBRTEZR(POR)DERERE

B CEBIHLEYMEADETIE. B8R4, IFFTSAPENDE
ICHLd 3, TFATSAME. RBHICLYIOOTSR IAEDET
3, CORBRATRZESKBLRBOONLEIY—Z VOB THLL, &
E(E. F1REBEBICBIZEEN. COIFATSRAMOEREMREL
EbOEER. TFATSANERBRTZ9 V0 RIF, 4yO0TS5R
FOBHDERIRESRIEDIN, TOERSY /UK ELT36 KDONADPH-
Joroo07 4V FE{EERTER (POR) BHSN TS, PORIK, X
ROEFEEI VIR THY, TFATSAMOTOASASKTF 4 —%48
RT3 NROBADI0%ELEDHTND, £, 2007 4 JVORIEEHNET
H370b-0074YRE2/DO074Y RANEERTIEERHEZRIE
3. ChODEBHSEEIL, COPOREIFFTSXMERDT—H—
ELTHBIRICAWRZLEER L, BRETETSEHHREDE 2 E
DOMEBEREENEZHEE L, TDLY /UK ESDS-PAGEIC & > THRH#F
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LEEETB, 13~17TCTEBF S HASURTIBKDDZ /NI HMSHRMNIC
WAL TNWB I EMHE SN (Fig. 4), PORDHLE % F L) Timmunoblot
ERocE 3. ABAKERNSEON, 1I5CTEBESELBE TR, 3t
BRQ5C)DH0%REDERRB TH o /= (Fig. 4,5), £/=, TOPORF N
SROERBOE(EEIETORCEEORE LN ETRMELCH >
oo TNODBERMS, ER/ODRDOHELE LERBNDOPORY /XY
ROET. 2V, TFATSRACOREKEAELOMIC, BIRRBEESD
HdEBTEEEI N,

F4E FBRDEBETFRARCLIIEREABBEOME

EREATERTIELEOEKRE, DEY. ZOBE, TFATSR
DOABMEEICEDLSBEABHZONDINE, ESBVEFRMFCLVE
B/, 25CHEFRTERSI L EPEOE 2EE2H B ELTRAWEES
3. TASASEKF4—0T7OF S a4 K&, B8, TFFTSRMC
HFONIHHH LR EEED,. W, BZIURKRBLH (CHEICHER I
(Fig.6A,E)e LML, 15CHEATEBEIH/ASURDENMBTIE. EDLD
RASEBEIBR SN, o= (Fig.6F), £, XBHICLDIFSaM4 R
BEORZFLFIOOSNLM -/ Fig.6H)e CNODERNS, HENLZED
5%, EERMFATERTIHAREINREOETR., FEAIFATSX b+
ERPEEINTNWS I ENRBEINA,

BSE BRANOPOREHEEBDETICAT I ERARN

BENRETRDOSNEEEERNOPORERBOETN. BETRERD
EDBEICERRT 2, E£BRT 34 ER/ OO0 ABHOIERET
CDOBMB3bDEBDND, EIT. £F, /¥ UBRIFICLYUPOREEY
- DEEBREFAEL. TOER, 15CEATERT I G-I HRIESURIC
BWTHMBRST)ERVANINOEREER LU (Fig. 7)

O ENS, BREADPORERRDETIE. EELANTIEHEZL,
EEROBRICEET 3 ENTRRENE, EOBEE, KE<IDCsH
(FTEZBNB, —DFPOREEMASBRENAIMES, ELTHI—D
FHBRPTHREN LR, EEEANREINZIMEATH S, KA.
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PORS YO RDMRK N SEREADRXY, BRETHI IO +rOn
T4 U RPchDICRBE L THEDNTNB S EMNRRE N, (ER(15T)HE
FTEBSHEYBEOPhDERBEZRELLEC S, SURTER(@R5T)
TEBIRGIBEONIOBEEICHIEN TSI ENALLICENA
(Fig. 8),

BERENDOPORERRODETHPchiZ it L /cWX B ICHEETIDRS
£, PChiDERBEEINT AL TEDOBENEERTIAEEESEZ SN
3, £CT. 15CRFTEEEE/ESURIC. PchOBBHMRTHSD 7 I/
L7 UBALAZERE L TPchiZ2BMEH 52 &ICL Y, BRENDPOR
DLARZEDEL I BB HENZIDERAE L. ALAZRE LA &I
LU, I5CHEATEBEIHRASURICBVTHERERLARLHZ N TEN
LI EDPchlZ&TK L 7= (Fig. 9).

LU, PehiRILDOERICHEDH ST, BHRERDPORD L RJVITE
TLEXETH-/E (Fig.10)e ThHDI END, BEURKBETROLON
7=PORY YNNI HDETE, 2B EHPchiBBETAHEXRRIC(TEEL
BWTHAD BRI Nn,

HEO6E {HRICKIERHEKS/ LARGBTFORREL

EREEORECHN, BELS/ ACI-RENEBREFORELFY
ktEhadZ &N, BEESIUVBRURILMLSELNCENTINS, £C
T, EEEATETSE-BRRIERKBBOEMET. &RE&S/ ADELTF
RRICEDLOBREMANBONIDERAE L. /Y URBIRICKY, 8%
&Y/ ABEFOREYMOERERAELLLEIS, I5SCHEATERTEHEE
BZEREOEPME T, RNARY AS - &3~ RT3 rpoBOEEY L.
EBCERICEREINTULVE (Fig. 11)e LML, 18S rRNAZEF Db DR
EFOEBEEYIEHED LT (Fig. 1),

Fre. XEAERONALERIE Q- RT SpsbBF RO P DpetBETO—
FELEIBE. 15CHATEBS#/SURT, BELRYS X Az YR

—REEEYN IO V/ENBVWERICEREN TS LEHHERS
nr= (Fig. 1),

ﬁmE%uouT%\wtﬁﬁviﬁéﬁt&mﬁthﬁwaué
Z EMSimmunobloti&(IC K Y BB S MC XN (Fig. 12).

—#. ShaAYRYUFZH/AICaA-RENTVWARIEFETO—TEL
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JYUBREFR LS, RERBBLEVTHAEECLIZERER
<BHonEbol(Fig.13) £z, S PV RUTH/AXBOF S
O—AcHF ¥ —EYT72=v b I OREERB L TimmunoblotZ {772 o /=
M. RRY. BECLZIEREIBOHONAD - (Fig. 14). Lo T, T b2
YRUZY ) ADORGFRBIEETHDENTRBEI NG,

NSO ENS. BERBERTTET S HARRERIEOBYE T,
BREY /) LORICFRAVPBRNICEHZTENTODIEMBELMCEN
a8

FITHE APV ERAPVICE-TEEINhI /700 R EER
o200 REDBEM

RZEMRDOY NI REBRBERTHIA ML T AL (Sm)ELS
H(CHNZ. BEFR. BBQSC)TTHEYGKELEBTSHALLZS, BRI/ OOY
ARBRZHEOSURTE L WWRILEENDET MRS b Niz(Fig. 15). DA
Z. fO/00  ARZHRKEBEICHAON, —H, WERERFENDEFD
BENDSRIBEI N TV (Fig. 16), SUREO-195L DAMRILF2EB T,
FTOBESEEARSLEID, BRIELEBEKE, BIESHEEINEBEE
W31 [CHMET D EDHFMICHEBEN, ZDBE. SmICKBKRLED
DRIBY., FXOB—BRECLYIZREINDZ EMNREET N/=(Table
2)

£ B8F%EY ADrpoBEEYIE. SMEET TCEBSEASURTEE
CEBRSN TV, 16S rRNADBRE LA YIME S h TH A (Fie.
17A), BREY/ AXBROBREMHAELP L TIVE(Fig. 18), LI L., =
FaYRUTY/LORERRICERENDD Shixh - = (Fig. 178,
18)e TFFTSALDI—N—9 VRO KTHIPORDEES., SMHFHE
TTHEESIHESURTHRMCRLLTEY, SO LESmBKERICET
BIFATSAEMERE LA LERMLZFig 18)

INHDOSMIZKBBRES / AOBREGRIROZELE, ERDFSICRD
SNEBREMBVERBLTEY., SO enb, BRESMPREELREE
EFEMICLTI/O0AKREFT B LML,
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B8

FHAETIR., ARMER/OD0LADOREHNERICHETIERE. $IC
BREEROED 5IBKR L.

€T, ET.

(1) IRXOER/OOCAEFETINTFRIBERPT S0, BHT
SESEHEPEERVERBREMAR LA,

EFLT, CORBRREMNDIZEICLY., LUTOERNESNE,

(2) BRI/ 00X UL 15~1TCOLRBRVEEMRIZTHRES N, 15
CUTORETEIHCEDTEMMEILEZN,

(3) IFATSRAMRICZRICHEET APORY /NI ROERMSERRS
T TEBIUARENSETHESCAEINTHY, COBRERESL
NIV TIRARL ., BEEROBEICERET S EMRREIN,

(4) TFATSAMIBHENBRTOSASKT =P TOF S04 Rz
EDEBEDORENEREH T TERE I BRI RKBETHEEINLTH
o

(5) BF&EY/ AICa—RENTWBRNARY A5 —+ (rpoB, C1) D&
EYSEREA T CEB I ARZIHRETZRICERINATWSICHHN
LT, OBFEEYS/ AREFOEEYOERMSEECHEZILTH
o Ty TOBRMEYVOERLBEICHESI ATV, LML, = b0
YRUTS ) ABREBEFORBRIIEETH> /=

(6) APV T PRALVICL>THEESHhZ /00 ADSERER
&, BERZOQCRAOSEREREVSEWNCETZBRICHDIEMN. B
EFIFBLVEREBREFRROB, STEI N,

DEok>c, BE/OO0RADOFRL, ERCLDIEBREDOHEMBE
[CEETDIEMN. N0 H. BB RELIDSIEHEEINE,
SHELTIE, 15~ITCOEBNEREDORECHS BREFRR, B(IC
BRENDOEES., HRBBEERUEDBRICEDLS ICREBT S0
RELF—IELDBDERDNS, F/o, TORBRBIC, A LT H
RADVDBWEFRELD ZEMNHFIEINSD,
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cool temperatures 25°C emperature for dark growth (°C)
’// ’////‘/41/1/%/ 7 . . TR .
%////////////jzz)}j}é 7 /////// LIGHT Fig. 2 Effects of temperatux:e during initial growth in
untll 2nd 24 hr —> darkness on the accumulation of chlorophyll during
lea stage subsequent illumination.
greening 0-195, Ouu no. 195; SUR, Surjamukhi. Each bar shows
step the mean = SE (n=4). The missing error bars indicate

that they are smaller than the label marks.

Fig. 1 Schematic representation of cool temperature treatment.

Tepal A BendangPutih B Iburiwase C
Daudin Lati Sai Shimokita
Patnal-23 Skrivimankot Kuhei No.2
Peta
Dular Somewnke
KetanGadjie: — T T 2]
auesS [] 50 100 150 00 250
Gropak Gedeh
austs P Chlorophyil content
SriUntung {% of control}
aus10 " Kesimbukan
¥ T ' T ! F T T T T
° 56 w0 10 300 250 ° 50 100 IS0 100 250
Chiorophyll content Chiorophyll content
(% of control) (% of control)

Fig. 8 Varietal diversity of greening ability in etiolated seedlings grown in
darkness at 15°C. Results are expressed relative to the results for the
seedlings grown in darkness at 25°C. A, Indian cultivars; B, Indonesian
cultivars; C, Japanese lowland rice cultivars.

Table 1. Genetic analysis in F2 population of the crosses
between "Ouu no. 195" and "Surjamukhi® for greening ability
in seedlings grown at 15°C in darkness.

Cross combination Segregation in X2 for p
F2 population 3:1 value
G W Total
SUR/O-195 68 31 9 2.104 0.1-0.2
0-195/SUR 66 33 %9 3667  0.05-0.1

0-195, Ouu no. 195; SUR, Surjamukhi;
G, green seedlings; W, white scedlings
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Fig. 4 Changes in profiles after SDS-PAGE and immunoblotting of

polypeptides in plastid-enriched fractions as a function of the temperature
in the 1st growth step. 3 ug of total protein from plastid-enriched fractions
were fractionated in each lane. Gels were either stained with silver or
blotted onto a PVDF membrane and immunostained with the POR-specific

antiserum.

A, Ouu no. 195; B, Surjamukhi.

Relative amount of POR

Fig. &

10 13 15

17
Temperature for dark growth ("C)

20 25

M o-19s
SUR

Densitometric analysis of levels of POR in

plastid-enriched fractions during growth in darkness at
different temperatures.
0-195, Ouu no. 195; SUR, Surjamukhi.
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Ouu no. 195

Fig. 6 Ultrastructure of plastids in the second-leaves excised from
seedlings immediately after dark growth at 15°C and after transfer to light
and warm conditions. A-D, Ouu no. 195; E-H, Surjamukhi. A and D show
plastids in second leaf cells after growth at 25°C in darkness. B and F show
plastids in second leaf cells after growth at 15°C in darkness. C and G show
plastids in second leaf cells after illumination for 24 h at 25°C subsequent to
dark growth at 25°C. D and H show plastids in second leaf cells after
illumination for 24 h at 25°C subsequent to dark growth at 15°C.

Bars correspond to 1 um.
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por

Fig. 7 Northern blot analysis of POR mRNA. 50 ug of
total RNAs were loaded onto each lane in 1.2% agarose
formaldehyde gels to give hybridization with prove
specific to POR gene from barley.

Relative content
of Pchi (%)

25
Temperature for dark growth ('C)

0-195, Ouu no. 195; SUR, Surjamukhi.

M o195
SUR

15

Fig. 8 Effects of cool temperature on Pchl accumulation
in dark-grown seedlings.
0-195, Ouu no. 195; SUR, Surjamukhi.

of Pchi (%)
2

s0- P

Relative content

_

Time after addition of
ALA at 15°C (h)

Fig. 10 Effects of Pchl accumulation on POR levels in
plastid-enriched fraction isolated from 2nd leaves of

Relative content.

+ ALA
CONT., ~———»
@sc) 0 24 48 MW
36 kD
PoR > @8- .-
100 -
X a0
o
O o
Q.
bl
OC 40
20
o0
CoNT. | o 24 s O
{25°C)

Tlme after addition of
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15°C-grown SUR seedlings.
A, immunoblot; B, densitometric analysis.

Fig. 9 Accumulation of Pchl in the seedlings of SUR
grown in darkness at 15°C after incubation in darkness
at 15°C in the presence of ALA (100ug/mL) in darkness.
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Fig. 11 Northern blot analysis of plastid-encoded
genes. 20 ug of total RNAs were loaded onto each lane
in 1.5% agarose formaldehyde gels to give hybridization
with prove specific to 16S rRNA, rpoB and petB from
rice.

0-195, Ouu no. 195; SUR, Surjamukhi.

Fig. 12  Western blot analysis of plastid-encoded
genes. 3 ug of total protein from plastid-enriched
fractions were fractionated in each lane.
0-195, Ouu no. 195; SUR, Surjamukhi.

Fig. 13 Northern blot analysis of mitochondria-
encoded genes. 20 ug of total RNAs were loaded onto
each lane in 1.5% agarose formaldehyde gels to give
hybridization with prove specific to 185 rRNA, afpA
and cob.

0-195, Ouu no. 195; SUR, Surjamukhi.

Fig. 14 Western blot analysis of mitochondria-encoded genes
of cytochrome c oxidase subunit 1. 3 ug of total protein from
mitochondria-enriched fractions were fractionated in each lane.
0-195, Ouu no. 195; SUR, Surjamukhi.

Fig. 15. Effects of streptomycin during growth in
darkness on the accumulation of chlorophyll during
subsequent illumination. ‘
0-195, Ouu no. 195; SUR, Surjamukhi. Each bar shows
the mean = SE (n=3). The missing error bars indicate
that they are smaller than the label marks.
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Table 2.  Genetic analysis in F2 population of the crosses
!)elweeq "Ouu no. 195" and "Surjamukhi* for greening ability
in seedlings grown in darkness at 25°C in the presence of

streptomycin (100 pg/mL).
Dular
Surjamukhi Cross combination Segregation in X for
F2 population 3:1 value
. 195
Ouu no, {9: G W Total
Sasanishiki
SUR/0O-195 82 26 108 0.05 0.8-0.9
Somewake
0-195/ SUR 80 28 108 0.05 0.8-0.9
100
O-195, Ouu no. 195; SUR, Surjamukhi;
Chlorophyll (% of control) G, green scedlings; W, white seedlings
Fig. 16. Varietal diversity of greening ability in
etiolated seedlings of each cultivar grown in the
presence of streptomycin at 25°C. Results are expressed
relative to the results for the seedlings grown in the SUR 5
absence of streptomycin at 25°C. Each bar shows the st -19§
i o C Sm C Sm
mean = SE (n=3). The missing error bars indicate that Rubisco
they are smaller than the label marks. LSU o “
CF1 e —-——
POR
A
rpoB  16STRNA  rheL Rubisco
.C Sm C Sm C Sm SSuU
“‘-‘ L4
w w CytcOx
subunit [

185 rRNA  appa
C Sm

i

Fig. 17 Effects of streptomycin on the accumulation of
gene transcripts encoded by plastid (A) or mitochondria
(B) genome. 20 ug of total RNA from SUR seedlings
grown in the presence or absénce of streptomycin in
darkness at 25°C was analyzed in each lane, Filters were
probed with gene-specific probes made from cloned rice
chloroplast DNA and rice (cob), pea {(atpA and 18S
rRNA) mitochondria DNA. C, control; Sm, streptomycin.

Fig. 18 Effects of streptomycin on the accumulation of
plastid or mitochondria protein. 3 pg of protein in
plastid-enriched fraction, and 7 pg of protein in
mitochondria-enriched fraction were fractionated in
each lane by SDS-PAGE. Gels were blotted onto a
PVDF membrane and immunostained with the
antiserum specific to Rubisco (from rice), CF1,
cytochroime f (from spinach) and cytochrome ¢ oxidase
subunit T (from sweet potato). 0-195, Ouu no. 195;
SUR, Surjamukhi. C, control; Sm, streptomycin.

—149—



m X EEREDORE

BEEEFEETH1 % (Oryza sativa L) RERCBRIRLZRTIEHO—2L LTHLATE
h, Halsx 4 7OERBENS XRZ Sh?, APRIL, 1 2PBPCRRTHERI/ r e
ARCEEL, TOREHERYRET HSBERY, S FAEDFENEH>OBRF LICIDOTHS, EE
zaa v A, FLLHRERDIEMERIC LD, 7o 7,4 VR RWICRETHE, BRI
HEThh, TOWERBISUOE-FEBETFR I > TXEIATWBZEBHMOA TS,
oW, EROLELRBOCHET BT LICE VEBERD T Lk, ERRCHET
KEBENTORBC KT DRERLTH A LIEWENTED, Th, TOTEhh, EDRE
S 7 rS A MYBMERIC X WHEIhDZ L3, 7r e v ARBORELERTHS
ERBINTE, Lal, BEAEDOIIXFALTCIOEELYHFETINROWVWT, BE,
FOEBMTIIEAEFT LD, FPETIE, TTOS XDERZ v e R 2FET 28ELH
BT 50, BT CTET S RAENGEBVAEERRELHR L, LT, TOKBRREAL
BLERLYD, UTORERESHI, OUERZ v e v Ak, 15~17C D HEIR EEERT
FEXh, 5SCUTORE TR FOBFENAEZI NI, Q)=F+ 752 PHDOPOR % v 2
BoEBRIMEEBFA T AT IR AE CHEECHEEIATEY, ZOHEREE L~V
Tie, BEEHOBRICER TS Z EBXTRERShis, @)=t 7 5A MR- T =S 25
RF 4 =7 rFF 2l VigEOBEBEORER, KERFT T CEE I RZEMECHES
nTwie, BfaEEYy 7 22— FERTWARNARY 25—+ (rpoB, C 1) EFEY BT
METEHBRERINTVWARGELL T, MOoBREs 2 BETOGEEHOERNEEH
HEIhTWwiz, ¥io, TOBMREYOBERIFZWCHEHEZI AT, LAL, 3=V Y7y
) AREFORBEEE Thott, OA LT b4 Y VR > THEIND 2 v 0 v ADREE
MERLERZ vv v AOGEHMZERLVEVCVRKETRERCDI L Z LM, BEFITBIVUE
FERETFORBOE HRE S hic,

LED X3, KRBT, BE7 2 ey 2A0FEINMERR & »aREOHBIEE R
TBIER, RVRIE, B, BREOLVAHLIERI A, $%, I5~1TCORENERE
DRB LD RETFRR, B2, BRENOEE, BREBHL R LIS 2 BBIED L 5
ETHPBRERT—< LB bDEBbhD, ¥io, TOBBEBERE, AREOR VI b=
AV RAVCEERAVDERHICTFRELD LN REL S, UL X3RRI, B#EA
—[Z, ARCRHZBIEL (BY) ORMLITHET S EHE L,
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