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I. #

1 AFBREIMAZ B/ LI FRELT, ZLOBBRIIREENERE 07 5 A OK
& D AT 2% (OONO1981), L L ZO#EEZMES 2D ICRBRORMMSKZ SN
TWd, 20—, A A FFREC L 2/ MLBEEICIEITVE 3B FHT 2 L LS HEH 5,
IDTNEERRZIILAF DA A LFTHRES N, REFHWCHENLBERTH S (CLAM-
PHAM 1993) . 7V E  ODEAERIZEZIZ S OBERBEEL T b S IENH L, Fl2 I, ##
Ble 354 2 DORFHLEBKRI (BULLOCK et al. 1982), TE¥ D FH EXRE (CHEN and LIN 1976),
BB RIBLE DORE (HUANG 1984, GENOVESI and MAGILL 1979), ##i0D3 s FEBE L4
BERVvECDHA&EGDE (CLAMPHAM 1973) # ¥ TH B, L L, 7AE/ EEDREREIZTEA
TH b,

TNE S ORIRIC ZERE ORI TH 2 ARENTFEST 2 (VAUGHN et al. 1989), Zd
BRERENICIZEREDNA I —FENTWE ) 7o —R-2-) VIR REEEER S 23S & 16S
D rRNA 3 F2RIL T3 (SUN et al. 1979), #% & MifREBEFHROBHANFKIRIH S Z
&7 5 (RODERMEL et al. 1988), 45 D4rFDRINIERED & DERE~OHLICEE T
IEBLTORRICEL 50[EH L H S, —F, DAY and ELLIS (1984, 1985) 344 AF¥DEH
BB L > THMELZZTEBREEKRO 7V E ) OBFEE DNA XK E BREFEESH D 2 L5,
L7,

SEEYOEREDO T 2 BEE I ERETMELL TOXRERTH S, LrL, BFEEITH
DSMED B> TRE ZORRBEBIEL TSI 2 L W) 0 H % (KIRK and TIL-
NEY-BASSETT 1978) . HEVIMIRLIZ X 2EEHENH 2 2 00 o, EREUAOERE FIZ X, 7
Tu77 A HEE-OEE) 20 bEREADSHMENTRETH S LEZ 5D (POSSINGAM
1980) , BRMEIIHE D DNA 28> THB Y, KERCEET 5 5 > /37 L E OFFR THRE
35 tRNA ® rRNA 22— N LT3 (SUGIURA 1989), ZDZ »ns, BAREIIEARSY
LOBRTH S5 LEBHDOT /) LERFTI2LENDHD, ZORBIIAFNMLLBERBED L
THIEIESNLTWBEHDEEZ 55 (NGERNPRASIRTSIRI et al. 1988, DENG and GRUISSEM
1988)

HEMYMO—FETH 5 Epifagus virginiana DEFEMK DNA 1%, XERCESES T 2 B
ERAELTWSY, rRNA-tRNA - VRV —2EBHEBETF « BED ORF (A —7>) —F >
TIV—L5) BRENTVE, 2O M5, ZOFEMIOY / 2MTIZIENERRE < FER
REEET 22D 2BNa—-—FNENTBY, ZOEE - BRROLOICEORET /) LK
FELTWBAREMRNTRB E N T w3 (DEPAMPHILIS and PALMER 1990), —7F, #¥®D 5-7
S/VTY VB (RLVT7 4 ) CORBEYIE) 37V S vEBroERENE0, ZOEERD
BRICIE, BFE DNA 2 — a3 tRNASY 723808 & &b (SCHON et al. 1986),
RKV74033abrFI7R20MOMI/NEEDEFRERL EWCHIEET 218 TH
D, EENSRERICBLEATHS Z 55, HOoWE and SMITH (1991) iF, FEXRSEAEDIO

Il



ta%A DNA 232D tRNASY 24ET 57200 RNA KUY AT —LREELTWEHDEE
ZTWw3, ZORIBLERNEREY ) AOBREIC DL TRARHD AL L, REEYTO
REEBFRAE DNA O, ThoDSEBHT 2ENIHEMEE RS, 1 X OERE
DNA 3& /vaRUE¥=37 LFEkk, EERLIINSHREZNTHED (HIRATSUKA et al. 1989),
TAFRF A LAFIHRFOBFHBEATVLDE I Ehs bIHEMEE LTHETDH %,
AWFEIE & D RIS A AFEERMORBEXER L LT, FEBECBITLZ27VE/ RED
FEREMEHT S &L bil, EREAOEELEFHEARONY ¥ —E LT, REEBFEEDNA OfF
FADRIREHIC DWW TR L b D TH 5,

II. 7,7 ORKEEAR DNA

1. HRRUAFZE

4 2 (Oryza sativa L. FI3Z50E * 57 7) 2BETERL, EEHEL2D7 & L 1#%#
DItk S0 AL, 10°C TI0HEERRAEE, #RFECHEA L, 5ml © N6 &#X
Rz 30g/1 > 2k, lg/lBERF * X, 2mg/l2,4-D (2,4-dichlorophenoxyacetic acid) %
I o AR B2 BEREE L2 R L Te AV A 20.8%EROE M E THE S ¥
721%&, 0.5mg IAA/1 £ 2mg/l A4 #F > & N6 EAEM ETHMER - 72,

BoMUEEDORY® S DAV AFE i3 ABE and FUTUHARA (1984) D FZEE -T2, £728F
TG EIL 25°C ORET T, Habol:» 0R5#E I 25°C, #73,000Lux DO 16EFEEHHAD KT
TiT-o 72,

DNA o#itii3 MURRAY and THOMPSON (1980) DAL, N 7TV FA ¥
4 v a VIFHIRBER TUE L 72 DNA %0.8%7 7 u—AY VvV TESKEI%, SUGIURA and
Kusupa (1979) OAFZICED T uy T4 v 7 % {Toz, F/NaEERkE DNA Oruo—vr
pTBal3, pTBa30, pTX6(SUGIURA et al. 1986) & 1 > ZEfk{&x DNA 27 u— > pH10R (rbcL
BEFE2E&T 9.5kbp @ Hind 11 ¥rH ; MOON et al. 1988) % 7u—7¢ L CTHW-, B
digoxigenin-dUTP 2k S XV UL FET7 A VY b—78 (HELIES et al. 1988) TiT- 72,

2. #& R

YOI bar RU 75 ACBEREY ) AO—EBERE LI L& 2 5N L2EEBLEET
% (STERN and PALMER 1984), 1 2D 3 b2 > F V757 AiZld rbcL-atpB-atpE-trnM-
trnV OEREBETLT DI 7 A Y —DELET S (MOON et al. 1988), ZD7/z28, ZOHEE:2E
LEGAE 7o —7 DNA © pHI0R 1X, 3 h2> FY 7 DNA OMHEEERIC b N4 7Y 54 X
L, Fig.1 &R+ 8D Hind Il DL DNA T 214 7V 514 ¥ —3 3 > ORI,
9.5kbp D1 EAE DNA £ 6.9kbp DI 2 b > K Y7 DNABBHEEINS, LHL, W oOn
DT NVE /HEYITIE 6.9kbp DMTF D ABKEH I iz, TOTNVE Y TIRHIREROBELYX
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Fig. 1. Hydridization analysis of total DNA from rice albino clone 2 (A2).
Total DNAs were digested with HindIll, Pstl, Pvull and Sall,
fractionated on agarose gel, and then transferred to nitrocellulose filters.
Each filter was hybridized with the labeled 9.5-kbp fragment containing
rbcL (pH10R). Lane G ; green plant. Lane A2 ; albino clone 2.
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Fig. 2. Restriction map of rice ptDNA. The positions of the probes pH10R,

pTBal3, pTBa25, pTBa30 and pTX6 are indicated.
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Fig. 3. Hybridization analysis of total DNA from rice albino clone 5 (A5).
Total DNAs were digested with each enzyme, fractionated on agarose
gel, then transferred to a nitrocellulose filter and hybridized with labeled
probe pH10R, pTBal3, pTX6 and pTBa30. Fragment numbers not
detected in the albino plant are shown by arrows. mt ; fragment(s) of
mtDNA (Fig. 1). Lane Et; etiolated plant. Lane A5 ; albino clone 5.
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Fig. 4. Hybridization analysis of rice total DNA from albino clone 10 (lane
A10). Electrophoresis, hybridization and probes used were identical to
those in Fig. 3.



Fig. 5. Diagram summarizing retained ptDNA regions in rice albino plants.
The retained regions in each of the albino plants are shown outside the
ptDNA restriction map.

ZTOBFHERLI IR Y7 DNA OABBRHENE Z 0o, BFE DNA O rbel @
FEEHREL T3 EHETE N (Fig. 1),

wiz, EfEDNA DIZIZEEEAN—FT 28334 3xDFu—7DNA 2FEHL, ¥
INATNITAL XA a kb, REBEEERITL: (Fig.2), 748 20@#ED4£ DNA
% Pstl, Sall, Pvull TYIKT LRI L7z & 2%, EWL/SY — 22BN DY H o723,
TEO7VE ) TIRMEDORENED SN, 7NVE/ Ad i3/NE—EZS| (SSC) DFEE I
Haniehrol, 7LE/ A5 13 SSC OFEBICIZ, HMRKERTIOEHAHLH -7 (Fig.
3. MHBEBDOKE ARKIZ AL &£ A20 KBV TEEI N (Fig.4), Zh oD/ (Y —
VIR RERDERFICECEEZONSL Y bu— LIRS LK ED STz,
Fig. 5 W ART LD CREDEHII T VE /AFIC L > TR -7, KR&EEFEEDNA DET
i Pst I-2 OB A RFL Tz,

TNEORPOFHEINTZANVANS, BEFEMLERALLEZ A, ETTLVE LRk o
2o TNODHNVADHHFINALTNVTAL LA, a3 DFERIZ, bDO7LE ) ER—DRE
HEEETRLIZ 05, REGEE DNA ZH LV RAEBTHERENAIRETH 2 2 E8HEAL 72,



R&EFEAE DNA IZ20 D7 v E D b1IMEKICIIBRE X R o703, HIREREAIC X
3 ENTEER TR S ke WNRBE L RETEBSTFEAE L T 3 afRetE 2 HERRH R 0 5 720

3. #

RS EBXRDA AT NVE ) TABE L BFE DNA OREVPBEE SN, ZOBRIEZ, 24
FEAALAFTHEHEINLER L —%¥ % (DAY and ELLIS 1984, 1985), f¥ S ha > F Y
7 DNA ORBBEL REEEBRE SN TWEH, Zhoi3$ kbp ORERFIMOSFHHE
BaZ K5 Z LB TV 5 (LONSDALE el al. 1984, STERN and PALMER 1986, SICULELLA
and PALMER 1988, FAURON et al. 1989), L » L, E&F&s 2 A Eicid, $ b2 MY 7 DNA
D& kbp B & EZREEHIEHL KBRS ICIZFEL &> (HIRATSUKA et al.
1988), I b~ F U7 DNA OREKFIBAEOMIETLERE X (HOLT et al. 1988), ZD
JFAIZ 10bp RO KEEFIRITOMHIBEZICL 2 Z EBHEHM»ICEN TS (SCHON et al.
1989, MITA et al. 1990), 1 * DEFRE DNA 121X, 20 & 5 HWKRIEETIS W S DWEE
32 (SHIMADA and SUGIURA 1989) Z &5, ZhSOEFIMBEEL TwA Al E 2 5
ns,

—7, A%k DNA 38 FH T TR HENLE L Tv> 5 (CHOWDHURY et al. 1988, KEMBLE
et al. 1988, RODE et al. 1985), SEIERA L :EFHEKDO I VA, BFE DNA K2 ER
BRD OGPl I s, REBFEAE DNA OHER, HIEECRENZERTHLLD
EEZ 5N7, VAUGHN et al. (1980) IZ{EMyHEIR7 VE  DANLT 5 DFEREHNRE %R, %
72 MIYAMURA et al. (1987) 32 A ¥ DL OE 1 05 2 O RE B CEFEE DNA
DEEEZBEHBR T CTHEL T3, DAY and ELLIS (1984) Z#FEEEOBHMEBEICT LV E
BEFRTHEAZ, MHIREY  AOBMEEESEE T 2 L EZ 5 b E#EE DNA OHEKEBHER

(KuroIwA et al. 1982, VAUGHN et al. 1980) & BE{%235 % aJREMERRBL T 5,

K% DNA HF2EHT20FEL, BMEDOY V7 &/ELX%S Z L% %, OELMULLER
and MOHR (1986) %, 70747z =a— VB 2EREND Y > 87 GEFEED,
WKa—-FI3NLERET 7 DBEFOBRELFILIREZ I LE2HALLICL, 72, BUR.
GESS and TAYLOR (1988) I, FERED S DML > ORIEHIL I — F OEREKE S > /7 BIEF
DEBZLETHLILEHRELTVS, ZhsDER®S, R&EDNA 2ET 2GR KITE
BEANDDLENEE YL, ZOZEBTLE/LO—RHELZ>TWVWBE EEZONS

(HAGEMANN and BORNER 1978, SCOTT et al. 1982, SASAKI and KUROIWA 1988),



M. R&BERAE DNA OGN

1. MRRUAEE

TNE (BERE 7)) ORIVFEZELLANLVZ (A5, 20C) EFEALL, Zho
DAV AF N6 EAREIHIC 30g/1 ¥ aﬁ, lg/l BRI * X, 2,4-D 2mg/l 25T REH I
¥ oS TRRE T,

HNA L DRI U722 DNA 2 HREER THIEL,0.8% 7 a0 —A 7V CHiEI‘RF 1 o &
W7y hL, $FEINATVIA LA v a i LY REEERBEN LT, 7“o—7 DNA i3
HEBRFLHERR > 5 5B L Tzl nic 4 2 ERME DNA D13 ED 7 o — > 2EHA L,

ISIWVAT 4 =N NEBRKENIBEEERT N7 S —{bL7#K 0.1g DAV A %0.7%DIERS
7Aa—A7)N (10mMm Tris-HCl, pH7.8, 15mM NaCl, 200mMm EDTA) w@# L7z, Z
O7Ha—A7ay 7%, 10mm Tris-HCI pH8.0, 50mM EDTA, 1% sarkosyl, 1mg/ml
Proteinase K T 50°C, 16EfEifLE L 72D+, CHEF-DRIVE II (BIORAD) T 0.5xTAE #&
EwE v, 9°C, 45D/ VAT 4 AT 200V, 12BEBESIKEI L7, 72, 74 ) BRI
i3, HIRERETHMEL22 DNA % 50mM NaOH WiE#EL, Zhx0.8%7 o —A5L
% FT, SAMBROOK et al. (1989) D FEIWHE > TiT>72, PCR EEiZ, 0.4ug OT7 7
L' — b DNA, lumol 774 <v—, Cetus D Taq XV * 7 —¥ L BEEEFAL, 25%
4 27V (94°C, 1.543:55°C, 2.547,72°C, 443) TiTo7z. RIGEE 3 %D NuSieve 7
O—ATHRHLTz, AV 774 ~—0EERTIZATOEY TH 2,

754 ~<—A->CTTAAATGTGTTTAGTATTTAGTAGCCCGA
B <—CAGCTTTAAAGGGAAGGGAGATAGACTG
C—-CATAGTGGCAACTAAACACGAGGGT
D<—TCATAGTTGCATTACTTATAGCTTC
(=ix5 5 3 AAEERT 3)
Zh 5 DFEFiZ EMBL database @ (no. X15901) : A, 12121-12150 ; B, 12602-12630 ; C,
122736-122760 ; D, 123821-123845 2/ T 3,

2. # R

Fig.6 12, &ANVANOEFREE DNA OREFHETRT, W DDDANVATRERATOER
KEFE DNA DFOBEENSED iy, 4-5 B0V ARRKICIZ, ¥—DKR% DNA 4>
Frgonr, TOBRRIIHNAEETONT aBaEE DNA O 5 05T (Sorting) DS
Re&Ezohi:, BiEFET 2 BBOFREBERIHMBAIE, 2> bo—L e L TERALETHK
ANAXD DNA R OEEES > S BEI N BB & —F L7z,

VM EERRE T 270, AS WV ARFERL THETEED 2, HIRBERS B2 {To X
WAIZIE, 19kbp & 38kbp O FHEEES N, £z Pst | THMMLIBEITS 2 EKDMH



Fig. 6. Retained regions of the deleted plastid DNA in each callus (curved lines
1-5). Line 5 indicates the region of callus line described here. The
inner circle represents the rice plastid genome. The inverted repeats
are indicated with bold boxes. LSC and SSC indicate the large and
small single copy regions, respectively. The dotted area shows the
region of the pPR2 clone, next to trnE (glutamate tRNA gene). A and
B denote regions described in the text.
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Fig. 7. A Southern blot of pPR2 homologous DNA. Blotting and hybridization
were carried out as described in Fig. 1. The probe used was pRP2 clone.
The sizes of the two fragments in lane CL5-ND were determined to be
19kbp and 38 kbp in another experiment using 0.3% high gel-strength
agarose (Nippon-Gene AgaroseH).
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Fig. 8. A restriction map of the terminus of deleted plastid DNA in callus line
5 and Southern blots obtained using the HincIl 0.8 kbp fragment as a
probe. (A) A restriction map constructed from sequence data of rice
chloroplast DNA. Locations of genes and the positions of primers A
and B (Fig. 5) are shown above the map. The vertical dashed line
indicates the terminus and concatemeric point. The region of the probe
used is shown below the map. The sizes of fragments which should
hybridize with the probe are indicated in kbp, and the sizes of terminal
fragments are in parentheses. (B) Lanes 1 and 2 for each restriction
enzyme show the hybridization pattern of total DNA from seed callus,
and that from callus line 5, respectively. The. sizes of the fragments
detected in each lane are shown in kbp.

nEE s N (Fig.7)e 7u—7 DNA 7% Fig.6 OfEHRAZEBL TWAED, #IREZEOE
WERZIIBECILDIDL IR 2EKDONY RBBE N (Fig.8B), o —7 DNA £ &
EEnZEF Oy 1A X6, Fig. 8A WLz & 512, trnG EEFH| (Fig.8A O N v MEA
) BHEL, RiEpERENATWwE DRI, X561, b —HDORKHO ZRE
3T57:%, Fig.6 DEEBA2& LYo -7 L BEOFIREREFERB LN, TV 5L ¥
Ay ar®EiTolz, ZOKR, atpH sEEBEDLDN TS 2k, T4&bb, atpl @ 3 HITK
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Fig. 9. Electrophoretic analysis of the terminal structure of the deleted plastid
genome in callus line 5.

Primer A+B B C+D

S 1 2 3 4 D 6 7

Fig. 10. PCR analyses of the deleted plastid DNA. Lane 1, H,O control ; lanes
2,4 and 6, total DNA from seed callus ; lanes 3, 5 and 7, total DNA from
callus line 5. Primers used are shown above the figures.
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Fig. 11. The structures of deleted plastid DNA in callus line 5. (A) Structure
of monomer, (B) structure of head-to-head dimer, (C) structure of
tail-to-tail dimer. Terminal and concatemeric fragment sizes are
indicated in kbp. H ; HindlIlIl restriction site.

BOBTRENT VS Z LBHS ISR,

Fig. 8BIZR¥ & 512, ZHIBBRC L > TREENZ 2KDOKF DO b, KELHFH A X
X NSVLEY A XD 2ETHo72, £z, I —FHORIFBIBWT HFEBROBERIBS iz,
ZhoDWFEioEE:2 7 o — 7L LEBECEBREBEZW I E» s, KiFSHEPVWE >
REETEELTWS D EEmE NI, &5, BUED DNA 471319, 38, 57, 76kbp &
BEANS 4 BB LEZONZNTHEDONS Z L5 (Fig. 7B), 19kbp DR F43
Head-to-Head, Tail-to-Tail DR TEB L 720 TENSEEL TS O LEra s (Fig.
11),

Fig.9 3 3EOHIREREMERL, 7LVA )V RETTERKB 2T HERTH S, REH
TFNTHEZRENT 2EKOKREHE DS bH 4 XBKEWVHIZRERINTL, N4 XOKE X
HELZ, 7VAVEMTIZ DNA O 2 RS ML 1 A8 % (SAMBROOK et al. 1989),
ZD1H 25K DNA DT O—HOKRFEHATELTRHALTWS LEZ 5z, R UHERD,
b —HORBTOERIIBLTHEREINZ L5, IOREEEELZR DNA HFI3T
KEEBANTECTHAUTWS b D LRI NI,

774w —AELBRHERLT PCR EBE{To7&Z%, 2 ba— LAV ADFEITIIE
HEF o FREINSE YA X (569bp) O DNA HIEE I NL7zH3, A5 AV A TIE#H) 130bp D
DNA 38R & 7> (Fig.10), €5, ZTODNA X794 ~—BDA&IC L3 PCREERTYH
HEE N, COMRIT 74 ~—BERUESISHMORBTEET S I LE2TBT 5, Z
M%) 130bp @ DNA I, RKIFAEEE2EL S0 -7 DA L THEEERL 2, —F, 16S



rRNA BEZTF (rrsl6) O—E 28BS 3754 ~v—CED%Hw/: PCR Tix, A5 AV AT
#EE DNA »SEER S ko722 95 (Fig. 10), A5 # Z2CRIEF kFEE DNA HF
BHELTWEHDEEZ ST,

Fig. 6 2R3 A5 LIS D 4 v A TOREEFRE DNA FFIZ DT H RGBT 21T 72,
FOFER, ThoDHTFUBIRTERBBATEYTHEI BT INA TN TL LA g
DEBE» GBS Iz &N,

3.

S

E

RS~ T7 &> THUTE D, Head-to-Head, Tail-to-Tail D:EFERTHEIEETEL
Tw3 &) DNA OER, 4 LF THL»IZI N REBFEE DNA EEKRKICIZE U
T»% (ELLIS and DAY 1986, COLLIN and ELLIS 1991), L% L, A x&#F{k DNA O£k
BLFUDSBEICEHRE N Tv> % (HIRATSUKA et al. 1989) Z &5, X 0 EFEML#EENHRNES
WWREE NIz, ZD&D7% DNARFOBEIEFNVANATHS, VIV=T 74 NVAKEE
WTHEEIN TV S, ZOVANVADERYIBICE T 2 BEFEBEREC I 7 EEh
5, RGANCHEMFABESELTFET2b0LEZ 51 Twb (ESTEBAN et al. 1977, PONGO et
al. 1981), BAROUDY et al. (1983) IEZKIHEDAT ELXD—EZ = v I BRI, 7V —D 3
KN 7 74 v —E L THBIET 2 L LI REE T UL RRIBL T3, AT EVKEE2ET L&
RDFZ A 3 ¥ DNA #5 Rhizoctonia solani THEZI N THYH (MIYASHITA et al. 1990), %
OEBBBCELTL Y 23 =7 VA NAEHEERCEFRICETABEZONTWS, THH
DET NI, ~NTEAEERY Head-to-Head, Tail-to-Tail &EfET 2 %BEDFEDOER
EHATWRE TH 2 A TEHEINL S, L L, SFEVMOERGKE Y / L OEEBIE ST atpH ©
EICHEET 2 £ v )R (DEHAAS et al. 1986) b H YD, KREGOFEIE DNA ORBUHE » #
BT 27011, L DEElHEILELEERLE D,

IV. 31K DNA @ a2 v —#t &R Ao EHEBEREE

1. BERUFE

MRIELT A ADOBELETVE EROES, - BEBEELETHRO VAL A5 7
WAERERLZ, &F8» 5042 DNA % HindIII THE{EL, “o—7+& L T rbcl & A
AZERE DNA 7o —> (pHI0R) 2V H o, TV L AL a ik, S hav
FUT7EBFEEDNAOIE—HEEE L, ETEMSEEER, BEZLO Vs -7
TE N (2.5%) RUA R 37 LB (2% osmic acid) ISR T2 ERFEEL, =¥/ —) (75, 90,
95, 100%) TRiAk#E, RA/<— (Spur) @@L 7z, YVIFIEv Vv b5 370 b—24 (LKB #
NOVA) #HWTHEYIL 2k, BEEEY 7 =V (3%)-7 = VERIER CETREE2To 7, Y
DEEITHAE T JEM2000EX BIZE@REFHHEE A, MEEE 100KV THREL /2,
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2. & S

Fig. 12 iZ;RT X 91T A5 REBEaEAR DNA Qa8 —HEFF o NATNVITAL XL arD
VIFNDEErSHMEL LA, ERESZERAEDNA 2F 328 TFHkANVAD DNA &
LIEEREIVA_ALTHD, HIFEEZDHI8,0000 ¥ —TFEFEL Tz (Tablel), &7, ZDIE—
WIE—ANVANDI b3 > Y7 DNA © 3 —HEiFIEF—FL Twiz,

BECTIE I A TBEVREL EBEAROEGBRISHNESKRICEHE S L, RELESHOSR
HELTHMELTWE ZEWRENT, ZOERBORRIIN 2-3um, FEIK 1lpym TH

atpt
M trnV
:rpl24 \ rbclL : atpB F——'"ﬂqun
L - Mt
6.9 kb
rbcl atpB atE_E_,trnM trnv
—_ p— H —A
' 9.5 kb

Fig. 12. DNA gel blot analysis of pastid and mitochondorial DNA. Total DNA
was digested with HindIIl, and hybridized with pH10R (9.5kb). Lane
1 to 3 were loaded with the DNA at the equivalent of 1,000, 5,000 and 10,
000 copies per haploid genome.

Table 1. Comparison of mt-and ptDNA levels in leaves and calli

mtDNA* ptDNA*
Green Leaf <300 10,000
Albino Leaf <300 5,000
Seed Callus 5,000 8,000
A-10 Callus 5,000 8,000

*Copies/Haploid genome
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Fig. 13. Electron micrograph of a seed-derived callus. P ; Plastid, M ; Mitochon-
drion, V ; Vacuole, CW ; Cell wall.

Fig. 14. Electron micrograph of the 10A callus. P ; Plastid, M ; Mitochondrion,
V ; Vacuole, CW ; Cell wall.
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>tze —H, TVE/DETRIDERS 75 X T EE2TTERERIELRESNT, N
Ty PR RERL T ABREVBRE I N, FfaRER, BThRO D VARTAS
HNATHEEI N (Fig.13, 14), ZOKRE 2B 0.5um OPLPEAETHD, 23 b~
RO TN E»oT, A VAOMEE, BOBBSHEEOBELZ1/525FLT
B, SEEIWNEL, BRCHBEL O IMROBEOBE SN,

3. E

R&EEFEDNA BT 27NV ARNICRE L DBEREIBE N, AFKEDNADY / A
WD DAE—BRIEEAVALIFEALEDLS T, ZOBEIZS ha> KV 7 DNA L iF
EELCTHoTz, DT EDS, INAMMBENTIREREIERICHRHRLTBY, F206E
RENICIZHE DO DNABFEL TWE LD EEZ 5h, A%REDNA ORKEREAREED
SREGEEFR BTSN, & 51, REGAFEEDNA 2 HT 2 EGRER TR HE OFFRRY
BREL T nZ s, BFEEY A LOBEFOBRIBEEOHSAERVEDY /) LOE
B RBESE L TwWELbDEEZ ST,

V. EFEBRFERRVERIEI TS 2T VR
¥f+ % DNA

1. PRRUEE

A3 (BEGE *577) O7VvE/BEORIVBEFEEAZALA (10A & 200)
EEFHEINVARBRETERINEE (BRELE BEXE) 2ERALLE, 2 RITESK
i3, 0.8% 7 u—Z27 ViRV IxXTAE EE¥R T 20V, H15RMESRIKE L DNA %250
L7z, % 50mM NaOH, 1mM EDTA pHS8.0 12 1 BFfEIBE T2 2 Lo &k b E#kbL,
EHEER C 2 RITHDBSREI 21To 70 7SIV A 74— REKKENL, GUIDET et al. (1990)
DAHERZR> THREL-E R 2 kEEE L LT CHEF-DRIVEII (BIORAD) 2HL T{T-
2o FHFEUNLTVIA XA Y a Y IZEHALE 70 —7 DNA 31 2 ZEFE Pst I o2 o
—>2, 6, 9, 11, BamH I ¥y o—>d 3, 7, KU, rbcl &% Hind III (9.6kbp) K
F@® pHIOR, €523 ha> K1) 7 DNA @ cox I ZERL 72,

2. #& R

BRELETHEINVARUREEHRE DNA #6735 10A £ 20C A VA E2EFEAL, SR
74—V NESIKEI EITo, TORBR, Pstl-2 27u— 7L L1EE, 10A & 20C i3KR%
BFEE DNA DD ESFHEICII N R B sk S, RELBETH VA TR,
HBEL TAEDONN FOHERE STz (Fig.15), THH6DNNY FDOHY A X%~ —7%— DNA »
S5XR®IzE T3, #1130, 260, 390, 520kbp TH D, 1 X D7/ AH A4 X BEK L T 585

— 15 —



Fig. 15. DNA gel blot analysis with a Fig. 16. DNA gel blot analysis with a

chloroplast DNA clone (Pst I-2) mitochondrial genes pecific
as probe. Lane 1 ; green leaves, probe (cox I). Lane 1 ; green
lane 2 ; seed callus, lane 3 ; 20C leaves, lane 2 ; seed callus, lane 3
callus, lane 4 ; 10A callus. ; 20C callus, lane 4 ; 10A callus.

FTholeoe TRHEDNYRIZEFIYFY 7 DNADFa—7 cox | #HHLHEIC I3
Fanxhroio (Fig. 16),

iz, 2RITETKENC & 2 aF & DNA O 21To7z, ZORER, RELEFHEXK IV
2 B HIRBERME L L TkEIL 12354, /-7 DNA % Sall THIELEKEI 21T BEDE
b5ICh, MAKEICEEE DNA OBuy 7 ahnEshni (Fig 17, 18), DY 7 Fuv
WKHZT, 2 1EKDT4 RSN, DY 4 X1 Major 554 > D 2 fEDH A XIhIE
T3 EZAERENT,
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1st (TAE)

2023 4.3 6.5 9.4 23.0
| | I | kbp

—23.0

|
(Vo)
F =Y
(HO®eN) pugz

— 23
— 20

v

Fig. 17. Separation on two dimentional neutral/alkaline gelé of total DNA from
seed-derived callus. Total DNA was loaded on a gel which was blotted
onto nylon membrane and probed with a mixture of chlorplast DNA
clones.

1st (TAE)

20 23 4.3 6.5 9.4
| | | | I kbp

Fig. 18. Separation on two dimentional neutral/alkaline gels of total DNA from
green leaves. Total DNA was loaded on a gel which was blotted onto
nylon membrane and probed with a mixture of chloroplast DNA clones.
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3.

E

E

2RTERKE THAR L 2 KD F 4 VSEHE LTz, 2D 5B Major 74 i, 1IRIT
BZBIZ2Y A X LAV A XZMETZ &I 2R ENT, ZDF 1 vidtaFElE DNA »8
M2 EORBPITT S LCH I N OFIILE2bDEEZOND, ZDFA4 VITMZ,
LRTCHD YA 2L, 2IRICE TR ZOHA X2 2L THUEBICD 74 VBRI,
Hkr iz DNA DS 2RTEDO 7 VA VEEFHETTYHA X2 285 Lz 2 LiE, RTTOR
BATEYTHU TR TRERFET TEOATEY 2RVWLEREEZ N, 2D
Eps, NTECKEEERE T 2EFEE DNA BSEERH LV ADBREDEREKICEET S
ZEDBBHSMZE N, TDEHEIZ CoLLIN and ELLIS (1991) 2k o> T, &4 AFERMEL
S/BONTBELE T3, HHIE, IOBREATECREE2ETI20TFREIL2BON2%TH
ZEHMELTLLY, SEBONIA AOERER»SIZ, TOBLXERICERT 22 L3H
Kiepoiz,

KRV VY, TURTRA, A4 DEFE DNA VWEEKE» S 4 BEKE TORRIF=
BT 5 LHEIN TS (DENG et al. 1989, BENDICH and SMITH 1990), 4 # DA VAN
DEZEERUBEOEREBIIBNTYH, ¥/ LY A X 2HEAL T2 Oligomeric B FEDE
ENESMIZENT, ZOEREEZ 515 DNASFORBBANT E U H#ETH 2 WREMH
Hb, TORERESPIZT B7:H1TIE, 2RITDO/NIVA T 4 —) FEIKENEBRLHIREER I
L oWRML, A3 %70 —7 DNA OBEEAYEZ 54k E, L VFFMSBTERSLEL SN

£,

VI ¥ & W &

RECFEEDNA S FEET2HNVADOEERE X, EXLEBREDNA 2 FHI 2@ FH%
ANVAEFEAERUTHoT2, $72, TNSDANVADEREDNABLZHE L7282 3,
ER 255 2 S ELMHT TS b2 > R ) 7 DNA &L IZIZRILV LD 3 ¥ —HKbs
BEL Tz, KERELLITOBRVWANVARNT, MARIDL S ICEBREDNA OFWIE—
HELBETI2DTHEI59»? dL, HVADEEDLODIZRASPOEBEENEIESS
T 5 BETHEFRE DNA LIcFEET 2 L3, ZOEETIE, A5 & 20C # VAN TERRF
T 3 R&EFEE DNA O4BEER (Fig. 19) KEELRTRER S 20,

R&EEFE DNA 3 rRNA ® tRNA BEFHBRELTWSE Z s, BEBERBROEEFIE
PRREY L U THBREEL T2 LidE 2 s vn, £ 3kbp DIBRFHRIICIE trn R FREH
HHDATH? (Fig.19), D55, trnE 3RV 7 4V VEAEERRIZBWTI VY I VED
EHCLEE &3 (SCHON et al. 1986 ; SMITH 1988), %7z, Fig. 20 iZmR§ &5 ¥ —
Yig EOBRBEREY /21232 —F S T3 (KANNANGARA et al. 1988 ; GRIMM 1990),
REEFEDNA O£ TE, tRNAFEBEFERL TW, 3511 20 I OEBICHEET 55



10A-ptDNA

|
20C-ptDNA ,
4
o~ N
Os -

O G o - w>n 2 N O m

2 SEsfs s f 0§ osfE R &g 2

Q S ogses < > S Ll a o < <

Fig. 19. Overlapping region of the deleted plastid DNA retained in 20C and 10A callus.

RNA Polymerase

ISt |

tRNA-EYGlutamate

plastid r Ligase
DNA tRNIA—Glu )
Dehydrogenase
Glutamate -1- yarog
semialdehyde .
i Amino

5- Aminolevulinat transferase

Phytochrome

Plastid Porphyrins ——, Chilorophyll

Cytochrome

Fig. 20. Outline of the biosynthetic pathway of porphyrin in plant.

BT LFRL A LFOREEFEE DNA THLTHRFEL Tz (DAY and ELLIS 1985), LU
oz ens, T rarFYT7REOMOMBEA/NEEORBICLELRLT 4V OEERK
W IIRFEEO trnE OBESLBETHY, IOHEHIC LD, BFE DNA O trnE $EESE
EhabDEEZONT, £72, ZO trnE OEEIZAFEES /L LD rpoA, rpoB, rpoC @
BIEREY) (Hu and BOGORAD 1990) W X DEEEXNZDTiEH <L, I —FD RNA KV X



Z—EBEELTHWEDTHS 5,

UEDOFERD» S, EEZBRERECERBCEET 27T EVEBEORIEEHET 5 DNA 25,
EREEOVIIBRICB L TAEL 2BFE DNA OHL» S 2hahh, ZO—HBRI NI
RBET7TNE ) REEDFERO—DEEZONS, TNVE/ REFIKEBLFICXEEINTWLEZ
L5 (BULLOCK et al. 1982), ¥k DNA DHEKIZIIMY / ACa—FE&hTw A3 EEF
DEERTFHENS, COHEKBEL L VFHCENT 2 2L, TLEFEEDOHIEERICD
BB bW,

ERHEADEAN7 ¥ — DNA 2 EET 27: 01213, ERENCHEET 2 EUBELE TS
CEVRLBEEEINS, BEOBBIIELR Y- Tulnd, RKigS~7EYTHLCTWwSEZ
ETHREE EZ bz, MEMHEZ 28 H L EREANDOBGCFEARBREIN T VB2,
ZDRF RS TEV> (DANIELL et al. 1990, JEFFREY et al. 1992), 215 D& A DNA 2
X, BRICBG T2 LEZONTWAHEEEERL THEBESI N DD b H 2 H3(SPORLEIN et al.
1991), ERIERY /) LOEBIBEZ DL DRERIETHDOENS L, $IFRMZ R ¥ —HEOXE
ER5TWw3, KIFRTHL I SN, REEBHREDNA OfdE, ThbbliRES~7E
YTRAUTHY, trnE BERETFEBR2ET 52 L8, BREN TREINHEAEST 2 E8ITEE
DNA 3 FEeEzZHNBZ 2 L6, TOBRNEREZMH: LicHEEZ DNA 2BEL, ERE
ANBATIERRERF T ILEN DL, £, IOBKHEEEL T, EFELERES ) A
L HERRE R EREER DO~ ¥ — DNA SR TS 3AEELE LSR5,

VI % g

1. AAFEREO7VE  DEFEE DNA K3 ARELZ REEESH T 20%FK& DNA
BEEL Tz, REDOHEBRIEERCL>TELZD, $7-Z0HELH 10kbp 55 100kbp 28R
ZH5HbDETERR TH T,

2. REOHEEEMICHRE LTz & 22, TABSAT E L THUTO 2 BRATFTH 72,
X512, TO4HFDH Head-to-Head, Tail-to-Tail DR THEES L - 5B k» 5 4 BEDOHF
BELTWS Z ELBHEREINT,

3. WVARDOREEEE DNA ZEFHEI NV ADEEZBZEAKEDNA LiZLA YR
E—HEBFL TV, £/, ZOIE—HIIFaI > FY7DNA EHIBIZ—BT2DTH
D, REEFE DNA OEBEEMBEICOLWTEREI NI,

4, REBFREDNA 2B T I2HINVARRIEFEEREEDNA 2HET 20 VR LER, <D
BRESBEFEMBICIVBEIN LS, AREOHHZEEAEDNAICI—FER
2 BETFOEREMIEE L T bD EEZ SN,

5. IE¥ 2faEfk DNA DFEEO TR A DNA 13 135kbp 2 HAY 4 X LT 2 HBHEH» S 4
BEI TCONFEEBRL TV ZENHESHLICZN, TROSDOHFEBICOLTEEINT,

6. [E¥ 7% DNA 2 BT 5 BRACREOEREKICH, ~TEVHELXHET 2 DNASHFO
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FENHS I E NIz,
7. EREANDEBECGCFEARICEBRIET IR I—ELT, ~"TEVKEEET 2 REORE
DNA SFDEBRIC DLW THEBEBINT,

i} ¥

EHFRIC B TEH K OFEIEHE « HIBNE % < 723 o 7B klE—& 4, #Efkd, Tl =%
AW NCHEEFAHEFRCESBLBLLETE 3, 72, EFREMEHECIB OV
BEHESEEICES BILBEL LT T,

5l WA X K

ABE, T and Y. FUTSUFARA 1980. Varietal difference of plant regeneration from callus
tissue in rice. Jap ] Breed 34 : 147-155.

BARrROUDY, BM,, S. VENKATESAN and B. Moss 1983. Structure and replication of vaccinia
virus telomeres. Cold Spring Harbor Symp Quant Biol 47 : 723-729.

BENDICH, A. ]. and S. B. SMITH 1990. Moving pictures and pulsed-field gel electrophoresis
show linear DNA molecules from chloroplasts and mitochondria. Curr Genet 17 :
421-425.

BuLLock, W.P., P.S. BAENZIGER, G. W. SCHAEFFER and P.]J. BOTTINO 1982.  Anther
culture of wheat (T7iticum aestivum L.) Fls and their reciprocal crosses. Theor Appl
Genet 62 : 155-159.

BURGESS, D. G. and W.C. TAYLOR 1988. The chloroplast affects the transcription of a
nuclear gene family. Mol Gen Genet 214 : 89-96.

CHEN, C.C. and M. H. LiN 1976. Induction of rice plantlets from anther culture. Bot Bull
Acad Sin 17 : 18-24.

CHOwWDHURY, M.K.U, G.W. SCHAEFFER, R.L. SMITH and B.F. MATTHEwsS 1988.
Molecular analysis of organelle DNA of different subspecies of rice and the genome
stability of mtDNA in tissue cultured cells of rice. Theor Appl Genet 76 : 533-539.

CLampPHAM, D. 1973. Haploid Hordeum plants from anthers in vitro. Z Pflanzenzuchtg
69 : 142-155.

CoLLIN, S. and T. H. N. ELLIS 1991. Evidence for the presence of hairpin chloroplast DNA
molecules in barley cultivars. Curr Genet 20 : 253-258.

DAY, A and T. H. N. ELLIS 1984. Chloroplast DNA deletions associated with wheat plants
regenerated from pollen : Possible basis for maternal inheritance of chloroplasts.

Cell 39 : 359-368.



DAY, A and T. H. N. ELLIS 1985. Deleted forms of plastid DNA in albino plants from
cereal anther culture. Curr Genet 9 : 671-678.

DANIELL, H., J. VIVEKANANDA, B. L. NIELSEN, G. N. YE, K. K. TEWARI and J. C. SANFORD
1990. Transient foreign gene expression in chloroplasts of cultured tobacco cells
after biolistic delivery of chloroplast vectors. Proc Natl Acad Sci USA 88 : 1721-
1725.

DEHAAS, J. M., K. J. M. Boot, M. A. HARING, A.D. ]J. KooL, H.]J.J. NIJKAMP 1986. A
Petunia hybrida choroplast DNA region, close to one of the inverted repeats, shows
sequence homology with the Euglena gracitis chloroplast DNA region that carries
the putative replication origion. Mol Gen Genet 202 : 48-54.

DEPamPHILIS, C. W., ]J.D. PALMER 1990. Loss of photosynthetic and chloroplast respira-
tory genes from the plastid genome of a parasitic flowering plant. Nature 348 : 337-
339.

DENG, X-W. and W. GRUISSEM 1988. Constitutive transcrition and regulation of gene
expression in non-photosynthetic plastids of higher plants. EMBO J 7 : 3301-3308.

DENG, X-W., R. A. WING and W. GRUISSEM 1989. The chloroplast genome exists in
multimeric forms. Proc Natl Acad Sci USA 86 : 4156-4160.

ErLLis, T. H.N. and A. DAY 1986. A hairpin plastid genome in barley. EMBO J 5: 2769-
2774.

EsTEBAN, M, L. FLORES and J. A. HoLowczaK 1977. Model for vaccinia virus DNA
replication. Virology 83 : 467-473.

FAURON, C., M. HAVLIK, D. LoNSDALE and L. NicHOLs 1989. Mitochondrial genome
organization of the maize cytoplasmic male sterile type T. Mol Gen Genet 216 : 395-
401.

GENOVESI’, A.D. and C. W. MAGILL 1979. Improved rate of callus and green plant
production from rice anther culture following cold shock. Crop Sci 19 : 662-664.

GRIMM, B. 1990. Primary structure of a key enzyme in plant tetrapyrrole synthesis :
Glutamate 1-semialdehyde aminotransferase. Proc Natl Acad Sci USA 87 : 4169-
4173.

GUIDET, F., P. RoGowskyY and P. LANGRIDE 1990. A rapid method of preparing megabase
plant DNA. Nuc Acids Res 18 : 4955.

HAGEMANN, R. and T. BORNER 1978. Plastid ribosome-deficient mutants of higher plants
as a tool in studying chloroplast biogenesis. In : Akoyunoglou G, Argyroudi-
Akoyunoglou J (eds). Chloroplast development. Elsevier/North-Holland, Amster-
dam, pp. 709-720.

HEILES, H. B. J., E. GENERSCH, C. KESSLER, R. NEUMANN and H. J. EGGERS 1988. In sifu



hybridization with digoxigenin-labeled DNA of human papilloma viruses (HPV016/
18) in Hela and SiHa cells. BioTechniques 6 : 978-981.

HIRATSUKA, J., H. SHIMADA, R. WHITTIER, T. ISHIBASHI, M. SAKAMOTO, M. Mori, C.
KoNDo, Y. HoNJI, C-R. SuN, B-Y. MENG, Y-Q. L1, A. KANNO, Y. NISHIZAWA, A.
Hiral, K. SHINOZAKI and M. SUGIURA 1989. The complete sequence of the rice
(Oryza sativa) chloroplast genome : Inter molecular recombination between distinct
tRNA genes accounts for a major plastid DNA inversion during the revolution of the
cereals. Mol Gen Genet 217 : 185-194.

HoLT, 1. J., A. E. HARDING and J. A. MORGAN-HUGHES 1988. Deletions of muscle mitochon-
drial DNA in patients with mitochondrial myopathies. Nature 331 : 717-719.

Howe, C.J. and A. G. SMITH 1991. Plants without chlorophyll. Nature 349 : 109.

Hu, J. and L. BOGORAD 1990. Maize chloroplast RNA polymerase : The 180-, 120-, and
38-kilodalton polypeptides are encoded in chloroplast genes. Proc Natl Acad Sci
USA 87 : 1531-1535.

HUANG, H. 1984. The relative efficiency of microspore culture and chromosome elimina-
tion as methods of haploid production in Hordeum vulgare 1.. Z Pflanzenzuchtg 92 :
22-29.

JEFFREY, M. S. and P. MALIGA 1991. Long regions of homologous DNA are incorporated
into the tobacco plastid genome by transformation. Plant Cell 4, 39-45.

KANNANGARA, C. G, S. P. GouGH, P. BRUYANT, J. K. HOOBER, A. KAHN and D. VONWETT-
STEIN 1988. tRNACS! as a cofactor in d-aminolevulinate biosynthesis ; Steps that
regulate chlorophyll synthesis. Trends Biochem Sci 13 : 139-143.

KEMBLE, R. J., S. A. YARROW, S.-C. Wu, T. L. BARSBY 1988. Absence of mitochondrial and
chloroplast DN A recombinations in Brassica napus plants regenerated from proto-
plasts, protoplast fusions and anther culture. Theor Appl Genet 75 : 875-881.

Kirg, J. T.O. and R. A.E. TILNEY -BASSETT 1978. The Plastid : Their Chemistry,
Structure, Growth and Inheritance. Elsevier/North-Holland Biomedical Press,
Amsterdam.

Kuroiwa, T., S. KAWANO and S. NISHIBAYASHI 1982. Epifluorescent microscopic evidence
for maternal inheritance of chloroplast DNA. Nature 298 : 481-483.

LoNsDALE, D. M., T. P. HODGE, C. M.-R. FAURON 1984. The physical map and organization
of the mitochondrial genome from the fertile cytoplasm of maize. Nuc Acids Res
12 : 9249-9261.

Mita, S, R. Rizzuto, C. T. MORAES, S. SHANSKE, E. ARNANDO, G. M. FABRIzI, Y. KOGA,
DIMAURO, E. A. SCHON 1990. Recombination via flanking direct repeats is a major

cause of large-scale deletions of human mitochondrial DNA. Nuc Acids Res 18 :



561-567.

MIYAMURA, S., T. KUROIWA and T. NAGATA 1987. Disappearance of plastid and mitochon-
drial nucleoids during the formation of generative cell(s) of higher plants revealed by
fluorescence microscopy. Protoplasma 141 : 149-159.

MIYASHITA, S., H. HIROCHIKA, J. IKEDA and T. HASHIBA 1990. Linear plasmid DNAs of
the plant pathogenic fungus Rhizoctonia solani with unique terminal structures. Mol
Gen Genet. 200 : 165-171.

MooNn, E.,, T.-H. Kao and R. WU 1988. Rice mitochondrial genome contains a rearranged
chloroplast gene cluster. Mol Gen Genet 213 : 247-253.

MURRAY, M. G.,, W. F. THOMPSON 1980. Rapid isolation of high molecular weight DNA.
Nuc Acids Res 8 : 4321-4325.

NGERNPRASIRTSIRI, J., H. KOBAYASHI and T. AKAzZAWA 1988. DNA methylation as a
mechanism of transcriptional regulation in nonphotoshynthetic plastids in plant
cells. Proc Natl Acad Sci USA 85 : 4750-4754.

OELMULLER, R. and H. MoHR 1986. Photooxidative destruction of chloroplasts and its
consequences for expression of nuclear genes. Planta 167 : 106-113.

OoNoO, K. 1981. In vitro methods applied to rice, In ; THORPE, T. A.(ed) Plant tissue culture,
methods and application in agriculture. Academic Press, New York, pp. 273-298.

PALMER, J.D. and C. R. SHIELDS 1984. Tripartite structure of the Brassica campestris
mitochondrial genome. Nature 307 : 437-440.

PonGo, B. G. T., M. O'SHEA and P. FREIMUTH 1981. Initiation and termination of vaccinia
virus DNA replication. Virology 108 : 241-248.

PossINGAM, J. V. 1980. Plastid replication and development in the life cycle of higher plant.
Annu Rev Plant Physiol 31 : 113-129.

RoDE, A., C. HARTMANN, M. DRON, E. PICARD and F. QUETIER 1985. Organelle genome
stability in anther-derived doubled haploids of wheat (Triticum aestivum L., cv.
Moisson). Theor Appl Genet 71 : 320-324.

RODERMEL, S.R., M.S. ABBOTT, L. BOGORAD 1988. Nuclear-organelle interactions :
Nuclear antisense gene inhibits ribulose bisphosphate carboxylase enzyme levels in
transformed tobacco plants. Cell 55 : 673-681.

SAMBROOK, J., E. F. FriTsH and T. MANIATIS 1989. Molecular Cloning, a laboratory
manual, Cold Spring Harbor Laboratory, Cold Spring Harbor, N. Y.

SAsAKI, Y. and T. KUrROIwWA 1988. Effect of chloramphenicol and lincomycin on chloroplast
DNA amplification on greening pea leaves. Plant Mol Biol 11 : 585-588.

ScHON, A., G. KrRuPP, S. GOUGH, S. BERRY -LOWE, C. G. KANNANGARA and D. SoLL 1986.

The RNA required in the first step of chlorophyll biosynthesis is a chloroplast



glutamate tRNA. Nature 332 : 281-284.

ScHON, E. A, R. RizzuTo, C. T. MORAES, H. NAKASE, M. ZEVIANI and S. DIMAYRI 1989. A
direct repeat is a hotspot for large-scale deletion of human mitochondrial DNA.
Science 244 : 346-349.

ScoTT, N. S., P. CAIN and J. V. POSSINGHAM 1982. Plastid DNA levels in albino and green
leaves of the albostrians mutant of Hordeum wvulgare. Z Pflanzenphysiol 108 : 187
-191.

SHIMADA, H. and M. SUGIURA 1989. Pseudogenes and short repeated sequences in the rice
chlorolast genome. Curr Genet 16 : 293-301.

SICULELLA, L. and J. D. PALMER 1988. Physical and gene organization of mitochondrial
DNA in fertile and male sterile sunflower. CMS-associated alterations in structure
and transcription of the afp A gene. Nuc Acids Res 16 : 3787-3799.

SMITH, A.G. 1988. Subcellular localization of two porphyrin synthesis enzymes in Pisum
sativum (pea) and Arum (cuckoopint) species. Biochem ] 249 : 423-428.

SPORLEIN, B., M. STREUBEL, G. DAHLFELD, P. WESTHOFF and H. U. Koor 1991. PEG-
mediated plastid transformation : A new system for transient gene expression assays
in chloroplasts. Theor Appl Gen 82, 717-722.

STERN, D.B. and J.D. PALMER 1984. Extensive and widespread homologies between
mitochondrial DNA and chloroplast DNA in plants. Proc Natl Acad Sci USA 81 :
1946-1950.

STERN, D.B. and J.D. PALMER 1986. Tripartite mitochondrial genome of spinach :
physical structure, mitochondrial gene mapping, and locations of transposed chloro-
plast DNA sequences. Nuc Acids Res 14 : 5651-5666.

SUGIURA, M. and J. KusubA 1979. Molecular cloning of tobacco chloroplast ribosomal
RNA genes. Mol Gen Genet 172 : 137-141.

SUGIURA, M., K. SHINOzZAKI, N. ZAITA, M. KusubpA and M. KUMANO 1986. Clone bank of
the tobacco (Nicotiana tabacum) chloroplast genome as a set of overlapping restric-
tion fragments : Mapping of eleven ribosomal protein genes. Plant Sci 44 : 211-216.

SUGIURA, M. 1989. The chloroplast chromosomes in land plants. Annu Rev Cell Biol 5 :
51-70.

Sun, C.S., S.C. Wu, C.C. WANG and C. C. CHU 1979. The deficiency of soluble proteins
and plastid ribosomal RNA in the albino pollen plantlets of rice. Theor Appl Genet
55 : 193-197.

VAUGHN, K.C,, L.R. DEBONTE, K.G. WILSON and G. W. SCHAEFFER 1980. Organelle

alteration as a mechanism for maternal inheritance. Science 208 : 196-198.





