BFA4HE GKHMREHEOntINAD BT

BL1E S

FaAYENDTF7EHIFNF-EGHRICEELRER 2R >INV TH

Ji

b, HCODINZER > T W3, ntDNAIZ X, Z Vv X2 BEGRICLER )R
Y — ARNAD tRNAD ., B ) VEBIEPEFLEERZMB I IBEAS
FoBEFRYEPOI-FETRTVE, FLORFEAHICBNT, I b2
YEVTRBMERETSILED., AXMCLI--TRHEOIINAGEL D G
ST @RV, UL, hEREECBL TEatINAOHBRAINEL B C
EMNRABENTWS (Belliard et a/. 1979; Nagy et a/. 1981; Chetrit
et a/. 1985; Rothenberg etz a/. 1985; Kemble er a/. 1986; Morgan
and Maliga 1987; Ozias-Akins et s#/. 1987; Honda and Hirai 1990),
8T, EoItaryFrFUVZ7RREF/OU—-—VvETO-TELTYY
7o bR ETY. AREYAREYDORMBMBIUCYAREYORE
MoOMAECORMBRMEEOMINAICHBIRYORENELTWD I E
HEL .

B2l MHEBITHE

1. &M e

). A 2 & ¥ 4 X0 H & H MRS

1 x4 X070 b 75 A EELEIDFHIAZHEEL VX I,
Hi, H2, 3B X UTHIOIFZHOBEANIL, ZOHBAINVZFZHKEID S
BRROBBTCHMLEBEBITVHBEDODANZARKTHLCLNDERK D
SutDNAE A 2B LT oM HALE FEBGCAVERB L LT,

21




TOMNTSAMVEBRBLEARRBEASBOY ZARYTUa Y HANZ., BE
CY A X0 mEHarosoyO F#i ik A )V X & FAR L 7= ntDNAE 5 % 5 47
Lv?‘-':c

2) A XFEN=XTw b NUT7FANOFR KGR M E
AFEN=ZXTYP-PLIAANVNDOTOPMTSIMREGICELD EE
SN zHl, H2, H3, H4, HEB L CCHED M A WV R 6K K. B O ICE S 1o
HWEMHBHOTO NS A PEREBMULUES XRKEASBOY ARV U gy
ANVZBELUEN=ZXT v b bL 74 NV0GEHEVikingo JF i g & 5 )
A6 @R U -otDNAM 4 %2 5 47 L 7=,

) ARXEPNT ZIVT 7 ORI E QK ME
AREFNTFN77D7O TS 2 MRAICED RSN EEES
VAIRHE (M E, ZTOANADSRROBETAMLERE (OB L TH 1
BVo3RMas MG VWEGR LT, 7O 752 b2 g f
L4 RRFA-SBOY ARSI LVANRETIN I ZNT 705

DuPuito EE B X A NV X H 6 K L 7~ atDNAT £ % 4 4F L 7=,

D.F4XER=ZT9 b b L7 44000 &S K% ﬂ

FAXEN=XT7 v b bb7A4 0070 b TSAPESICE D% e
& h =H1, H2, H3, H4, H5, H6, HIB X CH8O MM H )V X 8K K. B L ?
CRELAVWERBOIO N 75X b EBEELE Y 4 X & EHarosoyo b
MEBERXRANZEN—-XTy b PLT7aA4NVOGEVikingo IF & g1 £ 5
WA 6L EntDNAE 2 2 447 U 1,
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5).N=ZXT7 9w b b TZAANETNTZ 7NT 7O EE KM KW

NW—=ZXT7 9 b bLIZAALANWEZNI 7N 77070 FTSRAVES
CEDhfFHEh 2REALVIIRHEMWE, BECHVWEGEO 70 + 7
TAMERBELEN-ZXT7 9 b bL 74 NV0 GHEVikingo F il i &
ANVZABEIEZNV 7 77 7 O B Rangelanderd FEdli 1 3k 57 L 2 » & #f
HLUEZNAZESFICHERL =,

2. mtDNAM 4 o 3 &

MFEINVZAB LMY )V X OntDNAE 41X, &R L =Milligan
(198D FHEICEL D AWMU 2. 2-35D A N2 E4-6E D KB U 7= cold
isolation buffer(1.25M4 NaCl, 50mM Tris-HCl pH8.0, 5mM EDTA, 0.1%
BSA, 0.1% 2-mercaptethanol) F CEHLT—EOIS /70 XTRBL
E®IC, WHZ4C, 3000X ¢ecl0pMI MmO LE, LB, cold
isolation bufferc®#&® L C4°C, 3000X ¢e CHTIOABELLT I b2
PFUO7HBRDERE. CORRE10nldcold isolation bufferc A &
® L. Imlo10% CTAB(hexadecyltrimethylammonium bromide)% /il 2 <.
BOCTISHRAELE, 20k, FRBOZ00KNVA: 4 VPINPN
A=) (24: 1) BEMU., FETI500x ¢, 100BBEDL LU =, ABIC2/348
BROK®BULEAY 7O —vEMZ T, -20CT300 B L ERIC,
000X g0 E L L TH SN =atDNAO K B % TEAE Mk (100M Tris-
HC1 pH 8.0, loM EDTA)ICH& M LU /=,

W=7 9 b PLTZFTANETPN I 7PNV 7O8BEANIOE S
X 2DINAZRBITICHOWE, COLINDODRABEICIS VW TS IZTIcHERL
Ta
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3. WIEEELESL L CESR K
[ -2 gD ntDNAB 3 I 5-20a =y PO EIBREBEFE 2 Il 2 T37C ¢ 38 »
HRELELZ, DNAOKIEBENEW T IPEEEH T 0.8% 7 H o —

AT TCI8V, 5o BEX KB %2 17> 1=,

4. DNA7 o -7 0fEH

M EEEA NV ZOtINABIF O =00 0 -7 LT3ERD b o
FUZ7HEEBEF. FIANTPERBMEY 722w b aBEFatpd, ¥ 20O A
MIEBEYT 7229 P IBEF cor /B LT268) K — ARNAE &= F rro2s
Wk 70—-7INAOBRERZXBIEZELLFAL =,

9: ¥ ¥ 7y ki K
B y7aoyv bNA TNV A E—~YarvFEilo TR, B3F
LERKRELAELTH %,

B3IM HE

L. BEAMEEREOntDNAD R #T

L). 4 2 ¥4 X 0FHEMHE

REODEMEAO IV X4RHKE N, H2, BB X UH) L Z OB NI D 6 S8 L
EHREBEANICRBELARD NV ANKRHEOtINAE S 03> 7o + 24
DER., MEANVZOMAE XY - EBFRKELBICY L XBEFRLE D,
~HTCHA XA A XOHARORERAZFEAY S XOMKEMBRE BN
lzo BamM1TWAL U T rrn26 N4 7 ) ¥4 &7 0y rDHI, H2,
H4B X wR M TT7.0kb, H2B X VP GRM T3 .5kbD ¥ 1 KWK R EL T
Wh, ¥, 70y bCRHBIEERVWFEL2EADNAES R L.
FERINMBFAE T CHHIRHEICI.4kbe 8.0kb, HI, HIB L CHAR & -
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T.2kb, H2ZRHIZ6.6kbdi & b, J4kbl FoMFic>oWTRIEHCEHE T
ol ORITDBHECH >k, B ICA 2 LEAMBEICNL T Y A X
35 7.6kbD DNAMT  DGREE T H 6 N 7= (Fig.6, Table 6), FcoRlIT 41k
LTcor/z7mn—7 L7 Oy bTiE7.0kb, Soal THIL LT cor/®d 7
o—-7¢L7E7n0v PTRI12.8kbo f X EMNBEIENASA TV L XT3
WiH BWRBECTHS NI (Table 7),

BEOHEN N ZARBEOntDNAE S OFIBRB R 370 - 70184 &
o ¥rioy bicBnw T, BMEBRICRZVWHF 26N oM B £t
MM8%ThHhoe UL, A REEMBINAL T ) F A4 X T 25 INAKE 1T
HROENBMoT, —FH, WRHEDIST O v PCBII2HEREHF OB £
E44.4%, A XA LEMNBEICNSA TV LA T 2HMAEOHBLRI.1%T
HYH, (RO Oy PBIAFELMAOHMB L 1238.9%. 1 % &
FEMECNS T VYA XTI O BEIZ5.6% T - 7= (Table T)a

2) A X2EN—ZXT7 9y b UL 7ALANVOREKE
M A )V ZX6RM (HL, H2, H3, H4, H5B X THE) R s iIc@ S I H W =

TREN=ZXTZ b PUVTAANOBEANZADSFE L 7= ntDNAE 5 1.

bamll, #:ndlll, FcoRI, Saal, Sa/IB LU PstIOBEOFRBE LA
Lizo BEBOI VIV FUTPBEFZ2T— KT B atpd, rro2bB L O

cor/Z 70 —T e LES T UNASAT VYL E—Va L oRB, BEH N
ARERBBEOUY NN -7y b PULI7AANVERBUNYERY —Y %5
Lice UMD ULatpAdl rra26 70 -7l &, HIRHICIE. i@
ERWH =M dH B h i (Fig.7, Table 8, Table 9), iz atpd% 7
O=—7ULTHWEEEZIZHLUOINAM A BE L BEEXN - (Table 1 8

COZEenLH, HIRKDatpdABEFHIHDINVWIEZTORBBDIZINAD E R 4
LTWwa TSN, £ T, atpd% BaaHI CHIWF L 7= L0554 (1L F
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atpA-LERT)VEHEME S (WL Fatpd-REEZFTIEZHWVWT, X6 BRI L -
(Fig.8)o Mi# L HIR# O ntDNAG 2 % Hrndll THAL L. atpd, atpi-L
BLUatrd- RoZh2hz270-T e LTHYFINSLA TV T4 ¥ - 3
YEATo ke atpd 70— T L LEBAICR. 1 2D3.5kbM K, HIRH
EN—=ZXT7 v b b7 A4 NDT.6kbUTH B L TF10.TkDMT . 26 T IC
HIRHBEICH RN ZI. Ik A b N £, atpa-lETOo—T iz Lk
BELORULMF LB REINE, LML, atpdRETo—7¢ L1
BEICIE. A1 XD3.5kbi A BLUHIRHKELNN - T v b FLT7 4N
BTk oA BRINE, COZEh S, £ %03.5kbMf A
EN—=XTw bk bLTZAALNVDOT.0kbET I X atpABfiE FE2SEL R T
DN, HIRMEN—ZXT7 9 b bL 7 A4 NVICHBERI0.TkbETF K &, HI
FBICH BRI KM X, atpd- LB LDOBEER W &M S HIC
o s

KT, HIRZH & M B OntDNABE 3 % Baall ¥ #indll THAL L, atpik 7
O—7 ¢ LTINS TNILE—SavifFTo-823, 4% 7Tl
1.8kb& 1.6kbD M A S hi=, FLTZOWH A IEZTh 2hatpd-LE
atpAREUINA T YVF AL XL, HLBRHEEN—-ZX 7w b ML T x40

T, atpA 7o —7 & L& &i25.4kb, 4.6kb, 2.2kb MK & & .

TDIBatpA-RIENA TN H¥ A XT38 FE2.2kboATCHo=, SO
EhS, HIRBEEN—-ZXT7 9 b L7244 NICHBADT.OkDEF L 1T,
atpAZ TR THEONMN, HHEHLEN-XT7v b bL 7 a4 NicHRE

D10.TkOMf X atpA-LEE R LT LW e EHI N = (Fig.9),

DA RXEFNTZ 7INVT 7 OF M
ARX2EPNI 7N 7 7OHEANZIOY T LTy 43 HEHFo 1=
wWEOHMBEANIME, TOINIADPLABLERSE(G)EEHEG (Y)D A
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WADOWINAY YT T oy boMiE Y-k, PVIPNT 7»0OF R
BHEWSDOTH oD, Hiadll THIL U rra26% Tu—7 & LE7Oy b T,
GRH TIL6.4kdbB L T1.7kb, YRBE TR 2.3kbOFH = 2EBAE NE LN =
(Fig.10, Table 10), &= GR#E T k. H#iodll THAL L rro2bh 70 — 7
L7y b T5.3kb, FcoRITHIL U rra26k 70 —7 ¢ L7 aw b
Tl A2 EHEY 1 XOT7.1kblf & & h 7=,

JHIRER L3770 - T odliatosay bT, PLVTFNT 7 LAY
A ZXBLTA R LAY S ZOBRMNENZN8YB L F0SHEB L=, F
oo MHIEROH =R O HH RE63%TH > = (Table 11),

2. ERIAHREEOnINAD BT

DAHAZXEN=-ZXTy b b LIAANOBERKE

MEME AV 8K M (HL, H2, H3, H4, H5, HE, HIB L UHS)DH ¥ > T
Oy b3 ET> e BMEAINZRE@HTHR ANV X OatDNAE 4 % Pst1T 15 1E
U, atpdz 70— LEYYTT0y bClik. ¥4 XTIiL12.5kb,
11.0kb, 8.6kbB L U6.1kbOMH HNASN, X=X 7w b LT 34
VT IX19.5kb, 15.0kb, 8.0kbD M v A& & L J= (Fig.11, Table 12),
HZFRMTE. "—=X79v b b7 VoMK icmz, MEIE RV
8.8kb W i+ & B h J=

L2AL, fioy ¥ 7oy boBaACBI2RELFTend,. 1B LU
HB%& AR I & #7 7= %2 DNAMR }v 2532 & L J= (Table 13),

2) N—=X 79 b - PLZ7AANETNIFNT7 7O BB % E
MEANVZLEWHHOINAE S 2 saal I TUE L, 33 baY Ky PlE
Foatpd, rra2bB X Fcecox/Z 70 —-T L LEYFL Ty 43 zEFo
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e TOBER. atpa 70T LEELELENA-ZXT79 - bL 72
1V IZ 3R O DNAMG 1 (6.6kb, 4.8kbB L TFL.5kb)N A LA, 7N 7 7 )b
77 TCETROM K (10.5kb, 9.0kb, 5.6kb, 3.8kb, 2.1kb, 1.6kb$ L 5
1.4kb) M B BNy rro2b Fo—-—FTL LELEICE. X=X T v b - b
L7 24 NVICE2E0M K (7T.4kb, 4.9kb)M A s, PV 7 7007 7o 13
2E DU F (6.8kbB X T3.6kb)ASNE, cox/ZTa—T & Lk &I
e W=7 v b P74 WICE2EDME (6.4kbd & TF2.6kb) 25 &
5N, PNT 7NV 7 7ICE2KEDOHF (6.8kbB L F2.6kb) M 6 Mo 1
ThOBAELd, MERINN-ZX79v b PL7x A NVERUEE Y —

P b Bi(Fig. 12, Table 14),

B4l FR

1A EXAREPVORMBIUVTARHYORMBMEMKRETEH L X 0
ntINAZY Y 7Dy btk BT LE. TOER, 1254 X, 1%
EN=ZXT72 b PLTIAANVBITAREPLVZ 7 V7 7ORMEED
VRIAZXEN =79 b PLIAANOIAROBEO 444 ¢0
HMREEEANZOtDNAL, THHEOMHAOREDRE, FrRlrEow
BIEMRWEINZ #oTIhoD0BFEA NI DutDNAKC, MR ZDHE
MEPECTWEENR®WEN 3, Kemble o7 a2/, (1988)(F. 300fH {&
D Braccica napusOD K AR BEE CatDNAOBEBRAXE LW L 285 L
TWwd—7, AHREEOINEBVWTCRMEBRIOCEAREXE LS C &
BESOMAECLIDBE XN TWB (Belliard er 4/, 1979;: Nagy
et al/. 1981; Chetrit e+ a/. 1985; Rothenberg et a/. 1985: Kemble
et al. 1986; Morgan and Maliga 1987; Ozias-Akins et a/. 1987),

Nagy et a/. (1983)iX. WNicotiana D 70 b 75 X PERDE D12
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Lo>T, mtINNOBEHBHE NG ERECIhho T Ehs, HIRBSICL
DELBANTOTIXIy I RRENMINMOBBRBCIXLERFZHTH
ELTWD, — 7, ntNAoO B REMREREROZFHOBTCHEL B
DE,E S H S (Gengenbach er 4/. 1981; McNay et a/. 1984; Kemble
and Shepard 1984; Brears es a/. 1989; Hartmann et a/. 1989;
Shirzadegan er 2/. 1989), Shirzadegan et a/. (1989) % ¥ 1 & N I
BEICHFELTWSEEMNZDINASG F (subliminal molecules)ds, #il iy 5% &
OHLZHANBTRERGFLCIDHBEBEILZ L LT 3,

AHATHEITLEBEAD NV ZO0tDNAICEHBERGE CEERE LTI
MTFOIRNEEIT SN 3,

4

) FDIPIYFYPZHY 7 ANNABOHBR Z

2) FBEOI MY FVTFTY I AINAN OS2

3) subliminal molecules® 5 ¥

A A2EN=ZXT v b P74V, BIUZOHRHABREEHRED
atpABIE FEFHOBKICL D, HIRMKICH RN R I IKDINAKT & /v — X
Zv b b7 ANICHEETR10.TkbH & X atpAl 5 F O R 58
D BanlIHRBUDPSEHPOHEZF O LB REIN I (Fig.10), > T
COHLZRHE DI IkbDNAKT Fr ik, 10.TkbMF DS S h oK E 22T THE L
o LiEHMXN 3, Honda and Hirai (1990) X ¥:cotiana glaucak
N.iangsdolfriDERMIBBEEOotINAN atpAB iz FHIBMH M r2E
CLTWwWaZeZxrL, HAMOE Y atpAB 1 FHEE AT A H 2 4
RAOBERBLLTVWHBILERBLT WS, AHRICBI B, 1 2L
WN—=ZXZ7w b bL7AANVORMBEEIIRFEICRK RO 2RI, LKDDNANT
Fé, atpABE FHEMETCERD I VEABHOtDNAOHBZ I L b
hihxhi-d0oeFXLHN 5,
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Fig. 6. Southern blot of DNAs of four somatic hybrid cell lines (H1, H2,
H3 and H4) and hybrid white(W) and green(G) cell lines :
between rice and soybean, and their parental rice (R) and 4
soybean(S) cell lines. mtDNA fractions of hybrid and parental cell J
lines were digested by Bam HI and hybridized with rrn26. The ¥
unique fragments, deletion of soybean fragments and co-migrated
fragments with those of rice are indicated by stars, dots and

arrowhead, respectively.
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A
kbR Hi H2 H3 H4 H5 H6 B

23.1-

94- ’!!q!p---n»iuu.g
B = -

R HI H2 H3 H4 H5 H6 B

Fig. 7. Southern blot of DNAs of six somatic hybrid cell lines(H1, H2, H3, H4, HS and
H6) between rice and birdsfoot trefoil, and their parental rice(R) and birdsfoot

trefoil(B) cell lines. A: Hindlll and afpA, B: Smal and atpA, C: Sall and atpA.
Stars indicate the unique fragments.
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Table 8. Restriction fragment length polymorphisms of mtDNAs in
somatic hybrid cell lines (H1, H2, H3, H4, HS and H6) between
rice and birdsfoot trefoil, and their parental rice (R) and
birdsfoot trefoil (B) cell lines probed with atpA

Hybridized Cell lines
*
tragments R HI H2 H3 H4 HS5 H6 B
Hind 111
10.7 + + + + * e
9.1 it
7.6 + + + + g c
3.5 #*
Sma |
23.1 +
19.5 +
:gg ¥ + + + + + +
) +
zé + + + + + + o+
ekl >23.1 + + + 3 + o+
23:1 +
14.2 + + + + & + +
10.1 ® + * + + & + + ;
10.0 .
8.4 +
6.6 +

*:Fragment sizes are indicated in kb.
+:Presence of fragment.
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kb kb’ kb
107 = -7 L 78
- wwe % e -5 '
Y
35- e 4 35—
A atpA 3tpA- L apr- R
_ E Hi B R Hi B R HI B
kb kb kb

q - 54
20 —46

. 22
- -2
18— e
16—
B atpA atpA- L atpA- R

Fig. 8. Hybridization analysis of mtDNA alteration which observed in H1 somatic
hybrid cell line between rice and birdsfoot trefoil, and its parental rice(R) and
birdsfoot trefoil(B) cell lines. A: mtDNA fractions of H1 and parental cell lines
were digested by HindlIl and hybridized with atpA, left side of atpA (designated
as atpA-L) and right side of afpA (designated as alpA-R). B: mtDNA fractions of
H1 and parental cell lines were digested by both HindIIl and BamHI and
hybridized with afpA, atpA-L and afpA-R .
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L i R probe atpA

H H
1.8 |L|R|L6 Rice fragment
b se T |8 sassarucd >
H H
|
R Identical fragment of
I S4 e 2.2 H1 and birdsfoot trefoil
|( ................................ g ) (| TEAREREERES >
H H
|
I 4.6 L 6.1 Identical fragment of
H1 and birdsfoot trefoil
P T R ——— o
H H
|
I 4.6 I 4.5 H1 unique
fragment
S O >
(kb)

Fig.9 Putative structure of the rice fragment, identical fragments of H1
and birdsfoot trefoil cell lines and unique fragment of H1 cell line. Both
parts of atpA gene are included in the 3.5 kb of rice fragment and the 7.6
kb identical fragment of H1 and birdsfoot trefoil cell lines. But the 10.7
kb fragment and the 9.1 kb unique fragment have 4.6 kb fragment with
only the left part of atpA . E : EcoRI restriction site, B : BamHI
restriction site, H : HindlI1l restriction site.
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Fig. 10. Southern blots of DNAs of a somatic

hybrid cell line(H) and hybrid green(G)
and yellow(Y) cell lines between alfalfa
and rice, and their parental alfalfa(A)
and rice(R) cell lines. a and b, mtDNA
fragment pattern of Hindlll x rrn26 and
EcoRI x rrn26, respectively.

P : The same size as rice fragment;

% :Novel fragment. In this case DNA
in green callus was extracted from
the same subcultured callus.
c. mtDNA fragment pattern of
EcoRlI x atpA.
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Fig. 11. Southern blot of DNAs of eight somatic hybrid cell lines(H1, H2,
H3, H4, H5, H6, H7 and H8) between soybean and birdsfoot trefoil,
and their parental soybean(S) and birdsfoot trefoil(B) cell lines.
mtDNA fractions were digested by Pst I and hybridized with afpA.
Star indicate the unique fragment.
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Fig. 12. Southern blots of DNAs of a somatic hybrid cell line(H) between
birdsfoot trefoil and alfalfa, and its parental birdsfoot trefoil (B)
and alfalfa(A) cell lines. Total DNAs of hybrid and parental cell
lines were digested by BamHI and hybridized with three
mitochondrial gene probes (atpA,rrn26 and coxI). The banding
patterns of mtDNA of the somatic hybrid were identical with those
of birdsfoot trefoil.




Table 14. Restriction fragment length polymorphisms of mtDNAs in
somatic hybrid cell line(H) between birdsfoot trefoil and alfalfa
and thier parental birdsfoot trefoil(H) and alfalfa(A) cell lines
digested by BamH]I

Hybridized Cell lines
fragments* B H A
atpA  10.5 +
9.0 4
6.6 + -
5.6 +
4.8 + +
3.8 3
2.1 +
1.6 +
1.5 + +
1.4 +
rrn26 7.4 F 4
6.8 +
4.9 3+ 4
3.6 +
cox] 6.8 +
6.4 + 4
2.6 + % &

*:Fragment sizes are indicated in kb.
+:Presence of fragment.
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