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The symbiotic plasmid (pSym) of Rhizobium leguminosarum bv. trifolii 4S5, which
carries Tn5-mob, was successfully transferred into Agrobacterium tumefaciens A136 by
using a conjugation method. The resulting transconjugants induced the development of
ineffective nitrogen-fixing nodules on the roots of white clover seedlings. Depending on
the manner in which the pSym was retained, the transconjugants were divided into two
groups of strains, Afp and Afcs. pSym was retained as a plasmid in the Afp strains but
was integrated into int gene encoding phage-related integrase on the linear chromosome
of A. tumefaciens A136 in strain Afcsl (one of the Afcs strains) to form a symbiosis
island. Conjugation was performed between strain Afcsl and R. leguminosarum bv.
trifolii H1 (a pSym-cured derivative of wild-type strain 4S), and the Rhizobium Hltr
strains were screened as transconjugants. Eighteen of the H1tr strains induced effective
nitrogen-fixing nodules on the roots of the host plants. pSym was transferred into all of
the transconjugants, except for strain Hltrl, at the same size as pSym of strain 4S5. In
strain Hltrl, pSym was integrated into the chromosome as a symbiosis island. These
data suggest that pSym can exist among Rhizobium and Agrobacterium strains both as a

plasmid and as a symbiosis island with transposon mediation.
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1-1 = XBHEY) & BRI O 4

TEMAEY O—FETh DIRRPIEIX, ~ A BHEY OIRITERGE ULIRKLZ RS 5,
BRI IR T, RRFOERS o=t rt—BllloTTr &=
TR LIS T D, — 05T, IO E REY A RRIE IS 2 D,

TRBLE 238 TR ORIARKIZ TR L, BHRBEEEIT O £ TIZIE, W< 2h
DEFENR DD, 1) BRI &~ ARHEMRIZ & 5 2 7 TV AZHUZ J - TIABR
D= F—=Th s LZHA3T, 2) BEEDRE~DFE, REMEO T —
Vo7& D, 2T, 3) WEMIENZ KL ~m 2> THET 5%
LT, MREIIHEMAIIRAN ~EA LT <, 4) YR A M Bl
5 &, BRYGRAN ORI EMIAAN A~ S, RRIEIZ A7 T r A RERE
X oRE~E b L, EREELZRET 5,

RKLE &~ A BHEY O AT, M ORE TEFICREISATWS 7
TR A R&, ARRIEHIC K- THERM S 75 Nod factor 12 K - TITHiL 5, HRALE
THERRAIZFEBL L T D NodD X7 778/ A REFEAT 5 &, Nod factor & lE#
Fxa— NI 258IaT, nod, nol, noe genes ® Lyt D 7 0 F—& —EHALIZ
fEa L, FiiA~<n OiRG A2 MG 5, &S 47z Nod factor 1%, ¥F A4V
T~ — & FEAREH & LT lipo-chitooligosaccharides (LCOs; V AN k4 U =H#)
D—FET, WHIZE > TERRLEMDB72INTNWD, TOEWIT~Y ARHEY &
BB ENCAFET D e ERRME] OERDO—2 Lo TNDHEEZLNL T
%, WTAETIL, Lotus japonicus @ LiSYMRK, Medicago sativa ® MtDmi2 72 ¥, Nod
factor FRFKICRMR L TV D LRI N D AR X T —BDFENHE S

(Endre et al., 2002; Stracke et al., 2002), & & [ZHRALEERFEEAYIZ Nod factor &aak (2 B



PoTND ZENBLIRBINTWDZEMN (NFRI, NFRS) HbHE S TWD
(Madsen et al., 2003; Radutoiu et al., 2003), ~ X BHlE#i%, BRKIE D Nod factor &
AT 5 L, FEEIC RO EERE TR O Bk, L DB T KR D JE
W72 4k (Ca* AR X7, MREKOT 7 F 2 OB ~DOER %
B4, Z0%, 2 H—4 BORICRBIZI—V 7 &I L, YRR
F 5, IEHRRGRIZAUTIE, &Y R@EE T OIRALE T 6 Nod factor D53 UA7%N
3 L X4 (Schlaman et al., 1991), MR & ~ A BHEY) D FE A ZE5R O 1)) BB LA
THHNOEEZFFOZ EPRBEIN TN D, JEYRIERK 2R T 2 ARKL A
il © [K ¥ 1X Nod factor @D, succinoglycan (exopolysaccharide I, EPSI) &
galactoglucan (EPSII) 232815 &4, exoH s 128 BAk S B 7o YR Bk & 5| &
TGS H D (Chengetal, 1998), —J7, BJE Ml TITlanRaEMEL L,
RRLFIENTERL SN D, £, HEMYOMRIL, RO LCOs % i L T
[AIER LTI, ARREFUIL 25 e SR ML THI = U i+ L & 5 ENOD40
(Kouchi et al., 1993; Mergaert et al., 1993), ENODI2 (Scheres et al., 1990a), ENODS5
(Scheres et al., 1990b) 7% & DB FDORENFEIND,

TR ST Yk 2l > C, MBI U ARRI S, R O ik &
Nb, ZOR, HRIEIIEY KO peribacteroid membrane (XU /X7 Fr A K
59) (2O REET, BEMIEOMIE I S 4L (Verma et al., 1996), ~
7T7aA Rkt 5, XU TFaA RENIEI~Er Bl Lo TEH#
SIEBMES MA B, N7 TaA RBRERBEEEITI OCK b LB L 72

S TW5D,

1-2 R EBED D Hl{HE
5~ A RHEM OARKI N T Y F 1A RICAME UTARKI L, FEdL/E ke &
ARV 2 BIEIC 2L &, BICEREEICBET 5 M AT ORI RT3

|



(Uchiumi et al., 2004), = O FIIXEREE KIS E i 5= hu 7 —EBHEK
Z a— N9 % nifHDK B8, BFESELEH L, BAIHF TOMEKOE (s
RICBE T 28 n R A G D fix Ba NG END,

nifHDK 12 X » C=2— R &H 5 nitrogenase AT niftH (22— FEh b
dinitrogenase reductase &, nifD & nifK 22— K I 415 dinitrogenase 72572 5,
dinitrogenase reductase (Z{EMETMI A~ L &2 FF L2 AE EAT, dinitrogenase
(& 49 5, dinitrogenase X o,B, O ~7 1 U E K T, dinitrogenase
reductase 2> HE T EZITHY, BEOT =T ~ORITIUG %2 il 3%,

nitrogenase A IR ITIEF IRV L FF D, BRI K > TEGITKRIET D,
TR CIE, W OFEET D ~E V1 Ul L » TIKIEE S EREE AR X
NTEY, WAEIL, MENNOBIESELET VE=TU ALV EE=F—T
52 & T, EREEREIER T O EH#E 2 1T > TV %, FixLI-FixK 57 27—
RIZEREEHE TS TOMETHE L TREFShTEY, ZoHEROKT
FIZIX fixHOQP (cytochrome terminal oxidase) 72 &, IFRMEREE F CIEEIT 5
T2 DI LB R - RED N D (David et al., 1988), FixL iZ~L & ot o —F
T—BT, BESTEHIOAD LY LS, TR Fix] &2 U ST 2,
FixJ 1TV UBfbSid &, DNAKES RAA U REEH L, fixHOQOP D¥RE % (i
9% (Tuckerman et al., 2001), & 512, Sinorhizoibum meliloti D&%, FixJ 1%
NifA OIEDEREEM & HI#E L CH Y, NifA I sigma factor o°* & 212, nifHDKE

72 EORREIEM 2R E T 5 (Dixon et al., 2004),
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2-1 Transduction, transformation, and conjugation

NI TIVTIE, BECOLFEDO L RV EOBIE T 25 R, MW EZERE
A HE7R mobile gene elements (MGEs) (2 & » CTHi7-7a KB A S L C& 7=, M
a2 k17 5 MGEs @ #5%5 1% horizontal gene transfer (HGT) & FEIT A,
transfomation, conjugation, transduction ® —F#(Z KAl TZ % (Fig. 1), transduction
EWINTT VAT 7 =VEN LERERBROEGEZS L, KHREOHFAIIA
7T VFT 7=V DIE ERFRMEIMAFT D, transformation [FFEA TEHIEE 72 & D
DNA 8OV iAZZFE L, 40 FIZEOEMIZHB W THER I TV (Lorenz et
al., 1994), transformation ] HE72fRTEIX competence & FEIXAL, BRI %8s 1-RE
IZ quorum sensing <> nutritional signal % (2 & - TEEEICHIEH TV 5 (Claverys
et al., 2002; Hamoen et al., 2003; MacFadyen et al., 2001), DNA Dk > A7 A1
type IV pili (T4P) & Type II secretion systems (T2SSs) Z k75 & > /37 E A3 EH
R LTV D 2 EMIRIB S LT 2 (Graupner et al., 2000; Sparling, 1966; Stone et
al., 1999), L2>L, T4P DRESHREY /37 E (pilin) & DNA B O AEIEH
BoRT T — X3S 6N TE 57 (Long et al., 2003; Mathis et al., 1984; Rudel et al.,
1995), €7 /L & L T pseudopilus (¥ -pilus) 23E"E 41T 5 (Chen et al., 2003a),
conjugation [TMAM DEENRERIEROEZELIEL, FEFETONITIT
EWV OO EHHE CTHEFER S LTV 5 (Frost et al., 2005), conjugation B E (s 1
Z{EFF 9 5 conjugative element | relaxase & Z DOHBIK 712 K > T oriT
(origin-of-transfer) X ¥ rolling-circle replication (RCR) #4#(Z J2 - T ssDNA % /&
T %, T D%, ssDNA & relaxase ISR &M S /X7 B TH D VirD4 ~

& JE X, type 1V secretion system (T4SS)® pilus & I L TR~ L ik S b,

)



2-2  Mobile genetic elements

NI T IUT T LI, KHsEARER T 7 AR, FREAKRICRFFSLT
WHBIREEFE (genome island) 73 < FFA(ET D, AUV OILPLIAEWE MM, (H
PR OB E & F, HGT 12X » TR (recipient) ~#7= 72 R HA % (-}
59%, 2oL 57, 77 ANELEEEINEZBET 5 2 LAVATHE/ DNA O
J8/ % mobile genetic elements (MGEs) & FEEAL 5, MGEs (2137 /) LN EZ BT 5
transposon, insertion sequence, mobile gene cassete X°, HE{KI~EIBEIND
conjugative elements [conjugative plasmids, conjugative transposon (CTn)] (25748 &
A%, “conjugative transposon” & I, tetracycline i1t % {1 5-9-% Tn916 (Franke et al.,
1981) X, tetracycline T4 & erythromycin [ PE % 1 595 7 7 LM%
Bacteroides T CTnDOT (Bedzyk et al., 1992) 73, transposon DR IZ1E YA KD
B2 TRALE A ORLIA B DTS ST N DA bz, LaL, EBRIE CTn
DALAIA T Z — 5 ML IRNA R, A+Trich SR EZIEICHZD 0D
(Burrus et al., 2004), Wb A 77T —BIZK DAL TH Y (Burrus et al.,
2002), DDE & F— 7 % £#&Ff L 7= transposase (2 L 5 b T 2 ARV 2 DFLIA S HEHE
LTS B R LD TH -T2, CTn O b2 b TREML, HFUAEMEMEZT T
72 < sucrose N2 2T 575D HHA STV S (Hochhut et al., 1997), Z i
LIXETHORERRET, 47277 —BlZX o TEELAERSHAIAEN,
8 E~HT 2RIV M5 58RAFTHY, MIAHLZ—F v b OFBALFEER
MABRITIX, cle (cholorocatechol 77 f#HE) (Ravatn et al., 1998) <° bph-sal (biphenyl
and salicylate 43 ##HE) (Nishi et al., 2000), symbiosis island (Sullivan et al., 2002) %
& [RIRED ZE) % 7~ 3, BITE, 241 513 integrative and conjugative elements (ICEs) &
SYREE XL, Mesorhizobium loti RTA DIAET A Z 2 Rid ICEMISym™* & £ 4417 5

LTV % (Burrus et al., 2002),
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2-3 ARG HEOKHEE

RARLEE OO A4 BB AR T REDAAERUITBIC K > TR > TV 5, Rhizobium
J&, Sinorhizobium JEIL7 7 A R RICHARMIER A REEL ET T
3 R, symbiotic plasmid; pSym), Mesorhizobium J& & Bradyrhizobium J& X FYs (4
KEICERR 7 FAZ—EL L TRRELTWD 384T A Z R, symbiosis island) ,
ZIHDOY A XX, pSym Tl Sinorhizobium meliloti 1021 pSymA D) 1.3 Mb
(Galibert et al., 2001) 2>, Rhizobium etli CFN42 p42d ®#J 370 kb (Gonzalez et al.,
2006), AT A T R TIX Bradyrhizobium japonicum USDA110 M%) 600 kb 7> 5
& Mesorhizobium loti RTA M#) 500 kb &, ICEs (R T 2 b D & L THIERITK
YA

ZNHD pSym, KMOIAET A F 2 NITITAKHBRZERER b DTS D,
pSym TiX, pSym & H O nEREZIRFTT 57T A I FRIOEBALRF SRAGIHEIE X (1
& - TH U7z fusion replicon 73, HCARZERIRE/R Y 7 A I R & L TR RZES
HHHE SN TS (Brom et al, 2004), F£7-, Kinkle & (1991) (fHHEhT
Sinorhizobium fredii USDA201 0 pSym T % pIB5J1 3 Rhizobium leguminosarum
6015 ~ATTH 2 L AR L TEY, R. leguminosarum bv. trifolii ICMP2163 @
pSym b HOARERR AR L TS Z EBHLMNE > TS (Rao et al., 1994),
Flo, WETA T RTIHE, RNAZZ—7 v b & LI IR RO Z 1T L -
T, FREENSNEMAPIRAENTZHEDOTHDLEEZEZ LN TEY (Kaneko et al.,
2000; Kaneko et al., 2002), M. loti RTA D34 T 1 Z > R ICEMISym®* T, T4SS
<° relaxase, conjugation (272 coupling protein D AF{E S 7~ S 4L (Sullivan et al.,
2002), ARARERERL LY AN DO LN HEEEKFETH L 2 & bk
RSN TUW 5D (Ramsay et al., 2006),

ZAVE T, Methylobacterium J& (Sy et al., 2001), Devosia J& (Rivas et al., 2002),

B-proteobacteria |ZJ& 3 5 E (Chen et al., 2001; Moulin et al., 2001) 72 &, RKIE IZ
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B SRV D b E R EEHEE R ORI HER I TWD, £z, IT4F,
pSym & Ti/Ri 77 A R& & HITEREFF L, Phaseolus vulgaris ~i>3 07203 &
FEETEMEZ R TARKLA TR L, IR & BARRIEAIIC T R 72 Agrobacterium
rhizogenes ~77 A SNV HHEE B L SN T D (Velazquez et al., 2005), L2>L,
TAUBIAERERED, BARBREE T CHRAEREEMEER A S0 XD 2T
AL, ¥ LAIBEFELTWIONIARHTH D, EREL L TY,
Agrobacterium |2 A 22 [H E BEE S T HE A AN AMITEA L, WAL ESS
HHRLLEE L SN TE 7= (Abe et al., 1998; Hooykaas et al., 1982; Hooykaas
et al., 1981; Mavingui et al., 1998), L2>L, WI L b Z DEIG FREDE EIoxF LE
FETTEEZ R TR 2 B A LA IXIE L A E 72y (Martinez et al., 1987), 1R
RLEIC B S 5 WA O 3R 2 R E E RIS OV T ORI, Y & Y
DO EMER OB, HAEERBEEMEO SRR EDO RN BIFFICEETH
DN, REARRAZRENZ LRI TWD

12



%5 3 . Rhizobium > & Agrobacterium
pRt4Sa::Tn5-mob D A 1InE

3-1 F¢

R 23~ A By & AR REE 2T O OICHLERBIE L, 77X
Z—%BMR LTS, %7 TAZ—ZHLHEBANICE L E-oTHFELTEY,
7T A R EICFET D5A %2 AT T A X R (Symbiotic plasmid; pSym), &7z
FYEAR RITHEL TWD5E, £OEBITIEAET 47 F (Symbiosis island)
EMEIEAV D, Rhizobium J&, Sinorhizobium J&1X pSym & L C, Mesorhizobium J&,
Bradyrhizobium J&, Azorhizobium JBIIIEAT A 7 v K& L CHABEES TR Z
LTV D,

pSym, HAET AT R, WL BKFRESNI DI ERHALNLER>THD
%, Kinkle & (1991) 1+ C Sinorhizobium fredii USDA201 @ pSym T 5
pIB3SJL 2% Rhizobium leguminosarum 6015 ~BAT$ 5 Z L MR L TR, F7o,
R. leguminosarum bv. trifolii ICMP2163 @ pSym 1 H CARIZEREZ R L TW 5 Z &
D LML 72> TS (Rao et al, 1994), R. etli CFN42 @ pSym T& 5 p42d I3,
HOBEREZRFL TS 7T A K pda EMMFFRGMABZIICE ST
cointegrate G A TR L, HOAREARER T 7 AI F& L TKERESNDLZ &
RBH S22 E 725> T % (Brom et al., 2004),

~ ARMES ORI & 0 BB S, WRRIERGE, F o3 EE R E S R
L CWAEMED, BEMORBIFEIZITE S 20 &0 ) 1L, R RECEH
[ E B AR T DK AR E L EAT D D TH D, Sy B (2001) 1% Crotalaria D
KL K VU Methylobacterium J& D % Hiflff L, Methylobacterium nodulant & 44 -5F
7o AHX ) —NVEBIKF#EHREZ 32— K92 mxaF £, Nod 7 7 7 ¥ —HEHKICEES

9% acyltransferase & =2 — N9 % nodd Z{r+F L T 72, M. nodulant ORS2060
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NodA IE, 47 RFAINZIE Bradyrhizobium @ NodA & ¥T<, Crotalaria podocarpa
& C. perrottetii DOIRIZZE FRE E Al e 72 HERUARRL 2T T D, F 7o, BFZ M
FOKM~ AR Td D Neptunia natans O ARKLH & HEE X 4172 Devosia
riboflavina 3, Rhizobium tropici & T#%75 nod BART-HE L nif Bi5 THEZ 77 A 3

ICEREEL TV D 2 &R &N TV D (Rivas et al., 2002), nod & nif &5+
L, RKLFZRKFIHEZ: B-proteobacteria HIRFFL TWAH Z R HEINTWVD
(Chen et al., 2001; Moulin et al., 2001), Chen ©(2003b)i% Mimosa 7> & H.Ef L 7=
Ralstonia taiwanensis O _FEEEIZ-DUN T, a-proteobacteria D nod EIn 1 &,
B-proteobacteria F12K D nifH BAR T DWW T2 kFFL TV DO EZRR L TWD, =
AU, B-proteobacteria | ZJ& T D EHREEMEIZ, nod BinT-HEDKPARE

EEE LI EERBELTNSD, L, ZhbORREICES 2k

AWEHRDY, HAEREERTFEZED XD 2B TESL, 7/ JRFEELTND
DRI LI 137220,

AKETIX, FEEFHBOI ARSI COWTHET S0, 7 o — Rk
DA T T A I R(pRt4Sa) % TnS-mob DA AIZ L 0 FEML X728k R. L bv.
trifolii 485 Z AV, JRIEME T T 2 X R pTi 2142 L7 4. tumefaciens A136 ~F1T
S W7 15 D ALTZ Agrobacterium ¥ A RZEMRIZ 31T 5 pRt4Sa:: TnS-mob DT &,

RUA b7 a—"EDIARIZOWVWTHAEL, HET D,

14



3-2 ik

3-2-1 HWRIZDOWT

ARFZEZ W= FEE, ROV T A Rid Table 1 128 LT,

R. L bv. trifolii 4S 137 0 — MRPIE I AEMLTH 5 (Higashi et al., 1980),
Escherichia coli MM294 (pRK2013) (Figurski et al., 1979) I tra #&is &2 &1
pRK2013 Z{#£F LTIk, triparental mating (233U T helper & L THWZETH
%, E.coli VCS257 (pC4S8) 1% 4S FRDOIRFFT D nod I D —HE (ca. 17.7-kb) %
Ja—="7 L7k (Abeetal., 1998) T& Y, Southern hybridization ® 7' 7 —=7
VERUZ AV =, R. L bv. trifolii 4S5 1% E. coli S17-1 % donor & L 7= biparental mating
[Z& Y Tn5-mob Z4EATHZ & T, 4S HRDILAET T X I N pRidSa Z AlEE L
7K TH 5 (Abe etal., 1998), R. L bv. trifolii H1 X 4S £ L Y pRt4Sa Z#{HE L7
¥k CTd D (Higashi et al., 1983), Agrobacterium tumefaciens A136 X A. tumefaciens
C58 L VIHREMET T A RpTi ZHE LT TH D (Watson et al., 1975),

R. L. bv. trifolii 1Z YM £33 (Keele et al.,, 1969) % H\>, 28°C TH:#E L 7=,
Agrobacterium & E. coli 1% LB 551 & vy, Zh2h 28°C & 37°C THs#E LT-,
FERBAEIC O D ERRIT, S e LA E 2 N2 72 TY R IAE L (Beringer, 1974)
TIRGEEEBLICbOZMHEH Lz, FUAEYWEIE, DFTOKREIZRD ZHOINL
72, nalidixic acid 1% 25 wg/ml, kanamycin | 50 pg/ml, rifampicin (% 50 ug/ml,
tetracycline | 10 ug/ml, pCR2.1 % H\\/= 7 o — > ®OEfk(Z1L carbenicillin 100

mg/ml, |3 kanamycin 50 mg/ml % 00 U 7285 - A4 L7z,

3-2-2  Conjugation and plasmid profiles

Figure 2 ICAF — L% R L7z, 4S5 #k% donor, A136 #£% recipient, MM294
(pRK2013) #£% helper & L THW =, ZEhIUc, @ORitEMEZRNLT-
TY {RAAE T, —&IREIEE Lo b O 2 JRE /K THEF L, HiH & FEaEOpE K

15



(Z R U 7=, 45 B % helper 100 ul, donor 200 ul, recipient 200 ul (helper : donor :
recipient=1:2:2) OEGTRM Lz, ZOHEKEZELOEREL, HIEEZRY B,
200 wl DIEEKIZHBE LI, TDHH 50ul %2, PrAEMEZHRML TORNTY
B b IC AT, PR 3 A D FLFE 0.45 um D 7 ¢ L # — (Millipore, Bedford, MA)
FIZBL, 16h, 28°C TR&iE&E LTc, 74 ¥ — ETHIELZEEZ 1 ml O
PREK IR U, DR 0%, R/ AW E 23N Lz Sml 0 LB #IARRs #
T, 5 HEEER R Uz, B8 U2 BRI E K CHes%, 100107 cell/ ml @
EIRIREE~AIRL, RUA b7 o — "OFAZITEHER L, 5EEE%, NSO
J71% (Uchiumi et al,, 1995) Z AWT, TR SNV7ARBL &L U BRRZ HBEL, HT4AY
BZW LT LB EHIC®R Y IRIT T2, 15 B ALTe Agrobacterium $ 5 -RIL, [T
WO OWHE TR EI N FIEICHE > T (Abe et al., 1998), random amplified
polymorphic DNA genotyping (RAPD) (ZC Agrobactreium T 5 Z & R LT=,

155 N ERRIT AFER & £ 451 7=, pRt4Sa:: TnS-mob DB A5 N =R 1% rifampicin,
kanamycin % &N~ — B — & U C#®Ek L7z Agrobacterium 55 E, 7 «
VH— EOEEETIRL TR LT,

13 B 37 Agorbacterium G ARERRICBIT 5, 7T A I ROBATIL, Casse b
(1979) 12X D77 A R FEEHW, 7 e —X 7 VELKKE (0.7%

agarose, 100V, 90min) (Z L > THetH L7z,

3-2-3  Southern hybridization

71 —7X R. L bv. trifolii 4S @ nodBADF fEik%, pC4S8 (Abe et al., 1998) %
#5M & U7z polimerase chain reaction (PCR) THIE L CHW=, 7T A ~—
4S nodF; 5'-TCAACGATACAATCGACTCCG-3' & 4S nodR; 5'-TACGATTCTCAA
GCGCCGCTC-3'Z# Hv 7=, 7’8 —71X Megaprime DNA Labelling System (GE

Healthcare UK Ltd., Buckinghamshire, UK.) %/ L, [0-"* P]dCTP % AT 7

16



N LTee AT UEAE— 3055 x SSC (1 x SSC is 0.15M NaCl and 0.015M
sodium citrate), 10 x Denhardt’s solution (0.1% Ficoll, 0.1% PVP, 0.1% BSA), 0.2%
BSA, 50% formamide, 0.5% SDS, 50 ug/ml salmon sperm DNA % V>, 45°C,

overnight DR TITo 7o, NA T VXA EB—T 3 %D T 4 /05 —F 0.1 x SSC,

0.1% SDS ZfEfH L, 65°C Ty L7z,

3-2-5 70— N~OREEHEREE, KOOSR E SO HIE

ki Ag, MOEHEETEHED - OOETMME LT, "UA F7o—
/N (Trifolium repens L. cv. Ladino) ZfEH L7z, M HIIREAEDOT-O 0.5%
NaClO & 0.1% Tween 20 T 30 min #£%z L, JFEKCTHREF LI OZHEH LT,
0.7% agar plate FIZH&FE L, BEAT T 24 h, 24°C TA > F =2X— | L7z, 0.7% agar
% & Tp Fahraeus 5 #1 (Fahraeus, 1957) FICHEZ, 10'~10° cell/ml D E DO EIK %
WUA N7 a—"OIRITEERER, 24°C, W 14 h O T THE Lo, #HH
DB RIREIRIT TY IR TR % £ THs#E L, SD.W. T4 L72 b
D xR\,

EREEEMEIT T BT LV EILIEM (Hardy et al, 1968) % Gas
chromatography GC-3BF (Shimadzu, Kyoto, Japan) Ti#l|7£ L 7=, %7 7 A% Porapak N,
717 LY A X3 mm x 100 cm % VY, effluent gas [ Ny, 50 ml/min, & HIEEE; 60°C

DFEMTHHT L, MHERIX FID &2 Az,
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3-3 fEH

3-3-1 Rhizobium %> % Agrobacterium ~~® pRt4Sa::Tn5-mob DT
pRt4Sa::Tn5-mob % Agrobacterium ~AT S 572, 4S5 #k% donor, A136
Bk % recipient, MM296 (pRK2013) #k% helper & L, triparental mating %17 > 7= (Fig.
2), & BT Agrobacterium BEAAREERRIL AT B & A HT 7=, AfERIT 4S5 BRIt
M Z 5D nalidixic acid 2% L7Z YM 558 L CHIECTE 9, AU A 7 m—
DRI A0 BWhR kL 2 Ak L 7=, 723, Triparental mating |2 X %,

pRt4Sa:: TnS-mob DK VARTERNZRIL 1.56x107 /recipient cell TdH - 7=,

3-3-2  Agrobacterium ¥ EABERIZ E 1) % pRt4Sa:: TnS-mob D HLEME
oS
Af BRE D 7 0% MICHEEZ 3R L, pRt4Sa:TnS-mob DBATZMER LT,

pRt4Sa::Tn5-mob L [AH A XD 7 A I RPNk e, Bl S uniRss
FELTWD ZENRBH LN E /o7 (Fig. 3A), A& % Afp £k, %E % AfcsBR &
L7z ATOEBRTIE, /57 0—7DRFEE LT, Afpl k& Afesl B2 L
7=« R. leguminosarum bv. trifolii 4S O nodBADF % 77 —7 & L7 Southern
hybridization Z47->7-& Z 4, Afpl #ki% pRt4Sa::Tn5-mob & total DNA K 7 {2/
ATV EA XTI, Afesl FRIZI T total DNA Wi IZDFNA T Y XA X

L Tz (Fig. 3B),

18



3-4 EEE

AWFETIX, pRt4Sa & TnS-mob 12 LV AIEME X E72 R. 1. bv. trifolii 4S5 %
donor & L T\ 7= triparental mating (Z L > C, Agrobacteirum -~ pRt4Sa:: Tn5-mob
AT S BT, 15 b ITZ Agrobacterium A ARER AT 1L, RTUA M7 m—C
AR R 2 AL L7 (Fig. 2 Cto B), Z4LE TIZH A. tumefaciens |23 BB AR 1-RE
ERATI VT MENH D, HAEREEEIIMERE STV (Abe et al,
1998; Martinez et al., 1987), L 7> L, Martinez & (1987) D452 X 5 &, Rhizobium
tropici CFN299 BRDIET T A I RELRFFT 5 Agrobacterium ¥ RTEREDS, 1R
FEARTFHINZ Phaseolus vulgaris |\ SRR 2 TR L TV 5, £ 72, R. tropici CFN299
RO T Z A I REREFT 5 Sinorhizobium meliloti % P. vulgaris \ZH:78E L 7235
B, BRETEEZITORVIRKIAZE S 47 (Noel et al., 1984), Agrobacterium 1%

EREE G DOEER - Th oo ZIRFLTWS, 7 a—NoBif 5t

m

EES
=

HE
H
o

TEREDIETUTIX, pRtdSa::TnS5-mob DFHTiX7p <, D AKDT T A3
7o B R R ET 2 BENERNEE CTH L Z ERB I D,
Mating # @ mixture 2R U A b7 v — NI L, BRI N-HRL X 0 B

ZIN

$t

K,

L7= AfBRIZIX, 4T S 7= pRt4Sa::TnS-mob 7377 A3 & L THIHE TE 724k
(Afp #R) &, B Sk (Afes BR) 237/E L T /o (Fig. 3 A & B), Afcsl
FRICEB W T, Afpl BRIFIER, R U A b 7 0 — SOOI K 2 o L 7= 2% (Fig.
3 D), 4S KD nodBADF (3 total DNA Wi R lZ DI A 7 U XA X LTz (Fig. 3 B),
INHOREERL Y, Afesl #RTIE, BT S 7= pRt4Sa::Tn5-mob (L FYLEIRNIZ
MAGAENT-AREMEN S D, F£72, Afpl #ED Southern hybridization (Fig. 3 B)
TlX, 77 A D &7 57 total DNA T I & nodBADF DAFAEN R STz,
ZHUZ, total DNA Wit & [FlH A X2 & CTUIWF S 4172 pRtdSa::TnS-mob 73, Z D
W EENTNDZOTHS, LvL, 77 A I RIRBED pRt4Sa:: TnS5-mob 73,
BRI FRARNSEAEND LV IREE L > TNLHZ BB XN, §F
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MR ENMNETH D,

728, R. leguminosarum bv. trifolii 4S5 & A. tumefaciens A136 ZH:4 L,
Rifampicin, Kanamycin [fit?4 % 38R~ — 71— & U T Agrobacrterium ¥ 5 1n gk %
36 BREEVEZ 12D\ TC, pRt4SanTnS-mob DIFIEREREZ R L7228, Wihd 77
AZI FELTHFELTEY, Afesl kD XL 912, fRICHAAENTZZ &0 T
HINDIEKEE RNV LXxTERhole, 2D &G, pRtdSa::Tns-mob
D FYEARA~DOFIABBHEMERNZ E TR I D,
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5 43 . Afesl BRIZE 1J 5 pRt4Sa::Tn5-mob D FEENE

4-1 J¢

JFREAEM DT ) BTIE, KARERET, HOFREAKICRFFSNTWDE
REFRVPEE < AFET D, BRI L7 IRHED lambda phage DNA, tetracycline fif
P2 AN 2 75 KBEYER Enterococcus faecalis  Tn916 (Franke et al., 1981) <2,
tetracycline MM & erythromycin MiEZ 53 % 77 LEYERE Bacteroides TED
CTnDOT, & 512, IBPNHE Salmonella senftenberg T¥EH, & 7= sucrose {5
%} 5.9 % CTnscr94 (Hochhut et al., 1997) 72 ENE T 5D, 26, WITi
L7V VT VTR Lo TN T U T ORGIEN LA TN, B
AEEOBRIZIEERAER I VI HEh, KREEEESN D, T4, Burrus (2002)
52k, b DIRT % integrative and conjugative elements (ICEs) & 383 5
T EMNRB ST, ICEs OEFRE LTIL, i) 5 B0k X0 ERA K A
ZITEoTEY Hah, —FFICERREEZ &V, i) #EICL > TR RES
AU, iii) #AHEIK T (tetracycline MM4ESC sucrose X772 &) & GHEIZAH 575
ZEThD,

TR O IAERSHEBRR T HIL 7 7 AR, i ERak bicys 722 —%
FERk LT\ D, Mesorhizobium J& & Bradyrhizobium J& Ti%, TYefalk BICE K7
5 AR =% L, 4ET AT R (symbiosis island) &MHENTND, ZiL
SIZVTROEA Y, phenylalanine tRNA % % — 4 v k& U= B A4 BAGHESL %
2L - T, EREEANEHMAAEINTZEDOTHDL EEX LN TV D (Kaneko
et al., 2000; Kaneko et al., 2002), F£7-, M. loti RTA OIET A4 5 0 i HRBREE
TR DRENHER S (Sullivan et al., 1998), P4-family integrase & = — R3°
% intS HEID L EHIAAIZRE > TV, EEREEERFIZHEE STV D

ZEMNHE SN TWVWD (Ramsay et al., 2006),
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tRNA B %X —7 v h& Lz DNA 777 A2 hoOfMiAZ LG HLIC
DWTHE, WHEMEY 7 — U TEBIR STV D, R L bv. trifolii 4S Z 153 &3
HWENET 77— oU OBEFILTIE, RNABIGFE T 77— ) DA T F
7 —BHE 0, LR 2 1ZB84> 5 (Uchiumi et al., 1998; Uchiumi et al.,
1995), 77— ¢U D attachment site (attP) & 4S BRD nod \lnf B AN LT=7 7
A X K pCINodl ZHEEE L, H1 £k (S BROIHLAET T A I RIHER) ~BITSE
HE, 77— ¢U DNA BMEETH 5 4S BRICHHAGA £ 5 I & [RER DT,
Hl RO FYERN~SHAIAENT, 77 A I FOMBIAFENTZEHRIZ, REE
REEZRIE L, (RNA B T&A T 77 —ERIAET A T ROMAIAIRIZE
RLTWD Z ARSI,

ARFETIE, BRIEKREEZRTIZHL 5T, pRtdSa:Tns-mob N7 7 A3
R & LTHH SN0 o 72 Agrobacterium %815 ER Afcs] BRICBIT 5,
pRt4Sa:: Tn5-mob DA IIAILEIZSWNT, FEHNTHAT L7- D THET 5,
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4-2 ik

4-2-1 Pulsed-field gel electrophoresis (PFGE)

77 7 OERUT Rice & (1999) O F5ikae —HBA L TiTo 7, TY #ikEH
TR R F TR L7 S0 ul Z#HLY, 30 sec ARA /L L7214, JKKT
am L7 PR K Toeve g, 226 L, EiE % #5C, 100 ul EET buffer [100 mM EDTA,
10 mM EGTA in 10 mM Tris-HCI (pHS8.0) | (2% L 7=, B {KIZ EET buffer (25
L7z, HBRWIIREERED 65°C, 1.6% Chromosomal Grade Agarose (Bio-Rad
Laboratories, Hercules, CA) % 7EF1L, plug-molds (Bio-Rad Laboratories, Hercules,
CA) |2 LIAA TEalZ[EMk &7, agarose plug I%, 1 ml EET-LS buffer (1ml of
EET buffer containing 200 ug/ml lysozyme and 0.05% N-lauroylsarcosine sodium salt)
ZETe, WA 50 mliELF 2 —7T37°C,3hA v Fax—FLl, Ny 77—
% ¥5C7-1%, 1 ml EET-SP buffer [1 ml of EET buffer containing 1 mg/ml proteinase K
and 1.0% (w/v) sodium lauryl sarcosine] Z 1%, 50 °C T—#&KA »F=~— kL7,
Wiz, /Xy 7 7 —%%7T, 40 ml TE buffer (pHS8.0) 2T 30 min §& 3 25 #E% 4
[l#E Y K3 Z & T, agarose plug & ¥ L 7c, agarose plug 1%, J&E L7 4 °C TE
buffer H TERAF L7, HiIIREERALEET S, 4 agarose plug 1338 2 720 A X2 ]
STebOEMMH L, AR L LT 500 ul OB 22 HIfREE S /N 7 7 — 17T 20 min,
FILTA 22— b U7, HilIREESE I 50 U L, Pacl,iZ 37 °C, Swal 1% 25 °C
T over night f > F = ~_X— K L7z,

PFGE (& CHEF Mapper electrophoresis system (Bio-Rad Laboratories, Hercules,
CA)YE AW TIT o 7=, KENSIFIX 1% Chromosomal Grade Agarose (Bio-Rad
Laboratories, Hercules, CA), 12°C ® 0.5 x TBE buffer T{7V>, &/E 6V/em, 20 h,
20-120 sec, pulse time & L7z, %A X~ —7F —I% Sacchatomyces cerevisiae standard

(Bio-Rad Laboratories, Hercules, CA, U.S.A.) % FH 7=,
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DNA 7 7 7 A hiZ 0.5 ug/ml ethidiumbromide C 30 min 444 L, 260 nm O

B DI TR L7z,

4-2-2  Probe

PPNt T Y XA B — 3 D7 v —7 X polymerase chain reaction (PCR)
2 &> TH7=, PCR EMIT pCR2.1 (Invitrogen, Carlsbad, CA, US.A) |27 n—=
> 7 LTz, Agrobacterium FYta /KD tRNA % & TefElk O HENE (b, c, f,j & & fHT
72) 1%, A.tumefaciens A136 @ total DNA #5551 L, LATDOF 74 ~—%HW
T M W L 7= . probe b ; 5-CCCGCTATCATGCAGCATTT-3' &
5'-GATCGTCTCGCCCTATCATA-3', probe ¢ ; 5-GGTTTGCGACAGCGTATGTA-3'
& 5-GCTCGATCGACTTCTTCGTT-3', probe f; 5-TGTCGCCCCGCATTTTTCAA
-3'& 5-GGAAGCACAGCAATGTGTGA-3', probe j; 5'-CTGAAGGCGCTTCTGGA
AAA-3'E 5'-GCTTGGCAACGCAGGAAAAA-3', A. tumefaciens A136 O linear
chromosome O SnaBl, F721% Xbal 77 7 A > b O—FB (S5, X15, X16-17, S5-2)
TLLTF D77 A ~—%2 Mz, probe S5 ; 5-CGAGCTAGTGAAGCTCTTCA-3' &
5'-GACAAGGCCAAGGCTAGATT-3', probe X15 ; 5'-GCTTTGATCGAGGGTCTGA
A-3'& 5'-CTGCTTGCCTGCACGATTTT-3', probe X16-17 ; 5'-GGCATCTGCACGA
TGGAATA-3'& 5-GATCAGTTCGGCCCATTTCT-3', probe S5-2 ; 5'-GTCGCATCT

CGTCTCATACA-3'¢& 5'-GGCATACGTCCAAAACGGTT-3',

423 Afesl BRDT ) 5o A 77 VERER 7 ) —= v 7
Agrobacterium HEAARER Afcsl DT 5T A4 77 U FEEEIZIE Lambda FIX®
11/Xhol partial fill-in vector kit & Gigapack® III Gold-4 Packaging extract (Stratagene,

La Jolla, CA, US.A) % M\ 72, pRt4Sa::Tn5-mob & Agrobacterium linear
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chromosome DEFETN 2 Eie 7 77—V 7 a—0%, S52 77 VA b &ETr—
7 & L7z two-step plaque hybridization |Z & > Ci®k L7z, Afcsl 7 LT A4 75
V% LB BfHllc A o7« r— & —C3IZHEBL, 37°C TRiEE L, AUk
7T — U %A r A7 L (Immobilon-Ny+; Millipore, Billerica, MA, U.S.A.)
\Z#55 L, Southern hybridization (ZH 7z, 2 [EIBD A Y UV —=27%, 1 [HH
DTT =0 % ITNT T =B GE6NDLEICERBEL, WEEFEBROSEMLT
A== LT,

B L7127 7 —Y 7 v— % pRt4Sa::TnS-mob O M OEFENL & Gie 7 1
— U NEEN TV D728, universal oligonucleotide primer (T3 7213 T7) & S5-2R,
%72 S5-2F &, TaKaRa LA Taq (TaKaRa, Ohtsu, Japan) % V7= long and accurate
PCR %47\, HEEM OFEET Y v— 0 NE RG22 HIT L=, PCR ¥ A
7 )WL 5 min, 94°C for the first denaturation, 20 sec at 94°C, 30 sec at 53°C, 8 min
at 68°C % 30 cycles, Hef&fifiF S 10 min at 68°C TIT- 72, Z ORI L - THY

WIN/=7F 7 A ME, pCR21ICH 77 —=271L, WROERIZH N,

4-2-4  Sequencing

v — 7 = A& BigDye Terminator Cycle Sequencing Kit ver. 3.1 (Applied
Biosystems, Foster City, CA, U.S.A.) Z{#H L7z, fi##Ti% ABI Prism 310 3% 3100
Genetic Analyzer (Applied Biosystems, Foster City, CA, U.S.A.) & F\ 7=, HILES,
7 2/ Felc X FASTA (Lipman et al., 1985; Pearson et al., 1988) & NCBI BLAST

(Altschul et al., 1997) % FTHEHT L 7=,
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4-3 FEH

4-3-1 Afesl BRICE T % pRt4Sa:: Tn5-mob DIFHEDHER

Afcsl BRIZE 1T 5 pRt4Sa:: TnS-mob DIFAEZ T D728, A136 BK, Afpl £,
Afcsl #RO total DNA %, 8 HiZLaBak OHIEREESR Swal, Pacl 12X - CTIHILL,
Pulsed-field gel electrophoresis (PFGE) (2L > T7 T 7 A v hXF — &L
7o Swal, Pacl {TEALIZ E VAU 5, A136 BRD 7 F 7" A " A X%, A. tumefaciens
C58 ¥k 2t SR AIfE # (Goodner et al., 2001; Wood et al., 2001) (253 T Tl
L, Afpl Bk, AfcslBkD 7 F 7 A v b — Ll LTz, Afcesl BRFFFEAIIZIHE
KLl Z 7 A MR snisd, 0777420 FOFEBENT
pRt4Sa::Tn5-mob DALIAZ N L & 7o & W L7z,

ZDOFER, Pacl ALFEER O LTI, Afesl #RIE 980-kb @D Pacl 75 7 A v
RSHE L, FZICB X F 1336-kb D7 F 7 A bR &7 (Fig. 4), Afcsl
BRD Swal JHALFER TIL, 779-kb ® Swal 77 7 A2 FHHEAKL, # 612-kb &
534-kb O " ARDRERAN T T T A N E T (Fig. 4), 1EKL7= 980-kb
(Pacl) & 779-kb (Swal) D7 Z 7 A NI A. tumefaciens C58 @ linear chromosome
D 706,712 75 1,330,851 bp ZILi@OfHEEK E L CEH A THE Y (Fig. 5 G),
pRt4Sa::TnS5-mob 73 Agrbacterium linear chromosome (ZFHAIA F LTS &l L
720 Afpl KD Swal MALFEMIZITIE, pR4Sa:TnS-mob HKEEZ HND,
#325-kb D7 Z 7 A R E T (Fig. 4).

4-3-2  Afesl BRICE T % pRt4Sa:: TnS-mob FHLAIA AN E D [F &

A136 ¥k & Afcsl BRD 5"/ A DNA % Xbal, X% SnaBI TH{L L, Swal, Pacl
D L FRED T, MIABRDNE & I 2 SOk E K VAT, 777
A2 NOFFEIX, SnaBl, F721% Xbal DILED 7 7 7 A2 MIxIET 57 a—
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7 % 72 Southern hybridization |2 X V1T o7z, &7 v —7 &l REEFEEAL DAL
& RAFRIL Fig. 5 G 1T~ LT=,

Mesorhizobium loti MAFF303099 & Bradyrhizobium japonicum USDA110 O LA
TATYRBRNA X —7 v FELTHAZINTWS (Kaneko et al., 2000;
Kaneko et al., 2002) Z &% %[E L, Agrobacterium Y=tk LD 706.7—1330.8 kb
FEIRNICALE T D 12 D tRNA gene % 7' 12— 7 & L 7= Southern hybridization 17
S 7278, tRNA gene % % —7% v b & L7z pRtdSa::TnS-mob DFLAIA I % 7~ 3 ik B
I35 N7 (Fig. 5 B),

SnaBl 77 7 A >k (133.6-kb) O—#% 7' m—7 (S5, X15, X16-17; Fig. 4G)
& L7z Southern hybridization 217> 72 & Z A, Afcsl #£ SnaBLVHILPEMIZ I\ T,
Tr—785 &, Ir—7X15 (72 X16-17) ZHWIHET, Bikd 777
AL MINA T Y XA X LTz (Fig.5C~E), &5HIZ, integrase gene (int gene) %
7Tu—7 (S5-2) & L7ck 2 A, Afesl #E SnaBILEALEMIC W T, 7' m—7 S5,
JO7n—7 X15 L X16-17 THRHSNTZ7 T 7 A > bR E Shiz
(Fig. 5 F), F£7=, Afcsl ¥k Xbal {H{LEEMICEBWNT S, FrRIYR " H>D7 7 7 R
VBB ENT, IS DORERNNG, Agrobacterium @ linear chromosome @ int

gene 7%, AT S W72 pRt4dSa::Tn5-mob DI AL D Z —77 > N Th D & HMr LTz,

4-3-3  pRt4Sa::Tn5-mob & int gene [t D ELAS FRA D K I FC A AFEAT
Afcsl BRODfEATHE B2 X B pRt4Sa::TnS-mob OEAEEAL O Y ELHIE] X Figure 5
[k L7z, int gene & pRt4Sa::TnS-mob D IeA7 HAE L DO KB4 2 fight L7- &
Z A, FEEFEENALIZIX Agrobacterium linear chromosome D int gene D 406-bp
(926,945 ~ 927,350 bp) NF/EL TV o, —J7, AEREEE CTILELRER T D 794-bp
(927,342 ~ 928,135 bp) MAF(EL, FEATEASEINL O IR H D FLige 2~ & int gene

1£927,342 ~ 927,350 bp IZH7-% Obp WEHE L TV D Z EAHB Lz (Fig. 7).,
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X 52, ERmELD int gene O _EFEICIE Tns Z M%7 2 i ABLSI ISS0R 73 3' 5 W]
THIEL, ARMENLO int gene @ FHEIZIE, pRt4Sa (2 A L 7= TnS-mob 73,
IS50R % int gene J5 [6)IZ[AIVN CTAFEAE L T = (Fig. 6, 7)o 2 F ¥, Afcsl #RD linear
chromosome (27 A F 4172 pRt4Sa:: Tn5-mob 1X[F 717 D IS50R (2 L > TEeE 41
T, int gene @ 9bp DEBEADE LTV Z &b ED, T 5 BEEFSEAL O
BIXIS50° b T U ARY VTS DIFAKLDZ —7 > N ENLICHERS S 2 FF#EHY
IEETH D (Fig. 8), LAEDOFERD, pRt4Sa:TnS-mob I% Tn5 (IS50) DO
AHHE T Afcsl #R D linear cheromosome ~#HAGA F 4172 & il L7z,

FEBAEEAL TIX IS50R D _EiEiZ, pSUP5011 (Simon, 1984) DEHIZNAFELE L T
W72 (Fig. 6), pRt4Sa::Tn5-mob DA EREIALOD Tns-mob O FiftlZlE, 517 I/
eI b 162 7 X /5D 5@ open reading frame (ORF) O—ii3F4E L (Fig.
6), Zi#L5H® ORF 1%, T EI Bradyrhizobium japonicum USDA110 £ ABC
transporter permease protein () 66% identity, 80% similarity) & ABC transporter
substrate-binding protein (#J 75% identity, 87% similarity) & fH R % 7~ L,
Agrobacterium \ZATAE L7 W/ T 5 2 &7 5, pRt4Sa:: TnS-mob DA K Vi
ETH D & L,
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4-4 HE

A136 Bk & Afcsl BRD Swal, Pacl WEALEY O PFGE B O#5 K (Fig. 4), &KW
SnaBl, Xbal {{LEEMZ%I9 % int gene 2 71— & L7= Southern hybridization
DOFEFR XY (Fig. SF), 4T S+ 7= pRt4Sa::Tn5-mob 7)* linear chromosome @ int gene

AR ENTZZ EDBHA BN E R o7, S BIZ, Afesl KD T ) LT A4 75 —
IZ &%, pRt4Sa::Tn5-mob & int gene DFE I & FEAZIRIT L7c & 2 A, &
FEEBALO linear chromosome (21 int gene ™ 9 bp A EAE L, pRt4Sa::TnS-mob D
RUBIZILF T O ISS0R MFAE L CU iz (Fig. 6), AHFZEORE Fi%, HA:RgE
BRFHEOLAET A7 MMER, ZRETICHESNTWD L7, AT 77
— B ORIV 2 (2 K 5 (RNA Bis 7 ~DOFIAARIZER 577, transposase b
TOERNERD AR TEERMATH D,

PFGE I\ T, Afpl BROA THiH S 47z pRt4Sa::TnS-mob ZR"d4 7 7 7
A2 RIS, Afesl BETIIH SN2 dvo T2, 2D Z &1, Afpl Bk & Afesl #£ Tl
pRt4Sa::Tn5-mob N ENE 7 T A I R F 7213 linear chromosome ~fHAIA F 4172
WRETEEIRFSN TSI EERLTND,

pRt4Sa::TnS5-mob 1% Afcsl #K D linear chromosome O int gene |2, TnS DA T
FASNTZ LW Lz, Tns DFFAZ—5 > FE72% 9bp @ DNA ELSIIZIE, &
HEEFE DA (A-GNTYWRANC-T) 2MFET D Z E N B2 & 72> Ty 5H(Ason
et al., 2004; Goryshin et al., 1998; Lodge et al., 1988) 7%, ZO{F VW IXIFIET & L
ThiHEWNZ D, KigllBWTHIALDZ —7 > M bipoicintgene DT 74~
—Z MW, Afes BRDO—D>T&H % Afes2 £k DNA Z§#8 & L7z PCR (T & - TEHfh
ZITHo7- L 2 A, int gene [THEME X1, pRt4Sa::Tns-mob DML X — 47 MM A
ANENTZ LB SN DREREZHFTND

F 7=, pRt4Sa::TnS-mob A5 K¥H 0D ISS0R @ LI IE, pSUPS011 DECFIATF
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fEL T /= (Fig. 6), pSUP5011 1%, 4S #k~ TnS-mob % fH AT HEE, biparental
mating (Z V72 donor Té D E. coli S17-1 MREFFL T2 D THD (Abeetal.,
1998), pSUP5011 7% pRt4Sa::Tn5-mob & cointegrate L CL £ -7 & 7%, Afesl
FRIZI 1T D, pRt4Sa::TnS-mob O 1850 %It U T-fHiAF % BhR 3 2 K L 72 - 7= 7]
REMED & D,
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8 5SE ! Afesl BRA> 5 Rhizobium ~ D
pRt4Sa::Tn5-mob O B & 1nE

5-1 F¢

FEAEDORTTYTIL, R REBEA NV ASOHEI, £ 2 REIA
%, plasmid <X transposable element (transposon, insertion sequence), gene cassette,
phagemid O/KEARELZ I L CHEST D, KBZEOXR E R DBLEERT, T
AEYVETYER R F 2T IR S, REREE OB/ 7 (Hochhut et al., 1997,
Ravatn et al., 1998), JR/FIEE s 1 (Hacker et al., 2000), :A=B8#58&E =1 (Sullivan
etal, 1998) bEFEND, INOHIEIKPRER, 77 AIF, £3EELRANR
(ZHEAGA F A CTHRFF & 41, conjugative element (conjugative plasmid, conjugative
transposon) & FEIFIL TV D

Conjugative transposon & |, # G {mZEFEETH Y, 7/ LN TEER T 5 Tndl6
(Clewell et al., 1995) ZEDOZEFMN LA L2 HDTH D, L LERRIL, O,
AR RO HEsh, 4> 7 77 —8%ZS LT A+Trich 72fil5 2 % — 7 v
FE L THAAENTZFERTHY (Burrus et al., 2002), DDE £ F— 7 Z{%£F L 7=
transposase Z /T L7 N7 VAR Y U OBE L ITES B 5D ThoT-, 2T E
T, HOBEREZFEDL, FryvERiFe ) vV ave b —BIlEgds (47
77 —EEN LU TGHBAAEN, EHEICHDIERBME 5T 2BER 230D
MFE R &, #FR L C integrative and conjugative elements (ICEs) & 92 Z & 23z
"B T D, Mesorhizobium loti DT A7 2 RH ICEs IZJ@ LTV, M. loti
R7TA OIAET A T > Fid ICEMISymM* L &4 4513 5T 5 (Burrus et al., 2002),

AT, Afesl #EAZfili 54k & L, linear chromosome (T #H A iA F 7=
pRt4Sa::Tn3-mob O H1 BE~DBATH R T=, 1351072 Rhizobium #2558/ D

AR L, AT L7 pRt4Sa::TnS-mob [ZDOWTHELET 5,

31



5-2  Hik

5-2-1 Conjugation and plasmid profiles

Figure 2 |ZA¥— L%~ L7z, Afcsl #£% donor, H1 #£% recipient, MM294
¥k% helper & L CHWE=, ZZNIC, @UIRFUAEMEEZ TN LT TY 55T,
IR L2 O A REK THE L, B F8EOREKICERR Lz, %
1% % helper 100 ul, donor 200 ul, recipient 200 ul (helper : donor : recipient =1: 2 :
2) DEIGTRM L7, ZORAGEHRZELEFL, EEEZRVERE, 200 ul ©
PRI L 72, 50 ul 2 PUEMEERASINO TY Bilth BISRE 72, PR 2
DFLFE 0.45 um D 7 ¢ /L& — (Millipore, Bedford, MA) LiZ# L, 16 h, 28°C T—
BEER LT, 74— EOEZ | ml OWEKICEEL, EO0EHO%, 1 ml
DOPE AR FFRRE L7z, U fiAEME 2L 72 YM B5#C, 5 HE, 28°C
TH:#E L7, £ U7 22 =—|% kamanycin (50 ug/ml) & nalidixic acid (25 ug/ml)
EET YM BHC TN T L, Fan=—3RkUA b7 a—"OFEX
(CHEFE L, 5t WIS OJ7E (Uchiumi et al., 1995) 129> T, JE Sz
FRERL D MEARHE %2 FHE L, kanamycin & nalidixic acid Z ¥ L7z YM B5HEC, P
vy Nvan = —EHEELTZ,

15572 Rhizobium BEAARERRN D, Casse © (1979) D JFiEIHE > THLT Z
A FafhH L, EXUKENCE > TBIT LT 7 A FORELMHE L, &
KUK 0.7% agarose, 100V, 90min DA & L7, BEEEERIZL, FIE S (Abe et
al., 1998) IZ X %, random amplified polymorphic DNA genotyping (RAPD) (Z X -

C R. leguminosarum bv. trifolii H1 HETHH Z & il LTz,

5-2-2  Southern hybridization

71 —7X R. L bv. trifolii 4S @ nodBADF fE1k %, pC4S8 (Abe et al., 1998) %
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#5M & L7z polimerase chain reaction (PCR) THilE L CHW/=, 774 ~—IZ
5'-TCAACGATACAATCGACTCCG-3' & 5'-TACGATTCTCAAGCGCCGCTC-3' %
M7z, 78 —73 Megaprime DNA Labelling System (GE Healthcare UK Ltd.,
Buckinghamshire, UK.) %>, [0-P] dCTP TT~UL L1z, ~A TV XA ¥ —
va L 5 x SSC (1 x SSC is 0.15M NaCl and 0.015M sodium citrate), 10 x
Denhardt’s solution (0.1% Ficoll, 0.1% PVP, 0.1% BSA), 0.2% BSA, 50% formamide,
0.5% SDS, 50 ug/ml salmon sperm DNA % I\, 45°C, overnight D54 C17 - 7=,

7 4 V% —1%0.1 xSSC, 0.1% SDS Zf i L, 65°C T L7-,

5-2-3 70— N~OpEEEHEE, KO EREE O NE

RYUA 2 a—s3 (Trifolium repens L. cv. Ladino) Z{FEH L7z, fE{ 3R
E D72 0.5% NaClO & 0.1% Tween 20 T 30 43fHl, IR CHRE L, JEKTH
HLT-bDOEMH LT, 0.7% agar plate FICHERE L, BFETC 24 h, 24°C TA 5%
2~_—  L72,0.7% agar % & T¢ Fahraeus §5Ht (Fahraeus, 1957) LIZHEx, 10'~10°
cell/ml DIEEE DR E R T A~ 7 0 — NOWRICHRER%, 24°C, B 14 h O
TOHEFE Lo, BRI TY WSS Tt Bl fn 2 51 £ THs#& L, S.D.W. Tl
L7zt Dz v,

EREEEMEIT T BT LV &EILIEM (Hardy et al, 1968) % Gas
chromatography GC-3BF (Shimadzu, Kyoto, Japan) Ti#l|7£ L 7=, %7 7 A% Porapak N,
717 LY A X3 mm x 100 cm % VY, effluent gas [ Ny, 50 ml/min, & HIEEE; 60°C

DA THHT L, MHET FID 2 Vi,
5-2-4 Pulsed-field gel electrophoresis (PFGE)
77 7 OERLIT Rice b (1999) D Fiikz —#iZE L TIiT> 72, TY #RIFRH

TRIFETEIA S I F THe L7 BEHR 50 ul 2BV, 30sec RA /L L2, JKKT
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am L7, PR K Toeve g, 226 L, EiE % #5C, 100 ul EET buffer [100 mM EDTA,
10 mM EGTA in 10 mM Tris-HCI (pHS8.0) | (2% L 7=, B {KIZ EET buffer (2557
L7z, HBRWIIREERED 65°C, 1.6% Chromosomal Grade Agarose (Bio-Rad
Laboratories, Hercules, CA) % 7EF1L, plug-molds (Bio-Rad Laboratories, Hercules,
CA) |Z¥i LIAA T2l [EMk 72, agarose plug I%, 1 ml EET-LS buffer (1ml of
EET buffer containing 200 ug/ml lysozyme and 0.05% N-lauroylsarcosine sodium salt)
ZETe, WE 50 mliELF 2 —7T37°C,3hA v Fax—FLl, Ny 77—
% ¥5C7-1%, 1 ml EET-SP buffer [1 ml of EET buffer containing 1 mg/ml proteinase K
and 1.0% (w/v) sodium lauryl sarcosine] Z 1z, 50 °C T—#&KA »F=~— K L7z,

Wiz, /Xy 7 7 —%¥7T, 40 ml TE buffer (pHS8.0) 2T 30 min §& 3 2 #E% 4
[Bl#k Y K92 & C, agarose plug % ¥if L 7=, agarose plug 1%, JEHE L7= 4 °C TE
buffer H TERAF L7, HiIIREERALEET S, 4 agarose plug 1338 2 720 A X2 ]

STebOZMMA L, BB L LT 500 ul Db 22 HlfRE%ESE /S~ 7 7 — 51T 20 min,
FILTA 22— b L7, HilIREESE T 50 U L, Pacl,iZ 37 °C, Swal 1% 25 °C
T over night f > F = ~_X— K L7z,

PFGE % CHEF Mapper electrophoresis system (Bio-Rad Laboratories, Hercules,
CA)YE AW TIT o 7=, KENSIFIX 1% Chromosomal Grade Agarose (Bio-Rad
Laboratories, Hercules, CA), 12°C ® 0.5 x TBE buffer T{7V>, &/E 6V/em, 20 h,
20-120 sec, pulse time & L7z, %A X~ —7F —I% Sacchatomyces cerevisiae standard
(Bio-Rad Laboratories, Hercules, CA, U.S.A.) % FH 7=,

DNA 7 7 7 A hiE 0.5 ug/ml ethidiumbromide C 30 min 444 L, 260 nm O

B DI TR L7z,
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5-3  fEH

5-3-1 Afcsl ¥R & H1 FEEIIZ B 1T % pRt4Sa::Tn5-mob DEAT

H1 #k% recipient, Afcsl #£% donor & L T triparental mating 217\, Afcsl £
® linear chromosome (2L 7~A % 417 pRt4Sa:: TnS-mob DIEAT ik dr 7=, T DFE R,
57 BRI FF DAL, RAPD {EIZ XV 2T Rhizobium MK THDHZ & 2R L,
Hltr-strains & 4 fF1F 72, 4= Hltr-strains [ 7 A b7 0 — N ICE KB EEIEE A
T HIRRLZIE L (Fig. 9 A, B), 4S5FRICE o TR ST REL & [RIRREE D=
FEEREA /R T 2 & 2 MRS L7, Hltr-strains DO 9 5 18 ¥k % 7 2 ¥ AIC#E L T
Hitrl~ Hltrl8 #k & L7c, TR ZENOEK M B total DNA A fi L,
pRt4Sa::TnS-mob DBFTHERR AT 7=, 17 FRIZOW T, pRt4Sa::TnS-mob & [F]
YA ADT T AI KB S 7273, Hltrl 8Tl pRt4Sa::TnS-mob 2K H S
7272 (Fig. 9 D), pRt4Sa::TnS-mob & [FYA XD 77 A I KA Sz
BRO—>Th D HIrT #R &, B 41727025 72 Hltrl BRIZK L, 4S #K D nodBADF
%7 v —=7 L 7= Southern hybridization Z1T7~72, ZOfER, Hltu7 B TIIBAT
MR ENT27 T 2 X R & total DNA W IZNA 7 U ZA AL, Hltrl #£ Tl total
DNA Wi iz By 7 F ki &= (Fig. 9E),

5-3-2  Hltrl #RIZE T % pRt4Sa::TnS5-mob

Hitrl #8757/ A5 HIC Afes] Bk & 0 4T L 72 pRtdSasTnS-mob MRFF S TN D
T L BRI 572, R. leguminosarum bv. trifolii 4S £k & 4S5 ¥k, K OVHltrl £k
® total DNA @ Swal, & O Pacl {H{L.FEM % PFGE (2 K YV 43 L, 4S #K D nodBADF
%7 v —7 L L7z Southern hybridization 17> 72, & DO#ER, Hltr7 £ Tl 4S
BK, 4S5 BK[FIRK, pRt4Sa::Tns-mob (ZAY T 257 T 7 A s ~D nodBADF 73/~A
TV EA ZXPREESNTZD, Hirl R TIER R D7 7 T A DA T ) F A
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Ak &7z (Fig. 10B), 2D 7 7 A2 hOY A XX 610-kb LA ETH Y,
Flo, H—D7 I 7 A e LTRSS TWZZ ED, pRtd4Sa::TnS-mob 73
SERIVIRRET HI BRkO F QAR A SN TV b D EHERITE 5,
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5-4 E%

Afcsl R & LG8, HI1 A28 & L7z triparental mating OFE SR, Rhizobium
PR Hltr-strains 2155 Z &3 T& 72, 72, Hltr-strains (IR T A b7 1
— /3T R. leguminosarum bv. trifolii 4S5 #k & [FIFEEE O & 3 B VG 2 A HARKL
I L7- (Fig. 9A,B), 18 £ 17 # TiZ pRt4Sa::TnS5-mob & [FH A XD 75
A FOBATEMER L (Fig. 9C, D), —J7, Hltrl #£Tid pRt4Sa::Tn5-mob 73+
PEENSEAAEN TS Z RS (Fig. 10 A, B), BT LT-
pRt4Sa::Tn5-mob DHFAEREIC L BT, FIA M — NIZEZEEEEEZET
LKL AR L= Z L 1X, R. leguminosarum bv. trifolii 48 OILAET T A I K
pRt4Sa DB BAE, Afcsl #£D linear chromosome TIHAT A T KL L
T, RREBRLSBREEN TV 2 EZ2RLTND,

pRt4Sa::Tn5-mob D¥LFEDFE L, fhd conjugative element [FIFE, FTEME & LT
linear chromosome 7> H 810 H S NEKILT D5 LN E X SN D, linear
chromosome 7> DU Y H LIREE & LTI, pRt4Sa::TnS-mob O i K2 [7J5 161D
IS50R IF(ET D Z &5, ISS0R ISR DHIFFHMR 2 I L DR &, Tns D
IS50R (21— K& TV 5 transposase |2 & % head-to-tail #i& % & DN E 2
5415, Mavingui 5 (1998) (2 X % &, Rhizobium tropici DA77 2 I RTIE,
[F) 75 101 0> ISRtrl 73 Wi R\ ZAFAET 5 L AEBEBE L T4 & T 60-kb D FHIK

(AMPRt#rCFN299pc60) 73, (I HNOEMIC L > TFF7 A R EICEB IS Z
ENRHDHEWE L TWD, AMPR&rCEN299pc60 1% mob &fnfZ AT 5HZ & T
AlEE L, Agrobacterium ~IKNARZEFRE TH o7, GI0 H LIT DWW TIL ISRir]
MOHEFRRELZ & B2 b TWb, £, ARSI US) BFE—Lv 7Y a2 NT
R HROEENECTSGEDS 9 —D2DZFHE) L LT, AW inverted repeats (IR)

Z % L, tandem dimer (head-to-tail dimers) ZFFOEIK DNA & LTI HL
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DET BND, Z ORI L 5810 H LI, IS30 (Szeverenyi et al., 2003), IS21
(Reimmann et al., 1989) Z %A%, W< DD IS THER SN TWVWSA (Prudhomme
et al., 2002; Reimmann et al., 1989; Szeverenyi et al., 2003; Turlan et al., 2000), 1S50

TIEMEFR S L TUWRYY, 1S21 THERK S 4172 head-to-tail dimer & & £F3" % replicon
L& %N = C fusion replicon (cointegration) # 5| & Z 2 NN TWD
(Berger et al., 2001), L7>L, Afcsl ¥RICIE 1T 5 pRt4Sa::Tns-mob DYV H LS

IZBWThEma 372010, VMR HENLETH D,

Hltrl #RI%, pRt4Sa::Tn5-mob 7> EYLEARIZH A E NI H 030 57 (Fig.
10 A, B), ZEREERELRITIRAAZTER LTz, PFGE Ofi RH b, FREIKIC
HHAIA FE AT pRt4Sa::TnS-mob 1T 77 AI RE L TUIW HHEhd Z &7 <,
RSN TWS &z Db (Fig. 10 A, B), fUHEREEEIS - (Hochhut et al.,
1997; Ravatn et al., 1998), J#/5%E 5T~ (Hacker et al., 2000) %, —3# O replicon
34 T 7T —PIC L DEN RS Z THEES ) DMTHAAER TV D
REmOFERIL, 7/ L bOIAEEREERBEEE O Y 1 LA
RV ARY RIS HEELTNWAZEER LTINS, T UARY RIS N
MBI BANCAFIET D2 L2 BB T 5 &, RAEOBRASHMEZ A T
REBRERO—2DTHDZ LITERFITEZOLND,
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6 K

BRI, ~ ARHEY ORITIRR Z TR L, RRFTOERS 52T E=U

LA F~RILL, BETHIEM G LTV D, i & oI EERBEEIC

WA TR IR OB - T & 5 nod genes, nif genes | %, Rhizobium <° Sinorhizobium
TIEZE KRR T 7 AI R (AT T A K; pSym) EIZ, Mesorhizobium <°
Broadyrhizobium TIXYtIR EIZ0 T A X =%k LT HETA T R) HE
T5, ETITAINFN, KOEAET A 70 NIHCREREFODDHHFIEL
(Brom et al., 2004; Rao et al., 1994), IRKIE TS S 72 W AR EFEL AR & HfE S
ATV % (Moulin et al., 2001; Sullivan et al., 1995; Sy et al., 2001; Velazquez et al.,
2005),

AimTlX, pSym DOEFEFERIKMICIIT DK PsHE L, Y & OILARDOIREL
IZDOWTHHAET 5728, TnS-mob THENME S 72 Rhizobium leguminosarum bv.
trifolii 4S5 @ pSym (pRt4Sa::Tn5-mob) %, Agrobacterium tumefaciens A136 (pTi VH
ERR) ~EBEAIRE LT (Fig 2). [B3EDZIT 1.56x10 events/recipient cell & -
7o 15 B4V Agrobacterium A AREKRIL, RV A M7 vn— "ORICHBOZESR
[ ETE M D 22 R KL A2 B HOERL L= (Fig. 3 C, D)., Agrobacterium $A AR D>
577 A RE&MH L, pRt4Sa:TnS-mob OBITEMERLI-LZ A, BITLZ
pRt4Sa::Tn5-mob MR S NHEE (Afp ) &, SR VWER (Afes k) 1297
5= (Fig. 3 A, B), Afcs ¥kD—>Tdh D Afesl ¥z HWT, BITL=
pRt4Sa::Tn5-mob D {F1E % Pulsed-field gel electrophoresis (PFGE) THEAT L7= & =
A, Afcsl #£TlE pRt4Sa:: TnS5-mob 73 linear chromosome (ZHLAGA TN TS Z &
DR SN DHRERDG BT (Fig. 4). PFGE & Southern hybridization (2 & > T
pRt4Sa::Tn5-mob DFHIABNLEIZ DUV TEEMIZHENT L7 & 2 A, Afcsl #K linear

chromosome @ int gene |[ZAHAIAEINTND Z & 2R L7z (Fig. 5), & HIZ
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Afcsl BRD 7 ) 5T A4 75 V) —ZERLL, pRt4Sa::Tn5-mob & int gene DIHEAFEENL
AT LTz, T OFER, #IIAE 72 pRtdSa::TnS-mob D ARIIZIL, Tns OFF
AFEE% (insertion sequence ; IS) T 5 IS50R A3 [R5 W THAEL (Fig. 6), i
5 IS50R @ linear chromosome DL, MAIABRZ —7 > k& Ip ol int
gene 1D 9bp DEMEMNA LN (Fig. 7). LLEDOKIRIL, Afcsl HRizHB W T
Agrobacterium \ZFAT 7= pRt4Sa::TnS-mob 7% Tn5 (IS50R) % 41 L T linear
chromosome @ int gene (ZHHAIAFEIN, HET AT MELTWDHZ LEERLT
W5,

WIZ, Afcsl ¥k % donor & L, R. leguminosarum bv. trifolii H1 (R. leguminosarum
bv. trifolii 43 XY pSym Z{HEL72HR) % recipient & L7cHA{mZEIZ LD,
Rhizobium ¥ &5 ERE Hltr &2 457- (Fig. 1), &2 TCO Hltr BRIZHE YA F 7 v —
NIZEREERO D DB EZEKT HZ & 2R L7z (Fig. 9A, B), ZAHD
FRE 0 18 k&2 T o X AR L, pSym OFEBITICOWTHELZEZ A, |
Bk (HItrl #8) Z2F&< 17 8k (H12~H1tr18 #K) T, 4S5 £kD pRt4Sa::Tn5-mob &
YA ZXDT T A RPHHTE7- (Fig. 9D, E), ZiX, Afesl #RoHAET A
7 > Rk L 7= pRt4Sa::Tn5-mob 73 linear chromosome £ Y 9]V H X41, H1 #k~&
BITL, BOTY7AXAIRORBEZRVELIZLEZ2R"THERTH D, linear
chromosome 7> @ pRt4Sa::Tn5-mob OYIV H LIL, MiRKum?D IS50R MIZHIT 5
FREFAIL X DX TRE S LD 25, MR S LB T d 5, — 7, Hltrl #R T, Afesl
Bk & RIREIZ, 4T L7z pRt4Sa:TnS-mob 75 HI #RD EYARICHHAA TN TN D
Z & % Pulsed-field gel electrophoresis & Southern hybridization |2 X - THERS L 7=

(Fig. 10), Z#UlZ, Afcsl BEDKVAREEIZ K - TS L 7= pRt4Sa::Tn5-mob %,
LARPERT DWRE, HOoFBITrRAQREET A7 FE LT linear
chromosome [ZfRFF L TWD Z L 2R THERTH D, MMA T, Agrobacterium ¥i6
[RERDPIBRIERBED %R L, EHRBEEREREZ NIRRT &1F, BREE
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EEEEL T, MOENn LR LYo —%—TCHlH 2% TV DERLEFN
Agrobacterium HEA AR THEIE L TWRWNWZ L 2R LTV 5,

RRIE 7 7 A EIZi3% < O 1S 23RS S 41 (Freiberg et al., 1997; Gottfert et al.,
2001; Kaneko et al., 2000; Kaneko et al., 2002), 7~/ L OfE&EHEIZ X - TIS 234k
A BEEAG A DERB-CERERIC B - TW D Z L AVURIB STV /2 (Uchiumi et
al., 2004), Aim? Afcsl FRIZEBW CTHERR X472, Tns (IS50) DO AMEMEZ I L7z
HAETT I FoHAET AT Nk, b7 AR RIS R EL RO
FAETRBICEE DD, IRAEH OBICHISHRMEZ AT —HERoTWNH T &%
RTHEDOTHD,
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Al &

AIFFROFATEIRY £ L OITHTY, #KAaARER 2 THHEZ G- B E X
FIEI A AL E R E AR BT AL B, R RBIAEROR, JUBT
—BhEIS, ZOHEED T, RERLIHEZR LW ERNET,

AFmDOFEEBRIZIBNT, Bx OMihE SEfRERY £ L2, BRERFH
FEVEML PR R SORRERUEBUR IR <HIHLH L RIFE T

£, AR D&, BEHCH 0, HEBORIEONTEE 250 £ L
7o, BEWREBRFAEHE RN L, WONe, EEKFRFE saARREILME
HBFRITRHR L LT £,

BBIZ, O EBRIERREOATFICBWT, REAAAHEZRNTZIZH 2D
X AMT TS NHEIRIS, RONVEHORFFOL AR LIZWERNWES, HY
MWEHZTINE LT,
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Figure legends

Figure 1. Schematic presentation of horizontal gene transfer.

There are three pathways for horizontal gene transfer. Transduction is a specific
horizontal gene transfer, as bacteriophges have a limited host range. Transformation can
be considered the only prokaryotic horizontal gene transfer process. Approximately 90
transformable bacterial species have been identified, but not all are known to be
competent for DNA uptake in the natural environment. Transformation involves the
induction of competence, DNA binding, DNA fragmentation, DNA uptake and stable
maintenance of the acquired DNA either by recombination or by recircularization of
plasmid DNA. Conjugation means that the transfer of DNA between bacterial cells after
cell-cell contact. Conjugation is mediated by mobile genetic elements (usually plasmids
or transposons) and is unidirectional and conservative (a copy of the DNA remains in

the donor strain).

Figure 2. Schematic presentation of pSym transfer by conjugation between
Rhizobium and Agrobacterium.

Agrobacterium transconjugant Afp and Afcs strains were generated by the first
conjugation procedure, and the Rhizobium transconjugant Hltr strains were generated

by the second. Km, kanamycin; Rif, rifampicin; Nal, nalidixic acid.

Figure 3. Plasmid profile and nodulation of Agrobacterium strains.
(A) Agarose gel electrophoresis of total DNA from the Agrobacterium strains. (B)
Southern hybridization using nodBADF of R. leguminosarum bv. trifolii 4S as a probe.

(C) Root nodules formed by Agrobacterium transconjugant Afpl in white clover. (D)
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Root nodules formed by Afcsl. (E) Root nodules induced by R. leguminosarum bv.
trifolii 4S5. All plants are shown 5 weeks after inoculation. Bar = 1 cm. Closed
arrowheads in panels (A) and (B) indicate pRt4Sa::Tn5-mob. Open arrowheads in panel

(B) indicate fragmented DNA containing both chromosomal and plasmid DNA.

Figure 4. Pulsed-field agarose gel electrophoresis of Pacl and Swal digests of
genomic DNA from the Agrobacterium strains.

Agrobacterium transconjugant Afcsl lacks the 980-kb (Pacl) and 779-kb (Swal)
fragments (indicated by asterisks), and carries two fragments (~612 kb and ~534 kb;
closed arrowheads) in the Swal digest. Specific fragment (~325 kb; open arrowhead) in
the Swal digests of Agrobacterium transconjugant Afpl were identified as the linear

form of pRt4Sa:: Tn5-mob. Lane M, size markers.

Figure 5. Identification of the integration site of pRt4Sa::Tn5-mob in the linear
chromosome of Agrobacterium.

(A) Pulsed-field gel of the SnaBI- and Xbal-digests of genomic DNA from
Agrobacterium strains. (B) to (D) Southern hybridization of the SnaBI and Xbal digests
of genomic DNA from Agrobacterium strains. The probes used are named at the bottom
of each panel. (F) Physical map of the restriction sites and locations of the probes for
identifying the integration site at the 706.7 and 1330.9 kb positions in the linear
chromosome of Agrobacterium. Closed arrowheads indicate SnaBI restriction sites.
Open arrowheads indicate Xbal restriction sites. Probes S5, X15, X16-17, and S5-2 lack

tRNA genes. Probe S5-2 includes the entire int gene. Lane M, size markers.

Figure 6. Physical map of the left and right junctions of the pRt4Sa:: Tn5-mob and the
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linear chromosome of Agrobacterium transconjugant Afcs1.

A portion (406-bp) of the int gene of A. tumefaciens (positioned between base pairs
926,945 and 927350) is located at the left junction, while another portion (794-bp) of
the gene (positioned between base pairs 927,342 and 928,135) is located at the right
junction. The targeted int gene is indicated by the hatched box. At the left end of
pRt4Sa::Tn5-mob, IS50R and the sequences of pSUP5011 are located downstream of
the another portion of the int gene. At the right end of pRt4Sa::Tn5-mob, the entire
Tn5-mob is inserted, and two open reading frames are located upstream of the divided
int gene. These open reading frames are homologous to Bradyrhizobium japonicum
ABC transporter permease protein and to B. japonicum ABC transporter
substrate-binding protein. Amp, ampicillin resistance gene; cm, chloramphenicol

acetyltransferase gene; e, tetracycline resistance gene.

Figure 7. Scheme for the both junction regions of pRt4Sa::Tn5-mob and comparison
of their sequences.

The integrated pRt4Sa:: Tn5-mob into Agrobacterium linear chromosome was
flanked with the divided int gene (406 bp at left and 794 bp at right) and the IS50R
sequences in the same orientation at both junctions. Comparison of the sequences
between the both junctions revealed that nine base pairs of the int gene were duplicated

at both junctions.

Figure 8. TnJ structure and schematic diagram of the TnS5 transposition mechanism.
(A) Tn5 structure. Transposable insertion sequence [S50s bracket three antibiotic
resistance genes, kanamycin and neomicyn (km/nm), bleomycin (bm), streptomicyn (str).

The IS50 elements are defined by two 19 bp sequences termed the outside end (OE) and
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inside end (IE). One of the elements, IS50R, encodes transposon (Tnp) and an inhibitor
(Inh) of transposition. (B) Tn5 transposition mechanism. Synaptic complexes are
formed after Tnp bindes to the ends and then dimerizes forming both Tnp-Tnp. The
released synaptic complex then captures target DNA (9 bp) and strand transfer occurs.
After strand transfer complex disengagement, the host fills in the two 9 bp gaps at either

end of the integrated gaps.

Figure 9. Root nodules induced by Rhizobium strains, and characterization of
plasmids in Rhizobium strains.

Root nodules induced by Rhizobium transconjugants (A) Hltrl and (B) Hltr7 and
by (C) R. leguminosarum bv. trifolii 4S5. Host white clover seedlings were cultivated
for 35 days after inoculation with each bacterial strain. (D) Agarose gel electrophoresis
of total DNAs isolated from the Rhizobium strains. (E) Southern hybridization using the
nodBADF region of R. leguminosarum bv. trifolii 4S as the probe. Bars in panels (A) to
(C) =1 cm. Closed arrowheads in panels (D) and (E) indicate pRt4Sa::Tn5-mob. Open
arrowheads in panel (E) indicate total DNA fragments hybridized with the nod gene

probe.

Figure 10. Agarose gel electrophoresis and Southern hybridization of Pacl and Swal
digests of genomic DNA from Rhizobium strains.

(A) and (C) Pulsed-field gel of the Pacl or Swal digests of Rhizobium strains. (B) and
(D) Southern hybridization using the nodBADF region of R. leguminosarum bv. trifolii
4S as the probe. Asterisks in panels (A) and (C) indicate the fragments hybridized with
the nod gene probe in panels (B) and (D). No hybridized fragment was detected in strain

H1. Lane M, size markers.
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