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Bradyrhizobium sp.(Cassia) CN91352| nodD1 fXX}Q]
A2ER M B

CHHCHS T Of2ich

ZE(Cassia nomame)2) 2| F FAYAEQ Bradyrhizobium sp.(Cassia) CN91352] nodD1 FARE £¢RAL
-2 B8 Z298le 2 97IMEE 28 F7IMD 2R $39 NodD1 D8AL Bradyrhizobium
elkanii®} 714 52 95%2] AFA & Vehiich #9t ol el nodD13} nodD2 A1o) 9] intergenic space §-9] 2}
A7NVNLDE B. japonicumG I8 ©F2 bradyrhizobia®ls AH5A o) A9 -2t B. cthaniidl = 88%2] &
AEAE Jedi) $21e) A¥ HI= Bradyrhizobium sp.(Cassia)?} B. elkaniig} v} 98 AA YL ¥

FI9dH.
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FEREL FEE n0ddBC FEAF9} BAFEA) AN transcriptional
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o %3R= NodDE HR = 3t} NodD WAL 2} pod Qv
ol Ax-ofl AT 47 bpel DNA motif$) nod boxt}y= WZEF
DNA A goll dgstrh16). 21&2] 21521 flavonoid?} inducers:
NodD ©H st Agste] F4% NodD-flavonoid 28 A7} nod
LHEES] WS FA4EAZI JA7hR] 2AbE bl mha
NodDol] 2Jgh ofgl A 2g)e g Fujobel A Lhepvicy,

o=
AT

*To whom correspondence should be addressed.
Tel: 042-280-2437, Fax: 042-280-2608
E-mail: skkohdragon.daejon.ac.kr

267

SHANE nodDl M= Fobuh 2Rolzb oY1), Rhizobium
leguminosarum bv. wifoliv= 3+ MW, Sinorhizobium meliloti= 29,
Rhizobium tropici®] 7% 7V B-& 59 nodD S-HAZ 2k5

=3
Ut Bradyrhizobia®l 1Al nodD RRAF= B elkanii B.

Japonicum.  Bradyrhizobium sp. (Parasponia), Bradyrhizobium sp.

(Arachys)o| X 8] 5 B8, 2 nodD]F nodD2Z 7 =3 Aot
nodD 13} nodD2v= Q33 Qo 1 Alel= 600 bp7t ZE 9
intergenic space’t ST}, W nodDIF nod4BC Arolel= 2}
7Y n0dA%} nodD18) nod box(Fig. 7} 22 AA3kar Qth®).

F3HLegiminosae) 282 Fo}i}(Papilionoideae), | XAo}z}
(Mimosoideae), & H2IV-0} 31 (Caesalpinioideac)?] A o}z}z L}
A, olF FollA AAe U olte] Eaal8o] v o Al
AEofrt, A HelUFolatoll 8= Cussia -8 60001 F2] 2%
2 olFold glom, =3 Uxule] Welso Fash=n] =
(Cassia nomame)©) “1 & dto|th, Fuflofa] A= ZHE-2]
ATFF7E FelEdn 1 B4 oisted zAbE vl e,
10), ©] FAFFY B2 weoke g Japonicum¥} EFEEHA)
TR A Ee] AEe B Ee FAdelA] Balgr)

¥ Aol ME AEY SRR Bradyrhizobium sp.(Cassia)
o} thFo] FAIFEER] B juponicum®] nodD] S-RAR}S} xpo) =
HotR ) &) B. japonicum USDAN10Y) nodDI -9)e] Ald-e
FALR 31 Bradyrhizobium sp. CN91352] nodDl GRS =

L
.

1 kb

7] (o A8

Fig- 1. Common rod gene region of Bradyrhizobium japonicum
USDAT110. The filled arrowhead between nodD/ and nod YABC marks
the location and orientation of the nod box.
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Zetn ARYSY I GBS ZABEL T2 bradyrhizobia
% HlaL EAE T

R

AL BEF

2Eo] FRTFE Bradyrhizobium sp(Cassia) CN9135(10)E
AREOH, TATETFRE RFY] FAATA Bradvrhizobium
Japonicun USDA110S AF&-3LET), o] #RES yM DAu)x
(15)0 HEsled 28°ColA] 59 vl o).

M2} ZalA0|E DNAEZ|

Bradyrhizobia®] 417 DNAT guanidine isothiocyanate cell
lysis WS AMESFAA(14),  FEFAUE DNAT Jetstar
plasmid miniprep kit(Genomed)y& AH&-3}5]C}.

Primer2| M| %2} PCR

Bradyrhizobium sp. CN91359] nodD! -FAA} 95 ZE35)7)
A3 B. japonicum USDA1102) MA@y ENE B. japonicum
2] nodA nod box 2] 22-mer ¥ STGGTAAAATCGATTG-
TTTCGAT3'®} B. japonicum® nodD13}+ H541S Ad Nge
Fdl 3NFst= B. japonicum®] nodD29} G7144E 5GCGA-
CCAGAAGATTTAGATC3'E 438l Z+2} forward$} reverse
primer2 ARE-3}S3CHFig. 3). PCRE HEQ] WIS AHg3515]0.
] FE7)9 P2AL 95°CoA] 3R AF A7 T, 94°Cel A
14, 55°Coll A 1, 72°ColA] 38 4 353 whESharL mpx]ulol=
72°Col A 38 A sl W8-S YR 3

HIIMUEHY X2 EY

PCR 4H2-8- Wizard PCR Preps(Promega)s Al8-3lo] 44 &
218 ¥ pGEM-T vectord] Z 243 ¥ dideoxy chain
termination ¥H(13)0.2 ME-E ZASIEY o9 288 73
AZ st 200 bp Ao HF7IMLEE BASIY 1 M Yol
TUEE A & aF s Hal) oF 17 kb HA HEE
ZAFACE. TS nodA9t nodDI Akelell YRS Qv F nod
box®] & MEE 2AB7] A8 B japonicum} B. elkanii
9] noda®] HEH ME(5,8)YS primerE AMR3le] e mE0F
e 9F 170 bp A= GUIMES O 83 F 1,836 bp D7)
ME-E dAFATE obH)=4t M H]aE Clustal programs- At
515,29 Dendrograme PAUP*4.025 AH&-3ka] 2HAdshsdrt,

gn ¥ 1

nodDI REX| 32

B. japonicum®] F7|ME2RE] AT F primers ARE-5}
PCRZ ZZ3F vl B. japonicum A} TPV E Bradyrhizobium
sp(Cassiay CN913590 A F 1.7 kbe] =718 ©Y =g 48
4= AATHFig. 2). 1AL B japonicum®] B7| MEZHE] o 45
= Aviek AXSFATKS). Bradyrhizobium sp.(Cassia) CN91352] &
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Fig. 2. PCR amplification of nodD1 gene from bradyrhizobial DNA.
lane 1, A DNA /Hindlll size markers(23, 9.4, 6.6, 2.3, 2.0, 0.6 kb);
lane 2, Bradyrhizobium sp. (Cassia) CN9135; lane 3, B. japonicum
USDA110.

1 GCACCTACAAGAGGGCCAACTCGCGTGCGGCAGAGATAGCCACTTCGCACACGGATTCGG 60
61  CGGCTCOCACGTCCAGGATTTCTTCTCGGAGCCCGEGTGCOACCAAMAGCCATCGTIGECA 120
121 TACCTAATICATTTICCAMCTGATCTTTGCTATCCAACATTCCGCAGTTTGGTAAAATC 180
18{ QAITQTTTCGATAGAACACATCCACACGATGGATACACTCACGQCQTG%GGETCQAGEGA 240

241 CTTGATCTAAACCTTCTCGTTGCGCTCGATGCTCTOATGACGGAGCGCAACCTTACAGEG 300
6 L DL NL L VALDALMTERNTLTA 2

6 25
301 GCGGCGLGCAAAATTAACCTGAGCCAGCCCGCCATGAGCGCTGEGATCGCGCGGETOLGC 360
268 AR K T NLSQPAMSAANTARTELETR 45
361 ACCTACTTTCGCGATGAATTGITTACGATGAGAGGTCGCGAACTCGTCCOGACACTCOGGE 420
46 T Y F RDELFTMPRGRETLVYPTPG 65
421 GCGGAAGTGTTGGCGGGTCCAGTTCGCGAGGCCCTGCTGCACATCCAACTCTCGATCATT 480
66 A4 E VL AGPVREAXNLLHICGL ST 85

481  TCTCGGGATGCGTTCGACCCGACCCAGTCGAGCCGACGCTTCAGGGTCATTCTCTCCGAT 540
86 S R ODAFDPTQSSRRTFRVILSD

541 TTCATGACAATCGTCTTTITTCOGOGAATTGTCGATCOTATTGCACAGGAGGCGCCTGCG
106 F M T 1 VFFRRTI VDRI AQESTP A
601 GTCCOCTTCOAATTGCTGCCATTTTCCGATGAACCCGOTGAGCTGCTTCGCCOGGCEAA 660
126 VR FELLPFSDEPOGETLLRTERTEE

661 GTGGATYTTCTCATTTTGCCGCAATTGTTCATCTCGAGCGGOCATCCTAAGGCGACGCTS 720
46 V D F L1 L PELFMSS GHPKRKATL

721 TTCGATGAGACCCTCGTATGCGTGGGATGCCGCACAAACAAGCAGCTATTGCGACCACTT 780
ie6 F D ETLVY CVGCRTNEKASQLLRPL

781 ACATTCGATAAATACAATTCGATGGGGCACGTCACCGCCAAGTTCGGACGGOCGCTGAGG 840
186 T F DK YNSMGHYTAKTFGRALR

841 CCCAACCTCGAGGAGTGOTTCTTGCTCGAGCACGGTTTGAAAAGGCGCATCGAGGTCGTT 900
26 PNLEEWFLLEHGLKTPRRTIEVWVVY

901  GTGCAGGGCTTTAGCCTGATTCCGCCCATGTTGTTGGAGACGAGCCOCATAGGAACAATG 360
26 vV Q G F S LI PPMLLETSRTIIGTM

961 CCCTTACGTCTCGCCAGACACTTCGAAAGCGGATACCCCTGCGOATCGTCGAACCACCA 1020
246 P L RLARHFEKRILIPLRTIVEPP y
102} CTCCCACTGCCCACATTCACCGAGGCCGTGCAGTOOCCTGCGTTCCACAATACCGATCCG 1080
26 L P LPTFTEAVQWPANFHNTDP 21

1081 GCGAGCATTTGGATGCGGCGGATATTGTTGGAGGAGGCATCCAACATGGGATCTGCACAT 1140
286 A S 1L WMERRUPLLEEASNMMGS AH 5
1141 CGGGAGATCCCAACGCGCAGGCGCTGCTAGGTTCACCACAAGCCGCCCCCGOAGGTECAY 1200
306 R £E T P T RRRC * 4

1201 ATACCCCACTCATCATTCGACGTGTCTGCCTTGTCATITTAACTTCCCGGACGGCCATGC 1260
1261 TGTAAACGCACGCGGAGCCCOCCCOTGATTGTGAMGATTGCCO6CCCGTROGCTANCG 1320
1321 ATCAAAGCGTTTAGYGCGCTTGTATTGCAGGGAAGGTCCAAGCCATCGCGGAAAGACGAG 1380
1381 AGCTTTCGATTACGATGGTATTTGCGAAGCCAATTAAATTGCTTGAACCCGACACTGCGT 1440
1441 CAGGTTGTAATTTGCCTCCTGACCAACTGCCAGECGGOCGTCGATGEGGCACATCGEGTG 1500
1501 AATICTS6CTAT TGGCGEATAGGCACTAAGGLTGETTTCOCAATGOCCACTCEACTASY 1560
1561 TCGTGTTACGAGAGTGCCGGAAATCGACGAGATCGATGAGGTTGGCTCTCCCGACGAGET 1620
1621 CGAGCCGTAGGTCOTCATCCCGGACGACTGCGCGCCATTCTGCGATGTTTCGCGAGCTTC 1680
1681 TTTGCAAGCGCACGAGATTAACAGAGTTGATTCGCOGCGAGCCAATCACACCGCTTCAGA 1740
1741 TGCAGCCGTTGTCOCTCATTGTATGCAATGTAAAGACGA TCGOGTCOGATAATAAGATAT 1800
i it 1

01 GCOTITCAACGGCCTGGA GHICGE 1836

180} G LT A CGGC TORATCTANATEIIEICE 12

Fig 3. Nucleotide sequence and deduced amino acid sequences of
fragment containing the nodD! and partial nodD2 genes. nodDI
extends from positions 226 to 1,170 and nodD2 starts from position
1,779. The predicted amino acid sequences are given below the
nucleotide sequence. The two PCR primer sequences are indicated by
shading. The nodA and nodDI nod box is underlined and double-
underlined, respectively.
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Z3 o] DNA dHE AzYsled B2 M3 s7fle] 2829
3 200 bp AL GG S ZARE Al BT FAES RIS
% olF shtel A28 W) AA MEEe =AY

nodDI RTXIL] 471 BN

Bradyrhizobium sp.(Cassia) CN91359] ©] DNA HH& %—
1,666 bp(Fig. 39 [71HFE 1.836H7EA)o|0 e o7
CN91352] nodDI12) ORFE 226'H5E 1,170 7} 4], nodD.’«]
ORFE= 1,799 58] A|ZEA, nodDITF nodD2 AF19] inter-

301 314
MGSAHREIPT RRRC
2l DI .U DKL, ...
Bja DI .A.GDQ.P
JALEAA
CAE
T.TSDDCSM SYAS
Sm DI  1DPQSDIC
D2  SEFQGETSLE

Bradvrhizobium sp(Cassia}?] nodD! 3=} 269

genic space™ 628 bpE Ol F I UATHFig. 3). CN91359]
NodDI ©HA-L B juponicum USDAL10Z} B. elkanii USDA94
o} mpR AR 314709 opp|nitoe 2 FAEO) AUTKS, 8).
CN91352] NodDI1-& primer &7 1ME-S AAsh= 2AZE AR
= B japonicum®] NodD13= 90%2] 642 eI 2
Biur 238 B. clkanii®] NodD1#E 95%E M B 454

S R, 1 the-o 2 E nlEaa Eola] f-dstA 34
% a1 ZolA  HEE Brudvrhizobium  sp.  (Parasponia)
ANU2892] NodD13H=  94%2| &4 ERRACE Brady-

1 60
MRFKGLDLNL LVALDALMTE RNLTAAARI&! NLSQPAMSAA IARLRTYFRD ELFTMRGREL

RH 11
P. . POARLDSRPR RCKNILINHS TAWPASSF
QADTE GRLTSV

ASRL S

¢ E
ATT-Q LRV TSSPEDAEPP GHFVRSVSPL P

Fig. 4. Amino acid sequence alignment of different NodD proteins of bradyrhizobia. All of these sequences are available in the databases. NodD
proteins from Bradvrhizobium sp.(Cassia) CNO135(Bsc DI1). B. elkanii(Bel D1, D2), B. juponicum USDA110(Bja DI, D2), Bradvrhizobium
sp.(Parasponia) ANU289(BsP D1, D2), Bradvrhizobium sp.(Arachis) NC92(BsA D1, D2), Sinorhizobium meliloti 41(Sm D1, D2) are shown.
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rhizobium sp.(Arachis) NC922] NodD13-= 84%2] AH5Al-& 2zt
E Aoz dgyth IHE CN9135Y] NodDl ©eide B
elkanii®t B. japonicum®] NodD29}= 247} 58%9} 50%2] A%
&, 9PA Sinorhizobium meliloti 412] NodD13} NodD29} 242}
59%2} 58%%] E/3-& FERNAY, bradyrhizobia®] NodD2ut ©F
€ rhizobia® Nod YA Fedol AY & ol Hojx
3t} ©]E2 NodD1Z NodD2E &7 Hln ujg3le] R (Fig.
4), N dero 2 e A 100709 olv|x=Ale] HIs) flavonoid
recognition} FM} A= Al 2004 obm)ieit A FE-E NodD
Woll Mz 1 BHE FErt e A4S 318 = e, o]3e
*%W%A‘“‘Eﬂ“° & wedsta ik CN913s9
NodD!E THE bradyrhizobia®t AYAE=7F WLE Sinorhizobium
meliloti] NodD2] M BZHE] Ao dendrogram(Fig. 5)S ¥
g CN9135%] NodD19] A8 thE bradyrhizobia®] NodD13}
clustering®g-& & & U}

nodD12} nodD2 AHO[2] intergenic space H| 1l
CN91352] nodDI3} nodD2 AFo1€} intergenic space= 628 bp

Kor. J. Microbiol

Yl 1 =71 B japonicum®] 633 bp(8), B. elkanii® 640
bp(5) B o+ oFF 2O} Bradyrhizobium (Arachis) sp. NC922]
600 bp(7) HTR= oFeh AT olB el AEAL AR Wk B

Bsc D1t
: Bel D1

BsP D1

Bja D1

BsA D1

Sm D1

1 Sm D2

Bol D2

Fig. 5. Dendrogram showing relative distances among NodD proteins
of different rhizobia. The new NodD! protein of Bradyrhizobium

sp.(Cassia) CN9135, which was deduced from the nucleotide
sequence shown in Fig. 3, is shown in boldface.

Bja D2

BsC 1 GTTCACCACAAGCCGCCCCCGGAGGTGCAAATACCCCACTCATCATTCGACGTGTCTGCC 60

CEorEr et e |
|llllllllllll! |||

LU
NN

[ R R R A A A I N N N A
L T T T O A O O A I O A B T O B I I S

Bel 1 GTCCACCACAAGCTGCTCCGGCAGATGCAAATATCCCACTCATCATTCGACGTGTCTGCC 60

BsC 61 TTGTCATTTTAACTTCCCGGACGGCCATGCTGTAAAACGCACGCG-GAGCCCGCCCGTGA 119

[N I B I
[ I I O B I B A

[ I B I B A I I B A | [N

[ |
Cretrnet

[
Fraaa

[ I |
trrre

Bel 61 TTGTCATTTTAGCTTCCCGGACGGCCATGCTGCAAAACGCACGCGCGAGCCGGCCCGGGA 120

BsC 120 TTGTGAAAGATTGCCGGCCCGTGCGC-TAACGATC---~AAAGCGTTTAGTGCGCTTGTA 174

[ N A R R R A B B I
L B A I B O B N B I |

[ O [N

[ I R R I I T B B

I L O T T T B

Bel 121 TTGTGAACGATTGCCGGOCCGTGOGCCTAACGATCCCGCAAACCGTGTAGTGCGCCTGTA 180

BsC 175 TTGCAGGGAAGGTCCAA-GCCATCGCGGAAAGACGAGAGCTTTCGATTACGATGGTATTT 233

Illllllllllllllllllllll|lll

N NN

Bel 181 CTGCACGCGAGGTCCGACGCCATCGCGGAAGGACGCGAGCTTTCGAGTACGATGGTATTT 240

BsC 234 G CGAAGCCAATTAAATTGCTTGAACCCGACACTGCGTCAGGTTGTAATTTGCCTCCTGA 292

[
IIIllII

[ R B R}
[N

IIIIIIIII
LI I I I )

[ T T T T S T T I I T O I O N T S B B A I
L I T T T T T T O A T T T I 2 T A A A B I A A A |

Bel 241 GGCGAAGCGAATTAAATCGCTTGAACCTGACACTGCGTCAGGTTGTAATTTGCCTCCTGA 300

BsC 293 CCAA--CTGC-CAGGCGGGCGTCGATGGGGCACATCGGGTGAA- TTCTGGCTATTGGCGG 348

Ilol

lllllllllllllll

Bel 301 CCAATGCTGCGCAGGCGGACGTCAACGGGTCACATCGCGTGAACTCCT GGCTA TGGCAG 359

BsC 349 GATAGGCACTAl\GGCTGGTTTCGCAATGGCGACTCGACTAAATCGTGTTACGAGAGTGCC 408

[ I I T R I I R R A O B A B O Y |
LI I T I S A R A O B I B AR

[N
[

LT B A B B A ]

IIlIIIlllIIIIII

Bel 360 GATAGGCACTAAGGCTGGTTTGCCAATGGCGGCTCGACTAAGTCGAGTTGCGAGAGTGCC 419

BsC 409 GGAAATCGACGAGATCGATGAGGTTGGCTCTCCCGACGAGCTCGAGCCGTAGGTCGTCAT 468

[N
LI L I R I A |

[ IS S R
[N

[ ]
[ I A

LI T N B )
[ I I A

Bel 420 GGGAATCGACGAGATCGATCAGGTTGGCGCTCCCGACG-GCTCGAGCCGCAGGTCGTCGT 478

BsC 469 CCCGGA-CG-ACTGCGCGCCATTCTGCGATGTTTCGCGAGCTTCTTTGCAAGCGCACGAG 526

[ T I |

LI S T T T S U I N O O | |

LI I I T T T I I T T Y S}

LI T T T T I I T B O B B O B A B |

L T T T T T T T T T O S T B O B B}

Bel 479 CCCCGAGCGCACTGCGTGCCATTCTGCGATGCTCCGCGAGCTTCTTCGCAATCGCACGAG 538

BsC 527 ATTAACAGAGTTGATTCGCGGCGAGCCAATCACACCGCTTCAGATGCAGCCGTTGTCGCT 586

[ R A A R |
L2 T T I T I I I B )

trrer e
frrrrr

LR T T T T T T T O T T O T B}
LI T U T T T S T I T O AL B B B

Bel 539 AGGAACTGAGTTGATTCGC-GCGAGCCAATGACACCGCTTCAGATGCAGCCGTTGTCGCT 597

BsC 587 CATTGTATGCAATGT-AAAGACGATCGCGTCGGATAATAAGAT 628

[ O I B I S R B |
[T T T B A O S S B O |

[ A R
[ N I O B B I B ]

Bel 598 CATGGTATGCACTGTAAAAGACGAGCGCGTCGGATAATGAGAT 640
Fig. 6. Alignment of sequences for the intergenic space from Bradyrhizobium sp. CN9135 and B. elkanii.
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CN91352] nod box
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o] o ke S VISl
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A5 K} g élsiA e 4= g Aot

L]

s

1. 3%5t. 1996, Rhizobia 9F 2182] 4528 nod 221}
Nod {17} #2H2-81722 8, 13-20.

2. 37 1999, Al HE)E A A e .
Gheam] 583 A] 35, 169-172.

3. Abaidoo, R.C., H.H. Keyser, PW. Singleton, and D. Borthakur.
2000. Bradyrhizobium spp. (TGx) isolates nodulating the new soy-
bean cultivars in Africa are diverse and distinct from bradyrhizo-
bia that nodulate North American soybeans. /nz. J. Svst. Evol.
Microbiol. 50, 225-234.

Bradyvrhizobium sp.(Cassia)?] nodDI1 32} 271

4. Allen, O.N. and EK. Allen. 1981. The Leguminosae. University
of Wisconsin Press, Madison.

5. Dobert R.C., B.T. Breil, and E.W. Triplett. 1994. DNA sequence of
the common nodulation genes of Bradvrhizobium elkanii and their
phylogenetic relationship to those of other nodulating bacteria.
MPMI 7, 564-572

6. Ferro M., J. Lorquin, S. Ba, K. Sanon, J.C. Prome, and C. Boivin.
2000. Bradyrhizobium sp. strains that nodulate the leguminous tree
Aacacia albida produce fucosylated and partially sulfated Nod
factors. Appl. Environ. Microbiol. 66, 5078-5082.

7. Gillette, WK. and G.H. Elkan. 1996. Bradvrhizobium (Arachis)
sp. strain NC92 contains two nodD genes involved in the repres-
sion of nod4 and a nolA gene required for the efficient nodulation
of host plants. J. Bacteriol. 178. 2757-2766.

8. Gotterfert, M., D. Holzhauser, D. Bani, and H. Hennecke. 1992.
Structural and functional analysis of two different nodD genes in
Bradvrhizobium japonicum USDA110. MPMI 5, 257-265.

9. Koh, S.K. 2000. Personal data.

10. Lee, K.L. and S. K. Koh. 1997. Isolation and characterization of
Bradyrhizobium sp. from Cassia nomame root nodules. Natural
Science(Tagjon University) 8, 115-124.

1. Mergaert, P, M. van Montagu, and M. Holsters. 1997. Molecular
mechanisms of Nod factor diversity. Mol. Microbiol. 25, 811-817.

12. Parker, M. A. 1999. Relationships of bradyrhizobia from the
legumes Apios americana and Desmodium glutinosum. Appl.
Environ. Microbiol. 65, 4914-4920,

13. Sanger, F., S. Nicklen, and A.R. Coulson. 1977. DNA sequencing
with chain terminating inhibitors. Proc. Natl. Acad. Sci. 74, 5463-
5467.

14. Somasegaran, P. and H.J. Hoben. 1994. Handbook for rhizobia,
Springer-Verlag, New York.

I5. Vincent, J.M. 1970. A manual for the practical study of root-nod-
ule bacteria. Blackwell Scientific Publications, Oxford.

16. Wang, S.P. and G. Stacey. 1991. Studies of the Bradvrhizobium
Japonicum nodD1 promoter: a repeated structure for the nod box.
J. Bacteriol. 173, 3356-3365.

1'7. Werner, D. 1992. Symbiosis of plants and microbes, 1st ed. Chap-
man & Hall, London, United Kingdom.

18. Xu, LM., C. Ge, Z. Cui, J. Li, and H. Fan. 1995. Bradyrhizobium
liaoningense sp. nov., isolated from the root nodules of soybeans.
Int. J. Svst. Bacteriol. 45, 706-711.

(Received November 24, 2000/Accepted December 8, 2000)



272 Soon-Yong Choi and Sang Kyun Koh Kor. J. Microbiol

ABSTRACT: Cloning and Sequence Analysis of the nodDI Gene from Bradyrhizobium sp.(Cassia)
CN9135

Soon-Yong Choi' and Sang Kyun Koh*(Division of Life Science, Daejon University, Daejon
300-716 and 'Department of Microbiology, Hannam University, Daejon 306-791, Korea)

A 1.7-kb fragment containing the nodD! genes of Bradyrhizobium sp. (Cassia) CN9135 was amplified by
PCR with primers based on B. japonicum USDA110. This fragment was cloned and sequenced. Analysis of
the sequence showed open reading frames highly homologous to nodD/ from other bradyrhizobial sources.
The sequence showed higher homology to nodD! gene of B. elkanii than to those from B. japonicum. Our
results suggest that Bradyrhizobium sp. (Cassia) CN9135 may be more closely related to B. elkanii than to B.
Japonicum.



