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Appendix A

Bacterial Growth Media and Plant Nutrient Solutions

Preparation of all bacterial growth media and plant nutrient solutions are as

described by Somasegaran and Hoben (1994) unless otherwise stated.

Mannitol
K,HPO,
MgSO,.7H,0
NaCl
Yeast extract
Deionized water
pH of medium w. 10" / N NaOH. The medium was
autoclaved at 121°C for 15 mj ‘

Yeast Extract Ma

O
o

YMB

Agar 159

Agar wﬂaﬁﬁ ﬁtﬂf%wgﬂimm to suspend the agar

then autoclavedgat 121°C for 15 min. After autoclaving, the medium was shaken to

ensure%eiwwivﬁf Wtﬂm%ﬂﬂlq ﬁﬂtri dishes and

left to sol

YMA with Congo Red

Congo Red stock solution : 250 mg of Congo Red dissolved in 100 ml of
deionized water. 10 ml of Congo Red stock solution were added to 1 liter of YMA. The
final Congo Red concentration was 25 ug.ml'1. The medium was autoclaved at 121°C for

15 min.



N-free Nutrient Solutions

Stock Solutions Chemicals glliter

1 CaCl,.2H,0 294 1

2 KH,PO, 136.1

3 0,.3H,0 6.7
123.3
87.0

0.338

F

0.247
0.288
0.100
0.056
0.048

A

s
Warm water was used fﬁ
LTI

tions to get the ferric-citrate into

solution. Ten liters of full-stre

11

ere prepared as follows :
® To5 Iiter 5‘ Iw.‘g and mix.
® Dilute to J by adding 5iters of water.

® Adjust pH to eitheg 5.0 or 6.8 withd N HCI

. Forﬂ u&q Mt%wﬁbw&r/a ﬂuﬁ to give final N

conc%lntatlon of 70 ppm. ¢

QW’]Mﬂ‘iﬁUNW]’MH’]ﬁH
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Appendix B
Chemicals and Solutions
Solutions for DNA extraction (Gibco BRL)

Saline-EDTA solution
15 mM NaCl, 10 mM EDTA, pH 8.0‘

0.9 g NaCl, 0.29 g EDTA werge add tilled water. The final volume was made
to 100 ml. 0.1 N NaOH wa dl 10 adleleiern 0 before autoclaving at 121°C for

15 min.

[0.manufacturer's instruction.
i

Solutions for SD

Stock solutions

-
A
‘i"
I

|th deionized water. Filter and stofe at 4°C in the dark (30 days

max'mFT‘lJEJ’WIEJVI‘B'WEJ’]ﬂ’i

B. 15MTr!IHCI pH 8.8

ammmwwnwmaa

ml deionized water

24 gN'N’' -b|
Make to 300 m

Adjust to pH 8.8 with 6N HCI. Make to 150 ml with deionized water and store at
4C

C. 0.5M Tris-HCI, pH 6.8

6 g Tris base

60 ml deionized water
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Adjust to pH 6.8 with 6N HCI. Make to 100 ml with deionized water and store at
4°C

D. 10% SDS
Dissolve 10 g SDS in 90 ml water with gentle stirring and bring to 100 ml with
ddH,O

E. Sample buffer (SDS reducing buffer) (store at room temperature)

Deionized water \
0.5 M Tris-HCI, pH 6.8 1
Glycerol

10% (w/v) SDS
2-mercaptoethan

1% (w/v) bromop

H,

sam }\ 7“\‘“-. heat at 95°C for 4 minutes
Y\

\

to room temperature before ufprecipitation occurs. Dilute

Dilute the sa

F. 5Xelectrode (runnig
Tris base ,_f 5";
Glycine

SDS -

Make to 6004l

Store at 4°C. Wat

60 ml 5X stock withe240 ml deionize@dvater for one electrophoretic run.

AULINYNTINEINT

G. 10% Amfidonium persulfate
=

ﬁﬂiﬁﬁgn ’ ;ﬁ n%qﬂatﬂpﬂdﬂrtanﬂﬁ solution was

prepqed a monium persulfate decomposes slowly, and fresh

solutions were prepared weekly.
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Appendix C

Raw Data

1. Figures 5.1-5.6, 5.7-5.12, 5.13-5.18 showed 16S rDNA sequences of strains S172,
S173 and S174 respectively.

2. Comparisons of 16S rDNA sequences of isolates S172, S173, and S174 with data in
GenBank using the BLAST program (NC B :

3. Duncan’s Mutiple Range Test (Glove

Duncan’s Mutiple Range Te
1.Means of plant dry weig
2.The standard error of4
3.The values of rg (p,
4.Any two means that by more than R, were

declared to be significantly differg

AUt INgnineng
ARIAIN TN TN
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Query= gi|S172| (1444 letters)

Score E
Sequences producing significant alignments: (bits) Value

gi|3273472|gb|U96941.1|U96941 Burkholderia graminis 16S rib... 1053 0.0
gi|3273471|gb|U96940.1|U96940 Burkholderia graminis 16S rib... 1053 0.0
gi|3273470|gb|U96939.1]U96939 Burkhalder
gi|9280413|gb|AF247493.1|AF247493 B
gi|17863929|gb| AF448046.1| AF448046 . 1039 0.0
gi|2623537|gb|U91570.1|BC 0-B . 1031 0.0
gi|17863928|gb| AF448045. 11/AF448045. Burkhold&Ha ep. SOD-6 1... 1013 0.0
gi|21070363|gb| AF508806.fwBiifkholdeti : . 1005 0.0
gi| 18249661 |dbj| AB066231. . 1001 0.0
gi|12718590|emb|AJ2926 997 0.0

IC4.7 16S... 1045 0.0

>Qi|3273472|gb|U96941.1| W€ 5 Iderja gramir S ribosomal RNA gene, partial
sequence ; 4 L
Length = 1584

Score = 1053 bits (531), Expe
Identities = 534/535 (99%)
Strand = Plus / Minus

Query: 524 acgacacgagctgacga gggcacatc 583
LA
Sbjct: 1025 acgacacga , gttacg v,-\ ggcacatc 966

u i
Query: 584 cacctctcagcgglﬂccgtacatgtcaagggtaggtaaggtttttc ttgcatcga 643
e

R 07 e (431 i Bkt

Query: 644 attaatc%catcatccaccgcttgtgc.ggtccccgtcaatmtttgagttttaatct

oo PR IS

Query: 704 tgcgaccgtactccccaggcggtcaacttcacgcgttagctacgttaccaagccaatgaa 763

CELTEEEEEEEEEEEEEE T EEEEC T T T L
Sbjct: 845 tgcgaccgtactocccaggcggtcaacttcacgcgttagctacgttaccaagccaatgaa 786

Query: 764 ggcccgacaaccagttgacategtttagggegtggactaccagggtatctaatectgttt 823

i
Sbjct: 785 ggcccgacaaccagttgacategtttagggegtggactaccagggtatctaatcectgttt 726



Query: 824 gctccccacgctttegtgcatgagegtcagtattggeccagggggctgecttegecateg 883

i
Sbjct: 725 gctccccacgctttegtgcatgagegtcagtattggeccagggggctgecttcgecateg 666

Query: 884 gtattcctccacatctctacgcatttcactgctacacgtggaattctacceeectetgee 943

L
Sbjct: 665 gtattcctccacatctctacgcatttcactgctacacgtggaattctaccecectctgee 606

Query: 1004 gtcttagcgaaccgc - ca aattecgattaacgcttg 1058
CCTEEEETEERTTEET U
Sbjct: 545 gtcttagcgaaccgecte c aatlccgattaacgcttg 491

Score = 795 bits (401),
Identities = 444/457 (97%),
Strand = Plus / Minus

Query: 1 caccctacgtattaccgeggctgcetgge: cggtgcttattcttccggtac 60
lIIIIIlIIIIIIIIIIIIIIIIIIIII

Shjct: 490 caccctacgta 2 ttagcegc gtac 431
Query: 61 cgtcatcctcceggar

hY |
tta 2 gmtttacaac 120
CCOEEEEE TR T T T (1

Sbjct: 430 cgtcatcccgcccggatéttagccaggcggttttctttac;gacaaaagtgctttacaac 371

s 12 ot L

_ 3;%!%%%%%%5“%”” mmﬂ%%ﬁmﬁiﬂ

Query: 181 ccccactgetgectceegtaggagtetgggecgtgtctcagteccagtgtggetggte 240
i
Sbjct: 310 ttecccactgetgecteecgtaggagtctgggecgtgtcetcagtcccagtgtggetggte 251

,

O
L

Query: 241 gtcctctcagaccagctacagatcgtegecttggtaggectttaccccaccaactageta 300

T
Sbjct: 250 gtcctctcagaccagctacagategtegecttggtaggectttaccccaccaactageta 191

80



Query: 301 atctgccatcggecgeccctgtagegegaggteccgaaggatecccegctttectecgea 360

R
Sbjct: 190 atctgccatcggecgeccctgtagegegaggtcccgaaggatecceegctttecteegea 131

Query: 361 gagcgtatgcggtattaatceggctttcgccgggctatcecccactacaggacacgttee 420

O
Sbjct: 130 gagcgtatgcggtattaatccggctttcgecgggctateecccactacaggacacgttee 71

Query: 421 gatgtattactcaacccgttcgeca

CCCLCCUEEE EEEEEEERREEEET T LR
Sbjct: 70 gatgtattactc-acccgttcgeca o]

Score = 753 bits (380),
Identities = 387/388 (99%
Strand = Plus / Minus v

Query: 1177 ctgatccgcgatta
LCEEEEEEETTTLET 1l , _
Sbjct: 1302 ctgatccgega gcgattccagcticacgcactcgagttgcagagtgegatcegg 1243

‘a

SO 111500120 s

Sbjct: 1242 actacg ggttttctgggattggctccecctcgcggcttgﬁaccctctgttccgac&83

o JEASOIUAV DNE Y,

IIlIIIIIIIIIIIIIIIIIIIHIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct: 1182 cattgtatgacgtgtgaagccctacccataagggcecatgaggacttgacgtcatccccac 1123

Query: 1357 cttccteeggtttgtcaccggeagtcteectggagtgctcttgegtagcaactagggaca 1416

mmmhmmhmmmmm
Sbjct: 1122 cttcctceggtttgtcaccggcagtctecctggagtgctcettgegtagcaactagggaca 1063

81
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Query= gi|173| (1441 letters)

Score E
Sequences producing significant alignments: (bits) Value

Qi|28894114|gb|AY206687.1| Rhizobium rhizogenes strain 163C... 2658 0.0

gi|464144|dbj|D14504.1|ATU16SRD] Rhizobium sp. K-Ag-3 gene ... 2654 0.0
Qi|27261750|gb]AY166841.1| Rhizobium tropici UPRM8033 16S r... 2637 0.0
gi|1055273|gb]U38469.1|RTU38469 Rhizobium tropici 16S ribos... __9 0.0

Qi|28849772|gb|AF514802.1| Rhizobium sp. 0R5217 16S l’IbOSO j 0.0

g||464139|db]|D14§O§ 1|ATU16SRDK RI

RNA, partial sequence
Length = 1475

Score = 2658 bits (134
Identities = 1421/1
Strand = Plus / Minus

gtggttagctgectec 60

I
gtggttagctgcctcec 1387

Query: 61 ttgcggttaﬁbgcacta
[HEETTTTT DL A T

gdcgggeggtgtgt 120
]
Sbjct: 1386 ttgcggtta W ' ,.t,; g9gcggtgtgt 1327

Query: 121 acaaggcccggga ﬁtattcaccgcgg @gatccgcgattactagcgattccaac 180

Sbjct: 13|2”6]LI Iﬂgyj tmagl m&‘%ﬂg P
o ”‘Wﬁi AT

caatccgaactgagatggcttttggagattagctca 1207

Query: 241 cactcgegtgctcgetgeccactgtcaccaccattgtagcacgtgtgtageccagecegt 300
CLCCPPCLEEEEREE LT EEEEEEEEEEEEEEE P EE LR EEEE T
Sbjct: 1206 cactcgegtgctegetgeccactgtcaccaccattgtagcacgtgtgtageccagecegt 1147

Query: 301 aagggccatgaggacttgacgtcatccccaccttectcteggcettatcaccggeagtece 360

_ CEEPLEEEEEEEEEEEEEEEEEEEET R EEEEET R EEEEEEE T
Sbjct: 1146 aagggccatgaggacttgacgtcatccccaccttectctcggcttatcaceggeagtece 1087



83

Query: 361 cttagagtgcccaacttaatgctggcaactaagggcgagggttgegctegttgcggggat 420

CLCPCLEEEECEEEE TEEEEECEEEEEEETP R EEEEEEE TR EEER e |
Sbjct: 1086 cttagagtgcccaactgaatgctggcaactaagggcgagggttgegetegttgegggact 1027

Query: 421 taaccaaa--tct-acgacacgagctgacgacagccatgcagcacctgtctctgegecac 477

LR R
Sbjct: 1026 taacccaacatctcacgacacgagctgacgacagccatgcagcacctgtetctgegecac 967

Query: 478 cgaagtggaccccatatctctacgggtaacacaggatgtcaagggctggtaaggttctgc 537
Iy [HTEEETTEL
Sbjct: 966 cgaagtggaccccatatct %\ tcaagggctggtaaggttctgc 907

CCacat ctoéccgﬁcccgtcaattccttt 597

i III III 11

Query: 538 gcgttgcttcgaat

Sbjct: 906 gcgttgcttcgaattaa cccgtcaattccttt 847

[LCEEETETLEEEEETTY L
Sbjct: 846 gagttttaatctig€gageat 2 c J irs \ gctgcgccac 787
.l

Query: 598 gagttttaatgitgcgaccgtag m -- agctgcgecac 657
|

N/ -
f‘-r

T

J‘J - ¥
Query: 658 cgaacagtatactggecg tcgtttacggegtggactaccagggtat 717
[CPPEEEEETTTTLEEET |I I IJEE LT TERH PR
Sbjct: 786 cgaacagtatactcc ,» w cg gtggactaccagggtat 727

Query: 718 ctaatcctgtgttgtccc- T Bk
(T e LT :

Sbjct: 726 ctaatcctgtttctecccacgctiicgcaccteagegtcagtaatggaecagtgagecg 667

t?. _ £

Query: 777 ccttcgcca tgttcctccgaa tacgaa cacctctacﬂcggaattcca 836

ﬁﬁﬂfﬁﬁﬁw‘fﬁ%
smﬂs%#%ﬁ%‘é@%‘ L TR

Query: 897 gatttcacccctgactgatcgatcegectacgtgegctttacgeccagtaattcegaaca 956

J
Sbjct: 546 gatttcacccctgactgatcgateegectacgtgegctttacgeccagtaattccgaaca 487

Query: 957 acgctageccccttagtattaccgeggetgctggcaaaaagttagcecggggattettcte 1016

R
Sbjct: 486 acgctagcccccttegtattaccgeggetgctggcacgaagttagecggggcttettcte 427
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Query: 1017 cggataccgtcattatcttctccggtgaaagagctttacaaccatagggecttcatcact 1076

S
Sbjct: 426 cggataccgtcattatcttctccggtgaaagagctttacaaccctagggecttcatcact 367

Query: 1077 cacgcggcatggcetggatcaggcttgegeccattgtccaatattccccactgetgectee 1136

i
Sbjct: 366 cacgcggcatggctggatcaggcttgegeccattgtecaatattccccactgetgectee 307

Query: 1137 cgtaggagtttgggccgtgtctcagtcccaatgtggctgatcatectctcagaccageta 1196
CCPLEEREEEERCEEEETEREEEERETEELL R LTTTEEEET T
Sbjct: 306 cgtaggagtttgggccgtg ) /tcatcctctcagaccagcta 247

Query: 1197 tggatcgtcgcciiggiage ccittac ccﬂccaacgcgggctcatc 1256
LEETEEEETTTT ;:',.v [TU0EELRERREE T
Sbjct: 246 tggatcgtcgecttagtagaicettis accaactagct acgcgggctcatc 187

, nw u " . gtttccctgeg 127
Query: 1317 ttattccgtagcaaa@ggta |l" ccg ctgccgctccccttgc 1376

CECPLEEEE TEE FEED LA | M ~l| N H
Sbict: 126 ttattccgtagaaaagg agai et r"*’ o

Query: 1257 tcttgccgal

IR
Sbjct: 186 ctttcccgataad

ﬂh Ll

tctgccgctccccttgc 67

Query: 1377 ggggcgctcgacttgcat
i !

Sbjct: 66 ggggcg v----ﬂe:emr'~--'--‘~—"’-'--'---'--;--* ‘-i aggatcaa 7

Query: 1437 actc 14403

i
mﬁumwmwmm

Q‘Vﬂﬂ\‘lﬂiﬁu UANAINYIA Y

g cgttctggccaggatcaa 1436
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Query= gi|174| (1277 letters)

Score E
Sequences producing significant alignments: (bits) Value

Qi|464144|dbj|D14504.1|ATU16SRD] Rhizobium sp. K-Ag-3 gene ... 1752 0.0
Qi|27261750|gb|AY166841.1| Rhizobium tropici UPRM8033 16S r... 1735 0.0
Qi|21898743|gb|AY117623.1| Rhizobium tropici strain PRF34 1... 17 5 0.0
Qi|9837365|gb]AF286362.1] Rhizobium sp. PRY71 16S ribosomal... 1735 0.0
gi|14029734|gb|AF364856.1|AF364856 Rhuzoblum sp. L28 115D 1... @ 0.0
gi|3724150|emb|Z94806.1|RSPZ94806 R! ium genosp. Q 16Sr... 1733 0.0

g||28894114|gb|AY296687 1] Rhlzo' m

sequence
Length = 1468

Identities = 971/1002
Strand = Plus / Minus

Query: 392 acatgctccaccgqt‘%cgggcccccgt %fmgagttttaatcttgcgaccg 451

Soit: 852 seoecogey itakciagkos 523
o T Ty

Sbjct: 8 cccaggcggaatgtttaatgcgttacgtgcgecaccgaacagtatactgcccgac 763

Query: 512 ggctaacattcatcgtttacggcgtggactaccagggtatctaatcctgtttgctcccca 571

CLCEEEEEEEEEEER P EEEEEEEEEEEEE TP TR E TP
Sbjct: 762 ggctaacattcatcgtttacggcgtggactaccagggtatctaatcctgtttgcteccca 703

Query: 572 cgctttcgcacctcagcgtcagtaatggaccagtgagccgccttcgccactggtgttcct 631
i
Sbjct: 702 cgctttegcacctcagegtcagtaatggaccagtgagcecgecttcgecactggtgttect 643
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Query: 632 ccgaatatctacgaatttcacctctacactcggaattccactcacctcttccatactcca 691

CLCCEECEEEEEEEEEEERE TR EEEEP T EE TR R EEEEEETE T
Sbjct: 642 ccgaatatctacgaatttcacctctacactcggaattccactcacctcttecatacteca 583

Query: 692 gatcgacagtatcaaaggcagttccagggttgagccctgggatttcaccectgactgate 751

CLLCCERCEEEEEEEEERE TR EEEEEEEEEEEEE T LT
Sbjct: 582 gatcgacagtatcaaaggcagttccagggttgagecctgggatttcaccectgactgate 523

Query: 752 gatccgectacgtgegctttacgeccagtaattccgaacaacgctageccecttegtatt 811

|IlIIIIlIIIIIIIIIIIIlIIIIIIIIIIIIIHIIIIIlIIIIIIIIIIIIIIIIII
Sbjct: 522 gatccgcctacgtgcgctttacgcccq d caacgctagcccccttcgtatt 463

Query: 812 accgcggctgctgg

LEEPELEEETETLEE 18
Sbjct: 462 accgcggctgctgacs

gataccgtcattatcttc 871

ggataccgtcattatcttc 403

o

Query: 872 tccngtgaaagaggitte Gle m Ca ..\\ catggctggatca 931

|
T?‘.‘% cd catggctggatca 343

Query: 932 ngcttgcgeccatigtccaa 2 TgCK C
I

[LFEELEETTEEEEEETETT , Pl |
Sbjct: 342 ggcttgcgcccattgigtaate ca ’ jectcecatagadgtttgggeegtgt 283

gggccgtgt 991

Query: 992 ctcaatcccaatgtggctgatcaie: ,_ ‘ tggétcgtcgccttggtagg 1051
[l

111 ||||||||||||n||||||umEu.7

Sbjct: 282 ctcagtcccaegt, ctgatcatectctcaga cgecttggtagg 223

Query: 1052 gecttacce . nlﬁtaaatctttct 1111

U T 1 T
Sbjct: 222 cctttaccccaccaag;agctaatccaacgcgggctcatctcttgccgataaatctttct 163

a1 LU ELLIEINS ﬂmmm

TR R AT lIIIIlIII LI
ca ¢

T ARTANT IS TN

Query: 11 2 gattcccacgcgttactcacccgtctgccgctccccctaaagggcgctcgacttgcatgt 1231

L nmmmm
Sbjct: 102 gattcccacgcgttactcaccegtetgeegcetececttgeggggegcetegacttgeatgt 43

Query: 1232 gttaagcctgccgecagegttegttctgagecaggatcaaac 1273
i
Sbjct: 42 gttaagcctgcegecagegttegttctgagecaggatcaaac 1
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Score = 539 bits (272), Expect = e-150
Identities = 272/272 (100%)
Strand = Plus / Minus

Query: 1 tacggctaccttgttacgacttcaccccagtegcetgaccctaccgtggttagetgectee 60

CCLEEREECEEEEEETEREEEEEEEEEEEEEERER R EEEEEEEEERERRER T
Sbjct: 1442 tacggctaccttgttacgacttcaccccagtegetgaccctacegtggttagetgectee 1383

Query: 61 ttgcggttagcgcactaccttcgggtaaaaccaactcccatggtgtgacgggeggtgtgt 120
A

CEETTEETEEEERETEETTD b A
Sbjct: 1322 acaaggcccgggaacgtatteacce atgcigateegegattactagcgattccaac 1263

Query: 181 ttcatgcactcgagtigea oo aactge atggett ggagattagctca 240

Sbjct: 1262 ttcatgcactcgagtigfagagicaatccgdactgagatog tittggagattagctca 1203

N

Query: 241 cactcgcgtgctcg

(LT EEETTTEETEETEL
Shjct: 1202 cactcgegtgctegct

AUt Ineninens
RININTUUNINEINY



88

Data for table 4.1 Duncan’s Multiple Range Test for plant dry weight when each of
Bradyrhizobium japonicum strains S76, S78, S162, S178 was inoculated onto
germinating seeds of soybean Glycine max cv. SJ 4, SJ 5, CM 2, CM 60, ST 1, ST 2, ST

3 in Leonard jars with nitrogen-free medium pH 5.0 for 28 days.

r R mean
.86 091 224

D 28 3.47 1.10 1.40
¢ =29 347 110 @.40

AUL EREMINES

32347110 1.31
33 3476110 1.31

QW?Mﬂ‘JﬂmW]’J

6 347 110 1.18

7 347 110 1.12

38 347 110 1.09
39 3.47 1.10 0.89
40 3.47 110 0.79
41 3.47 110 0.76
42 3.47 110 0.68
0.61

Ay



89

Data for table 4.3 Duncan's Multiple Range Test for plant dry weight when each of
Burkholderia sp. S172, Sinorhizobium fredii S173, S174 was inoculated onto germinating
seeds of soybean Glycine max cv. SJ 4, SJ 5, CM 2, CM 60, ST 1, ST 2, ST 3 in Leonard

jars with nitrogen-free medium pH 5.0 for 28 days.

r R mean

T .——
c—l | 247 (N BG 1 380 —=-=

BZ7 3.47 0.89

8 3.47 0.89 1.34

ﬂuaﬂiiﬂmﬁw

32 3.47 0. 0.83
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Data for table 4.4 Duncan’s Multiple Range Test for plant dry weight when each of
Burkholderia sp. $172, Sinorhizobium fredii S173, S174 was inoculated onto germinating
seeds of soybean Glycine max cv. SJ 4, SJ 5, CM 2, CM 60, ST 1, ST 2, ST 3 in Leonard

jars with nitrogen-free medium pH 6.8 for 28 days.

r R mean
289 0.7196 0.53

XV~NO OGS WNTDT

E? 4 1.69

347 0864 1.72

ﬂuéﬁﬁﬁgﬁﬁﬂwn .

RSN FheAA Il

217
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