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CHAPTER 1

INTRODUCTION

Soybean rhizobia are nitrogen-fixing bacteria in root nodules of soybeans
[Glycine max (L.) Merr]. At present there are 2 categories of soybean rhizobia, the fast-
growers and the slow-growers. Species of soybean rhizobia which are commonly
recognized are shown in Table 1.

Table 1. Commonly recognized species of soybean rhizobia.

~ References

Fast-growers g i
Sinorhizobium fredii Chen et al. 1988
Sinorhizobium xinjiangense Peng et al. 2002

Slow-growers

Bradyrhizobium elkanii Kuykendall et al. 1992
Bradyrhizobium japonicum Jordan, 1982
Bradyrhizobium liaoningense Xu et al. 1995

At present no information is available regarding genetic differences between the
fast-and the slow-growing soybean rhizobia. The aims of the experiments are to isolate
TnAraOut mutants from the fast-growing nitrogen-fixing and heat tolerant S. fredii S174
in order to obtain some information regarding genes for cell division in S. fredii S174 and
compare nitrogen fixation and heat tolerance potential between TnAraOut mutants and
wild type S. fredii S174. One approach to isolate genes for cell division in S. fredii is to
tag its -10/-35 promoters with the transposon TnAraOut which inserts itself between the
TATA sequence of the -10/-35 promoters rendering the natural promoters to be replaced
by arabinose - inducible promoters. Figure 1.1 indicated nucleotide sequences at -10

and -35 regions of a-10/-35 promoter.



Transcription

startpoint

1

TGACA < 16-19 bp > TATAAT

Figure 1.1 Nucleotide sequences at -10 and -35 regions of a -10/-35 promoter (Voet &

0
i

Voet, 1995).

1.1 TnAraOut

In 2000, Judson & Mekalanos proposed the use of the constructed plasmid
pNJ17 containing the transposon TnAraOut to disrupt natural promoters of essential
genes and replace them with the arabinose - inducible promoter (Pg,). Transposon

TnAraQut is located on pNJ17 plasmid as shown in Figure 1.2

Figure 1.2 Plasmid pNJ17 consists of
Inverted Repeats (IR), genes encoding
tranposase and kanamycin resistance,
Arabinose - inducible promoter (Pg,p),
araC, mob from plamid RP4 and oriR6K,
(Judson & Mekalanos, 2000).

Judson & Mekalanos (2000) developed tranposon TnAraOut to tag
promoters of essential genes for survival of Vibrio cholerae. TnAraOut inserts itself in
the TATA regions of -10/-35 promoters rendering the promoters to be replaced by
arabinose —inducible promoters. Figure 1.3 showed the mechanism involved in the

induction'of araBAD gene expression.



TnAraOut

IR kan [ RP4 [ oriR6K, araC IR

No L-arabinose |araB |araA | araD|

TS RNA polymerase
mRNA

araC

repressor

L-arabinose present activator

J

L-Arabinose '/f¢
repressor

f

araC mRNA
R L A W
4 P e P

| _araC - araB|araA |araD |

RNA polymerase

Figure 1.3 Mechanism involved in L-arabinose inducible expression of araBAD. There
are two promoters (P, and P,) at the P,,, region.-When there is no L-arabinose, RNA
polymerase will transcribe from P, promoter resulting in the transcription of araC mRNA
which is translated into AraC repressor protein which will bind the ‘operator site of the
araBAD operon. When L-arabinose is present in the culture medium, L-arabinose will
bind with the AraC repressor protein resulting in an activator protein which will activate
the expression of the araBAD operon from P, promoter (modified from Voet & Voet,

1995).



CHAPTER 2

LITERATURE SURVEY

21 Sinorhizobium fredii

Fast-growing soybean rhizobia were first isolated from root nodules of soybeans
in the People’s Republic of China (Keyser et al. 1982). Chen et al (1988) reported that
Scholla & Elkan (1984) proposed the scientific name Rhizobium fredii based mainly on
DNA hybridization comparisons of five strains of these bacteria with representatives of
the genera Rhizobium and Bradyrhizobium. In 1988 Chen et al performed 240
biochemical tests on 33 strains of fast-growing soybean rhizobia isolated from soils and
soybean nodules collected in the People’s Republic of China, and the other 25 strains of
representatives of Rhizobium, Bradyrhizobium and Agrobacterium. Results of the
biochemical tests were grouped into levels of similarity upon which a dendrogram was
constructed. The fast-growing soybean rhizobia were found to form two groups which
were clearly separated from B. japonicum, R. leguminosarum, R. meliloti, and
Agrobacterium spp. Chen et al (1988) thus proposed the names Sinorhizobium
xinjiangensis for the first group of fast-growing soybean rhizobia, and Sinorhizobium
fredii for the second group of fast - growing soybean rhizobia.

Sinorhizobium fredii S174 was isolated from nodules of soybean (Glycine max
cv Sor Jor 5) grown in acid soil (average pH 5.25) from Kao Kaw district, Petchaboon
province by Suwat Saengkerdsub (1999). The bacterium was deposited at the Bangkok
MIRCEN (Microbiological Resources Center) under the code Sinorhizobium fredii TISTR
1393. The identification of this bacterium has not been completed. In 2001, Patima
Permpoonpattana reported 16SrDNA sequence of this bacterium and compared two
partial ‘'sequences with those deposited at Genbank. The first partial sequence of 971
bases had 96.9% homology with the 1002 nucleotide sequence of Rhizobium sp. K- Ag
- 3. The second partial sequence of 272 nucleotides had 100%homology with 272
nucleotide sequence of Rhizobium sp. K - Ag - 3. However, since Patima
Permpoonpattana (2001) found that this fast - growing rhizobial strain nodulated

soybeans Glycine max cv. Sor Jor 4, Sor Jor 5 and Sukhothai 2, the bacterium was



5
tentatively identified as Sinorhizobium fredii S174. S. fredii was reported to nodulate
some soybean cultivars such as cultivar Peking.

Another category of soybean rhizobia is the slow - growing Bradyrhizobium
Japonicum and B. elkanii with generation time of approximately 2 days. One reason for
different cell division rates might be differences in genes for cell division. Discovery of
cell division genes which govern the relatively rapid cell division in S. fredii will lead to
new insight in the understanding of cell division in soybean rhizobia.

Preliminary survey on sequences of promoter of nifHDK and nodABC showed
that TnAraOut will not insert itself into the promoter sequences of the genes which
encode nitrogenase and the enzymes in the pathway of Nod factor synthesis
respectively (Schofield & Watson, 1985).

Rubin et al (1999) and Judson & Mekalanos (2000) reported on the method for
the detection of TnAraOut insertion into the TATA sequences of -10/-35 promoters as
follows : isolated chromosomal DNA of TnAraOut mutant was digested with Sph7
restriction enzyme which had no restriction sites on TnAraOut. The fragments were
recircularized and electroporated into E. coli DH5aApir. Kanamycin-resistant colonies
were selected. DNA of each kanamycin-resistant colony was isolated and used as the
target DNA in a PCR reaction using P

as the primer. P with the following

BADout2 BADout2

sequence : S5'CTGACGCTTTTTATCGCAACS' annealed to Py,  which allowed
sequencing outward from the right end of TnAraOut across the insertion junction.
Sequences of an inverted repeat of the transposon TnAraOut and the upstream portions

of genes whose promoters were inserted with TnAraOut are shown in Figures 2.1 and

2.2
Inverted Inverted
TA site of promoter TA site of promoter
repeat repeat
...TTCATCACTA|ACAGGTTG.......... CAACCTGT|TACCTCCTGA...
Chromosome Transposon Chromosome

Figure 2.1 Nucleotide sequence showing insertion of TnAraOut into TATA region of -10/-

35 promoter (Rubin et al, 1999).



inverted upstream of

repeat essential genes

PCR product

ACCTGTTA LATCTFTTTCGG
ACCTGTTALGTCGCCAACGT
essential gene 1 ACCTGTTACTTTCGTCCCGT
ACCTGTTATGCGTAGAATAG
ACCTGTTATCTGTGCGCCAG
essential gene 2 ACCTGTTAWCTATGAAAAAA
ACCTGTTAWCATGCTTGATTT

ACCTGTTA BACAAGTGAGAA

Figure 2.2 Examples of results of nucleotide sequences of PCR products when Py, .0
was used as the primer to indicate that TnAraOut had been inserted into the TATA
sequences of -10/-35 promoters. Vertical line indicated sequences of the inverted
repeats to the left and those to the right indicated upstream sequences of genes whose

promoters were distrupted (Judson & Mekalanos, 2000).

The reason the presence of the inverted sequence (ACCTGT) of TnAraQut in the
PCR products obtained when P, was used as the primer was used as a proof that
TnAraOut had been inserted into the TATA region of promoter -10/-35 was because the
method not only provided an evidence for the insertion of TnAraOut between the TATA
sequence but also provided identities of tentative genes for cell division. Had the
southern blot hybridization been used to provide an evidence that TnAraOut had been
inserted into the TATA promoter 'sequence, tentative genes for cell division would not

have straightforwardly been obtained.

2.2 Advantages of using S: fredii S174 as the wild type

S. fredii S174 renders itself an excellent subject for research in terms of heat
tolerant mechanisms because not much information is known about their heat shock
gene expression and regulation. In contrast, more information has been obtained on B.

japonicum heat shock gene expression and regulation. (Chansa-ngavej, 2005)
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Kindig et al (1993) reported that there were five groESL operons on the chromosome of

B. japonicum USDA110 (Figure 2.3).
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symbiotic gene cluster

Figure 2.3 (A) Partial genetic map of Bradyrhizobium japonicum USDA 110 showing 5

groESL operons. (B) Enlarged region of symbiotic gene cluster (Kindig et al.1993).

The expression of groESL1 is controlled by the availability of o, Under normal
temperature for growth , o binds to DnaK/DnaJ/GrpE complex as indicated in Figure

2.4 During heat shock DnaK/DnaJ/GrpE/cs32 complex dissociates for DnaK/DnaJ/GrpE
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complex to act as molecular chaperones. o™ is then available to form the holoenzyme of
RNA polymerase (aZBB’032) which binds to the -10/-35 promoter to initiate transcription

of groESL 1 as shown in Figure 2.6 (Minder et al. 1997)

orf orf

- hrcA Pl P—<orf240 orf313 dnak D dnaJ

DnaK, Dnad, GrpE

| e

Molecular chaperones RNA polymerase

-10/-35

Transcription of & % -dependent

gene expression e.q. groESL1

Figure 2.4 Transcriptional control of groESL1 operon in . Bradyrhizobium japonicum

(Minder et al. 1997).

Babst et al (1996) reported that there was no evidence for up-regulation of
groESL2, either by heat shock or by any other growth conditions tested. It appeared that
groESL2 was expressed constitutively from a house-keeping promoter which contained
-35 and -10 unit.

In 1993 Fischer and co-workers reported that a well-conserved -24/-12 promoter
was ~70 bp upstream of the coding region for groESL3. A putative binding site for the
transcription activator protein NifA was also present at ~120 bp upstream of the -24/-12
promoter. Therefore the expression of groESL3 in B. japonicum appeared to be

dependent on NifA and o RNA polymerase.
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The expression of groESL4 and groESL5 was under the control of HrcA

repressor protein binding to the operator sequence CIRCE [Babst et al.1996 ; Minder et
al. 2000].

The promoter regions of groESL, and groESL,. both being of the -35/-10 type,

were followed by a conserved 9 bp inverted repeat, CIRCE element, which Zuber &

Schumann (1994) reported the following sequence in bold letters :
-35 -10 +1
S5TTGACATTTTTCTTGTGGTTTGATACTTTTGTTATAGAATTAGCACTC
GCTTATTGAGAGTGCTAACAGAGGTGATGATGATG-3

CIRCE is abbreviated from Controlling Inverted Repeat of Chaperone Expression.

In B. japonicum the hrcA gene was upstream of the DnaK operon. hrcA
encoded a repressor protein which bound to the operator CIRCE. Upon heat shock,
HrcA was released from the operator site enabling the expression of groESL4 and
groESL5 operons. The control of the five groESL operons expression is summarized in

Figure 2.5.

PR groESL

= IR groESLE
UAS P g5 groEsL3
Vi s ey
P2y P1 A groEsLd
L L Wik - _-._u,,—-—-.-—-
Py IR groESLS
e e — - A=
BTl dit oD
-200 -180 -160 -140 -120 -100 -BO . -50 40 -200 @

Figure 2.5 : Summary of control of gene expression in the five groESL operons of B.

japonicum (Babst et al. 1996).
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It is interesting to note that Babst et al (1996) concluded that B. japonicum was
the first example where both o and the CIRCE - dependent modes of heat shock gene
regulation were functionally characterized in one and the same bacterium.

Transcriptional regulation of the small heat shock gene expression in
B. japonicum involved the conserved stem and loop structures at the 5’ end of the
corresponding mRNAs. In 1999 Miunchbach et al reported the presence of sequences
ROSE, to ROSE, (Repression of small heat shock gene expression) upstream of hspA,
hspB, hspD, hspE, and hspH respectively. Nocker et al (2001) reported multiple
alignments of ROSE sequences of mMRNAs of small heat shock genes of B. japonicum,
Bradyrhizobium sp. (Parasponia) and Rhizobium sp. NGR234 yielded several conserved
sequences one of which led to the formation of a 5" conserved stem and loop structure
which, under normal growth temperature, prevented access of the small subunit
ribosome to the Shine Dalgarno (SD) sequences on the mRNAs. Upon heat shock, the
stem and loop structures relax to allow binding of the small subunit of the ribosomes to

the Shine Dalgarno sequences on the mRNAs (Figure 2.6).

30°C 42 °C
503
308
)
AUG SD AUG
No expression Expression

Figure 2.6 Model for temperature-responsive regulation by ROSE. The SD sequence and
AUG start codon are indicated in the schematic hairpin structure at the 5’-end of ROSE.

Ovals represent large (50S) and small (30S) ribosomal subunits. (Nocker et al. 2001)

The initial nodulation gene expression in S. fredii is also less well-known.

According to Bellato et al (1997a, 1997b) two isoflavonoids, Daidzein and Coumestrol,
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induced expression of a nolX-lacZ gene fusion at pH values between 5.5 and 8.5, with
an optimum at 6.5.

It is well-known that soybean roots secrete flavonoids such as Genistein,
Daidzein and their derivatives. B. japonicum cells move towards the roots along the
concentration gradients of these flavonoids. Meanwhile the flavonoids are absorbed into
the periplasm of the bacteria. The flavonoid Genistein or its derivatives secreted by
soybean roots forms a complex with NodD, protein which activates the expression of
nodYABC resulting in the formation of the enzymes in the pathway of Nod factor
synthesis. NodD,-flavonoid complex will bind to nodY box to start transcription of
nodYABCSUIJ operon. NodA, nodB, and nodC encode the following enzymes which
catalyse the production of Lipo-chitooligosaccharides (Nod factors) which are essential
in the nodulation process but whose function is still not known.

NodC encodes N-acetylglucosaminyl transferase which catalyses the transfer of
N-acetylglucosamines.

NodB encodes N-deacetylase which catalyses the removal of acetyl group at
the non reducing unit.

NodA encodes N-acyl transferase which catalyses the transfer of an acyl group.

The synthesis of Nod factors is as shown in Figure 2.7. The chemical structures
of Nod factors of B. japonicum strains USDA 110 and USDA 135 and B. elkanii strain

USDA 61 are shown in Figure 2.8.

Ry
GH,OH .:H,on S NP NodA&™3 £L 5 ot )
> - CH,OH (=18
H o= ‘t-‘*"UH 45 B "'\,_._,.- " — g 1 | - i o iiq'?'—\-'-'-\“:mo
P x”" N e T
o=c_ o=c_ o ,-"\,J - o=c,
CH, CI, Ry | e, CH

Figure 2.7 Synthesis of Nod factors catalysed by enzymes encoded by nodC, nodB and
nodA (Stacey, 1995).
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H H 20-MeFuc H 3
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Figure 2.8 Summary of the various chito-oligosaccharides nodulation signals produced
by B. japonicum strains USDA110 and USDA135 and B. elkanii strain USDA61.
Abbreviations: AC, acetyl; Cb, carbamoyl; 2-0-MeFuc, 2-0-methylfucose; Fuc, fucose;

Me, methyl; Gro, glycerol (Stacey et al. 1995).

It is well established that nodulation signals (Lipo-chitooligosaccharides, LCO,
Nod factors) produced by B. japonicum are pentamers of N-acetylglucosamine with the
reducing sugar modified by a 2-O-methylfucose and the non reducing end substituted
with an 18:1 fatty acid (Stacey, 1995). The presence of specific root exudates flavonoids
is essential in initiating the synthesis of Nod factors at the early stages of the nodulation
process. Cook et al (1997) reported that many plant responses to Nod factors had been
characterized, including alterations in the polar growth of root hairs, induction of cell
divisions, and expression of nodulations (Long,1996), but the signal transduction
pathway(s) leading to these events had not been discovered. A biochemical search for
Nod factor receptors included the characterization of Nod factor binding activities in

Medlicago truncatula (Bono et al. 1995), and Nod factors had been shown to induce the
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periodic elevation of cytoplasmic calcium in root hair cells (Ehrhardt et al. 1996), a
response that might represent a second messenger in the Nod factor signaling
cascade. No comparable research findings have been obtained for S. fredii.

Zhang & Smith (1996) and Zhang et al (2002) stated that in Canada, low soil
temperature was potentially a major factor limiting soybean growth and symbiotic
nitrogen fixation because at low root zone temperatures (15-17°C) soybean roots
secreted less Genistein resulting in a delay in the onset of nodulation. Therefore, the
authors suggested that B. japonicum mutants which produced more LCO at low
temperature and were independent of the presence of Genistein might lead to better
nodulation and eventually better soybean yield under low soil temperatures. In tropical
countries there is no comparable research on the effect of high temperatures on the

synthesis of the Nod factors.

2.3  Heat shock proteins

Some heat shock proteins are constitutively expressed because they act as
molecular chaperones in folding of nescent proteins (Voet & Voet, 1995). An example of
constitutively expressed heat shock proteins is GroESL. Synthesis of other heat shock
proteins is increased upon heat shock. When micro-organisms are transferred from
37°C to 42°C, synthesis of a set of heat shock proteins increases. These heat shock
proteins include the so-called small heat shock proteins with molecular weight 12-43
kDa.

There are two categories. of heat shock. proteins : The 90-100 kDa ATP-
dependent intracellular proteases encoded- by the clp gene families (clp is abbreviated
from Caseinolytic proteases). The - second category constitutes' the molecular
chaperones which are encoded by dnaK, dnad, grpoE, groES, groEL,and small heat
shock protein genes.

DnaK/ DnaJ/ GrpE

DnaK protein is 70 kDa with 358 amino acid residues at the N terminal end, 225

amino acid residues forming a peptide binding domain, and 33 amino acid residues at

the GC rich region at the C terminal. Dnad is 40 kDa while GrpE is 20 kDa .
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Table 2.1 Heat shock proteins in B. japonicum

Operons Genes References
1. dnaK operon hrcA, grpE, dnaK, dnaJ Babst et al, 1996
2. groESL operons groES, groEL Fischer et al, 1993
3. ROSE-dependent hspA, hspB, hspC, hspD, Minchbach et al, 1999
heat shock operons hspE, hspF, hspH

GroESL consists of subunits of GroES and GroEL. GroES consists of seven 10
kDa subunits arranged in a hollow sphere, GroEL is made up of seven 60 kDa subunits

in two stacks as indicated in Figure 2.9. GroESL assists in protein folding (Voet & Voet,

1995).
W Parialyfolded
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Figure 2.9 Heat shock proteins . GroESL (Voet & Voet, 1995).

Small heat shock proteins (sHSPs)
The first sHSP that was crystallized belonged to Methanococcus jannaschii
which was a hollow sphere made up of 24 monomers as indicated in Figure 2.10 (Kim et

al. 1998). Small heat shock proteins function as multimers.
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Figure 2.10 Small heat shock protein of Methanococcus jannaschii consists of a hollow

sphere made up of 24 monomers (Kim et al. 1998).

Small heat shock proteins (sHSPs) bind denatured proteins and maintain them in
a folding-competent state. Studer and Narberhaus (2000) report that members of
bacterial small heat shock proteins are characterized by a conserved stretch of
approximately 100 amino acids called the a—crystallin domain because of the sequence
similarity to the vertebrate eye lens protein o-crystallin which prevents protein
precipitation and cataract formation in the eye lens. The molecular mass of sHsps
monomers ranges between 12 and 43 kDa. These monomers assemble into high
molecular weight complexes in vivo. In 2002 Studer et al showed that part of the N-
terminal of the a-crystallin Hsps was required for complex formation or oligomerization of
o—crystallin-type heat shock proteins in Bradyrhizobium japonicum  and that
oligomerization was a prerequisite for the chaperone function.

The rise of atmospheric temperature due to-the greenhouse effect indicates that
work should be done on the effects of heat stress on the soybean-rhizobium symbiosis
in order to maintain soybean yields for-consumption.-In addition to research or control of
heat 'shock gene regulation future work should be conducted on the effects of high
temperatures on soybean rhizobia growth and survival, mechanisms for acquired
thermotolerance, as well as increased competitiveness in nodulation by the fast-growing
rhizobia and an increased ability to fix nitrogen more efficiently in the field conditions

under heat stress (Chansa-ngavej, 2005).



CHAPTER 3

MATERIALS AND METHODS

3.1 Bacterial strains

E.coli S17-1Apir (pNJ17), E.coli DH5a, and E.coli DH5aApir were obtained from
Professor Mamoru Yamada, Department of Biological Chemistry, Faculty of Agriculture,
Yamaguchi University, Japan. S. fredii S174 was a local isolate. (Suwat Saengkerdsub,
1999). 16S rDNA of S. fredii was sequenced as described by Patima Permpoonpattana
(2001).

3.2 Selection of TnAraOut mutants after biparental mating

3.2.1 Antibiotic sensitivity tests

In order to find out which antibiotics to be used in the selection of mutants
obtained after biparental mating, the following experiments were conducted to
determine the antibiotic sensitivity of S. fredli S174 wild type donor and E.coli S17-1Apir
(pNJ17) recipient cells.

1 loop of each of E.coli S17-1\pir (pNJ17), E.coli DHsa., and S. fredii S174 was
inoculated into 5.0 ml of TY medium. 100 ug.mlf1 kanamycin was added into E.coli S17-
1Apir (pNJ17) culture. Each E.coli culture was grown at 200 rpm at 37°C while S. fredli
S174 culture was grown at 30°C until 10" cells.ml” were obtained. Fifty pl of seed
medium obtained was putiin'5 ml. TY medium containing the following antibiotics at 50
ug.ml”, 100 pg.ml, 150 pg.ml”, and 200 pg.mi”' : kanamycin, ampicillin, streptomycin,
and spectinomycin. The cultures were grown overnight before assessing the extent of
growth by visualizing the turbidity.

3.2.2 Biparental mating

Biparental mating between E.coli S17-1Apir (pNJ17) and S. fredii S174 was
carried out as follows : one loop of each of E.coli S17-1Apir (pNJ17) or S. fredii S174
was inoculated into 5.0 ml TY medium containing 100 ug.mlf1 kanamycin or 100 pg.mlf1
ampicillin respectively. The cultures were incubated at 200 rpm at 37°C or 30°C

respectively until approximately 10” cells.ml”" were obtained (12 h for E.coli S17-1A\pir
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(pNJ17) and 15 h for S. fredii S174). Cells were harvested by centrifugation at 7,000
rpm, 4°C for 10 minutes. Cells were washed twice with sterilized 0.85% NaCl solution
after which they were resuspended in 100 pl sterilized 0.85% NaCl solution. The donor
and recipient cells were mixed by brief vortexing. Several of ten ul of mixed cultures
were spotted on TY agar plates containing 0.1% Arabinose, incubated at 30°C, 6 h.
Colonies from each spot were inoculated into 5.0 ml TY medium containing 100 pg.mlf1
kanamycin and 100 ug.ml_1 ampicillin, incubated at 200 rpom , 30°C, for 16 h. Each
culture was diluted and 0.1 ml was spread onto TY agar plates containing 100 pg.mlf1
kanamycin and 100 ug.ml'1 ampicillin as well as 0.001% Arabinose. The agar plates
were incubated at 40°C until small colonies were obtained. One thousand colonies were
picked with sterilized tooth-picks to place on two sets of TY agar each with or without
0.1% Arabinose and incubated at 40°C for 5 days. Colonies were picked and grown for
5 days growth at 40°C on TY agar plates with or without 0.1% Arabinose. The colony
picking and growth for 5 days at 40 °C were repeated twice. TnAraOut mutants were
kept at 4°C on slants containing TY medium with 100 ug.ml_1 kanamycin and 100 ;,Lg.ml_1
ampicillin.

Biparental mating was carried out twice. A total of 2,000 small colonies were
picked and grown repeatedly on TY agar medium with both antibiotics and 0.1%
Arabinose at 40°C.

3.2.3 Detection of TnAraOut sequence in the genomes of mutants

DNA of each mutant isolated as described in 3.3.1 was digested with Sphl
(Promega) according to the manufacturer’s instruction. The fragments obtained were
recircularized with T, DNA ligase (Gibco BRL) according to the manufacturer's
instruction. Circularized fragments were electroporated into £.coli DH5aApir as follows :
one loop of E.coli DH5aApir was inoculated in 50 ml LB medium in 250 ml Erhenmeyer
flask and grown at 37°C 200 rpm, to mid-log phase. One ml of seed medium was
inoculated in 49 ml LB medium and incubated at 200 rpm, 37°C until the optical density
reading at 600 nm was 0.35-0.40. The culture was swirled in an ice-water bath for 10-15
min then centrifuged at 7,000 rpm, 4°C for 5 min. Cells were washed with 50 ml ice-cold
sterilized distilled water and centrifuged at 7,000 rpm, at 4°C for 5 min three times. The

pellets were resuspended in 50 ml ice-cold sterilized 10% glycerol and centrifuged at
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7,000 rpm, at 4°C for 10 min twice before resuspending in 0.1 ml ice-cold GYT medium.
Forty pl of cell suspension was placed in electroporation cuvette, incubated on ice 1 min
before putting in the electroporation chamber (Bio-Rad) which delivered pulses at the
following settings : 25 pF electrical pulse, 2.5 kV capacitance, and 200 Ohm resistance.
The electroporated cells were transferred to 1 ml SOC medium immediately and
incubated at 200 rpm, at 37°C for 1 h. Two hundred pl of culture was spreaded on LB

medium containing 100 ug.ml'1 kanamycin to select for kanamycin resistant colonies.

3.3  RAPD-PCR fingerprinting of S. fredii S174 and TnAraOut mutants

3.3.1 Isolation of chromosomal DNA

Cells of each isolate were activated by culturing in tryptone yeast extract agar
slants (TY) at 30°C for 2 days. One loop of each activated isolate was inoculated into 50
ml tryptone yeast extract broth (TY). The composition of TY was as described in
Appendix A. The culture was grown at 200 rpm, 30°C until mid log phase. Cells were
harvested by centrifuging one ml cell suspension at 7,000 rpm, 4°C for 5 minutes. 80 ul
2.5 mg.ml'1 lysozyme was added to the cell pellet, mixed thoroughly, and incubated in a

37°C water bath for 1 h before 4 cycles of freezing at —20°C for 5 minutes and thawing at

o . ® . . .
80 C for 5 minutes. One volume of DNAzol (Invitrogen) was added to the solution which

was gently mixed by inverting the eppendorf tubes. The mixture was centrifuged at
10,000 rpm, 4°C for 5 minutes. The supernatant was transferred to a fresh eppendorf
tube. 500 ul ice-cold ethanol was added to the mixture which was gently mixed by
inverting the tube before centrifugation at 10,000 rpm, 4°C for 15 minutes. The
precipitate was washed with 70% ice-cold ethanol and air dried in a laminar flow hood.
Thirty pl high-purity distilled water was added to dissolve the nucleic acid precipitate at
room temperature for 1. day. Quantity of isolated DNA was determined by absorbance at
260 nm and quality of the isolated chromosomal DNA was checked by OD,,/OD.,,
ratios and 0.8% agarose gel electrophoresis by standard methods (Sambrook et al,

1989).
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3.3.2 RAPD-PCR fingerprinting
Sequences of RPO1 and CRL-7 were as reported by Richardson et al (1995)
and Mathis & McMillin (1996) as follows :
RPO1 : 5’AATTTTCAAGCGTCGTGCCAZ
CRL-7 : 5’GCCCGCCGCCT
All primers were synthesized by Invitrogen Life Technologies, USA. To obtain

reproducibility all RAPD-PCR fingerprinting experiments were repeated at least twice.

RPO1 primer was used in RAPD-PCR fingerprinting in the following mixture:

Mixture Program

10x PCR buffer 26 ul 95°C 15 seconds Y

50 mM MgCl, 0.8 ul 55°C 30 seconds \ 5cycles
10 mM dNTPs 0.5 ul 72°C 90 seconds J

10 uM primer 5.0 u 95°C 15 seconds ~

DNA template ( 60-100 ng) e ul 60°C 30 seconds . 25 cycles
Taqg polymerase (5U.ul'1) 0.2 pl 72°C 90 seconds

High quality double distilled water  15.0 wl 72°C 10 minutes ’

Total 25.0 wl

CRL-7 primer was used in RAPD-PCR fingerprinting in the following mixture :

Mixture Program

10x PCR buffer 50 95°C 15seconds "

50 mM MgCl, 15 55°C  30seconds | 5cycles
10 mM dNTPs 1.0 wl 72°C 90 seconds )

10 uM primer 50 ul 95°C 15 seconds

DNA template (60-100.ng) 2.0 pl 60°C 30 seconds \ 25 cycles
Taqg polymerase (5U.ul'1) 025 72°C 90 seconds )

High quality double distilled water  35.25 pl 72°C 10 minutes

Total 50.00
PCR products were separated by 1.25 % agarose gel electrophoresis by
standard method (Sambrook et al,1989). RAPD-PCR fingerprints were viewed and

photographed on a UV transilluminator (Bio-rad).
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3.4 Arabinose-dependent growth of S. fredii S174 and TnAraOut mutants
Ten loops of activated S. fredii S174 or TnAraOut mutants ST49 or ST60 were
added into 50 ml Minimum Medium containing 0.1% Arabinose. The composition of the
Minimum Medium was as described by Sambrook et al (1989). 100 ug.ml-1 each of
kanamycin and ampicilliin was added to the Minimum Medium for growth of the mutants.
The cultures were incubated at 200 rpm, 30°C until mid-log phase was reached. Cells
were aseptically harvested at 7,000 rpm, 4 °C, for 10 minutes. These cells were washed
with sterilized 0.85% NaCl twice and suspended in 1 ml Minimum Medium for use as the
seed culture. One drop of the seed culture was added into each 3 ml Minimum Medium
containing 0.001% or 0.005% or 0.01% or 0.05% or 0.1% or no Arabinose. Both
antibiotics were added to the medium for the TnAraOut mutants. The cells were grown at

30°C overnight. Growth was determined by Optical Density readings at 570 nm.

3.5 Thermotolerance in S. fredii S174 and TnAraOut mutants

One loop of activated S. fredii S174 or TnAraOut mutants (ST1-ST7, ST20, ST25,
ST 31, ST39, ST40, ST41, and ST60) was added into 50 ml TY medium containing 100
ng.ml” kanamycin and 100 pg.mi ampicillin as well as 0.1% Arabinose. No antibiotics
were added into medium for S. fredii. They were incubated at 200 rpm, at 30°C until
mid-log phase was reached. Five ml were added into 45 ml TY medium containing 100
p,tg.ml4 kanamycin and 100 p,tg.ml_1 ampicillin and 0.1% Arabinose. No antibiotics were
added into the medium for wild type. The cultures were incubated at 30°C, 200 rpm and
Optical Density readings at 660 nm were measured every 2 h until the stationary phase

was reached.

3.6 Extraction of _intracellular proteins ‘of  S. fredii: S174 and TnAraOut mutants
grown at different temperatures

Seed culture was prepared by inoculating one loop of each of the activated
TnAraOut mutants ST49 or ST60 or S. fredii S174 into 50 ml of TY medium, pH 6.8
containing 100 ug.ml'1 kanamycin and 100 ug.ml'1 ampicillin (in the case of mutants).
The cultures were grown at 200 rpm, 30°C until mid log phase. Five ml of each seed
culture were inoculated into a set of 45 ml TY medium containing 100 pg.mlf1 kanamycin

and 100 Mg.ml'1 ampicillin (in the case of mutants). Cultures were grown at 200 rpm,
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30°C until mid log phase as determined by turbidity measurement at wavelength 660
nanometer. Intracellular proteins were extracted by harvesting cells at 10,000 rpm, 5 min
at 25°C. Cell pellet was washed twice with extraction buffer ( 0.5 M Tris HCI, pH 7.0 ).
Two to three volumes of sterilized glass beads (Sigma G-9143) were added to the cell
pellet suspended in 80 pl extraction buffer, vortexed at top speed for 40 seconds, left on
ice. Vortexing was repeated 9 more times with tubes on ice after each vortexing.
Contents were centrifuged at 12,000 rpm, 40 minutes at 4°C. Concentrations of soluble
proteins in the supernatant were determined by the Bradford method (Bradford, 1976)
using the protein dye assay (BIO-RAD) with Bovine Serum Albumin as the standard.
Soluble proteins were separated by SDS-PAGE as described by Laemmli (1970) with 50
ug protein per well. Proteins were stained by Silver stain kit (BIO-RAD) according to the

manufacturer ‘s instruction.

3.7 Determination of plant and nodule dry weights

3.7.1 Seed surface-sterilization and germination

Soybean seeds cultivars Sor Jor 4, Sor Jor 5, and Sukhothai 2 were surface-
sterilized as described by Somasegaran and Hoben (1994). Seeds were placed in an
Erlenmeyer flask (wide-mouthed and previously sterilized by autoclaving). The mouth of
the flask was covered with a sterilized petri dish. The seeds took up about 25% of the
volume of the flask. The petri dish cover was kept in place throughout the operation. The
seeds were rinsed in 95% ethanol for 10 seconds to remove waxy materials, and after
that ethanol was drained off. 5% hydrogen peroxide solution was added in sufficient
volume to immerse the seeds completely. The content was swirled gently to bring the
seeds and 5% hydrogen peroxide into contact. After 3-5 minutes, the sterilizing liquid
was drained off and' the seeds rinsed with six changes of sterilized water. Aseptic
procedures were observed throughout the rinsing. After the sixth rinse, the seeds were
submerged in water and left in the refrigerator for 4 hours for seed imbibition. After 4
hours, the seeds were rinsed with two changes of water and plated on 0.75% (w/v)
water agar in petri dishes. About 20-50 seeds were placed per plate and were

incubated at 25°C in the dark for 2 days.
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3.7.2 Growth of soybean plants in Leonard jars
Preparation of Leonard jars was as described by Somasegaran & Hoben (1994).
Three germinating seeds were placed in each Leonard jar which was placed in a plant
growth chamber (EYELA) with continuous 25,000 lux light intensity, 12 h light/12 h dark,
70% relative humidity at 28°C. Nitrogen-free medium, pH 6.8, was used to grow the
subsequent seedlings until plants had flowers. Plants were thinned to two plants per
Leonard jar after growth for 2 weeks. Plant dry weight was obtained by cutting the shoot
portions of the two plants at the cotyledon scars for drying at 70 °C for 72 h. Nodule dry
weight was obtained by weighing all dried nodules of the two plants grown in each
Leonard jar. Average dry weight per plant and nodule dry weight per plant were
reported. Statistical analysis was obtained by Duncan‘s Multiple Range Test (Steel &

Torrie, 1980).



CHAPTER 4

RESULTS

4.1 Identification of S. fredii S174

Figure 4.1 indicated 16S rDNA sequence of S. fredii S174 after sequencing was
performed twice. The first determination of 16S rDNA sequence of S. fredii S174 was
presented by Patima Permpoonpattana (2001). Sequencing data obtained from the second
determination and comparisons of 16S rDNA sequences obtained from the two
determinations were presented in the Appendix C. Comparisons of the sequences obtained
from the first and the second determinations as well as manual checkup of sequencing
peaks in the raw data gave rise to the 16S rDNA sequence of S.fredii S174 as shown in
Figure 4.1. Pairwise sequence comparisons with 16S rDNA sequences deposited at
GenBank indicated that 1432 nuclectides of 16S rDNA of S. fredii S174 were similar to
those of Agrobacterium sp. K-Ag-3 (1432/1454 nucleotides, 98% homology with 12 gaps)
as well as those of Rhizobium tropici UPRM8033 (1432/1457 nucleotides, 98% homology
with 13 gaps) and Rhizobium sp. ORS3177 (1433/1458 nucleotides, 98% homology with 14
gaps) as indicated in Figure 4.2.

Comparisons of 16S rDNA sequence of S. fredii S174 (Figure 4.1 ; Table 4.1) with
those deposited with GenBank indicated 98% homology with 16S rDNA sequences of
Agrobacterium K-Ag-3, Rhizobium tropici UPRM8033, Rhizobium sp. ORS3177, Rhizobium
tfropici PRF34. Tt may be concluded at this stage that the 16S rDNA sequence obtained for
S. fredii S174 was the first reported complete 16S rDNA sequence of S.-fredii. The reason is
because there is no16S TDNA sequence deposited at GenBank with at least 99.9%
homology with S. fredii S174’s 16S rDNA sequence. Fox et al (1992) stated that sequences
should be at least 99.9% similar in order to conclude that, based on 16S rDNA homology,

the microorganisms belonged to the same species.
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Figure 4.1 16S rDNA sequence of Sinorhizobium fredii S174. Sequences of primers are

shown in boxes.
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Plus / Minus

caccccagtcgctgaccctaccgtggttagctgectcc

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
ta ccttgttacgacttcaccccagtcgctgaccctaccgtggttagctgectce

ttgcggttagcgcactaccttcgggtaaaaccaactcccatggtgtgacgggcggtgtgt

FEERRETRE R et e e e e e e e e e el
ttgcggttagcgcactaccttcgggtaaaaccaactcccatggtgtgacgggeggtgtgt

acaaggcccgggaacgtattcaccgeggcatgctgatccgegattactagcgattccaac

acaaggcccgggaacgtattcaccgcggcatgctgatcecgcgattactagcgattccaac

ttcatgcactcgagttgcaggcagagtgcaatccgaactgagatggcttttggagattag

(ARRNNRRRARRNNRNNNRY LEERREEREEREErrerenereereeerntn
ttcatgcactcgagttgcag----agtgcaatccgaactgagatggcttttggagattag

ctcacactcgcgtgctcgctgceccactgtcaccaccattgtagcacgtgtgtagecccage

ctcacactcgecgtgctcgetgeccactgtcaccaccattgtagcacgtgtgtagcccage

ccgtaagggccatgaggacttgacgtcatccccaccttectctcggcttatcaccggeag
e e e e e r e e e e e e e el

ccgtaagggccatgaggacttgacgtcatcceccaccttectectceggcttatcaccggeag

tccccttagagtgcccaaccaaatgctggcaactaagggcgagggttgegetegttgecg
CEEEERRREreene e eeenneeee e e e e e e e e e et |

tcccecttagagtgcccaactaaatgctggcaactaagggcgagggttgegetegttge-g

ggacttaacccaacatctctacgctcacgacacgagctgacgacagccatgcagcacctg

ggacttaacccaacatctc------- acgacacgagctgacgacagccatgcagcacctg

tctctgcgcecaccgaagtggaccccctatctctagaggtaacacaggatgtcaagggetg

FEErrereeerne e e e e e e e e e e e e el
tctctgcgccaccgaagtggaccccctatctctagaggtaacacaggatgtcaagggetg
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1383

120

1323

180

1263

240

1207

300

1147

360

1087

420

1028

480

975

540

915



Query:

600

Sbjct:
Query:
Sbjct:
Query:
Sbjct:
Query:
Sbjct:
Query:
Sbjct:
Query:
Sbjct:
Query:
Sbjct:
Query:
Sbjct:
Query:
Sbjct:
Query:
Sbjct:
Query:
Sbjct:
Query:
Sbjct:
Query:
Sbjct:
Query:
Sbjct:

541

914

601

854

661

794

721

734

781

674

841

614

901

554

961

494

1021

434

1081

374

1141 a

314

1201 t
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gtaaggttctgcgcgttgcttcgaattaaaccacatgctccaccgcttgtgegggeccce

PEEREereernnrnee e e e e e e e e e e e e e e el
gtaaggttctgcgcgttgcttcgaattaaaccacatgctccaccgecttgtgcgggecccce

gtcaattcctttgagttttaatcttgcgaccgtactccccaggcggaatgtttaatgegt

LEErrereeernerree e e e e e e e e e e el
gtcaattcctttgagttttaatcttgcgaccgtactccccaggcggaatgtttaatgegt

tagctgcgccaccgaacagtatactgcccgacggctaacattcatcgtttacggcgtgga

I rererrnerrne e e e e e e e et e e el
tacgtgcgccaccgaacagtatactgcccgacggctaacattcatcgtttacggcgtgga

ctaccagggtatctaatcctgtttgctccccacgctttcgcacctcagcgtcagtaatgg

PEEEEEEE e e e e e e e e e e e el
ctaccagggtatctaatcctgtttgctccccacgctttcgcacctcagcgtcagtaatgg

accagtgagccgccttcgecactggtgttccteccgaatatctacgaatttcacctctaca

accagtgagccgcecttcgcecactggtgttectccgaatatctacgaatttcacctctaca

ctcggaattccactcacctcttccatactccagatcgacagtatcaaaggcagttccagg

ctcggaattccactcacctcttccatactccagatcgacagtatcaaaggcagttccagg

gttgagccctgggatttcacccctgactgatcgatccgcctacgtgegetttacgcccag

PEERREER et e e e e e e et e et r el
gttgagccctgggatttcacccctgactgatcgatccgectacgtgegetttacgcccag

taattccgaacaacgctagcccccttcgtattaccgcggetgctggcacgaagttagecg

FEERREEEE PR e e et e e e e e e e el
taattccgaacaacgctagcccccttegtattaccgecggctgctggcacgaagttagecg

gggcttcttctcecggataccgtcattatcttcteccggtgaaagagctttacaaccctagg

PEEEEEERE e e e et e e e e e el
gggcttcttctccggataccgtcattatcttctccggtgaaagagctttacaaccctagg

gccttcatcactcacgcggcatggctggatcaggettgegeccattgtccaatattccce

NN R R AR RN RN R R R R RN AN RN R R R R R NN NN RN NNRNNRRRRNY
gccttcatcactcacgcggcatggcetggatcaggettgegeccattgtccaatattceccce

tgcctcccgtaggagtttgggecgtgtctcagteccaatgtggetgatcatecte
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

ctgctgcctccecgtaggagtttgggecgtgtetcagteccaatgtggectgatcatecte

cagaccagctatggatcgtcgecttggtaggcctttaccccaccaactagctaatccaa

tcagaccagctatggatcgtcgccttggtaggectttaccccaccaactagctaatccaa

cgcgggctcatctcttgcecgataaatctttctcccgaaggacacatacggtattagcaca
tLerrrneerreneereeeereneeer e e e e e e e e e e e el
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LErrrereernrree e e e e e e e e e e e e e el
agtttccctgcgttattccgtagcaaaaggtagattcccacgcgttactcacccgtctgce
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>gi 27261750 gbJAY166841.1] Rhizobium tropici UPRM8033 16S
ribosomal RNA gene, partial sequence Length = 1477

Score = 2676 bits (1350), Expect = 0.0
Identities = 1432/1457 (98%), Gaps = 1
Strand = Plus / Minus

3/1457 (0%)

Query: 1 tacggctaccttgttacgacttcaccccagtcgctgaccctaccgtggttagetgectee 60

) teerrrrrnnnnnrnnreennennneenrneenerenneneennnnm
Sbjct: 1447 tacggctaccttgttacgacttcaccccagtcgctgaccctaccgtggttagctgectcc 1388

Query: 61 ttgcggttagcgcactaccttcgggtaaaaccaactcccatggtgtgacgggcggtgtgt 120

PR e e e e e e e e e e e e e e e e e e e e e e e e e e
Sbjct: 1387 ttgcggttagcgcactaccttcgggtaaaaccaactcccatggtgtgacgggeggtgtgt 1328

Query: 121 acaaggcccgggaacgtattcaccgcggcatgctgatccgcgattactagcgattccaac 180

PEEEERERE e e e e e e e b e e e e e et
Sbjct: 1327 acaaggcccgggaacgtattcaccgcggcatgctgatccgcgattactagcgattccaac 1268

Query: 181 ttcatgcactcgagttgcaggcagagtgcaatccgaactgagatggcttttggagattag 240

(AR RRNNRRRRRRRR RN CLEEERREE e reeeeeee el
Sbjct: 1267 ttcatgcactcgagttgcag----agtgcaatccgaactgagatggcttttggagattag 1212

Query: 241 ctcacactcgcgtgctcgctgcccactgtcaccaccattgtagcacgtgtgtagcccage 300

) CEEEEREEE R e e e e e e e e e e e e e e el
Sbjct: 1211 ctcacactcgcgtgctcgctgcccactgtcaccaccattgtagcacgtgtgtagcccage 1152

Query: 301 ccgtaagggccatgaggacttgacgtcatccccaccttcctctcggcttatcaccggcag 360

) PEEEERRE R et e e e e e e e e e e e el
Sbjct: 1151 ccgtaagggccatgaggacttgacgtcatccccaccttcctctcggecttatcaccggcag 1092

Query: 361 tccccttagagtgcccaaccaaatgctggcaactaagggcgagggttgecgetecgttgeeg 420

) PEernnnnnn e reeereennr e |
Sbjct: 1091 tccccttagagtgcccaactgaatgctggcaactaagggcgagggttgegetegttge-g 1033

Query: 421 ggacttaacccaacatctctacgctcacgacacgagctgacgacagccatgcagcacctg 480

Sbjct: 1032 ggacttaacccaacatctc-----=-- acgacacgagctgacgacagccatgcagcacctg 980

Query: 481 tctctgcgccaccgaagtggaccccctatctctagaggtaacacaggatgtcaagggetg 540

PEEEEETERE e e e e e e e e e e e e e e e el
Sbjct: 979 tctctgcgccaccgaagtggaccccctatctctagaggtaacacaggatgtcaagggectg 920

Query: 541 gtaaggttctgcgcgttgcttcgaattaaaccacatgctccaccgcttgtgcgggccccc 600

PEERERLEE R R e e re e e e e e e e e e e e e e el
Sbjct: 919 gtaaggttctgcgcgttgcttcgaattaaaccacatgctccaccgecttgtgcgggecccc 860

Query: 601 . gtcaattcctttgagttttaatcttgcgaccgtactccccaggecggaatgtttaatgcgt 660

PEEEERREERE R e et e e e e e e e e e et
Sbjct: 859 gtcaattcctttgagttttaatcttgcgaccgtactccccaggcggaatgtttaatgecgt 800

Query: 661 tagctgcgccaccgaacagtatactgcccgacggctaacattcatcgtttacggcgtgga 720

CEErrreeerreneereene e e e e e e e e e e e e el
Sbjct: 799 tagctgcgccaccgaacagtatactgcccgacggctaacattcatcgtttacggegtgga 740

Query: 721 ctaccagggtatctaatcctgtttgctccccacgctttcgcacctcagcgtcagtaatgg 730

) tLerrreeereeneeeeeeeereenee e e e e e e e e e e e e e e e el
Sbjct: 739 ctaccagggtatctaatcctgtttgctccccacgctttcgcacctcagcgtcagtaatgg 680

Query: 781 accagtgagccgccttcgccactggtgttcctccgaatatctacgaatttcacctctaca 840

Sbjct: 679 accagtgagccgccttcgccactggtgttcctccgaatatctacgaatttcacctctaca 620



Query: 841 ctcggaattccactcacctcttccatactccagatcgacagtatcaaaggcagttccagg28

900
) CEErrrneerreneeeeeeeerenneerenee e e e e e e e e e e el
Sbjct: 619 ctcggaattccactcacctcttccatactccagatcgacagtatcaaaggcagttccagg 560

Query: 901 gttgagccctgggatttcacccctgactgatcgatccgcctacgtgcgectttacgecccag 960

CEErrrneerreeeereeeereeee e e e e e e e e e e e e e el
Sbjct: 559 gttgagccctgggatttcacccctgactgatcgatccgectacgtgegectttacgeccag 500

Query: 961 taattccgaacaacgctagcccccttcgtattaccgcggctgectggcacgaagttagececg 1020

] CEEErreeerreneeeeeneeeenee e e e e e e e e e e e e e e el
Sbjct: 499 taattccgaacaacgctagcccccttcgtattaccgcggectgectggcacgaagttageeg 440

Query: 1021 gggcttcttctccggataccgtcattatcttctccggtgaaagagctttacaaccctagg 1080

) PR e e e e e e e e e e e e e e e e e e e e e e e
Sbjct: 439 gggcttcttctccggataccgtcattatcttctccggtgaaagagctttacaaccctagg 380

Query: 1081 gccttcatcactcacgcggcatggctggatcaggcttgcgcccattgtccaatattcccc 1140

) PR e et el Peeee e e e e e e el
Sbjct: 379 gccttcatcactcacgcggcatgggtggatcaggcecttgcgcecccattgtccaatattcccec 320

Query: 1141 actgctgcctcccgtaggagtttgggccgtgtctcagtcccaatgtggctgatcatcctec 1200

PEEEERRREE TR LR e eeeere e v e ee e et
Sbjct: 319 actgctgcctceccgtaggagtttggaccgtgtctcagtcccaatgtgggtgatcatcctec 260

Query: 1201 tcagaccagctatggatcgtcgccttggtaggcctttaccccaccaactagctaatccaa 1260

) PEEEERRR R e e e e e et e e e e e el
Sbjct: 259 tcagaccagctatggatcgtcgccttggtaggcctttaccccaccaactagctaatccaa 200

Query: 1261 cgc-gggctcatctcttgccgataaatctttctcccgaaggacacatacggtattagcac 1319

) PEE TRREEE R e e e et ee e e e e re el
Sbjct: 199 cgcggggctcatctcttgccgataaatctttctceccgaaggacacatacggtattagcac 140

Query: 1320 aagtttccctgcgttattccgtagcaaaaggtagattcccacgcgttactcaccecgtctg 1379

] PEEE e e e e e eenn e e el
Sbjct: 139 aagtttccctgcgttattccgtagcaaaaggtagattcccacgcgttactcacccgtctg 80

Query: 1380 ccgctcccectaaagggcgctcgacttgcatgtgttaagcctgecgecaggegtegttet 1439

PEEEEEE + beeeeer e e e e el
Sbjct: 79 ccgctcccecttgecggggcecgcectcgacttgcatgtgttaagcctgeccgeccagegttegttct 20

Query: 1440 gagccaggatcaaactc 1456
(NNNRRRRRRRRRNNNY

Sbjct: 19 gagccaggatcaaactc 3

>gi|57867895]gb|AY864736.1] Rhizobium sp. ORS3177 16S ribosomal RNA gene,
partial sequence Length = 1463

Score = 2670 bits (1347), Expect = 0.0
Identities = 1433/1458 (98%), Gaps = 1
Strand = Plus / Minus

4/1458 (O%)

Query: 1 tacggctaccttgttacgactt-caccccagtcgct-gaccctaccgtggttagctgect 58

) CEEEERRErreeeeeeeneer veeeeennee et eeeeneere e reeeeeetl
Sbjct: 1450 tacggctaccttgttacgactttcaccccagtcgcttgaccctaccgtggttagctgect 1391

Query: 59 ccttgcggttagcgcactaccttcgggtaaaaccaactcccatggtgtgacgggeggtgt 118

TR e e e e e e e e e e e e e e e e e e e e e e e e
Sbjct: 1390 ccttgcggttagcgcactaccttcgggtaaaaccaactcccatggtgtgacgggecggtgt 1331

Query: 119 gtacaaggcccgggaacgtattcaccgcggcatgctgatccgcgattactagcgattcca 178

CEErrrneerrrneeeenee e e e e e e e e e e e el
Sbjct: 1330 gtacaaggcccgggaacgtattcaccgcggcatgctgatccgcgattactagcgattcca 1271
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acttcatgcactcgagttgcaggcagagtgcaatccgaactgagatggcttttggagatt

(RN RNRRARR AR RN RN RN RN NN NN NNRR AR
acttcatgcactcgagttgcag----agtgcaatccgaactgagatggcttttggagatt

agctcacactcgcgtgctcgctgcccactgtcaccaccattgtagcacgtgtgtagecca

agctcacactcgcgtgctcgctgcccactgtcaccaccattgtagcacgtgtgtagccca

gcccgtaagggccatgaggacttgacgtcatccccaccttcctctcggettatcaccggce

LErreereeernerrne e e e e e et e e e e e v el
gcccgtaagggccatgaggacttgacgtcatccccaccttcctctcggettatcaccgge

agtccccttagagtgcccaaccaaatgctggcaactaagggcgagggttgegetegttge

PEEEeereernnnnne el e e e e e e e e el
agtccccttagagtgcccaactgaatgctggcaactaagggcgagggttgegetegttge

cgggacttaacccaacatctctacgctcacgacacgagctgacgacagccatgcagcacc

-gggacttaacccaacatctc-——--—- acgacacgagctgacgacagccatgcagcacc

tgtctctgcgccaccgaagtggacccecctatctctagaggtaacacaggatgtcaagggce

FEERRET R R e e e e e e e e e e el
tgtctctgcgcecaccgaagtggacccectatctectagaggtaacacaggatgtcaagggce

tggtaaggttctgcgcgttgcttcgaattaaaccacatgctccaccgettgtgecgggccc

FEERREER et e e e e e e e et e e i r e e el
tggtaaggttctgcgcgttgcttcgaattaaaccacatgctccaccgettgtgcgggecce

ccgtcaattectttgagttttaatcttgcgaccgtactccccaggcggaatgtttaatgce

FEERREEEE PR e e et r e e e e e el
ccgtcaattcctttgagttttaatcttgcgaccgtactccccaggcggaatgtttaatge

gttagctgcgccaccgaacagtatactgcccgacggctaacattcatcgtttacggegtg

PEEEERERE e e e e e e e e e e e e el
gttagctgcgccaccgaacagtatactgcccgacggctaacattcatcgtttacggcgtg

gactaccagggtatctaatcctgtttgctccccacgetttcgcacctcagcgtcagtaat

NN R R R RN R R R R R R NN R R R R R R R NN RN NN NRNNRRRRRANY
gactaccagggtatctaatcctgtttgctccccacgctttcgcacctcagecgtcagtaat

ggaccagtgagccgccttcgccactggtgttccteccgaatatctacgaatttcacctcta
PEerrrneerreneeereeeeee e e e e e e e e e e e e el

ggaccagtgagccgcecttcgeccactggtgttceteccgaatatctacgaatttcacctcta

cactcggaattccactcacctcttccatactccagatcgacagtatcaaaggcagttcca

cactcggaattccactcacctcttccatactccagatcgacagtatcaaaggcagttcca

gggttgagccctgggatttcacccctgactgatcgatccgectacgtgecgetttacgecc

LErrrereeerne e e et e e e et e e e e e el
gggttgagccctgggatttcacccctgactgatcgatccgectacgtgegetttacgecce

agtaattccgaacaacgctagcccccttcgtattaccgecggctgctggcacgaagttage

LEEreereeernerrne e e e e e e e e e e el
agtaattccgaacaacgctagcccccttcgtattaccgeggctgctggcacgaagttage

cggggcttcttctccggataccgtcattatcttctccggtgaaagagctttacaacccta

Lerreereerreernne e e e e e e e e e e e e el
cggggcttcttctccggataccgtcattatcttctccggtgaaagagectttacaacccta

gggccttcatcactcacgcggcatggctggatcaggcttgcgeccattgtccaatattcce

LEEreereeerne e e e e e e e e et e e e e el
gggccttcatcactcacgcggcatggctggatcaggettgcgeccattgtccaatattcce
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Figure 4.2 Pairwise comparisons of 16S rDNA sequence of Sinorhizobium fredii S174 with data

deposited at GenBank.
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4.2  Selection of TnAraOut mutants after biparental mating
4.2.1 Antibiotic sensitivity test

Table 4.1 showed the extent of growth obtained in the antibiotic sensitivity tests.
The results indicated that the donor E.coli 817—17\,,oir (pNJ17) was resistant to 50-200
},lg.mﬁ kanamycin while the recipient S. fredii S174 was resistant to 50 },lg.ml_1
kanamycin and to 50-200 ],lg.ml'1 ampicillin. Therefore 100 l,lg.ml'1 kanamycin and 100

ng.mlf1 ampicillin were selected for use in the selection of TnAraOut mutants after

biparental mating.

Table 4.1 : Antibiotic sensitivity tests to select antibiotics for use in the selection of

TnAraOut mutants.

Kanamycin Ampicillin Streptomycin Spectinomycin
(ug/mi) (ug/mi) (ng/mi) (ug/mi)

e 50 [ 10| 15 | 20 | 50| 10| 15 | 20 | 5] 10 [ 15 [ 20| 5 | 10| 15 | 20
0 0 0 0 0 0 0] O oOo|jo0|jo0|0]|0]|O

E.coli

DH5(]

E.coli

S17-

1\pir vt | brrrd e | aeer |- - - || ; S .

(PNJ17)

S. fredii

s 17 - ; - S et [ L T : .

+ = growth ; - = no growth

4.2.2 TnAraOut mutants obtained after biparental mating

Figure 4.3 showed 15 TnAraOut mutants with large colonies in TY agar plates
containing 0.1% arabinose and small colonies containing no arabinose. One colony with
colony of the same size on TY agar medium was probably a mutant where promoters of

genes other than cell division genes were disrupted.
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0.1% arabinose no arabinose 0.1% arabinose no arabinose

Figure 4.3 Fifteen TnAraOut mutants on TY agar plates containing 100 ng.ml'1

kanamycin and 100 pg.ml'1 ampicillin. 0.1% arabinose was present in the plates as
indicated. Each colony was obtained after replicate-plating twice. TnAraOut mutants

obtained from (a) The first biparental mating (b)The second biparental mating.

4.2.3 RAPD-PCR fingerprinting

Figure 4.4 showed RAPD-PCR fingerprints of nine out of the fifteen isolated
TnAraOut mutants when either RPO1 or CRL-7 was used as the primer. The results
indicated that an approximately 2,800 bp band was obtained when RPO1 was used as
the primer for the wild type and all the nine mutant strains. RAPD-PCR fingerprints when

CRL-7 was used as the primer indicated there were two groups of mutants.

Group 1 consists of ST6, ST20, ST25, ST39, ST40, ST41, and ST60
Group 2 consists 0of ST31 and ST49

Group 1 mutants shared the same RAPD-PCR fingerprints-as the wild type.
Representatives of mutants from both. groups (ST49 and ST60) were chosen for further

studies.
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Figure 4.4 RAPD-PCR fingerprints of nine TnAraOut mutants and of wild-type S. fredii

S174 when either RPO1 or CRL-7 was used as the primer.

4.2.4 Detection of TnAraOut sequence in the genomes of mutants.

Figure 4.5 showed PCR products obtained when Pg,, ., ,was used as the primer
with target DNA from kanamycin resistant colonies obtained after electroporation of

recircularized Sphl digested DNA of TnAraOut mutants ST49 and ST60.

Figure 4.5 PCR products obtained when P, , was used as the primer with target
DNA from kanamycin resistant colonies after electroporation of recircularized Sphl

digested DNA of TnAraOut mutants ST49 and ST60.
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Sequences of four PCR products (ST49-4, ST49-5, ST60-4, ST60-5) were

obtained as follows :

3T49-4 PBL
invertedre

5T49-4 PEL
invertedre

5T49-4 PBL
invertedre

5T49-4 FEL
invertedre

3T45-4 PEL
invertedre

ST49-4 FEL
inwvertedre

3T45-4 PEL
invertedre

3T49-5 PBA
inverted r

5T49-5 PEL
inverted r

5T49-5 PBA
inverted r

5T49-5 PEL
inverted r

2T49-5 PEL
inverted r

ST49-5 FEL
inverted r

10 Z0 20 40 5o &0 7o
T T T T T T e T
GCCGAGCTTAE GAGGRACCGG CACCGAGGGEC ACCCGGATCA AATATATGAT TCGAGCCTCT GTACCTCATL

a0 S0 100 110 1Z0 130 140
I - I i BT IR IR IR R EE I BRI IR BRI AN |

CTAGCATCTC TTGGTTGAAL CGCGTGGCCT TTAGTACACT ACCCACALGSG CTACATCTTL TLTTTATCE

1E50 1&0 170 1s0 130 Z00 z10
T T T T O
EMETA CCTCACTTGT GGGTACTATA GAGCAGTCGT CGCCCTTTTA ATAGTAGGGT GGACCAARGAL

ZZ0 Z30 240 Z50 260 Z70 Z80
P P e N e T = P I R [ [ R

AGCTTTTCTA COCGATGTCT GUTACTTACT GATCTTGLCC TAGCGLCTTA TATACGATTL TTACACTTTT

Z320 300 310 320 330 340 350
N I R W 7 7 F I I e i ey N Ry B I
LACGCACGCE CTACTTEGCT AGGTACTACT AGACTGGTCG GACLALCCCG GTTTAATLAAG TACGGCCCTL

a0 370 380 390 400 410 4z0
RN 2y gt 37 P (R NN N W ([ R TN I
TCCOCTTCCC GCAATAGGCA TCGTACGACC GCTATTTAGT ACGALACTCGC TAATAATGAC GCGGCGTACT

430 440 450 4&0 470 420
I - L R e e I PP IR B I B I R |

ATTCGTTTTA TTGGTCAAGSG GAGGCAGGETE CCTALCTTTAT TAGACGGGTT TGTTCCGAAC ATTTA

10 z0 20 40 L0 &0 7o
] - | ———— ] ..
TGACAGACGE TGAAGTAGGT AGTATTTGAT CTGCCTCGCG CTCTTACCAG GATTTCTGAT AGCCCTGTCO

a0 an 100 110 1z0 130 140
T T T T P T Il Ty (PO I B
ACCATATATT GTGARACCGG GCCCTACTCA ACTTCCCGTC GCEGLE CGCTG.n_.n.T CGGTGCATCA

- -

150 10 170 lg0 130 00 z1lo
T T T T T T e (P
CGAGGAATAC ATACAGCGTS TGGCCATTTG ATAGTGGGTA CCARAAGCTC CACACCCACT ACCGTCGGAD

ZEZ0 Z30 240 Z50 Z2e0 z70 Z80

T T T T e T T e
CGACACAALL CGACATTCAC AGRACGAGGL CGGTTCACGG TGGGCRACTG GGATRACGTT RAGGGCCCGS

£330 300 310 3z0 330 S40 350
T T T T T T T [
CCTCGGTTTT TAGGGGTACA AGATTTTTGT CCAACATAAT AAARACCCGC AGCAGCCTGA TATSTAAGGL



STE0-4 FEL
invertedre

2Té0-4 PEL
invertedre

STE0-4 FEL
inwvertedre

3Té0-4 PEL
invertedre

ST60-4 FEL
inwvertedre

3Té0-4 PEL
invertedre

3Te0-4_FEA

inwvertedre

STe0-5_PEA

invertedres

3TE0-5_PEL
invertedre

STe0-5_PEA
invertedre

3TE0-5_PEL
invertedre

STe0-5_FEA
invertedre

3TE0-5_PEL
invertedre

STe0-5_FEA
invertedre
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10 20 30 40 =) &0 70

T T T T e T T T
GCCGAGACTE TAAGAGGAGA CGGGCACCAG GGAACCACGT AARAALLAGL TGGGLGCCTC TGGACCTCAT

g0 20 10a 110 120 130 140
T T T T T T I
LCGAGARGTT CAGGTGGACA CGGGTGCGCC TGTAGTAALC TACCCACAGS TGATACATCT TAATTTATTA

1t0 ls0 170 lg0 1320 z00 £10
T T T T R T I
CCGAAGTTAG ACCTCACTGT GGGTACCATA CAGCAGCGGT GGUCATTTTA ATAGTAGGGL GGACCAGLAL

220 230 240 250 260 270 280
T T T T T T T
GTAGGCTACE GGATGTCCGT ACTTACTGAT GGACCTACGA CTATALACGE TTATTACACL AGRALAGCLGG

£330 200 310 320 330 240 350
) eSE— | o | SRS | L oo
CACTACTTCG CTAGGTACTL CRAACTGGTC GGACARACCG CGTTTATALG TAGGGCCTAG CCCGTTGCGE

260 270 280 230 400 410 4Z0

N R i W 7 /0 IR TR N N s P Ny R R I
CGATLAGATG TACGLCCGCG TATTTAGLCS LETEA CTAAAGTLCG CGGCGTACCA TGCTTALTTG
-ec

430 440 450 450 470 480
ST Y Y T SR (N N N NN T e S T
GGARGGAGAC AGGTCGCTAC CTACTAGACC GOTGTGTCCG AACAGTTTAC GTAGTACCTA GTGALC

i) pedi} 20 40 k0 &0 70

R e B I AT I (EEPIP Bt IR BRI TRI EEERII ICICIIET INTE TR BRI |
GGLRLGGTLCG GUTGGAGTGS AGCCGGCTTT AGTTACGCCG LAAALTTATG ACTGGAGCCC TGGACCTCAT

20 20 100 110 120 1z0 140
B T T T S T [ T
LGGAGATGTC AGGTGGACAL GGGTEOGCCT TTAGTARACT ACCLACAGGT GATACATCTT AGATTTATCL

150 1e0 170 130 130 200 z10

B B T I B T AT ECIPEPI IEEPIIP BT EEIPCIP BRI TR IR I
CTCGRAGTTA ACCTCACCTG CGGTACCATA CAGCAGCGGT GGCAATCTTT AAGAGTAGSG AGGACCGAAC

Zz0 z30 Z40 250 Ze0 Z70 zZ80
B RD VLA AVYICE - AR A
LARGTATGCT ACCCGATGTC CGTACTTACG ATTTGACCTA CGACTATATA CGATTATTAC ACAAGALAGE

230 300 210 3E0 230 240 350

4 - 1Y N -0b¥oON Y hH-3-O0-FILD oL ---1----
ACGCACTACT TCGCTAGGTA CTACAARATG GTCTGGACAL ACCGCGTTTA GTAAGTAGCG GACCTACCCG

360 370 380 3320 400 410 470
T T T T T
TTGCGGCGAT AGAGCAATGT ACGACCGCGT ATTTAGACAC ETgE C TAATGTACGC GGCGTACCAT

________________________________________ fl e

430 440 450 460 470

T T e T T T T L e L
TCGTTAATTG GTALGGAGAG ACAGGTGGCT AACCTATAGL CCGGGTGGTC CAGLAC
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Sequences obtained for the inverted repeat sequences in the PCR products
were similar to that reported by Rubin et al. (1999). Therefore TnAraOut might be
present in the chromosomes of mutants ST49 and ST60.
4.2.5 Effects of arabinose on growth.
Figure 4.6 showed the effects of arabinose on growth of S. fredii S174 wild type
and TnAraOut mutants ST49 and ST60. The mutants were found to exhibit the same
pattern of arabinose-dependent growth as the wild type. Increase in arabinose

concentrations was found to increase growth in both the wild type and the mutants.
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Figure 4.6 Growth curves of S. fredii S174 and mutants ST49 and ST60 cultured in
Minimal Medium containing 100 |ylg.m|_1 kanamycin, 100 },lg.ml_1 ampicillin and different
arabinose concentrations, pH 6.8 at 200 rpm, 30°C. No antibiotics were added to culture

medium of the wild type.

4.3 Themotolorance in wild type S. fredii S174 and TnAraOut mutants.
Figures 4.7.1 to 4.7.15 showed growth of wild type S. fredii S174 and

TnAraOut mutants. The results indicated that both the wild type and TnAraOut mutants

were heat-tolerant.

ST130°C
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ST145°C
S174 30°C

$174 35°C

$174 40°C

Fr ¢ x % ¢

S174 45°C
0 5 10 iS5 20 25

incubation time (h)

Figure 4.7.1 Growth curves of S. fredii S174 and mutant ST1 cultured in tryptone yeast

extract broth containing 100 l,tg.ml'1 kanamycin,~100 },lg.ml'1 ampicillin and 0.1%
arabinose, pH 6.8, at 200 rpm, 30°C, 35°C, 40°C and 45°C. No antibiotics were added to

the culture medium of wild type.
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Figure 4.7.2 Growth curves of S. fredii S174 and mutant ST2 cultured in tryptone yeast

extract broth containing 100 Mg.m!f1 kanamycin, 100 Mg.mlf1 ampicillin and 0.1%
arabinose, pH 6.8, at 200 rpm, 30°C, 35°C, 40°C and 45°C. No antibiotics were added to

the culture medium of wild type.
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Figure 4.7.3 Growth curves of S. fredii S174 and mutant ST3 cultured in tryptone yeast

extract broth containing 100 Hlg.ml" kanamycin, 100 Hg.ml" ampicilin and 0.1%
arabinose, pH 6.8, at 200 rpm, 30°C, 35°C, 40°C and 45°C. No antibiotics were added to

the culture medium of wild type.
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ST4 30°C
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ST4 40°C
ST4 45°C

S$174 30°C
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Figure 4.7.4 Growth curves of S. fredii S174 and mutant ST4 cultured in tryptone yeast

extract broth containing 100 },Lg.mf1 kanamycin, 100 Mg.mlf1 ampicillin and 0.1%
arabinose, pH 6.8, at 200 rpm, 30°C, 35°C, 40°C and 45°C. No antibiotics were added to

the culture medium of wild type.
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Figure 4.7.5 Growth curves of S. fredii S174 and mutant ST5 cultured in tryptone yeast

extract broth containing 100 Hlg.ml" kanamycin, 100 Hg.ml" ampicilin and 0.1%
arabinose, pH 6.8, at 200 rpm, 30°C, 35°C, 40°C and 45°C. No antibiotics were added to

the culture medium of wild type.
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Figure 4.7.6 Growth curves of S. fredii S174 and mutant ST6 cultured in tryptone yeast

extract broth containing 100 Mg.m!f1 kanamycin, 100 Mg.mlf1 ampicillin and 0.1%

arabinose, pH 6.8, at 200 rpm, 30°C, 35°C, 40°C and 45°C. No antibiotics were added to

the culture medium of wild type.
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Figure 4.7.7 Growth curves of S. fredii S174 and mutant ST7 cultured in tryptone yeast

extract broth containing 100 Hlg.ml" kanamycin, 100 Hg.ml" ampicilin and 0.1%

arabinose, pH 6.8, at 200 rpm, 30°C, 35°C, 40°C and 45°C. No antibiotics were added to

the culture medium of wild type.
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Figure 4.7.8 Growth curves of S. fredii S174 and mutant ST20 cultured in tryptone yeast

extract broth containing 100 ],Lg.ml’1 kanamycin, 100 Mg.ml’1 ampicillin and 0.1%
arabinose, pH 6.8, at 200 rpm, 30°C, 35°C, 40°C and 45°C. No antibiotics were added to

the culture medium of wild type.
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Figure 4.7.9 Growth curves of S. fredii S174 and mutant ST25 cultured in tryptone yeast

extract broth containing 100 Hlg.ml" kanamycin, 100 Hg.ml" ampicilin and 0.1%
arabinose, pH 6.8, at 200 rpm, 30°C, 35°C, 40°C and 45°C. No antibiotics were added to

the culture medium of wild type.
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Figure 4.7.10 Growth curves of S. fredii S174 and mutant ST31 cultured in tryptone yeast

extract broth containing 100 },Lg.ml’1 kanamycin, 100 },lg.ml_1 ampicillin and 0.1%

arabinose, pH 6.8, at 200 rpm, 30°C, 35°C, 40°C and 45°C. No antibiotics were added to

the culture medium of wild type.

USRS S R

0 5 10 15 20
incubation time (h)

N
(@)

ST39 30°C

ST39 35°C
ST39 40°C
ST39 45°C
$174 30°C
$174 35°C
$174 40°C

S174 45°C

Figure 4.7.11 Growth curves of S. fredii S174 and mutant ST39 cultured in tryptone yeast

extract broth containing 100 Hlg.ml" kanamycin, 100 Hg.ml" ampicilin and 0.1%

arabinose, pH 6.8, at 200 rpm, 30°C, 35°C, 40°C and 45°C. No antibiotics were added to

the culture medium of wild type.
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Figure 4.7.12 Growth curves of S. fredii S174 and mutant ST40 cultured in tryptone yeast

extract broth containing 100 ],Lg.ml’1 kanamycin, 100 Mg.ml’1 ampicillin and 0.1%
arabinose, pH 6.8, at 200 rpm, 30°C, 35°C, 40°C and 45°C. No antibiotics were added to

the culture medium of wild type.
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Figure 4.7.13 Growth curves of S. fredii S174 and mutant ST41 cultured in tryptone yeast

extract broth containing 100 Hlg.ml" kanamycin, 100 Hg.ml" ampicilin and 0.1%
arabinose, pH 6.8, at 200 rpm, 30°C, 35°C, 40°C and 45°C. No antibiotics were added to

the culture medium of wild type.
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Figure 4.7.14 Growth curves of S. fredii S174 and mutant ST49 cultured in tryptone yeast

extract broth containing 100 ],Lg.m!’1 kanamycin, 100 Mg.ml’1 ampicillin and 0.1%

arabinose, pH 6.8, at 200 rpm, 30°C, 35°C, 40°C and 45°C. No antibiotics were added to

the culture medium of wild type.
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Figure 4.7.15 Growth curves of S. fredii S174 and mutant ST60 cultured in tryptone yeast

extract broth containing 100 Hlg.ml" kanamycin, 100 Hg.ml" ampicilin and 0.1%

arabinose, pH 6.8, at 200 rpm, 30°C, 35°C, 40°C and 45°C. No antibiotics were added to

the culture medium of wild type.
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4.4 Comparisons of intracellular protein profiles of wild type S. fredii S174 and
TnAraOut mutants.

Figures 4.8.1 to 4.8.8 showed SDS-PAGE intracellular protein profiles of wild
type S. fredii S174 and TnAraOut mutants grown under different temperatures. The
results indicated increased production of 60, 62, 12, 10 kDa polypeptides in all or most

of the cells.
ST §T2

M 3AC 35%C 40°C 45°C 30°C 35°C 40°C 45°C

62 kDa

60 kDa

,1:: gw*‘!*: ..

/,f.‘
Figure 4.8.1 SDS-PAGE of intracellular prote,[r] Q[oﬂles of mid-log phase cells of mutants

ST1 and ST2 when cultured in tryptone yégéjt','g}gtract medium containing 100 },lg.ml"1
kanamycin, 100 lg.ml" ampicillin and 0.1% arabinose, pH 6.8, at 200 rpm, 30°C, 35°C,

40°C and 45°C. No antibiotics were added to the culture medium of wild type.
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Figure 4.8.2 SDS-PAGE of intracellular protein profiles of mid-log phase cells of mutants
ST3 and ST4 when cultured in tryptone yeast extract medium containing 100 },lg.ml'1
kanamycin, 100 Llg.ml" ampicillin and 0.1% arabinose, pH 6.8, at 200 rpm, 30°C, 35°C,

40°C and 45°C. No antibiotics were added to the culture medium of wild type.
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Figure 4.8.3 SDS-PAGE of intraC'éIIuIar prote’i’ﬁ ’fﬁ‘ofiles of mid-log phase cells of mutants

ST5 and ST7 when cultured in tryptone yeaSt%x-tract medlum containing 100 LLg. mi’

kanamycin ,100 LLg. ml ampicillin and 0.1% arabinose, pH 6.8, at 200 rpm, 30°C, 35°C,

40°C and 45°C. No antlblotlcs were added to the culture medlum of wild type.
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Figure 4.8.4 SDS-PAGE of intracellular protein profiles of mid-log phase cells of mutants
ST6 and ST20 when cultured in tryptone yeast extract medium containing 100 },lg.ml"1
kanamycin, 100 Llg.ml" ampicillin and 0.1% arabinose, pH 6.8, at 200 rpm, 30°C, 35°C,

40°C and 45°C. No antibiotics were added to the culture medium of wild type.
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Figure 4.8.5 SDS-PAGE of intracellular proté@jﬂroﬂles of mid-log phase cells of mutants
ST25 and ST31 when cultured-in tryptone yé'aét:extract medium containing 100 plg.ml'1
kanamycin, 100 },lg.ml'1 ampicillin-and-0.1% arabinose, pH 6.8, at 200 rpm, 30°C, 35°C,

40°C and 45°C. No antibiotics were added to the culture medium of wild type.
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Figure 4.8.6 SDS-PAGE of intracellular protein profiles of mid-log phase cells of mutants
ST39 and ST40 when cultured in tryptone yeast extract medium containing 100 },lg.ml_1
kanamycin, 100 Llg.ml" ampicillin and 0.1% arabinose, pH 6.8, at 200 rpm, 30°C, 35°C,

40°C and 45°C. No antibiotics were added to the culture medium of wild type.

ST41 S174

M 30°C 35°C 40°C 45°C 30°C 35°C 40°C 45°C

Figure 4.8.7 SDS-PAGE of intracellular protein profiles of mid-log phase cells of wild

type S. fredii S174 and of mutant ST41 when cultured in tryptone yeast extract medium
containing 100 plg.ml'1 kanamycin, 100 },lg.ml'1 ampicillin and 0.1% arabinose, pH 6.8,
at 200 rpm, 30°C, 35°C, 40°C and 45°C. No antibiotics were added to the culture
medium of wild type.

5T60 5T40
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Figure 4.8.8 SDS-PAGE of intracellular protein profiles of mid-log phase cells of mutants
ST49 and ST60 when cultured in tryptone yeast extract medium containing 100 },lg.ml_1

kanamycin, 100 lg.mi”" ampicillin and 0.1% arabinose, pH 6.8, at 200 rpm, 30°C, 35°C,

40°C and 45°C. No antibiotics were added to the culture medium of wild type.

4.5 Comparisons of nitrogen fixing potential.

Figure 4.9 showed comparisons of soybean growth in Leonard jars with
nitrogen-free medium in plant growth chamber. Plant and nodule dry weights were
determined for growth of soybeans (Tables 4.2, 4.3). The results showed that leaves of
positive control soybean plants cultivar SJ4 were greener than those of negative controls
and the soybean plants inoculated with S. fredii S174. Results of plant dry weight as
shown in Table 4.2 indicated similar plant dry weight when TnAraOut mutant ST60 or S.

fredii was used to inoculate the soybeans.

Positive control
Negative control

g2 =
R
|

Figure 4.9 (a) Soybean growth in Leonard jars with nitrogen-free medium in growth
chamber. (b) Glycine max cultivar SJ4 inoculated with either S. fredii S174, or TnAraOut
mutant ST60.
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Table 4.2 Duncan’s Multiple Range Test for average plant dry weight for S. fredii S174
and TnAraOut mutant ST60 and Glycine max cv SJ 4 in Leonard jars with nitrogen-free

medium pH 6.8 (Level of probability, [ = 0.05).

Average plant dry weight in grams
Strains
SJ4
ST49 1.29°
ST60 1.42°
S. fredii S174 1.55°
Positive Control 2.55°
Negative Control 0.70%

Table 4.3 Duncan’s Multiple Range Test for average nodule dry weight for S. fredii S174
and TnAraOut mutant ST60 and Glycine max cv SJ 4 in Leonard jars with nitrogen-free

medium pH 6.8 (Level of probability, [ | = 0.05).

Average nodule dry weight in grams

Strains
SJ4

ST60 0.13°
S. fredii S174 0.15°




CHAPTER 5

DISCUSSION

Fifteen slow-growing TnAraOut mutants were obtained by biparental mating
between S. fredii S174 and E. coli S17-1Apir (pNJ17). Different TnAraOut mutants ST49
and ST60 were chosen for further studies based on their different RAPD-PCR
fingerprints obtained when CRL-7 was used as the primer. Welsh & McClelland (1990)
and Williams et al (1990) reported some of the first work that utilized random primers to
obtain RAPD-PCR fingerprints.

Experiments on sequencing of the PCR products when P was used as the

BADout2
primer need to be carried out at least twice to obtain the exact sequence of the inverted
repeat of TnAraOut. The sequences obtained for the PCR products (ST49-4, ST49-5,
ST60-4, ST60-5) showed the presence of sequences which were similar but not identical
to that of the reported inverted repeat sequence (ACCTGT). Since the sequencing data
were not good due to the presence of overlapping peaks (Appendix C), more
sequencing needs to be performed to obtain accurate sequences of the inverted repeat
in the PCR products. After reliable sequences of the inverted repeat followed by
upstream sequences of putative cell division genes are obtained, tentative identities of
the genes will be determined for use in the design of primers for either fast-grower
specific or slow-grower specific probes to detect soybean rhizobia in soils. Sequencing

of PCR products obtained when P is used as the primer and each mutant's DNA

BADout2
containing TnAraOut is used as-the target DNA will result in the determination of several
cell division specific genes. Multiple alignments of sequences of these genes will lead to
design of primers specific for the detection of either the fast-growing S. fredii or slow-
growing B. japonicum. These specific primers may be useful in the detection of
introduced fast- and slow-growing soybean rhizobia in the inocula and the detection of
endogenous soybean rhizobia in the fields (Emampaiwong et al, 2005).

The genes tentatively defined as involved in cell division will also be used in

further studies on genes controlling cell division in the fast-growing soybean rhizobia
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and in comparative studies of cell division genes in fast- and slow-growing soybean
rhizobia.

Inoculation with TnAraOut mutant ST60 or S. fredii S174 was found to increase
plant dry weights although the weights were lower than those of the corresponding
positive controls. The leaves of the positive control plants were also greener than those
of the experimental plants. These results suggested that S. fredii S174 and TnAraOut
mutant ST60 were not good nitrogen-fixers under the experimental conditions. Changes
in the experimental conditions, for example, adding more inoculants, might result in
better growth of inoculated plants.

It is postulated that more PCR products when the arbitrary GC rich primer was
used implies more G/C content which would enable organisms to be more
thermotolerant. In this research, TnAraOut mutants ST31 and ST49 were found to have
less number of PCR products when CRL-7 was used as the primer (Figure 4.4). They
were thus less thermotolerant as was confirmed in Figures 4.7.10 and 4.7.14.

In the presence of arabinose, the two TnAraOut mutants were found to exhibit
the same extent of thermotolerance when compared with the wild type. Polypeptides
10, 12, 60, and 62 kDa were found to increase upon growth at high temperatures up to
40°C implying that promoters of some but not all of the heat shock genes in S. fredi
S174 were disrupted by the TnAraOut transposon. Future work will reveal the nature of
heat shock genes in the fast-growing S. fredii which have not been as extensively

studied as those in the slow-growing soybean rhizobia.



CHAPTER 6

CONCLUSION

16S rDNA sequence of S. fredii S174 was obtained for the first time in this work.
Fifteen TnAraOut mutants which have defects in cell division were obtained from
biparental matings between S. fredii S174 and E. coli S17-1Apir (pNJ17). Detection of
the presence of an inverted repeat (ACCTGT) which belonged to TnAraOut sequence
was used as an evidence to indicate that TnAraOut had been inserted into the genome
of S. fredii S174 to give rise to the cell division defective mutants. Two TnAraOut mutants
with different RAPD-PCR fingerprints when CRL-7 was used as the primer were chosen
for further studies on comparisons of thermotolerance and nitrogen fixation potential with
the wild type. The results indicated that thermotolerance properties of the two TnAraOut
mutants (ST49 and ST60) were comparable to that of the wild type with the same
intracellular protein profiles showing an increase in synthesis of polypeptides 10, 12, 60,
and 62 kDa. TnAraOut mutant ST60 was found to have comparable nitrogen fixation
potential with the wild type when Glycine max cultivar SJ4 was used as the soybean

host.
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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.

Yeast Extract Mannitol Broth (YMB)

Mannitol 10.0g
K,HPO, 0.5¢
MgSO,.7H,0 029
NaCl 0.1g
Yeast extract 0.5¢g
Deionized water 109

pH of medium was adjusted to 6.8 with 0.1 N NaOH. The medium was

autoclaved at 121°C for 15 min.

Yeast Extract Mannitol Agar (YMA)

YMB 1 liter

Agar 159

Agar was added to 1 liter of YMB. The solution was shaken to suspend the agar
then autoclaved at 121°C for 15 min. After autoclaving, the-medium was shaken to
ensure even mixing of melted agar with medium before pouring onto. petridishes and

left tosolidify.

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 pg.ml’j. The medium was autoclaved at 121°C for

15 min.
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Tryptone-Yeast (TY) Medium

Tryptone 50 g
Yeast extract 30 g
CaCl,*H,0 0.87 g
Deionized water 1000 ml

pH of medium was adjusted to 6.8 with 0.1 N NaOH. The medium was

autoclaved at 121°C for 15 min.

Luria-Bertani (LB) Medium

Tryptone 10.0 g
Yeast extract 5.0g
NaCl 50 g
Deionized water 1000  ml

pH of medium was adjusted to 7.4 with 0.1 N NaOH. The medium was

autoclaved at 121°C for 15 min.

Bacto minimal broth Davis’s w/o dextrose

Dextrose i ]
Dipotassium phosphate 7 g
monopotassium phosphate 2 g
Sodium citrate USP 05¢g
Magnesium sulfate 01g
Ammonium sulfate 1T g
Deionized water 1000 ml

pH of medium was adjusted to 7.0 with 0.1 N NaOH. The medium was

autoclaved at 121°C for 15 min.
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GYT medium

10% (V/V) glycerol

0.125% (W/V) yeast extract

0.25% (W/V) tryptone

Deionized water 100 ml

pH of medium was adjusted to 7.0 with 0.1 N NaOH. The medium was

autoclaved at 121°C for 15 min.

SOC medium

Bacto-tryptone 20 g
Bacto-yeast extract S g
NaCl 10 mM
KCI 25 mM
MgCl, 10 mM
MgSO, 10 mM
Glucose 20 mM
Deionized water 1000 ml

pH of medium was adjusted to 7.0 with 0.1 N NaOH. The medium was

autoclaved at 121°C for 15 min.
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N-free Nutrient Solutions

Stock Solutions Chemicals glliter
1 CaCl,.2H,0 294.1
2 KH,PO, 136.1
3 FeC,H.0,.3H,0 6.7

MgSO0,.7H,0 123.3
K,SO, 87.0
MnSO,.H,0 0.338
4 H,BO, 0.247
ZnS0,.7H,0 0.288
CuSO,.5H,0 0.100
CoS0O,.7H,0 0.056
Na, MoO,.7 H,O 0.048

Warm water was used to prepare stock solutions to get the ferric-citrate into

solution. Ten liters of full-strength plant culture solution were prepared as follows:

To 5 liters of water, add 5 ml of each stock solution and mix,

Dilute to 10 liters by adding another 5 liters of water,

Adjust pH to either 5.0 or 6.8 with 1 N HCI

For positive control treatment, 0.05% KNO3 was added to give final N

concentrationof 70 ppm.
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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 were added to distilled water. The final volume was made
to 100 ml. 0.1 N NaOH was used to adjust pH to 8.0 before autoclaving at 121°C for

15 min.

DNAZzol

DNAZzol solution (Gibco BRL) was used according to manufacturer's instruction.

Restriction enzyme

Sphl 200 unit (Promega)

Antibiotic

Kanamycin (Liwinner pharmaceutical LTD, Part)
Ampicillin (Liwinner pharmaceutical LTD, Part)
Streptomycin (Liwinner pharmaceutical LTD, Part)

Spectinomycin (Liwinner pharmaceutical LTD, Part)

Arabinose minimum 99% (Sigma)

Solutions for SDS-PAGE (Bio-rad)
Stock solutions

A. Acrylamide/bis (30% T, 2.67%C)
87.6 9 acrylamide (29.2 g/100 ml)
2.4 g N'N'-bis-methylene-acrylamide (0.8 g/100 ml)
Make to 300 ml with deionized water. Filter and store at 4°C in the dark (30

days maximum).
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B. 1.5 M Tris-HCI, pH 8.8

27.23 g Tris base (18.15 g/100 ml)
80 ml deionized water

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

C. 0.5 M Tris-HCI, pH 6.8
6 g Tris base
60 ml deionized water

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 3.8 ml
0.5 M Tris-HCI, pH 6.8 1.0 ml
Glycerol 0.8 ml
10% (w/v) SDS 1.6 ml
2-mercaptoethanol 0.4 ml

1 % (w/v) bromophenol blue 0.4 ml

Dilute the sample at least 1:4 with sample buffer,-and heat at 95°C for 4 minutes

F. 5X electrode (running buffer), pH 8.3

Tris base 9.0g (15 g/l)
Glycine 43.2 g (72 g/)
SDS 3.0g (5 9/

Make to 600 ml with deionized water.
Store at 4°C. Warm to room temperature before use if precipitation occurs. Dilute

60 ml 5X stock with 240 ml deionized water for one electrophoretic run.



G. 10% Ammonium persulphate
One milliliter of aqueous 10% (w/v) Ammonium persulphate stock solution was
prepared and stored at 4 C. Ammonium persulphate decomposes slowly, and

fresh solutions were prepared weekly.
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APPENDIX C

SEQUENCES OF PCR PRODUCTS

Sequences of 16S rDNA of S. fredii S174.
Comparisons of 16S rDNA of S. fredii S174 sequences from the first and the second
determinations.

Sequence of PCR products when P was used as the primer.

BADout2



Model 3100 30-08-04A_A08_S174_27f 02.ab1 .| | signalG:21 T:23A:32 C:10 Page.. 2ol Page1ot3

| A Version 3.7 —l/ DT3100POPS(ET)50cm.mob Wed, Sep 01, 2004 8:09 AM
4 B . Basecaller-3100APOP6SS174_27f E{J;_“_?‘j"ﬂ'ﬂ ‘‘‘‘‘‘ 3100 Tue, Aug 31, 2004 2:00 AM
PRISM' gc 1500 Cap 2 ~Poiats 25010 10106 Pk 1 Loc: 250 Spacing: 11.50(11.50)

GT AICTA CC %CTGP'ICGGCPG GC TT AACACA TGCCA G FCG’LECM GGGmﬂwmmﬁTMCGCBGQTGG L'.-';P-A"ICT;%‘CT TTTGCTACG GAATAACGCAG G5 ARACT
20 30

M b olh i ol
A

N Ll | x |

140 1.50 160
':""‘
W HEAA e
1 AT IR I
= B ; _UL = o s

= .
p—

I

BLCA TERCEORGRT TCGE AOTCAS REATGE COCARACITCTING EG Asacnsm%'rﬁﬂc SAQTAT TGGA CAA TGEGCGCARGCT TG ATCCAG CCATGCCG 06 TG A6 rGATmnGGcccr FGGGTT!
25 260 21 280 290 320 __ 330 340 350 3

Mﬂh Mt hu AR it wlummslmnuaiummmmJ.uum.



Model 3100 30-08-04A_A08_S174_27f 02.ab1 Signal G:21 T:23 A:32 C:10 Page..3...0f.5... Pege2ef3

Version 3.7 “""‘—'ms" T3100POPE{ET}50em.mob Wed, Sep 01, 2004 8:00 AM

PRISM Basecaller-3100APOP6SS174_27f 5Q.... ‘. u_awu Tue, Aug 31, 2004 2:00 AM

BC 1.5.0.0 Cap 2 ; __Points 250 to 10106 Pk 1 Loc: 250 Spacing: 11.50{11.50}

STAAAGCTCTTTCACCG G AG AAGATAATGACE GT ATCCGG AGAAS mscm&t’f&w-@crﬁ"ﬁmaﬁ CRAGCOE 06 6T AATACNANIG GGG CTIG CETTGT TCEGARTTACTGG GOG TAAAGCC
70 380 390 400 410 i o ELU 140 450 460 470 480 490

Y
%

‘“A“‘W‘ldu‘ M “M‘ A A‘HNN‘ k h “Auhlh‘mdnmda AT A Ao A e el

3CACG TA NG CGG ATCGA TCANT CNG@3 GTGAAATCCCANGE CIC PACCCHG G § cmcc?TcGA Gmcfﬂcnn AT GGARGAGGT GANNRINMMC CC CNiTNTENmmNAM"‘TmNa
500 510 520 530 540 f‘..a 580 580 €00 620

ATATATTCG G N6G A NNNCCCN GCNANNGN CNTNCCCGN NCCRT T'TT CACSESL GCTGRRENACN OC TENNGIIES ACNGIAT TANTAMDCC GHNNCCCE CNCCCNN CANT T Al N‘ITNN CNGCG
630 640 660, 670 A8 0, y 5 B30 704 710 720 730 40
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Model 3100 30-08-04A_C07_S174_343r_05.ab1

AB Version 3.7 5
| . Basecaller-3100APOP6SS174_343r W18
PRISM BC 1.5.0.0 Cap5 T~

GNA G T TGXCGCNG T TTTICAG TCCAA TG TEGCT GA WA&# CT CTE GEAGGCC T TTACCC ACCAACTAGCTAA TCCAA CG CGEG CTC
10 20 30 » SO% 70 80 a0 100 0

{7 U |
OalilllLd | ' ( ‘ | ML AL J.LJ ‘JS

Signal G:20 T:33 A:33 C:10 Page..%..00.2... page 103
100POPE{ET)50cm.mob Wed, Sep 01,2004 8:11 AM

_3100 Tue, Aug 31, 2004 2:00 AM
50to 10108 Pk 1 Loc: 150 Spacing: 11.25{11.25}

S Akled * 142 '
ATC TC TTIICC GA TARA TCTTTCTCCCGA AGG ACACATACG G TATTAGE G PTTOCCY ’ ’g’m' | CBAR PG GTAGA TTCCCADS C6 TTACTCACCCE TCTGCC GCTCCCCC TARA
120 130 140 150 160 70 JPJI 1 200 210 220 230
AR LN
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| ) 0 ﬂ M
_JAM/ alAlaakid AN L;'Lm LA VAL VL L AUIALL, "
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GGG CGCTCGACTTG CATG TGTTAAGCCTGE CCGCCAE (G TTCGT TCT GAG m&&mcrm CTCAMLNGN N muﬁﬂmnnmm GNGI“ETHAHNGNG GNCNHI‘N N GNGHN l.'smnmemﬂmm
240 250 260 270 £300 310 330 360
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Model 3100 10-09-04_E05_S174_787r_09.ab1
ABI A Version 3.7 DT3100POPG({ET)50cm.mob Fri, Sep 10, 2004 3:10 PM
. Basecaller-3100APOP8SS174_787r gemo_3100 Fri, Sep 10, 2004 12:16 PM
PRISM' ¢ 1500 Cap 9 Raifits 200 to 10106 Pk 1 Loc: 200 Spacing: 11.38{11.38)
NINGA TATGCCCCC ACNNINT T TGGC ACCATC 1G CG ToAGH GGAT 1 G WEA GWTGG TG TTCD TCOG AR TATCTACG AATTTCACC TCT ACACTCG GART
10 i Ele b | a0 80 100 110

M‘. Ml “I" Mﬁ ; "! 5:'5"&” I'“““H"’l

“ z | amey -
) B
TCCACTCACC TCT TCCATACT CCAG A TCGACPG TAT CAAA GG:P-GT HGEE J (e ""' T'+ CTGATCGATOCGCCTALCE TGCGCTTTACGCCCAGRTAAT TCC GRAC
120 130 180 200 210 220 230
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AACGCTAGCCCCCTTCGTATTACCGCGG CTGCTGGCACGAAGTTAGCD WTTCE COGGA TRCCG T&I"‘RTCTTCT‘CDGGTG RAAGAGCT" "'TF'.C?\ACCC'F MEGGOCTTCATCACT C.P-DEC
250 260 270 350 36
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Model 3100 10-09-04_E05_S174_787r_09.ab1 Signal G:478 T:846 A:1080 C:553

ABI Version 3.7 ' 11 DT3100POPS{ET}S50cm. mob Fri, Sep 10, 2004 3:10 PM
. Basecaller-3100APOP6GSS174_787r PEErt I 3100 Fri, Sep 10, 2004 12:16 PM
PRISM  &c 1500 Cap 9 : > ; to 10106 Pk 1 Loc: 200 Spacing: 11.38{11.38)
G GCATGGCTGG ATCAG GCTTG CGCCCATTG T CCRAT AT TCCCLALTE CT@G.&G j GG@GTCMMTGTGGETGATCWI‘CCTCTCM ACCAGCTATGGATCGTCG|
9 41 > } 3 450 460 470 480 49|

370 380 390 400 0
7 \\
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LA e -
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r:l_ 4119 I
) - 7 - WAy Y
CCTTGGGTAGGCCTTTACC CCACCAACTAGCTAA TCCAACGCEG GCTCAT T E’Vﬁﬁ cC f ARCACATROGG TATTAGCACARG TTTCCCTERG TTATTCC GTAGC AA
0 500 510 520 530 34 55? RJA 580 5590 600 610
AAD LSS
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Signal G:162 T:226 A:288 C:157 Page..2.0f.3... Page1of3

DT31UUFOPB[E'I}&DUH mob Wed, Sep 01, 2004 8:10 AM
a_3100 Tue, Aug 31, 2004 2:00 AM

Model 3100 30-08-04A_B08_S174_1100r_04.ab1
Version 3.7

ABI . Basecaller-3100APOP65S174_1100r e
PRISM BC 1.5.0.0 Cap 4 | : 2001010106 Pk 1 Loc: 200 Spacing: 11.38(11.38}
CNGN G GANTNACCC 22 CA TC TCAC GA CAC GA GC TGAD GACAGEE 3 Cal ] L 5 '— SACCG ARG TGGACCCCC TATCTC TAG AGGTAACACAG GATGTCAAGE GCTGL
10 20 30 10 omm—h— I . ] 80 a0 100 110

| = et 1 (| N

LA | HEUNIAR

G TMUTCT"G EG.P«ZCC GTAET{ITCCMD}G CGGEAA TGTTTMT GCGT ;‘E\G
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120 130 140 150 160

I |

il e
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ITGCGCCACCG AACAG TATACTG CCCGACNG CTAACATTCATCG'T'"";-EGG G TGG ﬂC TACCRG G;E'N'l[‘é\.TC‘I‘A-‘-& TCCTG TTTGC'FEKZCCRCG cTT TE?DCACC'“CFG%?&TCRGTN T%:GS.CD.G TGAL
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ABI A Viersion 3.7 Wed, Sep 01, 2004 8:10 AM

Basecaller-3100APOPSES1T4_1100r Tz, Aug 31, 2004 200 AM

m BC 15.00 Cap 4 Spacing: 11.38{11.38}

OGO T TS CCACTEE TG T IO T OG AR T AT CT A DG AR T TT CACCT CT A CRC T L T i T EEHTEEPMTmMGCETTmﬁ TTEGAGOOCTOEG |
T 380 330 £00 10 an 430 480 450

A R ; AN e
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Model 3100 30-08-04A_C08_S174_1241f_06.ab1 ' Signal G:10 T:14 A:15 C:8 Page...2.of.k.. Pagetof3
DT3100POPS{ET)50cm.mob Wed, Sep 01, 2004 B:11 AM

ABI A Version 3.7 — ol ‘
Basecaller-3100APOPBSS174_1241f S {‘L,..?E}ﬁ_. _3100 Tue, Aug 31, 2004 2:00 AM
- s 150 10 10108 Pk 1 Loc: 150 Spacing: 11.38{11.38}
AG

PRISM BC 1.5.0.0 Cap 6

ONCTNNT TCNNNNNNI\ENGTGG TCCZ-\I\GGI‘N TGCAGC GA4GOCPC NCINN"“NIG Nﬁ'ﬂ:cfa‘&

e ﬂ
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100 110 120 130

|

—
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210 220 240 250
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Model 3100 30-08-04A_B07_S174_1492r_03.ab1 Signal G:198 T:260 A:324 C:173 Page...ol.., Pagetof3

ABI A Version 3.7 - DT3100POPG({ET}50em.mob Wed, Sep 01, 2004 8:09 AM
. Basecaller-3100APOP6SS174_1492r SQuan o emo_3100 Tue, Aug 31, 2004 2:00 AM
PRISM BC 1.5.0.0 Cap 3 MENAN Y, sints 250 to 10106 Pk 1 Loc: 250 Spacing: 11.25{11.25}

CACCOCNRGN TNIGC TG AQCC TACC G TG G TTAGE T mm‘&_ﬁsﬂm&mm& ’ GG TAAACCAA CTCCCA TGS TG TGAC GGG CGG TG TETACAR GG CCCGEE
10 20 30 - M——11 R . 70 80 g0 100 110
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1‘\ | : |
”L 4! 19N, . X | AJ L b o t J o b
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CTGCCCACTG TCACCACCAT TG TAGCACG TGTGTAGCCCAG CCCGTHMGGCCRTGAGGRCT"GF\CB TCATCCCCRCCT T‘cCTC'J GGCTTATCACCGE CAG TCOCCTTAGAG TGCCCAAC CARAATG
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Model 3100 30-08-04A_B07_S174_1492r_03.ab1 Signal G:198 T:260 A:324 C:173 Page..3..0f..2., Page2of3

Version 3.7 DT3100POP6{ET}50cm.mob Wed, Sep 01, 2004 8:09 AM
. Basecaller-3100APOP6SS174_1492r SEBRRENH Y J Jf gHeo_2100 Tue, Aug 31,2004 2:00 AM
PRISM BC 1.5.0.0 Cap 3 L.~ "} Points250t0 10106 Pk 1 Loc: 250 Spacing: 11.25{11.25}

CTGGCAACTRAGGGCGAGGGTTGC GCTCG TTGCGGGACTTAACCCAA CATCTCACGACACGAG CTGACGAGAGEEHATG CAGCACC TG TCTCTG CG CCACCGARG TGGACCCCC TATCT CTAG AGGT
370 380 390 400 410 —— ] 430 440 450 460 470 480

MM]M lu‘.l‘.m.lwhhlm.ﬂmhu‘m.t..hnJmnm.mM,I.M,mMuM.mmmh

90

'BACACAG GATG TCAAGG G CTGG TAAG GTTCT GCGCG TTGCTTCGAAT TARACEACATGETCCACCGE TS TEGCGGECCCCCAVNICAA TTCCT TTG AG T TTTAA TCT TG CGACCG TACTCCCCAG G
500 510 520 530 5 550 560 570 580 590 600 610

40

CGGAATGTTTAATGCG TTAGC TGCGCCACCG AACAG TATACT GNCCGACAG NTAACATTCATCG TTTACGGNG TGG ACTACCANGG TATCTAAT CCTGT TN GCT COCCACG C TTTCNNANCTC ANNGI
620 630 640 650 660 €80 690 700 719 720 730 740

670
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3174C0OM1st
s5174coms nd

S5174C0OM1st
s3174c ot nod

3174C0OM1st
=s174c ot nod

3174C0OM1st
s174c ot nd

S5174C0OM1st
s174c ot nd

S5174C0OM1st
=174c ot nod

S5174C0OM1st
=174c ot nd

3174COM1st
s174coms nd

3174C0OM1=t
s174coms nd

3174C0OM1=t
s5174coms nd

3174C0OM1st
s5174coms nd

S5174C0OM1st
s3174c ot nod

20 30 100 1llo 1lz0 130 l40

4320 440 460 470 420 430




S174C0M1=t
s1743comz nd

3174COM1st
s174coms nd

3174C0OM1st
s3174c ot nod
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=174c ot nod

3174COM1st
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3174C0OM1st
s3174c ot nod

S5174C0OM1st
=174c ot nod
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s174com2nd

S5174C0OM1st
s3174c ot nod
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ignal G:79 T:131 A:245 C:81 Page 10of 1
100POPB{ET}50cm.mob Wed, Mar 30, 2005 4:03 PM

3100 Wed, Mar 30, 2005 12:50 PM
to 4500 Pk 1 Loc: 250 Spacing: 12.49(12 48}

Model 3100 29-3-05B_A10_ST60_pBADout2_02.ab1. \\\' ,//
Version 3.7
ABLA.

Basecaller-3100  /P6EST60_pBADout2

PRISM  gc1500 Cap 2
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APPENDIX D

DUNCAN’S MULTIPLE RANGE TEST

81

Duncan’s Multiple Range Test has been used to determine multiple groupings.

Means which do not differ significantly are grouped into one homogenous range (Steel &

Torrie, 1980). The Duncan’s Multiple Range Test (SPSS Manual, Chapter 8) is then used

to carry out the multiple range groupings. The results are indicated in the following

tables.

Table A.1 Duncan’s Multiple Range Test for average plant dry weight for S. fredii S174

and TnAraOut mutants (ST49 and ST60) and Glycine max cv SJ 4, SJ 5, ST 2 in Leonard

jars with nitrogen-free medium pH 6.8 (Level of probability, & = 0.05)

Oneway
ANOVA
Sum of
Squares df Mean Square F Sig.
Between Groups 9.894 14 .703 29.948 .000
Within Groups .352 5 2.349E-02
Total 10.201 29
Duncan’
N Subset for alpha = .05
1 2 3 4 5
NC,ST2 2 .4450
ST49,ST2 2 .6950 .6950
S174,ST2 2 .6950 .6950
NC,SJ4 2 .7000 .7000
PC,ST2 2 .7350 .7350
NC,SJ5 2 7700 7700
ST60,ST2 2 8900
S174,SJ5 2 1.2300
ST49,SJ4 2 1.2900
ST60,SJ4 2 1.4150
ST49,S35 2 1.4750
S174,SJ4 2 1.5500
ST60,SJ5 2 1.5600
PC,SJ5 2 2.1450
PC,SJ4 2 2.5500
Sig. .0760 2720 .0720 1.0000 1.0000

Means for groups in homogeneous subsets are displayed.
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Table A.2 Duncan’s Multiple Range Test for average nodule dry weight for S. fredii S174
and TnAraOut mutants (ST49 and ST60) and Glycine max cv SJ 4, SJ 5, ST 2 in Leonard

jars with nitrogen-free medium pH 6.8 (Level of probability, . = 0.05)

Oneway
ANOVA
Sum of
Squares df Mean Square F Sig.

Between Groups 1.974 8 0.247 40.386 .000
Within Groups 5.500-02 9 6.111E-03
Total 2.029 17

Duncan?®

N Subset for alpha = .05
il 2

ST49,SJ4 2 .0000

ST49,SJ35 2 .0000

S174,SJ5 R .0000

ST49,ST2 2 .0000

S174,ST2 2 .0000

ST60,ST2 2 .6000

ST60,SJ4 2 .6500

ST60,SJ5 2 .6500

S174,SJ4 2 .7500

Sig 1.0000 .106

Means for groups in homogeneous subsets are displayed.
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