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Chapter 1 

 

General Introduction 

Rhizobia is a collective term for diazotrophic bacteria that has the ability to form 

nodules on the roots of leguminous plants and fix atmospheric nitrogen and renders it 

available for plant’s use. In taxonomical classification, the bacterium Rhizobium 

belongs to the phylum of Proteobacteria, class Alphaproteobacteria, order Rhizobiales, 

and family Rhizobiaceae. Under the Bacteria domain, the phylum Proteobacteria is 

considered as the largest bacterial group and is named after the Greek god Proteus, 

which can assume various shapes, as to indicate the great diversity of the species under 

this phylum (Stackerbrandt et al., 1988). They are gram-negative with an outer 

membrane that consist largely of lipopolysaccharides, and most of them have flagella 

for locomotion and can be aerobic or anaerobic. This phylum have six classes: a) 

alphaproteobacteria, b) betaproteobacteria, c) gammaproteobacteria, d) 

deltaproteobacteria, e) epsilonproteobacteria, and f) zetaproteobacteria. The α-

proteobacteria includes important members such as the plant symbionts (rhizobacteria), 

animal and plant pathogens (agrobacteria, rickettsia), and C1 compounds metabolizers 

(methylobacteria) (Pini et al., 2011). The Rhizobiales include not only the plant 

symbionts such as Rhizobium, Bradyrhizobium, Sinorhizobium/Ensifer, Azorhizobium, 

Allorhizobium, and Mesorhizobium but also the obligate and facultative intracellular 

bacteria and animal and plant pathogens. The family of Rhizobiaceae Conn 1938 is 

composed of at least six genera with Rhizobium as the type genus. The genera includes 

the fast-growers and acid-substance producers Rhizobium, Sinorhizobium/Ensifer, and 

Allorhizobium/Rhizobium; the intermediate-to-fast-growers and acid producers 
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Mesorhizobium; the fast-growers and acid producers Azorhizobium; and the slow-

growers and alkaline producers Bradyrhizobium.   

The focus of this study is on plant symbionts which belong to the genera Rhizobium, 

Bradyrhizobium, and Sinorhizobium/Ensifer, and thus, will be referred to as rhizobia in 

this text. 

Rhizobium (Latin: rhiza means root, bios means life) is the original genus of 

bacteria that can form nodules with leguminous plants, and first isolated and cultured 

by Martinus Beijerinck of Holland in 1888 from different legumes and named it as 

Bacillus radicicola (Hirsch 2009). It originally referred to only one species, R. 

leguminosarum (Frank 1889) until 1982 but, as of 2006, 16 species have been described 

under this genus (Willems 2006). In 1982, Jordan proposed the genus Bradyrhizobium 

(Greek: bradus means slow) from the original Rhizobium japonicum to differentiate the 

slow-growing and alkaline-substance formation characteristic of this genus. The genus 

Sinorhizobium was proposed by Chen et al. (1988) as fast-growing rhizobia that can 

nodulate soybean but was later found to be identical via 16S rDNA gene sequence with 

Ensifer adhaerans previously described by Casida (1982). On the basis of priority 

according to the Bacteriological Code (1990 Revision), it has been recommended that 

Ensifer would take priority than Sinorhizobium since the first was the oldest valid name. 

However, this change in name has been undergoing differences in opinions from 

experts in rhizobacteria. As Willems et al. (2003) pointed out, the name Ensifer which 

means “sword-bearer” does not have the same significance to the symbiotic, nitrogen-

fixing bacteria, like the name Sinorhizobium, and there is already a larger number of 

species described under the Sinorhizobium than the Ensifer. In this thesis, I prefer to 

use Sinorhizobium over Ensifer on all the succeeding texts. 
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Soybean (Glycine max [L.] Merill) belongs to the family of Fabaceae or 

Leguminosae. It establishes a symbiotic relationship with rhizobia, known as the 

nitrogen-fixing bacteria. These bacteria have nitrogenase enzyme that can reduce 

atmospheric nitrogen (N2 – unavailable for plant) to ammonia (NH3 – available for 

plant). This process is called Biological Nitrogen Fixation (BNF), an energy-expensive 

process that can be summarized by this overall reaction (Cheng, 2008): N2 + 8H+ + 8e− 

+ 16MgATP → 2NH3 + H2 + 16MgADP + 16Pi. Symbiotic relationship between 

soybean and rhizobia takes place when the bacteria in the soil colonizes the root of the 

plant thereby, forming nodules where nitrogen fixation occurs. The host plant initiates 

symbiosis by secreting flavonoids, which are then detected by the specific rhizobia 

(Nelson and Sadowsky, 2015). The plant provides the rhizobia with carbon and source 

of energy for its growth and functions while the rhizobia fix atmospheric N2 and provide 

the plant with a source of reduced nitrogen (Sulieman and Tran 2014) needed for its 

growth and development. Soybean has nodulation regulatory genes that controls the 

plant’s compatibility with the rhizobia, and these are called Rj (rj) genes. The genotypes 

of these genes namely: non-Rj, rj1, Rj2, Rj3 and Rj4 were confirmed to exist naturally 

(Williams and Lynch, 1954; Devine and Kuykendall, 1996). In a review article by 

Hayashi et al. (2012), it was stated that because a particular Rj genotype can exclude 

nodulation with indigenous Bradyrhizobium strains from a specific cluster, they can 

have practical importance in agriculture. This is particularly true as knowledge on Rj 

(rj) genes and their genotypes can help researchers to improve the efficiency of 

inoculation technique. By using specific Bradyrhizobium strains that exhibit effective 

nitrogen fixation activity which are compatible with the host plant, inoculation can be 

made successful considering all other factors are desirable. 
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1. Use of genetic markers on the ecological studies of rhizobia 

In 1932, Fred et al. established the “cross-inoculation group” concept as the earliest 

classification of rhizobia based largely on host specificity with description of 

morphological and physiological properties. However, many studies that followed was 

able to recognize that this concept was not an appropriate classification scheme and 

thus, is now seldom nowadays. The use of molecular analysis in taxonomical 

identification and ecology of rhizobia since the early nineties such as the sequence 

analysis of the 16S ribosomal RNA genes and genetic fingerprinting methods via PCR 

led to the better understanding of the rhizobial phylogeny (Sahgal and Johri, 2003). 

Since then, the ecological niche of rhizobia has been better understood.  

A study by Mollet et al. (1997) compared the use of 16S rRNA gene with the rpoB 

gene for the identification of 20 Enterobacteriaceae strains and reported that rpoB gene 

has better sensitivity in detecting interspecies divergence than the 16S rRNA gene. It 

was reported by Case et al. (2007) that the use of 16S rRNA gene in microbial ecology 

studies provided intragenomic heterogeneity that affected the phylogeny of organism 

due to the multiple copies of the gene that is often present in certain bacteria. Another 

study (Acinas et al., 2004) stated that even a 99% sequence identity in the 16S rRNA 

gene could reveal an extensive ribotype microdiversity with potentially important 

ecological differentiation.  

As demonstrated in earlier reports (Mollet et al., 1997; Dahllof et al., 2000) the 

single-copy rpoB gene provided better resolution than the 16S rRNA gene especially 

at the subspecies level. Case et al. (2007) noted its importance for ecological analysis 

because of the following reasons: (i) its universal presence in all prokaryotes; (ii) the 
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presence of slowly and quickly evolving regions for the design of probes and primers 

of differing specificities; (iii) the housekeeping function makes it less susceptible to 

some forms of lateral gene transfer; and (iv) a size large enough to contain phylogenetic 

information, even after removal of regions that are difficult to align. 

 Analysis of the internal transcribed spacer (ITS) region between the 16S and 

23S ribosomal RNA gene has been a very useful tool for the identification of Rhizobium 

species and even on the strain level for the past several years (Germano et al., 2006; 

Saeki, 2011; Saeki et al., 2004, 2006, 2008, 2013; Suzuki et al., 2008; Minami et al., 

2009; Risal et al., 2010; Adhikari et al., 2012; Yamakawa and Saeki, 2013). However, 

difference may still exist even within bacteria of the same ITS type. Therefore, it is 

better to analyze other genes in addition to ITS region. Meanwhile, analysis of 

housekeeping genes have been a recently popular approach for a more distinct 

identification of microorganisms (Vinuesa et al., 2008; Degefu et al., 2013; Yan et al., 

2014; Guimarães et al., 2015). The inclusion of one or more housekeeping genes along 

with ITS region and 16S rRNA gene in the identification of rhizobia proved to be a 

very helpful alternative. The rpoB housekeeping gene is a single-copy gene that 

encodes the β subunit of RNA polymerase and is the site of mutation in bacteria 

(Ahmad et al., 2002; McCammon et al., 2005; Suresh et al., 2006). According to a study 

conducted by Khamis et al. (2003) they were able to confirm that rpoB gene is probably 

polymorphic enough to replace or supplement the 16S rRNA gene for definitive 

identification of Afipia and Bosea bacteria, as the two closest bacteria by 16S rRNA 

gene comparisons, with 1 different position (0.1%), differ by at least 3% with rpoB 

gene. Another study (Ade ́kambi et al., 2008) reported that the rpoB gene sequence 

similarity provides an efficient supplement to DNA-DNA hybridization (DDH) and 

average nucleotide identity (ANI) measurements to delineate bacterial species and 
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genera, including delineation of as-yet-uncultivated, non-sequenced organisms. Thus, 

analysis of the housekeeping genes, such as rpoB gene, can provide a more distinct 

identification and differentiation of rhizobial strains which have also been proven in 

some recent studies (Martens et al., 2008; Nzoue  ́et al., 2009; Rivas et al., 2009; Aserse 

et al., 2012; Delamuta et al., 2012; Baraúna et al., 2014). Therefore, rpoB housekeeping 

gene was included in this study aside from the ITS region for RFLP treatment and 

sequence analysis. 

 

2. Soybean production and research in the Philippines 

The Philippines is a tropical archipelago located in the Southeast Asia with a land 

area of about 298 km2. It is basically an agriculture country where the main source of 

income for most Filipinos is in agriculture-related activities. From the approximately 

7M hectares used for agriculture, only about 1,000 ha. are allocated to soybean. This is 

due to the low yield (≤1.0 ton/ha) of soybean and also low government support to 

soybean planters. In 2016, soybean-related imports in the Philippines was at the top 

second place next to wheat and meslin (http://countrystat.psa.gov.ph). In spite of the 

nutritional benefits and agricultural-related advantages of planting soybean, it remains 

as a lesser-priority crop in the country. However, recent trend in Philippines agriculture 

has geared towards a sustainable and healthy production system. The Government’s 

program entitled “Philippine Soybean Development Program” launched in 2011 was 

able to increase the production area from ≈1,000 ha. to a record high of 5,280 has.  But 

the problem remains unsolved; soybean yield is still low at about 1.0 ton/ha.  

Thus, projects and studies on how to increase soybean yield in a sustainable manner 

prompted researchers to venture into development of plant varieties with high-yielding 

ability. It is known that soybean does not require high application of chemical fertilizers, 
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so it is a good rotation crop in between rice and corn, which demand high chemical 

inputs. However, breeding of high-yielding soybean varieties alone does not guarantee 

that it would attain its optimal yield. Other factors such as soil management and cultural 

practices has to be improved too.  

 

3. Diversity of soybean rhizobia across a variety of regions 

An extensive information on this family was written by Alves et al. (2014) citing 

Norris (1965) with a statement that although rhizobia might grow in any region, 

temperate regions are dominated by the fast-growing and acid producing strains while 

tropical regions are dominated by the slow-growing and alkaline-producing strains. 

Majority of the studies about the diversity and distribution of soybean rhizobia 

have been extensively conducted in temperate and sub-tropical regions of Japan (Ikeda 

et al., 2008, 2010; Nguyen et al., 2010; Saeki et al., 2006, 2008, 2010; Shiro et al., 2012; 

Suzuki et al., 2008), USA (Fuhrmann 1990; Tang et al., 2012; Shiro et al., 2013; Saeki 

and Shiro 2014; Wongphatcharachai et al., 2015a, 2015b;), and China (Lin et al., 2007; 

Li et al., 2011; Man et al., 2008; Zhang et al., 2011; Yan et al., 2014; Zhao et al., 2014) 

but there are limited researches about this topic in tropical regions (Loureiro et al., 

2007; Sharma et al., 2010; Ansari et al., 2013) particularly in the Philippines (Gamo et 

al., 1990). Tropical rhizobia represent a key component for the sustainability of tropical 

soils; and the genus Bradyrhizobium, which is considered to be the ancestral of all 

nitrogen-fixing rhizobial species, probably originated in the tropics (Delamuta et al., 

2012). Even in the subtropical and tropical regions of China, which is said to be the 

center of diversification of G. max, Man et al. (2008) stated that the diversity of soybean 

rhizobia has not yet been clearly described. Therefore, this study would be an 



 10 

interesting foundation for future researches about the diversity and endemism of 

soybean rhizobia in subtropical and tropical regions.  

Comparing the results obtained by Saeki and Shiro (2014) on the diversity of 

soybean bradyrhizobia on the temperate regions of the United States and Japan, higher 

diversity were found on temperate regions such as Brazil (Loureiro et al., 2007; 

Guimarães et al., 2015; Ribeiro et al., 2015) and Philippines (Mason et al., 2017, 2018). 

Therefore, it is not an overstatement to say that the soybean bradyrhizobia are very 

interesting organisms as they can adapt to a wide variety of agricultural, geographical, 

and environmental conditions and their mechanism of adaptation also evolve with their 

ecological niche. 

 

4. Diversity and endemism of soybean rhizobia in the Philippines 

 In this thesis, which contains two published papers (Chapter I, Chapter II), five 

molecular markers were used to detect the genomic variations that allowed an accurate 

identification of rhizobial species and strains as well as to indicate the diversity and 

ecological niche of each species. The major aim of this study is to investigate the 

diversity and endemism of soybean rhizobia in the Philippines. This was done with an 

ultimate goal to help increase the production of local soybean by using the indigenous 

rhizobia as inoculant. In the Philippines, soybean is not a priority crop so very few 

research were conducted in this topic and this research is the pioneer work that 

represented the country from north to south. The lack of published information about 

soybean rhizobia in the country became the greatest challenge in this study. In order to 

achieve the aim, this study was divided into four parts. 

The first part focused on comparing the diversity of B. elkanii species between 

Southern Japan and Central Luzon, Philippines. In this report, the genomic variations 
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were detected by employing the Polymerase Chain reaction – Restriction Fragment 

Length Polymorphism (PCR-RFLP) with four restriction enzymes HaeIII, HhaI, MspI 

and XspI and sequence analysis of the 19 representative strains from Kumamoto and 

Okinawa, Southern Japan and Nueva Ecija, Philippines for the 16S rRNA gene, Internal 

Transcribed Spacer (ITS) region between the 16S and 23S rRNA gene, rpoB 

housekeeping gene, and the symbiotic genes nifD and nodD1. Based from the results, 

we were able to detect that the endemism and diversity of B. elkanii seemed to be 

influenced by the difference in temperature and the similarity in soil pH. Clearly, the 

diversity of B. elkanii strains in the three locations indicated that temperate regions have 

different rhizobia ecology than the tropical region. 

For the second part, the research focused on the diversity of soybean bradyrhizobia 

in 11 locations at the Philippines. From the 771 isolates, we confirmed 424 

bradyrhizobia by their morphological growth on YM media and through the unique 

fragment patterns via PCR-RFLP treatment with the four restriction enzymes. From 

these distinctive band patterns, 31 representative strains were selected for sequence 

analysis of the three target genes which were the 16S rRNA gene, ITS region, and rpoB 

gene. In this report, high diversity of bradyrhizobia were detected and according to the 

correlation analysis between the isolates and the agro-environmental gradients 

considered, the most influential factors for the diversity and distribution of soybean 

bradyrhizobia in the country were the length of flooding period, followed by other soil 

properties such as soil pH, nutrient content, and soil type. Additionally, the unique 

nucleotide sequence from the 16S rRNA gene, ITS region, and rpoB gene of some 

indigenous strains indicated the presence of novel species in the Philippines which 

could be studied in the future. 
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For the third part, the 12 most dominant indigenous strains for specific locations 

were selected and evaluated for their symbiotic efficiency and nitrogen-fixation ability 

for their potential use as soybean inoculant in the Philippines. Two soybean cultivars 

from the Philippines and three soybean cultivars from Japan were used as the host plants 

and were inoculated singly with the 12 indigenous strains. A proven efficient strain, the 

B. diazoefficiens USDA110 was used as the positive control and an un-inoculated 

treatment as the negative control. According to the results, all the indigenous strains in 

the Philippines are suggested to be type A strains in terms of nodulation ability. Based 

from the results, the most efficient microsymbionts of Philippines soybean cultivars 

was the B. elkanii IS-2, followed by the strains of potential novel Bradyrhizobium sp., 

B. japonicum, and B. diazoefficiens. This trend is in contrast with the Japanese cultivars, 

wherein the most efficient micro-symbiont was the B. diazoefficiens SK-5. 

The fourth part consists of the data that were gathered from both the nodulating 

and the non-nodulating rhizobia. It has been reported that non-nodulating rhizobia 

exists widely in the rhizosphere of leguminous plants and even coexist with the 

nodulating rhizobia which sometimes help the rhizobia to extend it host range (Pongsilp 

et al., 2002; Denison and Kiers, 2004; Liu et al., 2010; Sachs et al., 2008, 2010; Wu et 

al., 2011). In this part, we also reported the presence of those rhizobia that were not 

able to nodulate the soybean plant.  

In summary, the major aim of this study was achieved and we were able to obtain 

some potential novel species and strains which could be further used for research in the 

Philippines. This result will be very useful not only for the research institution but also 

for soybean farmers in the country. As for our prospective, we plan to use the 

indigenous strains for field trials in soybean farms to evaluate their feasibility and 

usefulness as inoculant in Philippine condition. This study was able to confirm that the 
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diversity and endemism of soybean rhizobia form a tropical country like the Philippines 

is indeed high and different from the temperate regions, like Japan. 
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Genetic diversity of indigenous soybean-nodulating Bradyrhizobium Elkanii 

isolated from Kumamoto and Okinawa, Southern Japan and Nueva Ecija, 
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Introduction 

Soybean (Glycine max [L.] Merrill.) is a high protein legume plant (40%) which 

can be used as food, animal feed and as an industrial raw material like biodiesel. This 

legume can establish a symbiotic relationship with the nitrogen-fixing bacteria, which 

are collectively known as rhizobia. As reported from recent literatures, there are more 

than 100 species of rhizobia which were isolated from legumes and other sources 

(Gyaneshwar et al., 2011; Peix et al., 2015) and currently, the major soybean-nodulating 

rhizobia that were identified are as follows: Bradyrhizobium japonicum, B. 

diazoefficiens, B. elkanii, and Sinorhizobium/Ensifer fredii (Jordan, 1982; Scholla and 

Elkan, 1984; Kuykendall et al., 1992; Young, 2003; Delamuta et al., 2013). For soybean, 

some cultivars possess nodulation regulatory genes which are known as Rj genes, and 

the genotypes which have been confirmed to exist in nature are non-Rj, rj1, Rj2, Rj3, 

and Rj4 (Devine and Kuykendall, 1996).  

In contrast with Japan, wherein soybean plays an important role in daily cuisine, 

soybean has very minimal role in Filipinos’ diet since 90% of local production and 

importation are used for animal feed (Manuel et al., 1986). Nevertheless, the production 

of soybean in both countries cannot meet its local demand as reflected in the amount of 

soybean importation (Manuel et al., 1986; Wang, 2016). Aside from using chemical 

fertilizers, one way to increase the soybean yield per unit area is by performing an 

inoculation. Inoculating a useful rhizobia into soils with low N content may lead to an 

increase in the yield of soybean as revealed by numerous studies (Alves et al., 2003; 

Njira et al., 2013; Alam et al., 2015; Sanz-Sáez et al., 2015). However, many soybean 

inoculation does not succeed because of many factors and one of these factors is the 

competition between the introduced and the indigenous rhizobia in the soil (Yamakawa 
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et al., 2003). Therefore, it is essential to first understand the ecology of the indigenous 

rhizobia in the soil prior to inoculation.  

Previous investigations about the diversity and distribution of indigenous soybean 

rhizobia in Japan was able to identify that the B. japonicum strains were dominant in 

the northern region of the country whereas B. elkanii strains were dominant in the 

southern region (Suzuki et al., 2008; Saeki et al., 2006, 2008, 2010, 2013). It was then 

stated that temperature was the most prominent factor for its prevalence (Saeki and 

Shiro, 2014). However, there is no published studies about the indigenous soybean 

rhizobia which have been done in the Philippines as of the writing of this manuscript.  

The analysis about soybean rhizobial diversity in Japan was conducted mainly by 

analyzing the 16S rRNA gene and the 16S-23S rRNA gene ITS (Saeki et al., 2006, 

2008, 2013; Suzuki et al., 2008; Minami et al., 2009; Saeki and Shiro, 2014). But, a 

major disadvantage of the 16S rRNA gene for taxonomic studies is that it is often a 

multiple-copy gene (Vos et al., 2012) and it contains little resolution below the species 

level (Germano et al., 2006; Martens et al., 2008). Instead, the ITS region and the rpoB 

housekeeping gene were able to provide a better discriminatory power up to the species 

level and below (Martens et al., 2008; Vinuesa et al., 2008; Delamuta et al., 2012; Vos 

et al., 2012; Degefu et al., 2013; Yan et al., 2014; Guimarães et al., 2015). So, it is 

generally better to employ other molecular marker in addition to the ITS region to 

provide a better genetic classification of rhizobial strains.  

Yet, taxonomical studies of rhizobia do not necessarily reflect their symbiotic 

qualities, or their host range, which is crucial requirement of a useful inoculant. Thus, 

sequence analysis of the symbiotic genes nifD (encoded the α subunit of dinitrogenase) 

and nodD1 (nodulation regulation protein) was also conducted. It was reported in 

previous studies that the genes in the symbiosis island might not show diversity even 
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among related species in rhizobial genera commonly due to the horizontal gene transfer 

as directed by their location (Minamisawa et al., 2002; Barcellos et al., 2007; Ramirez-

Bahena et al., 2009; Ling et al., 2016). Yet, the role of NodD regulator proteins 

(including nodD1) in activating the transcription of nod genes is known to be a key 

factor that influences the competitiveness of rhizobia (Maj et al., 2010) due to its 

assumed specific interaction with flavonoids (Redmond et al., 1986; Zaat et al., 1989). 

Hence, it is an important genetic marker to be included for the evaluation of potential 

inoculant strains. Meanwhile, a report about the role of nifD in partner quality for 

Rhizobium stated that there might be a causal relationship between the locus and 

measures of partner quality (Gordon et al., 2016) which in turn, could influence the 

mutualism between the host plant and the rhizobia for an effective N fixation.  

Many studies about the diversity and distribution of soybean rhizobia were 

conducted in both the temperate and subtropical regions of Japan (Ikeda et al., 2008, 

2010; Nguyen et al., 2010; Saeki et al., 2006, 2008, 2010; Suzuki et al., 2008; Shiro et 

al., 2012) but a limited research about this topic have been conducted in the tropical 

regions (Loureiro et al., 2007; Sharma et al., 2010; Ansari et al., 2013). The tropical 

rhizobia represent a vital constituent for the sustainability of tropical soils; and the 

Bradyrhizobium genus, which is considered to be the ancestral of all the nitrogen-fixing 

rhizobial species, was believed to be originated from the tropics (Delamuta et al., 2012). 

A report stated that even in the subtropical and tropical regions of China, which is 

considered to be the center of diversification of G. max, the diversity of soybean 

rhizobia has not yet been clearly described (Man et al., 2008). Hence, this study would 

serve a helpful groundwork for the future research and studies about the diversity and 

distribution of soybean rhizobia in sub-tropical and tropical regions. The major aim of 

this study is to determine the possible endemism and genetic diversity of the soybean-
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nodulating B. elkanii species between the temperate region of Kumamoto and sub-

tropical region of Okinawa, Japan and the tropical region of Nueva Ecija, Philippines. 

Also, this study should be able to provide the first report in the Philippines and in 

Kumamoto, Japan.  

 

Materials and Methods 

1. Collection of soil and analysis of soil pH and electrical conductivity (EC)  

The soil samples were collected from the three field sites (Kumamoto: Kumamoto 

Prefectural Agricultural Research Center, Goshi, Kumamoto, Japan and Okinawa: 

University of the Ryukyu, Nishihara, Okinawa, Japan and Nueva Ecija: Central Luzon 

State University, Nueva Ecija, Philipppines) which were previously planted with 

soybean and/or other legumes. The soil surface was cleared with litters before a bar of 

soil with dimension of 20 cm depth and 2 to 3 cm thickness was obtained. The soil bar 

approximately weighed 1 kg each. Then, 0.5 kg of the soil sample was air dried and 

pulverized for the analysis of soil pH and EC by the water extraction method (1:2.5 

soil: water for pH and 1:5 soil: water for EC) and the remaining 0.5 kg of the soil was 

freshly used to cultivate soybean inside the growth chamber.  

For the soil pH water extraction method (soil: water, 1:2.5), ten grams of the air-

dried soil was mixed with a 25mL of distilled water in a 50mL capacity falcon tube. 

Then, it was placed firmly on a mechanical shaker with continuous agitation for 

approximately 1 hour. The pH meter was calibrated with three pH buffer solutions (4.0, 

7.0, 10.0) prior to usage. The pH meter’s probe was immersed into the falcon tube 

containing the mixed soil and water then, the pH value was recorded after about 30 

seconds of immersion. This step was done thrice to obtain an average reading with 

thorough mixing before each immersion.   
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For the analysis of EC, the same method was used (soil: water, 1:5). The EC meter 

was calibrated with 0.01N KCl at 25°C. Five (5) grams of dried soil was mixed with 

25mL of water in a falcon tube and placed in a mechanical shaker with continuous 

agitation for 1 hour. The probe of EC meter was immersed into the soil mixture and 

measurement was recorded at dS/m. Similar with the pH, measurement was done thrice 

and the average was recorded as the final reading. 

The data of the annual average temperature from Nueva Ecija, Philippines was 

obtained from Philippine Atmospheric Geophysical and Astronomical Services 

Administration (PAGASA) Central Luzon State University (CLSU) station while the 

temperature data from Kumamoto and Okinawa, Japan were obtained from the Japan 

Meteorological Agency website at http://www.data.jma.go.jp/. All data used in this 

study were averages from this last decade (2006-2016). 

 

2. Isolation of rhizobia using different cultivars of soybean 

Three soybean cultivars of three different Rj genotypes namely, Bragg (BM) or 

Akishirome (AK) as non-Rj, CNS (CM) or Bonminori (BO) as Rj2Rj3, and Hill (HM) 

or Fukuyutaka (FK) as Rj4 were used to isolate the indigenous soybean rhizobia. Each 

soybean cultivar was planted in a 1 L culture pots (n = 3). The culture pots were filled 

with vermiculite containing N-free nutrient solution (Saeki et al., 2000) at 40% 

(vol/vol) water content then, were autoclaved at 121 °C for 20 min. Soybean seeds were 

surface-sterilized by soaking in 70% ethanol for 30 s then, in a diluted sodium 

hypochlorite solution (0.25% available chlorine) for 3 min. Afterwards, the seeds were 

washed with sterile distilled water for about 6 – 8 times. Then, a 2 – 3g of soil sample 

was placed on the vermiculite at a depth of 2 – 3cm, the seeds were then sown on the 

soil using a sterile forceps, and the pot was weighed and recorded. Afterwards, the 
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plants were grown for 28 days in a growth chamber at the following conditions (day, 

28 °C for 16 h; night, 23 °C for 8 h), and were supplied weekly with sterile distilled 

water until the initial weight of the pot was reached.  

After 4 weeks, 24 random nodules that have a size of more than 2mm were 

collected from the soybean roots per Rj genotype and were sterilized by soaking them 

in 70% ethanol for 3 min and in a diluted sodium hypochlorite solution (0.25% available 

chlorine) for 30 min; then washed with sterile distilled water (6 – 8 times). Then, the 

nodule was individually homogenized in a sterile distilled water, streaked onto a yeast 

extract mannitol agar (YMA; Vincent, 1970) plate, and incubated in the dark at 28 °C 

for about 1 week. The YMA was prepared using the following reagents (NACALAI 

TESQUE) for every litre of the solution: K2HPO4 0.5g, MgSO4.7H2O 0.2g, NaCl 0.1g, 

Yeast Extract 0.4g, and Mannitol 10.0g (Vincent 1970) then, were mixed by magnetic 

stirrer in 1L capacity beaker. The solution was transferred in 1L capacity graduated 

cylinder and was filled with distilled water up to the volume needed. The pH was 

adjusted to 6.8 then, 15.0g of Agar powder (Wako Pure Chemical Industries, Ltd., 

Japan) and 10mL Congo Red (250mg/100mL EtOh) 10mL were added. This was 

sterilized in an autoclave (HA-240 MIV HIRAYAMA) for 20mins at 121°C and 

transferred into the petri dish at a rate of 18mL per dish. It was left inside the clean 

bench for about 15mins to solidify and then covered and sealed with a parafilm before 

storing to the sterilized boxes at room temperature. 

Re-streaking twice on the same petri dish (YMA with CR) was done aseptically in 

order to ensure the growth of a single colony. The petri dish was then kept in a dark 

chamber at 28°C until growth of a single colony was visible (about 5-8 days). The single 

colony was then observed for its morphological characteristics to make sure whether it 

belonged to B. japonicum or B. elkanii. After observation, isolation of single colony 



���
�

was done aseptically by streak-plate technique inside the clean bench. This procedure 

was done similarly to all the samples. Thereafter, s single colony was streaked onto 

YMA plate containing 0.002% (wt/wt) bromothymol blue (Keyser et al., 1982) to 

determine the genus then, incubated as described above. 

  

3. Nodulation ability of the isolates  

Aside from the morphological characteristics, the primary 16S rRNA gene and ITS 

region RFLP analysis of all the collected isolates were used as the basis to select the 

representative isolates. These strains were then tested for their capability to form 

nodules on the host soybean by inoculation test with the three Rj genotypes of soybean 

cultivars used in this study. Each of the isolate was cultured in YM broth (Vincent, 

1970) using a 2.0mL microtube and were placed inside a dark shaker with continuous 

agitation at 28 °C for 1 week. Afterwards, the cultures were diluted with sterile distilled 

water to approximately 10
6 cells ml

−1
. Then the, soybean seeds were sown as described 

above but without soil and inoculated with a 1 ml aliquot of each isolate per seed and 

replicated thrice. The formation of nodule was assessed after 4 weeks in the growth 

chamber under similar conditions as mentioned above. The control pots (un-inoculated) 

for both the Japanese (AK, BO, FK) and the US (BM, CM, HM) cultivars were also 

prepared under similar conditions.  

The nodule number and its dry weight for each Rj genotype as well as the dry 

weight of shoot were gathered for the symbiotic analysis. Oven drying was done at 

70 °C for 48 h. Then, dried shoot was finely ground into a 2 mm size prior to the 

Nitrogen analysis. The Total N was analyzed by an automatic high sensitive NC 

Analyzer Sumigraph NC-220F (Sumika Chemical Analysis Service. Ltd., Tokyo, 

Japan). The amount of N fixed was computed from the difference between the shoot N 
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content of the isolates with that of the control plants. The symbiotic efficiency of the 

isolates was computed using the following formula: (mg N fixed/mg dry nodule) × 100 

which was adapted from Risal et al. (2010). All the statistical analyses in this study 

were conducted by employing the R software (v. 3.3.2) and the means of three replicates 

were compared by the Tukey’s HSD test at P < 0.05. The comparison among means 

were conducted only between each isolate within the same Rj genotype and not between 

each Rj genotype.  

 

4. Incubation of the pure colony and extraction of DNA  

When the growth of a pure single colony was sufficient in size to be picked-up by 

a wire loop, the incubation using a culture broth was performed. First, HEPES-MES 

(HM) broth was prepared with the following reagents (NACALAI TESQUE, Kyoto 

Japan) in 1 litre of solution: Na2HPO4.12H2O 0.3153g, Na2SO4 0.25g, NH4Cl 0.32g, 

MgSO4.7H2O 0.18g, FeCl3.6H2O 0.0067g, CaCl2.2H2O 0.013g, HEPES 1.3g, MES 

1.1g, Yeast Extract 0.25g, L. Arabinose 1.0g (Cole and Elkan 1973; Sameshima et al., 

2003). These reagents were mixed thoroughly by a magnetic stirrer in a 1L capacity 

beaker. Afterwards, distilled water was added up to1L with and the pH was adjusted to 

6.8. The solution was sterilized as described above with the YMA plates. Then, 1  mL 

of the sterilized HM broth was transferred into a 2mL micro tube inside the clean bench. 

From the petri dish containing YMA with Congo Red, a single colony was picked-

up by the sterile wire loop and was transferred to 2mL micro tubes containing 1mL of 

HM broth. It was incubated in the dark at a shaker (Invitro Shaker; Taitec, Japan), 

120rpm, 28°C for about 1 week or until a sufficient turbidity can be seen.  This 

procedure was followed with all the samples.   
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After the incubation, the bacteria cells cultured in the HM broth were collected by 

centrifugation and were washed with sterile distilled water. Extraction of the DNA was 

done by using BL buffer as described (Minami et al., 2009) from the method reported 

by Hiraishi et al. (1995). In summary, the master mix was prepared by transferring the 

following reagents per sample in a micro tube: 50µL of BL buffer (40mM Tris-HCl, 

1% Tween20, 0.5% Nonidet® P-40, 1mM EDTA;pH=8.0), 10µL of proteinase K 

(1mg/mL; Sigma-Aldrich, Germany), and 40µL of sterilized milliQ water. For each 

sample, 100µL of the prepared master mix was transferred into the 2mL micro tube 

containing the collected cell pellet. It was flashed shortly in a centrifuge, and was put 

in incubators at 60°C (MG-1200, EYELA) for 20mins and 95°C (MG-2000, EYELA) 

for 5mins, respectively. Afterwards, samples were centrifuged at 15,000xg (KUBOTA-

3500) at 4°C for 10mins to remove unwanted debris. Then, 80µL of the supernatant 

liquid was collected and transferred to a new 1.5mL micro tube. This is the DNA 

template and preservation was done at -20°C until further analysis. Similar method was 

done for the DNA extraction of reference strains.  

 

5. PCR amplification of 16S rRNA gene, ITS region, rpoB gene and symbiotic 

genes nifD and nodD1  

The amplification of the 16S rRNA gene, ITS region and rpoB gene were carried 

out after the extraction of crude DNA using the previously designed primer sets (Saeki 

et al., 2006) listed in Table 2.1. The master mix was prepared by transferring the 

following reagents (TaKaRa Bio, Co. Ltd., Otsu, Japan) per DNA sample in a micro 

tube: sterilized milliQ water 22.25µL, 10xExTaq buffer 3.0µL, 2.5mM dNTP mix 

2.4µL, Reverse and forward primer (10µM) 0.6µL each. Lastly, ExTaq DNA 

polymerase 0.12µL was flashed shortly before adding to the micro tube containing the 
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master mix. Eight (8) well PCR (0.2mL capacity) tubes were placed in metal block 

inside the icebox and 29µL of master mix was transferred to each well. Then 1µL of 

the DNA template was added to each well.  

It was covered tightly with the corresponding PCR tube cap, and mixed by spinning 

shortly until the bubbles disappear. The PCR tubes were then placed in the PCR 

Thermal Cycler (TaKaRa Co. Ltd.) with the following conditions for the 16S rRNA 

gene: pre-run at 94°C for 5mins; followed by 30 cycles of denaturation at 94°C for 1 

min, annealing at 55°C for 30secs, and extension at 72°C for 1min. The final extension 

was set at 72°C for 10mins and were kept at 4°C until further utilization. 

 

 
Table 2.1. List of primers used for the PCR amplification of the 16S rRNA, 16S-23S 
rRNA ITS region, rpoB, nifD and nodD1 genes. 
Primer Set Primer sequence 5’ – 3’ Tm 

(°C) 
Reference 

16S-F AGAGTTTGATCCTGGCTCAG 61.0 Weisberg et al., 
1991 

16S-R2 CGGCTACCTTGTTACGACTT 60.7 Weisberg et al., 
1991 

Bra-ITS-F GACTGGGGTGAAGTCGTAAC 61.0 Saeki et al., 2006 

Bra-ITS-R1 ACGTCCTTCATCGCCTC 61.5 Saeki et al., 2006 

rpoB-83F CCTSATCGAGGTTCACAGAAGGC 66.8 Martens et al., 
2008 

rpoB-
1540R 

AGCTGCGAGGAACCGAAG 65.7 Martens et al., 
2008 

nifD-F1 GAGGTGCTGAAGGTCT 60.3 Mason et al., 
2017 

nifD-R1 CTTCCTTGATCTTGTC 57.3 Mason et al., 
2017 

nodD1-F2 CGGAATCAGGCTAAAG 58.5 Mason et al., 
2017 

nodD1-R1 GGTAAAATCGATTGTT 57.1 Mason et al., 
2017 
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The amplification of the ITS region followed the PCR reaction with the following 

conditions: pre-run at 94°C for 5mins; followed by 30 cycles of denaturation at 94°C 

for 30secs, annealing at 55°C for 30secs, and extension at 72°C for 1min. Final 

extension was set at 72°C for 10mins and indefinite preservation at 4°C. For the 

amplification of the rpoB housekeeping gene, the PCR conditions were as follows:  

pre-run at 94°C for 5mins; followed by 30 cycles of denaturation at 94°C for 30secs, 

annealing at 60°C for 1min, and extension at 72°C for 1min. Final extension was set at 

72°C for 5mins and indefinite preservation at 4°C. 

For the symbiotic genes nifD and nodD1 genes, the primers were used were also 

listed in Table 2.1. Similar preparation with the above mentioned procedure of the 

master mix and the PCR reaction mixture was followed. The PCR cycle was the same 

with the ITS region except that the annealing temperature was increased to 57 °C for 1 

min.   

 

6. Confirmation of the amplified PCR product 

Confirmation of the amplified PCR product was carried out by submerged gel 

electrophoresis. Agarose gel was prepared by melting 1% of agarose powder 

(PhilKoreaTech., Korea) with 1.0xTAE (40mM Tris, 20mM Acetic acid, 1nM EDTA) 

in a microwave oven. The same 1.0 x TAE was used as the buffer in the casting chamber. 

The melted agarose powder was then poured into the casting plate with the comb placed 

firmly on the plate, covered with aluminum foil, and left to solidify at room temperature 

for about 30mins. Two (2.0)µL of 10xLoading buffer (1% SDS, 50% Glycerol, 0.05% 

Bromophenol Blue; TaKaRa Bio) was mixed with 2.5µL of PCR product in a parafilm, 

then the mixed solution was loaded into the well of the agarose gel. At the first and last 

well of the gel, 2.0µL of 100bp DNA Ladder RTU (GeneDirex, Taiwan) was loaded on 
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each well to serve as the marker of the fragment sizes. Electrophoresis was set at 100v 

for about 20mins, and stained for 20mins with Ethidium Bromide (0.5µg/mL; Nippon 

Gene Tokyo, Japan). The amplified products’ fragment sizes were visualized using 

LAS-4000 (FUJIFILM Tokyo, Japan). 

This procedure was similar for the amplified product of the 16S rRNA gene, ITS 

region, rpoB gene, and the symbiotic genes. 

 

7. RFLP analysis  

The RFLP analysis of the 16S rRNA gene and the ITS region were performed using 

the four restriction enzymes namely: HaeIII, HhaI, MspI and XspI (TaKaRa Bio) 

whereas for rpoB gene, three restriction enzymes, HaeIII, MspI and AluI (TaKaRa Bio) 

were used. Then, the Bradyrhizobium USDA strains B. japonicum 4, 6
T
, 38, 122, 123, 

124, 129, 135, B. diazoefficiens 110 
T
, B. elkanii 31, 46, 76

T
, 94, and 130 and B. 

liaoningense 3622
T (Saeki et al., 2004) were used as reference strains for the RFLP 

analysis of the 16S rRNA gene, ITS region and rpoB gene. A 2.5 µL aliquot of the PCR 

product was digested with the restriction enzymes at 37 °C for 16 h in a 10 µL reaction 

mixture. The restriction fragments were separated on 3 or 4% agarose gels in 0.5 x TBE 

buffer (Tris 108g, Boric Acid 55g, 0.5M EDTA 40mL (NACALAI TESQUE): pH 8.0) 

by means of a submerged gel electrophoresis against a 50bp DNA ladder (GeneDirex) 

as the marker and visualized with ethidium bromide. 

 

8. Selection of representative isolates for sequence analysis  

After collecting all the isolates that formed nodules with soybean, Bradyrhizobium 

species were differentiated from each other. This was done first by observing the 

differences in the colony morphology then confirmed by primary RFLP analysis of the 
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16S rRNA gene and ITS region (Fig.2.3). Since almost all isolates collected from 

Nueva Ecija, Philippines belonged to Be76 cluster, then only those isolates from 

Kumamoto and Okinawa, Japan, which also belonged to Be76 cluster were considered. 

Then, RFLP analysis of ITS region and rpoB gene were conducted for the selected 

isolates and based from the band pattern, random samples were further selected for 

sequence analysis of 16S rRNA, ITS region, rpoB, nifD and nodD1 genes.  

 

9. Sequence analysis  

The PCR amplified products were purified according to the protocol of 

NucleoSpin® Gel and PCR Clean-up (Macherey-Nagel, Germany). The DNA 

concentration of the purified product was determined by using the NanoDrop 2000 

Spectrophotometer (Thermo Scientific, U.S.A.). Then, preparation of the samples for 

the sequence analysis from the purified DNA followed the protocol for the premixed 

template and primer of the company (EUROFINS GENOMICS). After the preparation, 

the samples were sent to the company for sequence analysis. The sequence primers 

(Table 2.1) used were all designed for this study and were calculated using the 

OligoEvaluatorTM by Sigma- Aldrich® Co. LLC.  

 

10. Sequence alignment and construction of phylogenetic trees  

To search the homology of sequences, the Basic Local Alignment Search Tool 

(BLAST) program in DNA Databank of Japan (DDBJ) was used. Those sequences of 

type strains with a 100% similarity with our isolates were retrieved from the BLAST 

database. The alignment also included the sequences of Bradyrhizobium genospecies 

for the 16S rRNA gene and the ITS region which were previously determined (Saeki et 

al., 2004; van Berkum and Fuhrmann, 2000). Then, ClustalW was used to perform the 
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alignment of the sequences. The phylogeny was determined by the Neighbor-Joining 

(Saitou and Nei, 1987) method for the 16S rRNA, ITS region, rpoB, nifD and nodD1 

genes. The genetic distances were calculated using the Kimura 2-parameter model 

(Kimura, 1980) in the Molecular Evolutionary Genetic Analysis (MEGA v7) software 

(Kumar et al., 2016). The phylogenetic trees were bootstrapped with a 1000 replications 

of each sequence for the evaluation of the reliability of the tree topology. 

 

Table 2.2. List of primers used for the sequence analysis of the 16S rRNA, 16S-23S 
rRNA ITS region, rpoB, nifD and nodD1 genes. 
Primer Set Primer sequence 5’ – 3’ Tm (°C) Reference 

16S-520F GCAGCCGCGGTAATAC 60.36 Mason et al., 2017 

16S-1050F ATGGCTGTCGTCAGCTC 54.60 Mason et al., 2017 

16S-630R TCTACGAATTTCACCTCTACACTC 60.20 Mason et al., 2017 

ITS-AraFF TAGCTCAGCTGGGAGAGC 61.00 Mason et al., 2017 

ITS-lleFF GAGGTCGGAAGTTCAAGTC 58.80 Mason et al., 2017 

ITS-AraR GAACCGACGACCTCATG 60.21 Mason et al., 2017 

rpoB-454F GTCTCGCAGATGCACC 58.80 Mason et al., 2017 

rpoB-1050F CATCGACCACGTCAATG 59.60 Mason et al., 2017 

rpoB-590R CCTTGGCGTCGAACTC 60.50 Mason et al., 2017 

nifD-F2 G T G CCAAGCAYCTCAA 57.70 Mason et al., 2017 

nifD-R2 CGAAGAAGTTGTACTC 60.10 Mason et al., 2017 

nodD1-F3 CAGGCTAAAGCCCTGC 59.70 Mason et al., 2017 

nodD1-R2 GGTTCAAGGGACTTGA 58.20 Mason et al., 2017 

 

 

All the nucleotide sequences determined in this study were deposited in DDBJ 

under accession numbers LC167347 to LC167402; LC167474 to LC167485; 
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LC168752 to LC168753; LC217878 to LC217896 and LC218023 to LC218041 at 

http://www.ddbj.nig.ac.jp/ and listed in Table 2.3 below.  

 

Table 2.3. List of accession numbers for selected Bradyrhizobium USDA reference 
strains and isolates from the sequence analysis of 16S rRNA gene, 16S-23S rRNA gene 
ITS region, rpoB housekeeping gene and symbiotic genes nifD and nodD1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Results 

1. Soil pH and EC 

The soils which were collected from the Kumamoto, Japan and Nueva Ecija, 

Philippines were both slightly acidic at 6.23 and 6.21 soil pH, respectively while 

Okinawa soil was very strongly acidic (4.79). The EC (dS/m) for Kumamoto, Okinawa, 

and Nueva Ecija were as follows: 0.088, 0.072 and 0.046, respectively, which were all 

within the acceptable range of EC for soybean (Bernstein et al., 1955). The annual 
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average temperature from Nueva Ecija, Philippines and Kumamoto and Okinawa, 

Japan were 26.8°C, 15.8°C and 23.3°C, respectively.  

 

2. Isolation of indigenous rhizobia and selection of the representative isolates  

From the three locations, a total of 216 isolates were obtained (72 isolates per 

location) and their nodulation capability were confirmed through a single-strain 

inoculation test. The number of isolates which belonged to the Be76 cluster which were 

collected from the 216 samples were 21, 42, and 71 from Kumamoto, Okinawa, and 

Nueva Ecija, respectively. The rest of the isolates belonged to the B. japonicum 

USDA6
T 

and B. diazoefficiens USDA110
T and other minor B. elkanii strains. Therefore, 

we selected only 20 isolates which belonged to Be76 cluster from each location for the 

final RFLP analysis of the ITS region and the rpoB gene which totaled to 60 isolates 

(Table 2.4). The samples which are marked with black circle symbol (•) in the table 

below were the random samples used in the current study. 

Afterwards, 6 isolates from each location where randomly selected according to 

the different rpoB gene type that was observed from the RFLP analysis. However, since 

some samples from Okinawa showed a similar ITS-rpoB type from the RFLP analysis 

with both Kumamoto and Nueva Ecija, we selected 7 isolates from this location to 

represent the difference. Thus, 19 isolates were used for the sequence analysis of the 

ITS, rpoB, nifD and nodD1 whereas 12 isolates were used for 16S rRNA gene.  
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Table 2.4. Summary of the RFLP analysis in Kumamoto, Okinawa, and C. Luzon, 
Philippines. 

 Kumamoto   Okinawa   N. Ecija, C. Luzon 
 strains ITS rpoB   strains ITS rpoB   strains ITS rpoB 
1 KHA1 76 76  1 OAK1 76 76  1 �PBM1 76 *46 
2 KHA3 76 76  2 OAK2 76 76  2 PBM2 76 *46 
3 KHA6 76 76  3 OAK3 76 *46  3 �PBM3 76 *46 
4 KHA15 76 76  4 OAK4 76 *46  4 PBM4 76 *46 
5 KHA20 76 76  5 �OAK7 76 *46  5 PBM5 76 *46 
6 HBO1 76 76  6 �OAK10 76 *46  6 PBM6 76 *46 
7 HBO2 76 76  7 OAK11 76 76  7 PBM7 76 *46 
8 HBO6 76 76  8 OAK12 76 *46  8 PBM8 76 *46 
9 HBO7 76 76  9 OAK14 76 *46  9 PCM1 76 *46 

10 �HBO14 76 76  10 OAK16 76 *46  10 PCM2 76 *46 
11 �HBO16 76 76  11 OFK5 76 *46  11 �PCM3 76 *46 
12 �HBO21 76 76  12 �OFK6 76 *46  12 PCM4 76 *46 
13 HBO24 76 76  13 �OFK8 76 *46  13 �PCM5 76 *46 
14 �HFK 2 76 76  14 �OFK9 76 *46  14 PCM6 76 *46 

15 �HFK 10 76 76  15 OFK24 76 *46  15 �PHM
1 76 *46 

16 KHF6 6 76 76  16 �OBO4 76 *46  16 PHM2 76 *46 
17 KHF6 8 76 76  17 OBO9 76 *46  17 PHM3 76 *46 
18 KHF6 9 76 76  18 OBO21 76 *46  18 �PHM4 76 *46 
19 KHF6 10 76 76  19 OBO23 76 *46  19 PHM5 76 *46 
20 �KHF612 76 76  20 OBO24 76 *46  20 PHM6 76 *46 

* indicates different rpoB type from ITS region type 

 

3. Nodulation test and symbiotic analysis  

The oven dry weight of the shoot and nodules were obtained as well as the nodule 

number for the three Rj genotypes of the soybean cultivars that we used (Table 2.5). All 

the isolates were able to nodulate both the non-Rj and Rj4 genotypes soybean plants. 

However, there were four (4) Kumamoto isolates (HFK2, HFK10, HFK12, HBO21) 

and 2 out 7 Okinawa isolates (OAK10, OFK6) which did not form any nodule with the 

Rj2Rj3 plants. In contrast, all the isolates from Nueva Ecija were able to form nodules 

with all the Rj genotypes used in this study. Accordingly, we were able to confirm that 

the control plants did not produce any nodule which eliminated the chance of 

contamination in this report.  



� �
�

The highest number of nodules that were produced were obtained from the plants 

inoculated with the isolates OBO4, OFK8, PBM1 and PHM4 regardless of the Rj 

genotypes which were significantly different than the other isolates. Meanwhile, the 

isolates HFK2, HFK10 and HBO21 showed comparably high number of nodules for 

both non-Rj and Rj4 genotypes.  

The amount of N fixed in the shoot showed significant differences among the 

isolates (Fig. 2.1A). For the non-Rj genotype, the isolates HFK2, OBO4 and PHM1 

fixed the highest N; the isolates HBO14 and PHM have the highest fixed N for the 

Rj2Rj3; and for the Rj4, the isolate HFK2 fixed the highest amount of N. Some isolates 

did not form nodules with soybean cultivars which harbor the Rj2Rj3 (HFK2, HFK10, 

HFK12, HBO21, OAK10, OFK6) and it indicated the absence of symbiosis (Fig. 2.1B). 

Generally, a higher amount of N fixed and symbiotic efficiency were observed with the 

plants that produced a higher number of nodules for a particular Rj genotype.  
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Table 2.5. Shoot and nodule parameters of the 19 representative B. elkanii isolates employing three Rj genotypes. The mean comparison was conducted in triplicates only 
between isolates within the same Rj genotype. 
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Figure 2.1. Amount of N fixed in the shoot (A) and symbiotic efficiency (B) of the 19 representative B. elkanii isolates employing three Rj 
genotypes. Mean comparison was conducted in triplicates only between isolates within the same Rj genotype.  
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4. RFLP treatment of the ITS region and rpoB gene  

The phylogenetic trees of the preliminary RFLP analysis of the 60 B. elkanii 

isolates from the three locations that elucidated the clusters are shown in Figure 2.2A 

for the ITS region and at Figure 2.2A for the rpoB gene. All the 60 B. elkanii isolates 

belonged to Be76 cluster for the ITS region-RFLP analysis but were separated into two 

clusters (Be76 and Be46) for the rpoB gene-RFLP analysis. The RFLP band patterns 

of all the 60 isolates for ITS region were similar to each other on all the four restriction 

enzymes (HaeIII, HhaI, MspI and XspI) which indicate that they all belonged to only 

one ITS type. Therefore, only the band patterns of 1 isolate per location (HBO14 – 

Kumamoto, OAK10 – Okinawa and PBM1 – Nueva Ecija) and B. elkanii reference 

strains were shown and it was clear that all isolates belonged to Be76 cluster (Fig. 2.3).  

 

  

 

 

 

 

 

 
 
Figure 2.2. Cluster analysis of the 60 B. elkanii isolates and B. elkanii USDA reference 
strains based on the primary PCR-RFLP analysis of (A) ITS region and (B) rpoB gene. 
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Figure 2.3. Schematic representation of the RFLP band patterns based on the 16S-23S 
rRNA gene ITS region PCR-RFLP analysis of representative isolate per location and 6 
B. elkanii reference strains. Sizes (bp) are indicated in the column. Smaller fragment 
sizes were not shown due to difficulty in recognition on the gel. 

 

On the other hand, the RFLP band patterns of the 60 isolates for rpoB gene 

digested with the 3 restriction enzymes (HaeIII, MspI and AluI) showed two distinct 

band patterns which were similar to the clusters of Be76 and Be46 (data not shown). 

All the Kumamoto isolates and three isolates from Okinawa (represented by OAK11) 

have identical band patterns with the Be76 cluster whereas, all the Nueva Ecija isolates 

and the remaining Okinawa isolates have an identical band patterns with the Be46 
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cluster (data not shown). So, only one isolate per location which represented the band 

patterns clearly were chosen and plotted against the B. elkanii reference strains (Fig. 

2.4) indicating the two distinct band patterns for the rpoB gene. These results showed 

that although the RFLP analysis of ITS region indicated that all the isolates have Be76 

ITS type, the analysis of rpoB gene indicated that Okinawa (except for three isolates 

represented by OAK11) and Nueva Ecija samples have different rpoB type than their 

ITS type.  

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.4. Schematic representation of the RFLP band patterns based on gel 
electrophoresis of the rpoB housekeeping gene PCR-RFLP analysis of the 3 
representative isolates and 6 B. elkanii reference strains. Sizes (bp) are indicated in the 
column. Smaller fragment sizes were not shown due to difficulty in recognition on the 
gel. 
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Figure 2.5. Phylogeny and band patterns’ similarity of the Bradyrhizobium USDA strains that indicated the usefulness of rpoB-RFLP analysis.  
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5. Sequence analysis of 16S rRNA, ITS region and rpoB gene  

The phylogenetic tree for the ITS region showed that all the isolates were grouped 

into Be76 cluster which included B. elkanii USDA76
T
, 31 and 130 with bootstrap 

support of 43 to 99% (Fig. 2.6). Other Bradyrhizobium strains obtained from BLAST 

database which included Bradyrhizobium sp. CB1809, Bradyrhizobium sp. Glm-3, 

Bradyrhizobium sp. WB1, B. elkanii LMG 6134, B. elkanii NBRC 14791 and B. elkanii 

UM19 showed 100% sequence homology with B. elkanii USDA76
T 

whereas the B. 

elkanii LMG 6135 and B. elkanii MAS8 showed a 99–100% sequence homology with 

B. elkanii USDA31 and 130. For simplicity, we refer to this cluster as Be76 cluster. 

This result was similar with RFLP analysis of ITS region and indicated that all the 

isolates belonged to cluster Be76.  

Meanwhile, the sequence analysis of the rpoB gene revealed three (3) distinct 

groups under Be46 and Be76 clusters (Fig. 2.7). Group I is composed of five (5) isolates 

from Okinawa and Group II is composed of all the six (6) isolates from Nueva Ecija 

along with one (1) isolate from Okinawa (OAK7). These two groups belong to Be46 

cluster. Group III is composed of all the six (6) isolates from Kumamoto along with 

one (1) isolate from Okinawa (OAK11) and it belongs to Be76 cluster.  

In addition, Figure 2.7 showed the first phylogeny of the Bradyrhizobium USDA 

strains with specific serogroups from the rpoB gene sequence analysis. This phylogeny 

is similar with the band patterns of the rpoB gene which were obtained from RFLP 

treatment which indicated its usefulness (Fig. 2.5). On the other hand, the phylogenetic 

tree of the 16S rRNA gene of the 12 representative isolates clearly separated the groups 

of B. elkanii strains from B. japonicum and S. fredii (Fig. 2.8).  
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Figure 2.6. Phylogenetic tree based on the sequence analysis of 16S-23S rRNA gene 
internal transcribed spacer (ITS) region. The tree was constructed with the Neighbor-
Joining method using the Kimura 2-parameter (K2P) distance correlation model and 
1000 bootstrap replications in MEGA v.7 software. The first letter of isolates’ name 
indicates the location as follows: H - Kumamoto; O - Okinawa; P - C. Luzon, 
Philippines. 
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Figure. 2.7. Phylogenetic tree based on the sequence analysis of the rpoB housekeeping 
gene. The tree was constructed with the Neighbor-Joining method using the Kimura 2-
parameter (K2P) distance correlation model and 1000 bootstrap replications in MEGA 
v.7 software. The first letter of isolates’ name indicates the location as follows: H - 
Kumamoto; O - Okinawa; P - C. Luzon, Philippines. 
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Figure 2.8. Phylogenetic tree based on the sequence analysis of the 16S rRNA gene. 
The tree was constructed with the Neighbor-Joining method using the Kimura 2-
parameter (K2P) distance correlation model and 1000 bootstrap replications in MEGA 
v.7 software. The first letter of isolates’ name indicates the location as follows: H - 
Kumamoto; O - Okinawa; P - C. Luzon, Philippines. 
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6. Sequence analysis of the symbiotic genes nifD and nodD1  

For the symbiotic genes, the 19 representative isolates which were used for the ITS 

region and rpoB gene were also classified phylogenetically based from the DNA 

fragments of the nifD and nodD1 genes (Fig. 2.9). It can be seen from the phylogenetic 

trees of both the nifD (Fig. 2.9A) and the nodD1 (Fig. 2.9B) that there was no diversity 

among the isolates. All the isolates from the three locations have a homogenous 

nucleotide (nt) sequences for both the nifD (785 nt) and the nodD1 (717 nt). It is clear 

that all the isolates were grouped under the B. elkanii cluster in nifD wherein a 

separation of the B. elkanii and the B. japonicum strains was also distinguished. For the 

nodD1, all the isolates showed a 100% similarity with the B. elkanii USDA94 and B. 

elkanii M13 which were differentiated from the B. japonicum and B. diazoefficiens 

strains. As of the writing of this report, we were not able to find other B. elkanii strains 

in the DDBJ database for the nodD1 gene which had at least 97% similarity with any 

of our isolates. In relation to this, we used the B. elkanii USDA94 nodD2 gene 

nucleotide sequence as the outgroup.  

 

 

 

 

 

 

 

 

 



 ��
�

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.9. Phylogenetic tree based on the sequence analysis of (A) nifD gene and (B) nodD1 gene. The tree was constructed with the Neighbor-
Joining method using the Kimura 2-parameter (K2P) distance correlation model and 1000 bootstrap replications in MEGA v.7 software. The first 
letter of isolates’ name indicates the location as follows: H - Kumamoto; O - Okinawa; P - C. Luzon, Philippines. 
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7. Comparison of the RFLP and sequence analysis  

The results from the RFLP and sequence analysis were summarized in Table 2.4 

and it can be noted that from the 19 representative isolates used in this study, the isolates 

with ITS-rpoB types of 31′-46′ and 31–46 might be potentially endemic in Okinawa, 

Japan and Nueva Ecija, Philippines, respectively. Also, some isolates possessed an ITS 

type which was different from its rpoB type and these isolates were found in Okinawa, 

Japan and Nueva Ecija, Philippines.  

Comparing the RFLP treatment and the sequence analysis, the genetic diversity of 

the isolates were better discriminated with the sequence analysis than by the RFLP 

analysis. There were two ITS-rpoB types from Nueva Ecija that were obtained from 

this report which were Be31-Be46 and Be76-Be46 whereas, three ITS-rpoB types were 

observed from Okinawa as follows: Be76-Be76’, Be76-Be46, and Be31′-Be46’. On the 

other hand, all the Kumamoto isolates possessed a similar ITS-rpoB types which was 

Be76-Be76’. The diversity among the isolates as obtained from the ITS region and the 

rpoB gene was observed to be the highest in Okinawa, followed by Nueva Ecija then, 

Kumamoto. Meanwhile, no diversity was observed for both the nifD and nodD1 genes 

but both have similar results with the 16S rRNA gene showing a high homogeneity 

with the B. elkanii USDA strains and the B. elkanii M13 strain, which was isolated from 

Vigna radiata plant in Nepal.  
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Table 2.6. Difference in ITS-rpoB type of the isolates against the two closest B. elkanii reference strains as detected by the sequence analysis of 
the 16S-23S rRNA gene ITS region and the rpoB housekeeping gene. 

 
Strain 

 
Location 16S rRNA 

gene 
RFLP cluster Sequence cluster ITS-rpoB 

type ITS region rpoB gene ITS region rpoB gene 
HBO 14 Kumamoto B. elkanii Be76 Be76 Be76 Be76’ 76-76’ 
HBO 16 Kumamoto B. elkanii Be76 Be76 Be76 Be76’ 76-76’ 
HBO 21 Kumamoto  Be76 Be76 Be76 Be76’ 76-76’ 
HFK 2 Kumamoto  Be76 Be76  Be76 Be76’ 76-76’ 
HFK 10 Kumamoto B. elkanii Be76 Be76 Be76 Be76’ 76-76’ 
HFK 12 Kumamoto  Be76 Be46 Be76 Be76’ 76-76’ 
OBO 4 Okinawa B. elkanii Be76 Be46 Be31’ Be46’ 31’-46’ 
OAK 7 Okinawa  Be76 Be46 Be76 Be46 76-46 
OAK 10 
OAK 11 

Okinawa 
Okinawa 

B. elkanii Be76 
Be76 

Be46 
Be76 

Be31’ 
Be76 

Be46’ 
Be76’ 

31’-46’ 
76-76’ 

OFK 6 Okinawa  Be76 Be46 Be31’ Be46’ 31’-46’ 
OFK 8 Okinawa B. elkanii Be76 Be46 Be31’ Be46’ 31’-46’ 
OFK 9 Okinawa B. elkanii Be76 Be46 Be31’ Be46’ 31’-46’ 
PBM 1 Nueva Ecija B. elkanii Be76 Be46 Be31 Be46 31-46 
PBM 3 Nueva Ecija B. elkanii Be76 Be46 Be31 Be46 31-46 
PCM 3 Nueva Ecija  Be76 Be46 Be31 Be46 31-46 
PCM 5 Nueva Ecija B. elkanii Be76 Be46 Be76 Be46 76-46 
PHM 1 Nueva Ecija B. elkanii Be76 Be46 Be76 Be46 76-46 
PHM 4 Nueva Ecija B. elkanii Be76 Be46 Be76 Be46 76-46 
B. elkanii USDA 76T Be76 Be76 Be76 Be76 76-76 
B. elkanii USDA 46 Be46 Be46 Be46 Be46 46-46 

Note: The prime symbol (‘) - indicates a slight variation in the nucleotide sequence of the isolate from that of the reference strain. 
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Discussion 

1. Genetic diversity of the indigenous soybean rhizobia as detected by the RFLP 

analysis  

Several studies conducted in this laboratory have revealed that Okinawa, Japan was 

dominated by the species of B. elkanii particularly the Be76 cluster (Saeki et al., 2006, 

2008) and in our present study, we obtained a similar result. Meanwhile, this is the first 

report that was able to identify the indigenous soybean-nodulating B. elkanii strains 

from Nueva Ecija, Philippines and Kumamoto, Japan.  

As previously reports stated, the diversity of soybean rhizobia is influenced by 

several factors such as soil acidity, salinity, geographic location and environmental 

gradients (Suzuki et al., 2008; Zhang et al., 2011; Adhikari et al., 2012; Shiro et al., 

2013; Yan et al., 2014; Zhao et al., 2014; Htwe et al., 2015). Similarly, it could be said 

that in this particular report, the most influential factors might be the temperature and 

soil pH. It can be noted that since the salinity level for all the locations was almost 

similar, thus it is assumed that salinity was not directly related to the diversity of the 

soybean rhizobia in this case.  

For the strongly acidic soils where the Okinawa isolates were obtained, the RFLP 

analysis showed that all isolates with Be76 ITS type were divided into Be76 and Be46 

type in the rpoB gene. In case of the Nueva Ecija isolates, all the Be76 ITS type became 

Be46 type in the rpoB gene. Thus, this difference could be attributed to the temperature 

gradient since Okinawa, Japan is considered as a subtropical region whereas Nueva 

Ecija, Philippines is a tropical region. On the other hand, the Kumamoto isolates which 

were obtained from a temperate region that possessed the Be76 ITS type remained as 

Be76 type with the rpoB gene. Since Kumamoto, Japan and Nueva Ecija, Philippines 

have both the same degree of soil acidity, the main difference between the two location 
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is temperature, which might have caused the change in the rpoB type. The effect of the 

different temperature regimes on the changes of population occupancy of bradyrhizobia 

in Japan was evaluated earlier and it was revealed that the cluster Be76 was dominant 

in the middle (25 °C) and high (35 °C) temperatures (Saeki et al., 2010). Therefore, our 

results seem to support the idea that Be76 is a dominant cluster at higher temperatures 

which can be found in the subtropical and tropical climates of the three locations in this 

study.  

By analyzing the polymorphisms of the rpoB gene, possible endemic strains of 

soybean rhizobia in Okinawa and Nueva Ecija isolates were detected which were not 

distinguished in the ITS region. Also, the existence of strains with similar ITS type but 

completely different rpoB type as detected from Okinawa and Nueva Ecija isolates 

were reported. This observation could be due to the influence of the temperature and 

soil acidity, although a more detailed analysis should be conducted to verify this. The 

observed inconsistency between the ITS and rpoB type within the same strains could 

be likely due to the recombination events which is widespread within the bacteria, and 

is more often to the members of the same microbiological species (Didelot and Maiden, 

2010). As recently investigated for Rhizobium species associated with Phaseolus 

vulgaris, higher nucleotide diversity is introduced from recombination events rather 

than mutation (Carrascal et al., 2016).  

 

2. Genetic diversity of indigenous soybean rhizobia as revealed by the sequence 

analysis of the ITS region and rpoB gene 

The usefulness of the sequence analysis of the ITS region to distinguish 

Bradyrhizobium species even at the strain level is presented in Figure 2.6. However, 

the ITS region failed to detect a clear endemism and genetic diversity of the indigenous 
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soybean rhizobia as seen in this study. Considering the previous studies on the diversity 

of soybean rhizobia in temperate regions as earlier cited, one possible explanation is 

that the evolution rate of the ITS region of soybean rhizobia in the subtropical and 

tropical regions was not similarly influenced by the environmental gradients, 

particularly temperature. Thus, we have elucidated that for subtropical and tropical 

regions, the use of the ITS region alone was not enough to detect a genetic diversity 

among the B. elkanii strains.  

Meanwhile, the phylogenetic tree from the sequence analysis of the rpoB gene (Fig. 

2.7) provided a higher resolution among the strains and was able to reveal that the 

genetic diversity of the indigenous soybean rhizobial isolates varied geographically and 

is believed that this variation could be due to the temperature and soil pH. The high 

discriminatory power of the rpoB gene was already proven in several reports which 

merit its use for detecting genetic divergence (Vinuesa et al., 2008; Rivas et al., 2009; 

Degefu et al., 2013; Yan et al., 2014; Guimarães et al., 2015). Also, the existence of 

some Okinawa isolates (OAK7 and OAK11) in Nueva Ecija and Kumamoto groups 

indicated that the distribution of soybean rhizobia could be affected by the change in 

temperature and soil pH. It was previously stated that the occurrence of recombination 

events is affected by the physical proximity, genetic distance and environmental 

changes (Didelot and Maiden, 2010) and in this present report, it might be the 

differences in the temperature and soil pH. Thus, it was demonstrated that the rpoB 

gene is a useful genetic marker for the analysis of diversity and detection of potential 

endemic strains of soybean rhizobia in these three locations, particularly for B. elkanii.  

 

3. Genetic diversity of indigenous soybean rhizobia based from the symbiotic genes 
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In contrast with the ITS region and rpoB gene, the sequence analysis of nifD and 

nodD1 genes did not provide diversity among the isolates. The high nucleotide 

similarity (99–100%) observed between the isolates and B. elkanii strains for both nifD 

and nodD1 and its congruence with the 16S rRNA gene phylogeny might suggest that 

the evolution of symbiotic genes from the isolates of Kumamoto and Okinawa, Japan 

and Nueva Ecija, Philippines have progressed comparably with their conserved genes. 

Some previous studies (Minamisawa et al., 2002; Barcellos et al., 2007; Ling et al., 

2016) stated that the horizontal gene transfer do occur for symbiotic genes in rhizobial 

genera that commonly causes the conformity in the phylogenetic analyses. Although 

we cannot say that this is also the case with our results because we did not perform an 

experiment that will support this. However, our result is also similar with an earlier 

report (Risal et al., 2010) which stated the similarity of phylogenies obtained from the 

conserved 16S rRNA gene region and the symbiotic genes nifD and nodD1 for the 

Nepalese isolates. Thus, we suggest that the symbiotic genes nifD and nodD1 may not 

appropriately indicate a genetic diversity, particularly for B. elkanii. This idea is 

supported by a previous study which stated that even distinct rhizobial species can share 

similar symbiotic genes and it might be because they are located in an easily 

interchangeable elements like the symbiosis island (Ramirez-Bahena et al., 2009). 

Another plausible explanation for the similar phylogenies that we obtained from nifD 

and nodD1 genes might be due to the gene exchange and internal genetic 

rearrangements that could have occurred after the co-transfer of nod and nif genes as 

previously reported (Laguerre et al., 2001).  

On the contrary, the incongruent phylogenies of nifD and nodD1 with that of the 

rpoB gene is possibly due to the lateral gene transfer as previously observed (Martinez-

Romero and Caballero-Mellado, 1996; Laguerre et al., 2001; Tian et al., 2010). Hence, 
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there are cases wherein symbiotic genes, particularly nodulation genes, have 

independent phylogenies from other taxonomic markers such as chromosomal genes 

(Tian et al., 2010). In this study, we analyzed the nodD sequence as a representative 

gene of the common nod gene. The common nod genes which include the nod D, A, B, 

C are concerned with the construction of the based structure of Nod factor. The Nod 

factor is related with host specificity between the rhizobia and leguminous species, and 

not with the compatibility between the rhizobia and Rj-genotype varieties. The 

responsible gene in the bradyrhizobia for incompatibility with Rj-genotype soybean is 

not yet clarified with some candidate genes (Tsurumaru et al., 2008; Yasuda et al., 

2016). For the incompatibility with Rj2-genotype soybean, it was reported by 

Tsurumaru et al. (2008) that some bradyrhizobial mutants could break the 

incompatibility with Rj2-genotype, and the breaking genes were not common nod genes. 

Though the responsible gene for the incompatibility is not elucidated as of the moment, 

the gene may be important not only for the compatibility but also for genomic diversity.  

The nucleotide divergence from the sequence analysis of the Bradyrhizobium 

USDA strains and the selected isolates are presented in Figures 2. 10 – 2.13. 

 

4. Symbiotic performance of the indigenous soybean B. elkanii  

An important feature of a useful inoculant is its efficiency in symbiosis with the 

host. Here, we observed that most of the isolates have a broad range of host, which is a 

positive characteristic for a potential inoculant, particularly for the isolates from Nueva 

Ecija wherein 100% possessed this quality. The fact that the phylogeny of the nodD1 

did not show any differences among the isolates, it is deemed possible that this 

nodulation regulator protein had no or little correlation with the Rj genotypes although 

it might have influenced the broad host-range in some isolates.  
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In this study, there is no isolate which was host-specific that could be generally due 

to the role of nodD1 as a nodulation regulator. These isolates also showed different 

symbiotic efficiency, which were significantly different between the isolates within the 

same Rj genotype. Although this result was not indicated in the phylogeny of the nifD 

gene, it might be possible that the nifD gene had no direct or little relationship with the 

Rj genotypes. Nevertheless, it is worthy to note that some isolates from the Philippines 

(PBM1, PCM5, PHM1 and PHM4) and Southern Japan (HBO14, HBO16, OBO4, 

OAK11) maybe further studied for their potential as inoculant in relation to host-range 

and symbiotic efficiency.  

 

5. Genetic diversity and observation of some endemic rhizobia  

For more than a decade, our research group has already established that for the 

diversity studies on soybean rhizobia for temperate regions, the 16S-23S rRNA ITS 

region provided high diversity (Saeki et al., 2006, 2008, 2010; Shiro et al., 2013). 

However, for the subtropical and tropical regions, it is suggested that the rpoB gene 

should at least be included in addition to the ITS region as one of the molecular markers. 

Also, it is proposed that the following Bradyrhizobium USDA reference strains (B. 

japonicum USDA 4, 6
T
, 38, 122, 123, 124, 129, 135, B. diazoefficiens USDA 110 

T, B. 

elkanii USDA 31, 46, 76
T
, 94, and 130 and B. liaoningense USDA 3622

T
) be used in 

the analysis of the rpoB gene for soybean rhizobia. This study was able to distinguish 

that the ITS-rpoB type of B. elkanii isolates from Kumamoto and Okinawa, Japan and 

Nueva Ecija, Philippines were not 100% identical to the two closest reference strains, 

which were USDA 76
T and USDA46.  

In this study, the presence of possible endemic strains of B. elkanii that nodulate 

the soybean in Okinawa, Japan and Nueva Ecija, Philippines was observed and that the 
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genetic diversity of the isolates studied might have varied with the difference in 

temperature and similarity in soil pH as revealed by the sequence analysis of the rpoB 

gene. It is also observed that the symbiotic genes nifD and nodD1 were possibly not 

correlated with the compatibility of the Rj genotypes used in this study, although a more 

detailed analysis is recommended to confirm this statement.  

This study was able to provide the following significant results: 1), the production 

of the first phylogenetic tree of the Bradyrhizobium USDA reference strains for rpoB 

gene with specific serogroups; 2), pioneer study that reported the existence of different 

rpoB gene type from the ITS type within the same strain for B. elkanii; and last, the first 

study that detected and reported the presence of possible endemic soybean rhizobia in 

Nueva Ecija, Philippines and Okinawa, Japan. Furthermore, the strains that have 

possible broad range of host compatibility and could be considered as efficient 

microsymbionts of soybean were identified in the three locations that could be studied 

for their efficiency and effectiveness as suitable inoculants in the future. The 

information obtained in this research might help the inoculation strategy to be more 

successful particularly in Nueva Ecija, Philippines and Kumamoto, Japan since the 

indigenous soybean rhizobia have been identified. It is suggested that more locations 

should be considered particularly in the Philippines that could represent the whole 

country.  
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Figure 2.10. Alignment result of ITS region of Bradyrhizobium USDA strains. 
�
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Figure 2.10 (continued). Alignment result of ITS region of Bradyrhizobium USDA 
strains.�
�
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Figure 2.10 (continued). Alignment result of ITS region of Bradyrhizobium USDA 
strains. 
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Figure 2.11. Alignment result of ITS region of B. elkanii USDA strains and isolates. 

HBゆ14-IT5.fasta 1 tTAAGGAT6AτζζτTζAGATζAGζTζAζ6(TATζTATζGGATζGτT'IA.G.AM，ζATτζAG(j(j(jζζAA.CAGτTTCA(j(jAτTGTTG，AGCTζζA.TT(j(jζG(jGAI 100> 

Be76_ITS.seq 1 y:TAAuGATGATζζγT(AGATζAG仁TζAζGζTAτζTATζ66ATζGTTTTA_(j.AAACATTζAGGGG仁ζAA仁AGTTTζAG(jAτTGTTG_AGCTζζATT(jGζGGGAI 100> 

H8016-1τS. fasta 1 [TAA(j(jATGATζζττζAGATCAGζTζAζuCTAτ(TATζGGATCGTτァτAGAMζATτCAG(j(j(i((AACAGτττCA(j(jATTGTTG_AGCTζζATT(j(i(G(jGAI 100+ 
HB川021-1τS.fasta 1 [TAAG(jATCiATζζτT(A(iATCAGζTζAζGζτAτζTATζu(jATCGTTアTA_(j.AAACA TTζAG(j(j(jζζA.ACAG守TTCAGGATTGTTG_AGCTζζATT(j(jζGGGAI 100+ 
HFK2-ITS.fasta 1 tTAAGGATGAτζζτTζA(jAT仁AGζTζAζGCτAτζTATζGGATCGτTTTA.6.AAACA TTζA(i(iG(jζζAAζAG〒 TTζA(j(jATTGTTGAGCTζζATT(j6ζCi(jGAI 10⑩ 

HFK10-IτS. fasta 1 ITAAuGATGATζ仁TT仁AGATζAG仁TζAζGζTATCTATζ66ATζGTTTTA.G.AAA，ζATTζAGGGu仁ζAA仁AGTTTζA(j(jATTGTTGAGCTζζATTCiGζGGGAI 103 

KHF61Z-IτS. fasta 1 [TAA(j(j.A，TGATCCττζAGA，TCAG(TCAζGCTAτ(TA-τζu(iATCGTTアτA.GAAACATTCA(j(j(juζ(A.ACo¥(iTTTCA(j(jATTGTTGAGCTζCATT(j(jζ(j(j(jj除I 100 
OA7-ITS. fasta 1 [TAAuGATGATζζγT(AGAT仁AG仁TζAζ(iCTATζTATζGGATζGTTTTA_(j.AAACATTζAGG(jG仁ζAACAGTTTζAG(jAτ寸GTTG.AGCTζζATTGGζGGGAI 100> 

OAK11-1τS. fasta 1 tTAAGGATGAτζEττCAGATCAGCTCAζGCTAτEγAτζGGATCGττァTA.GAAACATτCAGGGuζζAACAuτTTCAGuATTGTTu.AGCTζζATTuu(GGバGAI 100+ 
PζM3-ITS.fostQ 1 [TAAGGATGATζ仁了T仁AGATζAG仁TζAζGCTAτ(TATζGGATζGTTγTA.GAAAζATTζAGGGGCCAA仁AGTTTζAGGATTGTTG.AGCTζζATTGG仁GGGAI 100' 
PtlM4-ITS.fasta 1 [TAA(juATGATζEτTζAGATCAGζTCACuCτAτCTA-了ζG(iATCGTτ?τA.GAAA(ATTCAGGGuC(AACAG""TT(AG(iAτTGTT(i.A(iCTζCATTuGζu(iGAI 100+ 
PζN5-ITS.fostQ 1 tTAAGGATGA'τζζγT仁AGAT仁AGCTζAζu(TAτ(TATζGGATζGTτTTA.GAAAζATTζAuGGu仁ζAACAGITTζAuGAτTGTTG.AGCTζζATTGGζGGGAI 100> 

OAK10-ITS. fasta 1 tTAA(juATGAτζζτTζAGATCAGCTCAζuCTAτCTA-τζG(iATCGTT;TA.GAAA(ATτCAGGGuCCAACAGTTTCAG(iAτTGτTG.AGCTC(ATTuGζGGバGAI 100+ 
OB唱4-ITS.fostQ 1 [TAAGGATGATζ仁了TζAGATζAGCTζAζuCTAT(TAτζGGATζGTTγTA.GAAAζATTζAGGGuζζAA仁AGTTTCAGuATTGTTG.AGCTζζATTGGζGGGAI 10⑩ 
OFK6-ITS.fasta 1 [TAAuuATGATζζτTζACiATCAGC了ζAζGCτAτCTA.了CG(iATζGTτ?τA.uAAACATTCACiGCiuCζAACAG""TT(ACiuATTCiTTCi.ACiCTC(ATTGGCCi(jG食I 100 

OFK8-ITS.fostQ 1 tTAAuGATGATζ仁了T仁AGATζAG仁TζAζGCTAτCTATζuGATζGTTTTA.GAAAζATTζAGGGuζζAA仁AGTTTζAGGATTGTTG.AGCTζζATTCiG仁GGGAI 100> 

OFK9-ITS.fasta 1 tTAA(juATGATζEτTζAGATCAGζTCACuCTAτCTATζG(iATCGTτ?τA.GAAACATTCAGGGuCCAACAG""TTCAG(iAτTG了T(i.AGCTC(ATTuGCuGバGAI 100+ 
Be31_ITS.seq 1 r:TAAGGATGATζζ了TζAGATζAGζTζAζGCτATζTATζGuATζGTTTTA.GAAAζATTζAGGGuζζAA仁AGITTCAGuATTGTTG.AGCTζζATTCiGζGGGAI 10⑩ 

Be130_Iτ5 . seq 1 r:T AAuCiATCiATζζτTζACiATCAG(了ζAζGζτAτζTATCG(iATζGTTアTA.uAAACATT仁AuGGuζζAACACi守TT(ACiuAτTG了TG.AuCTζCATTCiGζGGGAI 100+ 
PBNI-ITS.fostQ 1 tTAAuGATGATζ仁TT仁AGATζAGCTζAζGCτATCTAτζuGATζGTTTTA.GAAAζATTζAGGGuζζAA仁AGTTTCAGuATTGTTG.AGCTζζATTCiGζGGGAI 100> 

PBN3-ITS.fasta 1 I:TAA(iCiATGATζζτTCACiATCAGCTCAζGCτAτζTATCG(iATCGTτ?τACiAAACATTCACiCiCiuCCAACAG守TTCACiuAτTCiTTCi.ACiCTCCATTGGCGG川E負1 100 

PHM1-ITS.fasta 1 l:T.AAuGATGAτζετTζAGAT仁AGζTζAζGCτATζTAT仁GGATζGTTTTA.G.AAAζATTζAGGGuζζAA.CAGTTTCAGuAτTGTTG.AGCTζζATTGGζGGGAI 10⑩ 

Be61_ITS.seq 1 r:r.AAuGATGATζζγTCAGATC_AG仁TζAζGCTATζTATζGGATζGTTTTAG.AAAζATTζAGGGu仁ζAA.CAGTTTζAGGAτTGTTG.AGCTζζATTGGζGGGAI 100+ 
Be46_ITS.seq 1 r:TAA.uGATGAT仁仁了TζAGATζ_AGCTζAζGζτATζTATζGGATζGTTTTA.G.AAAζATTζAGGGuζζAA仁AGTTTCAGuATTGTTG.AGCTζζATTGGζGGG.AI 100+ 
Be94_ITS.seq 1 J:T.AAuGATGATCCτTζAGAT仁AGζT仁AζGζτAτζ了ATζGGATζGTTTTAG.AAAζATTζAGGCiuζζAAζAG守TTζAGuATTCiTTCi.ACiCTζ仁ATTGGζGGGAI 100+ 

HBゆ14-1τS.fasta 101 D守.CuCC亙TCTTCGTTTCTCTT手 CTTCGCGG肩((i瓦瓦E瓦CGCGCC瓦町(i(i(iC1"(i瓦GCGCTGTGCuGTGC瓦{:<:-G孟CT瓦瓦uCGT(GCGTGCGCGどc(i(i直瓦1"61'<:1 200' 
Be76_ITS.seq 101 (rTT仁GCζGT仁了TζGTTT仁T仁τTTζTTζG仁GGAζGAACAζGCGζ仁AGGGGCτGAG仁G仁TGTGCuGTGζA.CこζGACTAltGCGTζGζGτG仁GCG仁仁GGCAT<iτq 200 

HB刊016-1τS.fasta 101 II'TTζGζ仁GT仁了TCuT了TζTCτTγζTTζG仁GGA(GAAζAζGCG仁ζAGGGGCτGAGζGζTGTGCuGTGζA.仁仁GACTAltuCGTζGCGτG仁GCGζ仁GG仁ATGτ(1 200+ 
HB021-ITS. fasta 101 Ir了τζGCζGTCτTζGT了TζTCττアζTTζ6ζGGAζGAACAζG(CiCCAGGGG(TGAGCGζTGTGCuGTGCACCGACTAltuCG'了ζGζGTuCG(GCCGG仁ATGτーI 200+ 
HFK2-ITS.fosta 101 IrTTCuζ仁GTCTTCuTTTζTCTTTCTTζGCGGAζGAAζACGCGζζAGGGGζτGAGCGCTGTGζuGTGζA.CζGACTAltuCGTζG仁GτuCGCGζCGG仁ATGTCI 200' 
HFK10-ITS. fasta 101町TT仁GζζGT仁了TCum CT仁τTTζTT仁G仁GGAζGAACAζGCG仁仁AGGGGCτGAGζGCTGTGCuGTG仁A.CζGAζTAltuCGTζGζGTGζGCG仁仁GG(ATGTCI 20⑩ 

KHF612-1τS. fasta 101 IrTTCuζζGT仁TTCuTTTζTCTTTCTT仁G仁GGA(GAAζA仁GCGζζAGGGGCτGAG仁GCTGTGCuGTGζA.CζGACTAltuCGTζG仁GτGCGCGζCGG仁ATGTCI 200+ 
OA7-ITS. fasta 101 s'TτCGCζGTCτTζGTTTζτcτTヤ ζTTCGCGGAζGAACAζG(GCCAGGGG(τG具GCGζτGTGCuGTGCACCGACTAltuCG-了ζGCGτGCGCGζCGGCATGTCI 200 

OAK11-IτS. fasta 101 IrTTCuζζGTCTTCuTTTζTCTTTCTTζGCGGAζGAAζA仁GCGζCAGGGGCτGAGCGCTGTGζuGTGζAζζGACTAltuCGTζGCGτuCGCGζζGGCATGTCI 200' 
PCM3-ITS.fasta 101町了τ仁GCCGTC了TCGτ了TζTcnτζTTCGζ(jG"CGAACAζG(GCCAGGGG(τGAGCGζTGTGCuGτGCACC(iACTAltu(GTζGζGTGζGCGζ仁GGCAτGτーI 200+ 
PHM4-ITS.fosta 101 IrTTCuζ仁GT仁TTCuTTTζTCTTT仁TTζGCGGACGAAζACGCGζζAGGGGCτGAGCGCTGTGCuGTGζA.CζGACTAltuCGTζGζστuCGCGζ仁GGCATGTCI 200+ 
PCM5-ITS.fasta 101 s'TτCGζζGTCTTζGT了TCτEτrζTTCGζGGAζGAACACG(GCCAG(iGG(τGAGζGCTGTGCuGTGCACζGACTAltuCGTζGCGTuζGCGCC6GCATGτCI 200 

OAK10-ITS. fasta 101 IrTTCuζζGT仁TTCuTTTζTCτTγ.CTTζG仁GGAζGAA仁A仁GCGζ仁AGGGGζτGAG仁6CTGTGCuGTG仁A.CこζGACTAltuCGTζGCGτG仁GCG仁仁GGCATGτCI 200' 
OB心4-ITS.fasto 101町Tτ仁GCζGTCTTζGτTTζTCττず CTTC(iCGG"ζGAACAC(iC(iCCAGGGGCτGAGCGζTGTGCGGτGCA:ζζGACTAAGCGTζGCGτGCGCGCCGGCATGTCI 200 

OFK6-ITS.fastQ 101 m cuζζGTCTTCuTTTζTUTTCTTζGCGGAζGAAζAC(iC(iζCA6GGG(τGAGCGCTGTG((jGTG仁ACζGACTAAuCGTζGCστGCG((j(((j(iCATστζI 203 

OFK8-ITS.fasta 101 1fTτ((jCCGTCTTζGT了TζTCτTγCTTCGCGGAζGAACAζG((jCCA(jCiGGCτGACi(GζTGTCiC(j(jTGCACCuACTA食(j(GTζGCGTGC(iC(iC(GGCATGτCI 200 

OFK9-ITS. fastQ 101 IrTTCGζζGT仁TTCuTTT仁T仁TTTζTTζG仁GGAζGAAζAζGCGζ仁AGGGGCTGAG仁G仁TGTGCuGTGζAζ(GACTAltu((iTζGζGTG仁GCG仁((i(jCAT(iτ(1 200> 
Be31_ITS.seq 101 JlTτCGCζCiTCTT((jTTTCTCττ~C了Tζ6ζGGAζ(iAA(A((i((iCCA(jG(jGCT(iA(iζGζTGTG(ú(jτ(jCACζúACTAAúCGTζ(j((jTúζG(GCC(i(j(ATGτq 20⑫ 

Be130_ITS. seq 101 (rTTC(iζCGT仁了TCuTTTζTCτTTCTTζG仁GGAζGAA仁A仁GCGζCA(j(j(i(j(τGAG仁GCTGTGCuGTGζA.CこζGACTAIt(j((jTζGCGτG仁GCG仁仁(j(jCATGTq 203 
PBNI-ITS.fasta 101 II'TTζGCζGTCTTζGTTTζTCτTγζ了T((j((j(jAζGAACAζ(i((iCCAG(i(j(i(τ(iAGCGCTGTGCu(jTG(AC(CiACTAAG(GTζGζGτGζGCGζCGCiCATGτ(1 200+ 

PBM3-ITS.fasta 101 lrTτ仁G仁ζGT仁了TCuTTTζT仁TTτζTTζG仁GGAζGAACAζGCG仁仁AG(jGGCτGAGζGCTGT(j((j(jTG仁A.CζGACTAIt(j((jTζGζGTGζGCG仁仁6心仁ATGτ(1 203 
PHMI-ITS.fasta 101 rrrrCu(CGTCTTζGTTTCτcτT';C了TζGCGGAζGAACACG(GCCAG6GGCτGA6CGCTGTG(u(iτGCACζ6ACTAAu(GTζGCGTuCGCGCCG6CATGτCI 200 

Be61_ITS.seq 101 lrTτεGζζGT仁了TζGTTTζT仁τTTζTTζG仁GGAζGAAζAζGCGζ仁AGGGGCτGAG仁GCTGTGCuGTGζA.CこCG'‘.CTAAN=GT仁GζGτG仁GCG仁仁GGCATGτq 203 

Be46_ITS.seq 101 (rTTζGζ仁GTζTTCuTITζTCτTT仁TTζG仁GGACGAAζAζGCG仁ζAGGGGCTGAGζGζTGTGCG(iTGCACζGACTAA_N:GTCGζGτG仁GCGζζGGCATGTq 203 

Be94_ITS.seq 101 lrTT仁6ζζGTC了TζGTTTζτEτTアζTTζ6ζGGAζGAACAζG(GCCAGGGGCτG具GζGζTGTGCúGTúCACζGACTFζAG~TCG~τGζGCG仁仁GGCATGτCI 203 

HB心14-ITS.fcsta 201町"Cτ仁uTGTTAGGGGCTTGTAGζーζAGττGGτTAGAGζGζGCGζTTGATAAG仁GTuAGG了仁GGAA.GTT仁AAGTζTτζ仁CAGGCζζAζζATTτTGA-τζGA必TI 30⑩ 

Be76_ITS.seq 201 IfCTζGτGTTAGGGGC了TGTAGζT仁AGTτGGTTAGAGCGCGCG仁TTGATAAGCGTGAGGTζGGAAGTTC，u6TCTτ仁仁CAGGCζζAζCATTTTGATζGAGTI 303 

HB016-ITS. fcsta 201 ζτζúTúTTAGGGúCTTGTAG仁~CA.GττGGTτAúAGCGCG(GCTTGATAAGCúTúAGúTζGGAAGTτC，uúTCTτζ(CAGGCζζACCATττTGAτζGAGTI 300 
HB川021-ITS.fcsta 201 rrCTζGτGTTAGGGGCTTGTAuζ守"CA.GττGGTTA(jAGC(jC(iCG仁TTGATAAGCGTuAGGTζu(jAAGTTC，u6TζTτζζCAGGCζζACCATTTTGATζGAGTI 303 

HFK2-ITS.fasta 201町"CτζGτGTTAGGGuCTTGTAGζτζA.GTIuuTTAGAG(G(G(GζTTGATAAG(uτuAGuTζGGAA.GTTC，uuTCTτζ仁CAGGCζζA仁CATTττGATζGA必TI 303 

HFK10-ITS. fasta 201 IrCTCGHiTU GGGGCTTGU GCTCA且TτuGITAGAGCGCGCGCITGU AAGCuTuAGGTCGGAAGTTCAAGTCTTCCCAGGCCCACCATTTTGATCGAGTI 300 
KHF612-IτS. fasta 201 (rCTζGτGTTAGGGGCTTuTAuζ守ζAGTτGGTTAGAGC(jC(iCG仁TTGATAAGζGTuAGGTζG(jAAGTTCAA6TCTτζζCAGGCζ仁ACCA了m GATζ(jAGTI 303 

OA7-lT5. fasto 201 rrCTCGTGTTAGGGGC了TGTAuζγ"C.A.GττGGTTAGAGCGCGCGζTTGATAAG仁GTuAGGTζGGAAGTT仁AAGTCTτζ仁ζAGGCζζAζ仁ATTTTGAτζGAGTI 300' 

OAK.l1-IτS. fcsta 201 rrCTζGτ6ヨTAGG(jGCTTGTAGC守CA.GTτGGTTA(jA(iC(iC(iCGCTTGATAAGC(jτuAGuTζGGAAGττCAAG円rCTτζζCAGGCζζACCA.TττTGA了ζGAGTI 300+ 
P仁]O-ITS.fasta 201町.CτζGTGTTAGGGGITTGTA.G仁TζAGττGGτTAGAGCGCG(GζTTGAτAAG仁GTG.A(iGTζG(iAA.GTτ仁AAGT仁Tτζζ(AG(iCζζAζCATTτTGAτζGA必TI 30⑮ 

PHM4-ITS.fasta 201 IfCτζGτGTTAGGG(iITTGTA.Gζγ仁AGTτGGTTAGAG(G(G(G仁TTGATAAG(GTGAGGTζGGAA.GTTCAAGTITT仁仁ζAGGCζζAζCA.TTTTGATζuAGTI 300+ 
P仁~M5- ITS.fasta 201 ζτζGTGτTAGGGGITTGTAG仁TζAGTτuGTTAGAGζG(G(GζTTGATAAG仁GτG.AGGT仁GGAA.GTτ仁AAGTCTτζ仁ζAGGCζζAζCATTτTGAτζGA必TI 300' 
OAK19-1τS. fasta 201 IfCτζGτ6ヨTAGGGGITTGTAGζ守'(AGττuGTTAGAGCG(G(G仁TTGATAAGζuTuAGGTζGGAA.GTTCAA6TζTτζζ(AGGCζζACCA.TTTTGA了ζGAGTI 300+ 

OBゆ4-1TS.fasta 201町.CτζGTGTTAGGGGC丁TGTA.GζτζAGττGGτTAGAGζGCGζGζTTGAτAAG仁GTGA(iGTζGGAA.GTτ仁AAGτ仁TTζ仁(AGGCζζA仁CATττTGAτζGA必TI 300+ 
OFK6-ITS.fasta 201 IfCτ(6TG四TAGGGGITTGTAGζτ仁.A.GTτuGTTAGAG仁G(G(G仁TTGATAAG(uTuAGGTζGGAAσTT(AA6TCTτζ仁ζAGGCζζAζCA.TTTTGATζuAGTI 300+ 
OFK8-ITS.fasta 201 IfCτ仁GTGTTAGGGGITT(iTAG仁TζA.GTTuGTTAGAG((iζGCGζTTGATAAG仁Gτu.A(iGTζ(j(iAA.GTτ仁AAGTCTτζ仁CAG(iCζζAζ仁.A.TTTTG..o¥'τζGA必TI 300+ 
OFK9-ITS.fasta 201 ζτζGτGτTAGGGGC了TGTAGζγ'(.A.GTτuGTTAGAG(G(G(G仁TTGATAAG(uTuAGGTζ(jGAA.GTTCAAGTCTτζζζAGGCζζACCA了TTTGATζuAGTI 300+ 
Be31_ITS.seq 201 frCTζGTGτTAGG(i(jITTGTAG仁τζAGTτGGTτAGAGCGCG(GCTTG..o¥TAAGCGTGAGGTζGGAA.GTTCAAGTm ζCCAGGCζζACCA.TττTGAτζGA必可 30⑩ 

Be139 1τS. seq 201 IrTτε6TG"τTAGGGGC了TGTA.GζT仁AGTτuGTTAGAG仁G(G(GζTTGATAAG仁uTuA.GGTζGGAA.GTT仁AA6TCTτζ仁ζAGGC(ζAζCA.TTTTGAτζuAGTI 300+ 
PBMI-ITS.fasta 201 IfCτ仁GTGTTAGGGGITTGTAGζアζAGTτGGTTAGAGζGζGζGζTTG.ATAAG仁GTGA(iGT仁GGAA.GTτ仁AAGTm ζ仁(AG(iCζζAζζATτTTG..o¥TζGA必TI 30⑩ 

PBM3-ITS.fasta 201 IfCτCGτGτTAGGGGm GTAGζT(.A.GTτuGTTAGAG(G(G(G仁TTGATAAG(uTuAGGTζGGAAσTT(AA6TCTτζ仁ζAGGCζζAζCA.TTTTGATζuAGTI 300+ 
PHM1守 ITS.fasta 201 IfCτCGτ6芯TAGGGGITTGTAGC"'CAGTTGGτT.e.GAGCGCG(GCTTG.AτAAGCGTGAGGTζGGM.GTτCAAGTCTτζCCAGGCζCACCATTτTG..o¥TζGAGTI 300 

Be61_ITS.seq 201 (rCT(GTGぽTAGGGGC了TGTA.G仁T仁AGττuGTTAGAG(G(G(GζTTG.ATAAG仁uTu免GGTζG(iAA.GTT仁AA6TCTτζζζAGGCζζAζCA.TTTTGAτζuAGTI 300+ 
Be46_ITS.seq 201 ζτζGTGτTAGGGGITTGTAG仁TCA.GττGGTT.e.GAGCGCGζGCTTG.ATAAGCGTGAGGTζGGM.GTτCAAGTm ζCCAGGCζζACCA.TτττGATζGA同GTI 300 

Be94_ITS.seq 201 (rCτεGTGTTAGGGGC了TGTAGζT(.A.GTτuGTTAGAG仁G(G(GζTTG.ATAAG仁uTuA.GGTζGGAA.GTT仁AAGTCTτζ仁ζAGGC(ζAζCA.TTTTGAτζuAGTI 300' 

HBゆ14-lTS. fasta 301 [j仁GGA(jζATTζGTζTTζT(jGτA(G(jGG((AτAGζTζAGCTGGGA忌AGζGCGτu(ITTGζ，MGCA.TGAuGTζGTCGGTT仁GATζζ仁GτζTGG仁TCεA((A必 400

Be76_ITS.seq 301 JjCGG貝G(ATT(GTCTTζTGGτAζGuuuCCATAuCTCAuCTuuGA.GAGζuCGTGCTTτG(，MGCATGAGGTζGT((jGττCGAT(CCGτCTG(jCTCCACCAGI 400+ 
HB016-1TS. fasta 301 ti仁GGAG仁ATTζGTζTTCTGGτAζ(j(j(jG仁(ATAG(TζAGCTGGGAu.A(j仁GCGτuCITTGζ，MGCA.TGAuGT(GT(GGTT(uATζζ仁Gτ'(TGGCTζCAζζAG! 400' 

HB川021-1τ5.fasta 301 tJCG(iAGCATTCG守CTTCTG(i-τACGGGGCCAτAGCTCAGCT6GGA.uAGζGCGτ6CITTGCA.AGCATGAG心TζGTCGGTτC6ATζCCGτCTG(iCTCCA川CCAGI 400+ 
HFK2-IT5.fasta 301 tJ仁GGAGζATTζGTζTTCTGGτA仁GGGGC仁AτAGζTCAGCTGGGA忌AGζGCGτGCτTTGζA.AGCATGAG同GTζGTCGGTτζGATζζ仁GτζTGG仁T仁仁ACCAGI 400+ 
HFK10-1τ5. fasta 301 JjCGGAGCATTCGTCT了(TGG1ACGGGG((AτAGCTζAGCTGGGA_uAGζGCGTuCITTGCA.AGCATGAGGTζGTCGGTτζGATCC(uτCTGGCTC(ACCAGI 40⑫ 

K.HF612-1τ5. fasta 301 Jj仁GGAGζATTζGT仁TTζTGGτACGGGGCCAτAGCTζAGCTGGGAuAGζG仁GτGCITTGζA.AuCATGAGGTCGTCGGTT仁GATζζ仁GτζTGG仁TCCAC仁AG! 400' 
OA7-IT5.fasta 301 tJζG(iAGCATTζGTCTTζTGGτAζGGGGζζAτAGCTζAGCTGGGAuAG仁GCGτuCITTGCA.AuCATuAG同，TζGTζGGTTζGATζζCGτζTuCiCTCCA川CCAGI 400+ 
OAKI1-IT5. fasta 301 tJ仁GCiAGζATTζGTζτ丁ζTGGτAζGGCiG仁仁AτAG(TζAGCTGGGA忌AGζGCGτGCτTτGCA.AGCATGAGGT(GTζGGτTζGATζζζGτζTGG仁TζζA((AGI 40⑩ 

P(M3-IT5.fasta 301 JjCGCiAG(ATTζGTCTTCTGG-τACGGGGCCAτAG(TCAGCT6GGA.uAGζGCGTuCITTGCA.AGCATGAGGTζGTCGGTτCGATζCCGTζTGGCTCCA川CCAGj 40⑫ 

PHM4-IT5.fasta 301 Jj仁GGAGζATTζGTζTTζTGGτA仁GGGG(仁AτAGζTζAGCTGGGAuAGζGCGτGCτTTGCA.AGCATGAGGTζGT(GGTτζGAT仁仁仁GτζTGG仁Tζ(A((AG! 4-00' 
Pζ:MS-ITS.fasta 301 tJζGGAG(ATTζGTζTTζTGCi.τACGGGGC(ATAG(TζAGCTGGGAGAG仁GCGτuCITTGζA.AGCATGAuGT(GTζGGTT仁GATζζ仁Gτ"CTGGCT仁仁Aζ(AGI 400+ 

OAK10-IT5. fasta 301 tJCGGAGCATTζGTζT了ζTGGτAζGGGGCCAτAGCγζAGCTGGGA(jAGζGCGTGCTTτGCA.AGCAτGAG同GTCGTCGGTτζGAτζ〈ζGτζTGGCTζ(A(CAGI 40⑥ 
OB04-IT5.fasta 301 JjζGCiAGCATTζGTCTTCTGG.τAζGGGGζCAτAGCTζAGCTGGGAuAG仁GCGτuCITTGCA.AGCATGAGGTζGTζGGTτζGATζζCGτζTGCiCTCCA川CCAGI 400+ 

OFK6-1TS.fasta 301恒仁GGAGζATTζGT仁TTζTGGτA仁GGGG仁仁AτAG仁了ζAGCTGGGAGAGζGCGτuCITTGCA.AGCATGAGGT(GTζGGTτζGATζζζGτζTGG仁TζζA((AG! 4-0⑩ 
OFK8-ITS.fastQ 301 恒仁GGAG仁ATTCGTζTTCTGGτAζGGGG(CATAG(TζAGCTGGGA盆AG仁GCGτuCTTTG仁A.AGCATGAuGTCGTζGGTT仁uATCζ仁Gτ仁TGGCTζCAζCAGI 400' 

OFK9守1T5.fasta 301 IJCGGAGCATTCGTCTTζTGGτAζGGGGCCATAGCTCAGCTGGGA息AGCGCGτGCTTτGCA.AGCATGAuGTζGTCGGττCGATζζCGτCTuGCTC(A(CAG! 40⑫ 
Be31_ITS.seq 301 JjζGCiAGCATTζGTζTTCTGG.τACGGGGCζATAG(TCAGCTGGGA.GAG仁GCGτu(ITTGCA.AGCATGAGGTCGTζGGTT仁GATζζ仁GτζTGGCT仁仁AバC(AGI 400+ 

Be130_IT5. seq 301 Jj仁uGAGζATTζGτζT了ζTGGτAζGGGGζζAτAGCTζAGCTGGGA(jAGζGCGτGCTγτGCA.AGCAτGAuGTCGTζGGTτζGATζζζGτζTGGCT((A(CAGI 40⑩ 

PBNI-ITS.fasta 301 IJ仁GGAGζATTζGTζTTζTGGτAζGGGG((ATAGCTζAGCTGGGA.GAG仁GζGτGCTTTGζA.AGCATGAuGTζGTζGGTTζGAT仁ζ仁GτCTGGCTζCAζ(AG! 400' 

PBM3-1T5.fasta 301 IJCGGAGCATTCGTCTTCTGGτACGGGGCCAτAGCT(AGCTGGGA_uAGζGCGTGCITTGCA.AGCATGAGGTζGTCGGTTζGATCC(GτζTGGCTC(A(CAG! 40⑫ 
PHMI-ITS.fastQ 301 IiζGGAG仁ATTζGTζTTCTGG.τAζGGGG((ATAGCTζAGCTGGGA.uAG仁GCGτuCITTuCAAuCATuAuGTCGTζGGTT仁GATζζ仁Gτ仁TuuCTζ仁A(CAGI 4-00> 
Be61_ITS.seq 301 JjCGG奥GCATICGTCTIζTGGτAζGGGGCCATAGCTζAGCTGGGA.GAuCGCuτGCTTτGCAAGCATGAGGTζGTCGGττCuATζζCGτEτGGCTCCACCAGI 4-00> 
Be46_ITS.seq 301 Jj仁GGAG仁ATTζGTζTTζTGGτAζGGGG仁CATAGCTζAGCTGGGA.uAG仁GζGτGCTTTGζAAuCATuAuGTCuTCuGTTCuATζζ仁Gτ"CTuGCTζCAζ仁AGI 4-00' 
Be94_ITS.seq 301 JlCGGAGCATTCuTCTTCTGG"τACGGGGζCAτAGCTζAGCTGGGA.u.AGζGCGTucm GCAAGCATGAGGTζGTCuGTTCuATζζζGτCTGGCTC(A(CA4GI 4-00> 
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Figure 2.11 (continued). Alignment result of ITS region of B. elkanii USDA strains 
and isolates. 
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E仁AζζAAζuuCJ--[lTTAζζGTζGT仁仁ゐζGJlAAζAT仁Aζn 仁GζAζIζAT-CiCiTζ仁CiCiATCiCiA仁CiCiHiACCiTCi(GT<JTTTIζTGAζAT1 494 

-ー町CAζCAACúGCトー~TτACζGTCGTCCGζG.AAACAT仁AζTτCGCACTCATマGGTζζGGATGGACGGτG良川CGTGζGTGn庁τEτGA仁AT1 494 
一一胃仁Aζ仁AAζuuCJ--[lττACζGTζGτζζGζG.AAACATζAζTT仁GζACTζAτγGGT仁仁GGATGGACGGTuA同[GTGζσTGT寸TτετGA仁A司 494 

F仁AζCAA仁uGCJ--[lτTAζζGTζGTζ仁冶ζGJlAA仁AT仁AζTT仁GζAζTζAττGGTζ仁GGAτGGACGGTuA同[GTGCGT<JTTTτζTuACA司 494 

--宵"CAζCAACGGC~ -~ττACζGTてGτCCGζG.AAACATCAζTTζGCACTCAττGGT仁CGGATGGACGGTGA川(Gτ"GCGTGTτTTζτGAζAT1 494 

-ー宵E ‘CCAACGGてト ー~TTACCGT正GTCCGCHAACATCACTTCGCACTCATγGGTCCGGATGGACGGTGA正GTGCGTGTTTτCTGACAn 494 
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回CACCAACGGCトーEτTACζGTCGTCCGζGA.AACATCACTTCGCACTCATTGGTCCGGATGGACGGTGAζGTGCGTG引円τCTuACA
-一宮CAζζAA日 GCトーEτTACζGTζGτζ日 ζG.AAACATCAζTTCGζAζTCAτγGσTζ仁GGATGGACGGTG.AζGTGCGTGn円τετGACA

官ζAζ仁AACuGζトーEτTACζGTζGTζ仁GζG.AAACATζAζTTζ6ζACTζATτGGTζζGGAτGGAζGGTGAζGτ6仁GTGn円τετGAζA

官CAζCAACGGζ~ -~τTACζGT(GTCCGζG.AAACATCAζTTCGCACTCAT-GGTζCGGATGGACGGTGAζCiTGCGTGTTTτCTúACA
一-..ζAζ仁AA仁GGCトーEτTAζζGTζGTC仁GζGJlAAζATζAζTτζGζACTζAττGGTζζGGATGGAζGGTuAζGTG仁GTGTTTτζTGAζA
-ー宵CAC仁AACGG砕-~τTACCGTCGTC日ζG.AAACATCAζTTζGCACTCATTGGTζζGGATGGACGGTG.A臼τGCGTGn円τEτúACA

官CAζ仁AAζGGζ~ -~τTACζGTζGτζCGζG.AAACATCAζTTζGCACTCAτ-CiCiTζζCiGATGGACGGTCi.AζCiTGCGTGT了TτζTúACA

--..ζAζ仁AACuG(トーEττAζζCiT(GTζζGζGJlAAζATζAζTτζGζAζTζATTCiGTζζGGAτGGAζGGTG.AζGτG仁GTGmτζτGAζA

--IfCAζCAAζGGCトーEττACζGT(GTCCGζGAAACATCAζTTCGζACTCAττCiGTCCGGATGGACGGTCiACCiTGCGTGTTTτEτuACA
官ζAζζAAζGG仁~ -~τTACζGTζGτζζGζG.AAACATζAζTT仁GζAζTζAT守GGT仁仁GGATGGACGGTúAζGTGζGTGTTTτζTGA仁A

--"CAC仁AA仁GGC~ -~ττACζGTζGTCCGζG.AAACATCACTτζGCACTCATTG町CCGGAτG曲目GTCi.A臼τGCGT<in円τ口GACA
-一宵CAζ仁AACGGC" -~τTACζGTζGτEζGζG.AAACATCAζTTζGCACTCAT守GGTζζGGATGGAζGGTCiACCiTGCGTGTTTτEτGAζA

宮ζAζ仁AAζGGζトーEττAζζCiT(GTζζGζGJlAAζATζAζTTζGζAζTζAτTCiGTζζGGATGGAζGGTG.AζGτGζGTGn円τζTGAζA

--IrCAζCAACGGCトーEττACζGTCGTCCGζG.AAACATCAζTτCGCACTCAT-GGTCζGGATGGACGGTG.AζGτGCGTGn庁τEτuACA
-一胃仁Aζ仁AAζGGCトーEτTACζGTζGτζζGζG.AAACATζAζTT仁GζAζTζAτγGGT仁仁GGATGGACGGTCiAζGTGζσTGTTTτζτGA仁A

宮ζAζ仁AAζGGζトーEττAζζGTζGTζζGζGJlAAζATζAζTTζGζACTζATTGGTζζGGATGGA仁GGτGAζGτ6仁GTGTITTζτGAζA

冒CAζζAACGCiζ~ -~ττACζGTζGτEζGζG.AAACATCAζTTζGCACTCAT守CiGTCCGGATGGACGGTCiAζCiTGCGTGTTTτζτGACA

GAJト一一胃仁AζCAAζuGO--[]TTAζζσTζGτζζGζGJlAA仁ATζAζTT仁GζAζT仁ATγGGTζ仁GGATGGACGGTGAζGTGζGTGTTTτζTGAζA

GAAGctdl訂b民主主IrcbTτF凶ÛCGTCCGζG.AAACATCAζπCGCACTCAT~GGTCCGGAτGGA同町GAli'tTGCGTG門川口抽臼

495 [GTAAAGAGGAGATζGATζζGAGTTτGGATζAAGζGAAGζAAτiCGJlITG.AA.ζζATTζAτTAτζTζ仁GGGAT仁AτTTζ(iGCGζτεG仁GCAT仁G仁氏GTTζ

495 [GTAAAG魚川GGAGATζGATCC(iAGTTτGGATCAAGCGAAGζAATTCGn:TGAACC~‘ITCATτAτζTζ仁GGGATCATTτζGGζGCτCGCGCATCGCAGττE

495 [GTAAAGAGGAGAτζGATζζGAGTTTGGATCAAGζGAAGζAAITCGDt:TG.AA.ζ仁ATTζATTATCTζζGGGATζATTτζGGCGζT仁GCGCAT仁GCAGTT仁
495 [GTAAAGAGGAGATCGATCζGAGτTτGGATCAAGζGAAGζAAτTζGnt:TG.AA.CCATγζATTAγζTζ仁GGGATCAn阿仁GGCGζ了仁GζGCAT仁GCAGTτζ
495 [CiTAAAu.AGGAGATCGATCζGAGTTTGGATCAA.GCGAAGζAATT仁GnTG.AA.CCATT(ATTATCTζζGGGATCAn庁ζGGCGζTζG仁GCAT仁GCAG了TC
495 [GTAAAGAGGAGATζOATζζOAGTTτGGAT仁AAO仁OAAGζAATTCGDt:TG.AA.ζ仁ATIζATTATCTζζuGGATζAn庁仁uuCGζT仁GCGCAT仁GCAGTT仁
495 [GTAAAGAGG.AGATζuATCζGAGτTτGGAτCAA(iCGAAGζAATTCGnt::TG.AA.CCAτiCATτAγζTζ仁GGGATCA肘内ζGGζGCTCGCGCATCGCAGTTC
495 [GTAAAuAGGAGAτζGATζζGAGTTTGGATCAA.GζGAAGCAA TTC GPJ:TG.AAζCATTCATTAT仁TζζGGGATζATTτζGGCG仁TCGCGC.ATζGζAGTTC

495 [GTAA同AGGAGATCúATCζGAGτTτGGATCAAGCGAAGζAATIζGDJ::TG負.ACC~‘TIζATTAτCTζζGGGATCAn阿仁GG仁GζτCGζGCAT仁GCAGTTζ

495 [GTAAAG魚川GGA川崎 τCuATCζGAGτTτGGATCAAGCGAAGζAAτTCGDJ:TGAACCAτiCATτ，日ζ了ζζGGGATCAn庁ζGGCGCτてGCGC.ATCGCAGTτE

495 [GTAAAu.AGGAGATζOATζζOAGTTτGGAT仁AAO仁OAAGζAATTCGDI:TG.AAζ仁ATIζATTA'τζ丁ζζGGGATζAn庁仁uGCG仁TCGCG仁AT仁GCAGTTC
495 [GTAAAu.AGG.AGATCuATCζGAGTTτGGATCAAGCGAAGζAATTCGDl:TG.AA.CCAITCATτA"'CTCζGGGATCAn内ζGGζGCτCGCGCATCGCAGTτE
495 [GTAAAu.AGGAGAτζGATζζGAGTTTGGAT(AA.GζGAAGCAATT仁GCζTOAAζCATIζATIAγζTζζGGGATCATTτζGGCGζTCO仁6ζATζG仁AGTTC
495 [GTAAAu.AGGAGATζOATζζOAGTTτuGATCAAGCGAAGζAATTCu仁ζTOAAζ仁ATIζATTA'τCTζζGGGAτCAn庁ζuGCG仁TζGCGCATCGζAGTTζ
495 [GTAAAG.魚川GGA川GATCuATCCuAGτTτGGATCAAGCGAAGCAATTCGCCTGAACCAITCATτATCTCζGGGATCA官庁ζGGCGCτてGCGCATCGCAGTτE
495 [GTAAAu.AGGAGAτζOATζζOAGTTτGGAT(AAG仁OAAOζAATTCG仁ζTOAAζ仁ATIζATIo.γCTζζGGGATζAn庁ζuGCG仁T仁GCGCAT仁G(AGTT仁

495 [GTAAAG.AGGAGATCuATCζGAGTTτGGATCAA(iCGAAGζAATTCGCζTG.AACCATTCATτAヤ CTCCGGGAτCAn内ζGGCGCTCGCGCATCGCAGTτE
495 [GTAAAu.A必GAGATCGATCCGAGTTτGGATCM GCGAAGCAATTCGCCTGAACCATTCATτAτζTζζGGGATCAT円 ζGGCGCT((iCGC.ATCGCAG了τE
495 [GTAAAuAGGAGATζOATζζOAGTTτGGATζAAGCGAA(iζAATTCu仁ζTOAA仁仁ATIζATIo.τζTζζGGGAτCAn内ζuGCGζTζOCO仁ATζGζAGTTC

495 [GTAAAu魚川GGAGATζuATCC(iAGτTτGGATCAA(iCGAAGζAATTCGCCTGAACCAITCATTAτζ了ζζGGGATCAn庁ζGGCGCτてGCGCATCGCAGTτE

495 [GTAAAGAGGAGATCGATCC凸AGTTIGGATCAAGCGAAGCAATICGCCTGAACCATTCATTA・CTCCGGGATCA相内 CGGCGCTCGCGCATCGCAGTTC
495 [GTAAAG.AGGAGATCGATCζGAGTTτGGAτCAAGCGAAGζAAτTCGCζTG.AA.CCATγζATτAγCTζζGGGATCATTτζGG仁GCTCGCGCATCGCAGTIC

495 FGT山 GAGGAGAτζuATCCGA肝 π GGAT(附 ζGAAGC骨 TCG(CTu.AAC(Aπ u π町 ζ冗 印 GGATCAm ζGGCGζTCGF
495 [GTAAAGAGGA同GATζGATCζOAGτTτGOAτζAAOζOAAGζAATI仁G仁ζTGAAζζAT丁ζATτo.TζTζζGGGAτ仁AτTτζuGCGζτεoCl-一一

日 o[GTAAAGAGGAG肝 CuATCCuAGTTτ伺 ATCAA.GCGAA(iCAATTC(i(ζTGAfil:CAπ CAπ .A"'CTCC(i(iGATCATIτζGGζGCTCGd---

595 Ir仁GζAAuAτGAGTuG川GGTGAG仁000ττGτAAATGA-τζτζTTττ100ζ0....0ζTTGAζζ6ζζτ仁GζTATζ000ζ仁OATζTTACGAAG仁AAO仁TGGTCTn仁

595官仁GCAAuATGAGTGGGGTG負GζGGGTτGτAAATGATζTCTTITAuCGAAGζTIGAζζGCζT(GCTATζGGGζζGAT(ττAζGAA_GCAA(iζTGGTCTTT仁

595官仁GζAAGAτOA同GTuGけGGTG負G仁GGGTτGTAAATG.ATετ仁TITTAO仁OJU.G仁TτOAζζGζζτζGζTATζ000ζ仁OATζττAζOAAO仁AAO仁TGGTCTTTζ
595 trCGCAAGAτGAGTuG:uGTG負.GCGGGττGτAAATGA"τCTCTTIτA.GCGM GζTτGAζζGζEτCGCTATCGGGζζGATCττAζGAA同GCA.o¥G仁TGGTCTTTC
595官ζGζAAGAτ"GAG官uGGGTG負GζGGGτ寸GτAAATGATCTCTTTTAuζOAAOζTIGAζζGζCTζGCTAT仁GOOζζOAT仁τTo.ζOAAOζAAOζTGGTCTTT仁

595官仁GCAAu.AτOAGすu(I(jGTG負G仁GGGTτGTAAATGAT仁TCTTTτ100ζGJU.GζTTGAζζGζCTCGCTATζGOGζ仁GATCττAζGAA川GCAAGζTGGTCTTIζ
595官仁GCAAuATGAGτGG川GGTG.Auζ(iG(jTτGτAAATGATCTCTTITAuCGAAGζTIGAζζGζCTζGCTATCGGGζCGAT(ττAζGAA_GCAA(jζTGGT仁TTT仁
595官仁GζAAu.ATGAG官(iGGGTG.AuζOOGTτGτAAATGATCTCTTTTA(jCGU GζTIOAζ仁GζCTζOCT‘T仁000仁ζOo.T仁TTo.ζOAAOζAAOζTGOτCTTT仁
595官ζGCAAu.AτGAGTGG川GGTG.AGCGGGττGτAAATGATCTCmτAGCGAAGζTTGAζζGζEτζGCTATζGGGCCGATCττACGAA必CAAG仁TGGTCTTτζ
595 trζGCAAu.Aτ"GAG官(jGGGTG負GζGGGTτGτAAATGATζTCTTTTA_uζGJU.OζTIGAζζGζCTζGCTAT仁GGOζζGAT(ττAζOAAGζAAOζTGGTCTTT仁
595町ζGζAAG.ATGAGすu(IGGTGAG仁GOGττGτAAATGATετ仁TTTτ100ζOJU.O仁TτGAζζGζζτζGCTATζGOOζ仁OATζττAζGAAOてAAO仁TGGTCTTTζ
595官CGCAAGAτGAGTGG川GGTGAGCGGGττGτAAATGATCTCmτAGCGAAGCTτ(iACζGCCτCGCTATCGGGCCGATCτTACGAAGCA.¥G仁TGGTCTττE
595官仁GζAAu.ATGAG官(jGGGTG負GζGOGTτGτAAATGATCTCTTTTA(jCGU GζTIGAζ仁GζCTζGCTAT仁000ζζOAT仁ττAζOAAO仁AAOζTGGTCTTT仁

595 lr仁GCAAG.ATGAGす(j(j(jGTG.AG仁GGGττGτAAATGATCTCTTTτA.GCGAAGζTτGA仁ζGζCTζGCTATζGGGζζGATCττAζGAAGてAAGζTGGTCTTτζ
595 ..ζGCAAGATGAG官(jGGGTG負_uCGGGTTGτAAATGATCTCTTTτ100ζGAAGζTIGAζζG仁CTζGζTo.T仁GOOζζGAT(γTAζGAAOζAAOζTGGTCTTT仁
595官仁GζAAuATGAG官uGGGTGAuζOOGTτGTAAATGATCTCTTTTA(jζOAAGζTIOAζζGζCTζGCTAT仁000ζζOo.T仁τTAζGAAGCAAG仁TGGTCTTTC

595 lrCGCAAGAτGAGτGG川GGTGAGCGGGττGτAAATGATCτCTTIτA.GCGM GCTτ(jACζGζEτζGζTATCGGGCCGATCττAζGAAGCAAG仁TGGTCTTτE
595 ..ζGζAAGATGAG官(jGGGTGAGζGGGττGτAAATGATCTCTTTTA.(jζOAAGζTIOAζζGζCTζGCTAT仁GOOζζOAT仁τTAζOAAO仁AAOζTGGTCTTT仁

595 If仁GCAAG.AτGAGTGG川GGTGAG仁GuGTτGτAAATGATCTCTTTτA.GCGAAGζTTGAζζGζEτCGCTATζGGGζζGATCTTAζGAAGCAAGζTGGTCTTIζ
595町CGCAAu.AτGAGTuGGGTG.AGCGGGττGτAAATGATCτCT了TτAGCGAAGCTτGAζζGCCτCGCTATCGGGCCGATCTτAζGAAGCAAGCTGGTCTττE
595 u"仁G仁AAuATGAG官(iGGGTGAuζOOGTτGτAAATGATCTCTTTTA.uζOJU.GζTIOAζ仁GζCTζOCT‘T仁000ζζOAT仁τTAζGAAGCAAGζTGGTCTTTC
595町CGCAAu.AτGAGTuG川GGTGAGCGGGττGτAAATGATCτCTITTA.GCGM GζTτGAζζGζEτζGζTATCGGGCCGATCτTAζGAA必CAAGζτGGTCTTTC
588 Jr仁GlrGi'.OA!-一一一町可G血.D"GJ--[.GGGTτGτAAATGATa:rTTTT AuζOAAOζTIGAζζGζCTζGCTAT仁GOOζζOAT仁τTAζOAAOζAAOζTGGTCTTT仁
588 u"仁GD"G~úAJ-一一 -ITliGI!.I"G--[GG(iTτGτAAATGAT仁ITTTTτ100ζOAAGζTIOAζζGζCTζGζTAT仁000ζζOAT仁τTAζOAAOζAAOζTGGTCTTTC

593 IrCG~偵砧トー肘 Gj，b"G~-I::(jij;打肝AAATGA-τ企士TTTτA.úCGMGCπGAC臼CCTCGCTATCGGGCCGATCTTACGAAGCAAGCTG日汀廿E

695扇 'fC扇 TuTCCGGCTuCGC扇 TCGC瓦TIC瓦TCG扇 i(J瓦TG(GTGCCTG(j(j-瓦CTIC画。干CTTCG(j(j"(扇 TTGCG(扇 瓦E扇 E瓦TTCTGCCG瓦tIGTGTt(j-瓦E
695 AuTCAAτuTCCGGCτGζGC.AATCGCAττCo.τζGAGGAτGζGTGC(TGuuACTTCGGTCTTCGGGCAG了τGCGCAGACAAζATTCTGCCu_AGTGTGTuGAC
695 AGTζAATGTCCGGCTGζGC.AATζGζAττεo.TζGAGGATGζGTOζcτGGGAζTI仁OOTζTIζ000仁AO了τGζuCAGA仁AA仁ATICτOCζG_AGTGTGTGGAζ

695民uTCAATGτCCGGCτGζGCAAτCGζAττCAτζGAGGAτGζGTGCCTGGGAζTICGGTCTτCGGGCAGTτGCGCAGACAAζATTCTGCCG_AGTGTGTuGAC
695 Jl'GTCAAτOT仁CGGCTGζG(.AAT仁Gζo.TτεAτζGAGGATGζσTOζCTGGGAζTI仁00了ζTIζ000仁AGTTGCGCAGAζAA仁ATTCTGCCG_AGTGTGTGGAζ
695 AGTζAATGT仁仁GGCTGζGC.AATζGζAττεAτζGAGGATG仁OTOζετGGuAζTτ仁OOTζTIζ000仁AGTτGζuCAGA仁AA仁ATICτGCCG_AGTGTGTGGAζ

695 AuTCAAτGτCCGGCτGζGC.AATCGCAττCAτζGAGGAτ6ζGTGCCτGGG良CTτζGGTCTTCGGGCAGTτGCGCAGACAAζATTCTGCCu_AGTGTGTuGAC
695 "GTζAATGTCCGGCTGζGC.AATζGζo.Tτεo.TζGAGGATGζσTGCCTGGGAζTI仁OOTζTIζ000仁AGTTGζGCAGA仁AA仁o.TICτOCζG_AGTGTGTGGAζ

695 I¥GTCAAτGτCCGGCτGζGC.AATCGCAττCATζGAGGATGζGTGCCτGGGACTτCGGTCTτCGGGCAGTτGCGCAGACAACATτEτGCCG_AGTGTGTGGAC 
695 "GTζAATGT仁CGGCTGζGCAAτ仁Gζo.Tτεo.TζGAGGATGζGTOζCTGGGAζTI仁OOTζTTCGGG仁AO了τGζGCAGAζAA仁ATτζτ6仁仁GAGTGTGTGGAζ

695 T.GTCAATuτ仁CGGCτGζGC.AATCGζATτCo.TζGAGGAτGζGTGζEτGGGAζTTζGG了CTτCGGGCAGTτGCG(AGACAAζATTCτGCζG.A.uTGTGTGGAζ
695 Jl'GTCAATGTζCGGCTGζGCAAτζGζATτCo.τζGAGGATGζGTGCετGGGAζTI仁OGTζTTCGGGCAGTτ6ζGCAGACAAζATTCTGζ仁GAGTGTGTGGAC

695 AGTζAAτGT仁仁OOCτGζGC.AATζ6ζAττεAτζGAGG白1f0ζOTGζετGGuAζTτζOOTζTI仁000ζAGTτ6ζG仁AOA仁AA仁ATIζτGζζGAGTGTuTGuAζ
695 I\GTCAAτGτCCGGCτGζGC.AATCGζAττCATζGAGG~釘GζGTG仁EτGGGAζTτCGGTζTTCGGGCAGTτGCG(AGACAAζATτEτGCCG.A.úTGTGTúGAC
695 Jl'GTζAATGT仁CGGCTGζGCAAτ仁Gζo.Tτεo.TζGAGG~GζOTOζCTGGúAζTI仁00了ζTTCGGú仁AOTτGζGCAGAζAA仁ATTCTG仁仁GAGTGTGT<iGAζ

695 AGTCAATGT仁CGGCTG仁GCAATC<iζATτCAτζGAGG白首GζGTGζEτGGGAζTIζGG了CTτCGGGζAGTτGCG仁AGACAAζATTCTGCζGltGTGTGT<iGAC
695 AGTCAATGTζ仁GGζTGζGCAAτCGζAττζo.TζGA(jG~(jζ(jTGC(TG(j(jAζTIζGGTζTTCG(j(jCA(j了τGCCiCA(jACAAζATTCT(jζζGACiTGTGT(j(jAC

695 "GTζAATGT仁仁GGCTGζGCAAT仁Gζo.Tτεo.TζGAGGATGζσTOζCTG(jGAζTI仁OOTζTTCGGG仁AGTTGCGCAGACAA仁ATTCTGCCGAGTGτGTGGAζ

695 I¥GTCAATGTCCGGCTGζGCAATCGζAττCATζ(jAGGATGζGTGζCTGGGAζTICGGTζTTCGGGCAGTTGCGCAGACAAζATτEτGCζGltGTGTGTGGAC 
695 AGTCAATGT仁CGGCTGζGCAAτ仁OCATτεo.TζGAGGATGζOTO仁仁TGGGAζTI仁00了ζTTCGGG仁AO了τGζGCAGAζo.A仁ATICτG仁仁GAGTGTGT(jGAζ

695 I¥GTζ"AτGτ仁仁GOCτGζGCAATζGζAττCAτζGAGGATGζGTGζετGGGAζTτζGGTCTτCGGGζAGTτ6ζG仁AO"仁AAζATτζτG仁ζGltGTGTGTGGAζ
695 I¥GTCAATGτCCGGCτGζGCAAτCGCAττCAτζGAGGAτGζGTGCCτGGGAζTτζGGTCTτCGGGCAGTτGCGCAGACAAζATτCTGCCGltGTGTGTGGAC 
682 AGTζAAτGTCCGGCTGζGCAATCGζo.Tτεo.TζGAGGATGζσTOζCTGGGAζTI仁OOTζTTCGGG仁AO了τGζGζAOA仁AA仁ATτ仁τGCCGAGTGすGT(jGAζ
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Figure 2.11 (continued). Alignment result of ITS region of B. elkanii USDA strains 
and isolates.�
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Figure 2.12. Alignment result of rpoB gene of Bradyrhizobium USDA strains.�
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Be61・rpoB.fasta 

Be130-rpoB. fasta 
Be76・rpoB.fasta 
B.31・rpoB.子Qsta

B.94・rpoB.fasta 

Bj38・rpoB.fasta 

Bj115-rpo8. fasta 

8j6・rpo8.fasta 

8 j 123-rpo8 • fas ta 
8j127-rpo8. fasta 

8j135・rpo8.fasta

813622-rpo8. fasta 

8j4-rpo8. fasta 
8j110・rpo8.fasta 

8 j 125-rpo8 . fas ta 

B】62・rpoB.子asta
E】129・rpoB.fasta 
Bj122・rpoB.fasta 
B】124・rpo8.fasta 
B.46・rpoB.子asta

B.61-rpoB.子asta
B.130・rpo8.fasta 
B.76・rpoB.fasta 

8.31-rpoB.千Glsta

8e94-rpo8. fasta 

1 ~TCCTATGACCAGTTCCTGATGGTCGACGA.\CCC~C~GGCGGGCGTCTCGACGAGGGCCTGCAGGCGGTGTTCCGCTCGGTGTTCCCGATCTCCGACTTC 

1 ~TCCTATGACCAGTTCCTGATGGTCGACGAACCC~CPGGCGGGCGTCTCGACGAGGGCCTGCAGGCGGTG汁CCGCTCGGTGTTCCCGATCTCCGACTTC

1 ~TCCTATGACCAGTTCCTGATGGTCGACGAACCC~CPGGCGGGCGTCTCGACGAGGGCCTGCAGGCGGTGTTCCGCTCGGTGTTCCCGATCTCCGACTTC 
1 ~TCCTATGACCAGTTCCTGATGGTCGACGA"'CCC~C~GGCGGGCGTCTCGACGAGGGCCTGCAGGCGGTGTTCCGCTCGGTGTTCCCGATCTCCGACTTC 

1 ~TCCTATGACCAGTTCCTGATGGTCGACGA"CCC~CPGGCGGGCGTCTCGACGAGGGCCTGCAGGCGGTG汁CCGCTCGGTGTTCCCGATCTCCGACTTC

1 ~TCCTATGACCAGTTCCTGATGGTCGACGA"'CCC[C~GGCGG[[GTCTCGACGAGGGrr[TGCAGGCGGTGTTCCGCTCGGTGπ官[CGATCTCCGACTT

1 ~TCCTATGACCAGTTCCTGATGGTCGACGAo\CCC[C~GGCGG[[GTCTCGACGAGGGrr[TGCAGGCGGTGTTCCGCTCGGTGTT肱CGATCTCCGACTT
1 ~TCCTATGACCAGTTCCTGATGGTCGAßiA"'CCC[MG町liG[[GTCTCGACGAGGGrr[TGCAGGCGGTGTTCCGCTCGGTG汁D"[CGATCTCC五oIJn

1 ~TCCTATGAt[AGTTCCTGATGGTCGACGAACCC[MGGCGGGCGTCTCGACGAGGGrr[TGCAGGCGGTGTTCCGCTCGGTGT旬以GATCTCCGACTTC

1 liTCCTATGA唱r[AGTTCCTGATGGTCGACGA.\CCC[~GGGCGGGCGTCTCGACGAGGGrr[TGCAGGCGGTGTTCCGCTCGGTGTT~[CGATCTCCGACTTC

1 ~TCCTATGAnAGTTCCTGATGGTCGACGAACCC[~GGGCGGGCGTCTCGACGAGGGrr[TGCAGGCGGTG廿CCGCTCGGTGTTD"[CGATCTCCGACTTC
1 liTCCTATGAI"[AGTTCCTGATGGTCGACGA.¥CCC[MGGCGGGCGTCTCGACGAGGGrr[TGCAGGCGGTGTTCCGCTCGGTGmr[CGATCTCCGACTTC 
1 ~TCCTATGAt[AGTTCCTGATGGTCGACGA.\CCC[AGGGCGGGCGTCTCGACGAGGGrr[TGCAGGCGGT訂TCCGCTCGGTG汁lT[CGATCTCCGACTTC

1 ~TCCTATGACCAGTTCCTGATGGTCGACGA.\CCC[CPGGCGGGCGTCTCGACGAGGGCCTGCAGGCGGTGTTCCGCTCGGTGTTCCCGATCTCCGACTTC 

1 ~TCCTAUACC“TTCCTGATGG市~A~~絹[CC~Ra::~GCGGGCG医院GACGAGGGCCTGCAGGC[&TGTTCCGCTCGGTGπCCCGATCTC臨ACTT
1 &TCCTA[MCCAGTTCCTG灯GG市制郎~[CC 〓PGCGGGCG[[[[GACGAGGGCCTGCAGGC[&TGTTCCGCTCGGTGTTCCCGATCTC臨ACTT

1トTCCT榊ACCAGTTCCTGATGG林Aι俳CC 怯GCGG!:}:4:j::~r G虻GAGGGCCTGCAGGCrtTG丁目CGCTCGGTGTTCCCGATCT仲間T
1 ~TCCTA[UCCAGTTCCTGATGG市~ACG~[CC~RGGGCGGGCG底[[GACGAGGGCCTGCAGGC[&TGTTCCGCTCGGTGTTCCCGATCTC臨ACTT

1 ~TCCTA[MCCAGTTCCTGATGG市~ACG絹[CC~Aa::PGCGGGCG医院GACGAGGGCCTGCAGGC[&TGTTCCGCTCGGTGTTCCCGATCTC郎ACTT
1 bTCCTAtbACCAGTTCCTGATGGTrGACGAh~cIiArd;GCGGrrtG~'r'CGACGAGGGCCTGCAGGClrGTGTTCCG町CGGTGTTtit:CGATCTC協AflrTë

101 rCGGGCACCTCGATGCTGGAATTCGTCCGCrACGA町 TCGAGCAGCCGAAATA凶 ACGTCGACGAGTGCCGCCAGCGCGGCATGACCTTCGCGGC
101 rCGGGCACCTCGATGCTGGA灯TCGTCCGCTAC GAAD"TC GAGCAGCC GAAA TA悶 ACGTCGACGAGTGCCGCCAGCGCGGCATGACCTTCGCGGC
101 rCGGGCACCTCG灯GCTGGAI灯TCGTCCGCTACG織町TCGAGCAGCCωAATA防 ACGTCGACGAGTGCCGCCAGCGCGGCATGACCTTCGCGGC
101 rCGGGCACCTCGATGCTGGAATTCGTCCG市τACGAGTTCGAGCAGCCGAAATATGACGTCGACGAGTGCCGCCAGCGCGGCATGACCTTCGCGGC

101 rCGGGCA疋CTCGATGCTGGAATTCGTCCGCTACGAGTTCGAGCAGCCGAAATATGACGTCGACGAGTGCCGCCAGCGCGGCATGACCTTCGCGGC[[CCC

101 rCGGGCACCTCGATGCTGGAATTCGTCCGCTACGAGTTCGAGCAGCC[I>.AATA賄 ACGTCGACGAGTGCCGCCAGCGCGGCATGACCTTCGCUliCGCCCC
101 rCGGGCACCTCGATGCTGGAATTCGTCCGCTACGAGTTCGAGCAGCC[1I品 川町 ACGTCGACGAGTGCCGCCAGCGCGGCATGACCTTCGCUliCGCCCC

101 ~CGGGCAC仁川附CTGGAATTCGTCCGCTACGAGTTCGAGCAGCCGAAAT噌ACGTCGAC刷TGCCGCCAGCGCGGCATGACCπCGCGGCI!I=CCC
101 rCGGGCACCTCGATGCTGGAATTCGTCCGCTACGAGTTCGAGCAGCCGAAliJATGACGTCGACGAGTGCCGCCAGCGCGGCATGACCTTCGCGGCGCCCC 

101 rCGGGCACCTCGATGCTGGAATTCGTCCGCTACGAGTTCGAGCAGCCGAAliJATGACGTCGACGAGTGCCGCCAGCGCGGCATGACCTTCGCGGCGCCCC 
101 rCGGGCACCTCGATGCTGGAATTCGTCCGCTACGAGTTCGAGCAGCCGAA~rATGACGTCGACGAGTGCCGCCAGCGCGGCATGACCTTCGCGGCGCCCC 

101 rCGGGCACCTCGATGCTGGAATTCGTCCGCTACGAGTTCGAGCAGCCGAAliJATGACGTCGACGAGTGCCGCCAGCGCGGCATGACCTTCGCGGCGCCCC 

101 rCGGGCACCTCGATGCTGGAATTCGTCCGCTACGAGTTCGAGCAGCCGAA~rATGACGTCGACGAGTGCCGCCAGCGCGGCATGACCTTCGCGGCGCCCC 

101 rCGGGCACCTCGATGCTGGAATTCGTCCGCTACGAGTTCGAGCAGCCωAATATGACGTCGACGAGTGCCGCCAGCGCGGCATGACCTTCGCGGC[[CCC 
101 rC[[iGCACCTCGATGCT[liAATTCGTCCGCTACGAGTTCGAGC[liCCGAAATATGACGTCGACGAGTGCCGCCAGCGCGGCATGACCTTCGCrr!iCGCC 
101 rC[&GCACCTCGATGCT[!iAATTCGTCCGCTACGAGTTCGAGC[!iCCGAAATATGACGTCGACGAGTGCCGCCAGCGCGGCATGACCTTCGCD"!iCGCC 
101 rC[[iGCACCTCGATGCT[liAATTCGTCCGCTACGAGTTCGAGC[liCCGAAATATGACGTCGACGAGTGCCGCCAGCGCGGCATGACCTTCGmliCGCC 

101 rC[[jGCACCTCGATGCT[liAATTCGTCCGCTACGAGTTCGAGC[~CCGAAATATGACGTCGACGAGTGCCGCCAGCGCGGCATGACCTTCGCrr~CGCC 
101 rC[[iGCACCTCGATGCT[[iAATTCGTCCGCTACGAGTTCGAGC[liCCGAAATATGACGTCGACGAGTGCCGCCAGCGCGGCATGACCTTCGCD"liCGCC 
101 rC[[iGCACCTCGATGCT[liAATTCGTCCGCTACGAGTTCGAGCAGCCG.以ATATGACGTCGACGAGTGCCGCCAGCGCGGCATGACCTTCGmliCGCC

201 rCMGGTGACGCTGCGCCTCATCGTGTTCGIITATCGACGAGGMACCGGCGCCMGTCGGTGAAGGACATCMGGAGCAGGACGTCTACATGGGCGACAT 
201 rCAAGGTGACGCTGCGCCTCATCGTGTTC抽 TATCGACGAGGAAACCGGCGCCAAG丁目GTGAAGGACATCAAGGAGCAGGACG T CT ACATGGGC GACAT 

201 rCAAGG日rGACGCTGCGCCTCATCGTGTTCGIITATCGACGAGGAAACCGGCGClil¥AGTCGGTGAAGGACATCAAGGAGCAGGACGTCTACATGGGCGACAT
201 rCAAGGTGACGCTGCGCCTCATCGTGTTCGATATCGACGAGGAAACCGGCGClilV.GTCGGTGAAGGACATCAAGGAGCAGGACGTCTACATGGGCGACAT 
201 rCAAGGTGACGCTGCGCCTCATCGTGTTCGATATCGACGAGGAAACCGGCGCli且AGTCGGTGAAGGACATCAAGGAGCAGGACGTCTACATGGGCGACAT
201 rCAAGGTGACGCTGCGCCTCATCGTGTTCGATATCGACGAGGAAACCGGCGCli且AGTCGGTGAAGGACATCAAGGAGCAGGACGTCTACATGGGCGACAT

201 rCAAGGTGACGCTGCGCCTCATCGTGTTCGIITATCGACGAGGAAACCGGCGCli"AGTCGGTGAAGGACATCAAGGAGCAGGACGTCTACATGGGCGACAT 

訓 ~CAAGGT叫GCTG山口CAT叩GπCGo\T灯刷CGA印刷E問問 AGTCGGTGAAGGA叩CAAGGAGCAG側GTCTACATG附ω[}IT
201 rCAAGGTGACGCTGCGCCTCATCGTGTTCGo¥TATCGACGAGGAAACCGGCGCCAAGTCGGTGAAGGACATCAAGGAGCAGGACGTCTACATGGGCGACAT 
201 rCAAGGTGACGCTGCGCCTCATCGTGTTCGIITATCGACGAGGAAACCGGCGCCAAGTCGGTGAAGGACATCAAGGAGCAGGACGTCTACATGGGCGACAT 

201 rCAAGGTGACGCTGCGCCTCATCGTGTTCGIITATCGACGAGGAAACCGGCGCCAAGTCGGTGAAGGACATCAAGGAGCAGGACGTCTACATGGGCGACAT 

;;;I2::::::::::zz::JZR::;::J222:22222訟525222252222222525222::J
Zilit::::::::im沼郡::::22J222:22::::22!な:::::iJ::::::目立:::::::::::::::::::::::25
201 rCAAGGTGACGCTGCGCCT~同TCGTGTTCGATATCGACGAGGAAACCGGCGCCAAGTCGGTGAAGGACATCAAGGAGCAGGACGTCTACATGGGCGACAT

201 rCAAGG日rGACGCTGCGCCT[i同TCGTGTTCGlITATJ[iACGAGGAAACCGGCGCCAAGTCGGTGAAGGACATCAAGGAGCAGGACGTCTACATGGGCGACAT
201 rCAAGGTGACGCTGCGCCT~IITCGTGTTCG"TATCGACGAGGAAACCGGCGCCAAGTCGGTGAAGGACATCAAGGAGCAGGACGTCTACATGGGCGACAT 

201 rCAAGGTGACGCTGCGCCTCATCGTGTTCGIITATCGACGAGGAAACCGGCGCCAAGTCGGTGAAGGACATCAAGG“CAGGACG T CT ACATGGGC GACAT 
201 rCAAGGTGACGCTGCGCCTCATCGTGTTCGlITATCGACGAGGAAACCGGCGCCAAGTCGGTGAAGGACATCAAGGAGCA6GACGTCTACATGGGCGACAT 

301 T[(GCTCATGACGATGAACGGCAαTTCATCGTCAACGGCACCGAGCGCGTCATCGTCTCGCAGATGCACCGTTCGCCCGGCGTGTTCTTCGACCACGAC 

301 T[CGCTCATGACGATGAACGGCACCTTCATCGTCAACGGCACCGAGCGCGTCATCGTCTCGCAGATGCACC6TTCGCCC6GCGTGTTCTTCGACCACGAC 

301 [CCGCTCATGACG灯GAACGGCACCTTCATCGTCAACGGCACCGAGCGCGTCATCGTCTCGCAGAT刷 CCG!_TCGCc@GCGTG町 TTCGA位ACGAC
301 T[CGCTCATGACGATGAACGGCACCTTCATCGTCAACGGCACCGAGCGCGTCATCGTCTCGCAGATGCACCGlirCGCCCGGCGTGTTCTTCGACCACGAC 
301 T[CGCTCATGACGATGAACGGCACCTTCATCGTCAACGGCACCGAGCGCGTCATCGTCTCGCAGATGCACCGlirCGCCCGGCGTGTTCTTCGACCACGAC 
301 [CCGCTCATGACGATωACGGCACCTTCATCGTCAACGGCACCGAGCGCGTCATCGTCTCGCAGATGCACCGlirCGCCCGGCGTGTTσTCGACCACGAC 
301 [CCGCTCATGACGATGAACGGCACCTTCATCGTCAACGGCACCGAGCGCGTCATCGTCTCGCAGATGCACCGlirCGCCCGGCGTGTTσTCGACCACGAC 
301 [CCGCTCATGACGATGAACGGCACCTTCATCGTCAACGGCACCGAGCGCGTCATCGTCTCGCAGATGCACCGtrCGCCCGGCGTGTTCTTCGA膚tACGAC
301 [CCGCTCATGACGATGAACGGCACCTTCATCGTCAACGGCACCGAGCGCGTCATCGTCTCGCAGATGCACCGTTCGCCCGGCGTGTTCTTCGACCACGAC 

301 [CCGCTCATGACGATGAACGGCACCTTCATCGTCAACGGCACCGAGCGCGTCATCGTCTCGCAGATGCACCGTTCGCCCGGCGTGTTCTTCGACCACGAC 

301 [CCGCTCATGACGATGAACGGCACCTTCATCGTCAACGGCACCGAGCGCGTCATCGTCTCGCAGATGCACCGTTCGCCCGGCGTGTTCTTCGACCACGAC 

301 T[(GCTCATGACGATGAACGGCAαTTCATCGTCAACGGCACCGAGCGCGTCATCGTCTCGCAGATGCACCGTTCGCCCGGCGTGTTCTTCGACCACGAC 
301 [CCGCTCATGACGATGAACGGCACCTTCATCGTCAACGGCACCGAGCGCGTCATCGTCTCGCAGATGCACCGNCGCCCGGCGTGTTm CGACCACGAC 

301 T[CGCTCATGACGATGAACGGCACCTTCATCGTCAACGGCACCGAGCGCGTCATCGTCTCGCAGATGCACCG~rCGCCCGGCGTGTT汀TCGACCACGAC

301 [CCGCTCATGACGATGAACGGCACCTTfG~CGTCAACGGCACCGAGCGCGTCATCGTCTCGCAGATGCACCGTTCGCCCGGCGTGTTCTTCGACCACGAC 

301 [CCGCTCATGACGATGAACGGCACCTTrG~CGTCAACGGCACCGAGCGCGTCATCGTCTCGCAGATGCACCGTTCGCCCGGCGTGTTCTTCGACCACGAC 
301 [CCGCTCATGACGATGAACGGCACCTTrG~CGTCAACGGCACCGAGCGCGTCATCGTCTCGCAGATGCACCGTTCGCCCGGCGTGTTCTTCGACCACGAC 

301 [CCGCTCATGACGATGAACGGCACCTTr6~CGTCAACGGCACCGAGCGCGTCATCGTCTCGCAGATGCACCGTTCGCCCGGCGTGTTCTTCGACCACGAC 

301 [CCGCTCATGACGATGAACGGCACCTTCli~CGTCAACGGCACCGA6CGCGTCATCGTCTCGCAGATGCACCGTTCGCCCGGCGT6TTCTTCGACCACGAC 
301 [CCGCTCATGACGATωACGGCACCTTC町 CGTCAACGGCACCGAGCGCGTCATCGTCTCGCAGATGCACCGTTCGCCCGGCGTGTTCTTCGACCACGAC
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Figure 2.12 (continued). Alignment result of rpoB gene of Bradyrhizobium USDA 
strains.�
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8.76・rpo8.子asta
8.31・rpo8.fQstQ 
8'94・rpo8.子asta

8j38-rpo8.干Qsta
8j 115-rpoB. fasta 
8j6-rpoB.千Qsta
8j 123-rpoB. fasta 
8j127・rpoB.fasta 
8j135・rpo8.fasta 
813622・rpoB.fasta 
8j4・rpo8千asta
8jI10-rpoB.faHa 
8j 125-rpoB. fastQ 
8j62・rpo8.fasta 
8j 129-rpo8. fasta 

8j 122-rpoB. fasta 
8j124・rpoB.fasta 
8.46・rpo8.fQsta 
B.61-rpoB.千Qsta
8，13自-rpoB . fasta 
8e76-rpo8. fasta 
8e31-rpo8. fasta 
8，94・rpoB.fasta 
8j38-rpo8. fasta 
8j115・rpoB.fasta 
8j6・rpoB.ヂQsta
8j 123-rpoB. fasta 
8jl27・rpoB.fasta 
8j 135-rpoB. fasta 
813622・rpoB.fasta 
8j4-rpo8千Qsta
8j 110-rpo8. fasta 
Bj 125-rpoB. fasta 
8j62・rpo8.子asta
8j 129-rpoB. fasta 
8j 122-rpoB. fasta 
8j124・rpoB.fasta 
8.46-rpo8. fasta 
8e61・rpo8.子Qsta
8，130・rpo8.fasta 
8.76-rpo8. fQsta 
8，31-rpo8.子asta
8.94・rpo8.子Qsta

8j38・rpo8.子Qsta
8j 115-rpo8. fasta 

8j6・rpoB.fasta 
8j 123-rpoB. fasta 
8j127・rpoB.fasta
8j 135-rpoB. fasta 
813622-rpo8. fasta 
8j4・rpo8千Qsta
8j 110-rpoB. fasta 
8j125幽rpoB.fasta 
8j62-rpo8. fQsta 
8j 129-rpoB. fasta 
8j 122-rpo8. fasta 
8j124・rpo8.fasta 
8.46-rpoB. fasta 
8，61・rpo8.fasta 
8.13日-rpoB.fasta 
8.76-rpo8. fQsta 
8，31・rpo8.子Qsta
8.94・rpo8.子Qsta

401 
401 
401 

500 
500 

.TCCC町ATCGCGGCTCCTGGCTCGACATCGAGTTCGA'CGCCAAGGACATCGI 5目。

.TCCCGTATCGCGGCTCCTGGCTCGACATCGAGTTCGACGCCAAGGACATCGI 500 

.TCCCGTATCGCGGCTCCTGGCTCGACATCGAGTTCGACGCCAAGGACATCGI 500 

.TCCCGTATCGCGGCTCCTGGCTCGACATCGAGTTCGACGCCAAGGACATCGI 500 

.TCCCGTATCGCGGCTCCTGGCTCGACATCGAGTTCGACGCCAAGGACATCGI 500 
500 
500 
500 
5由。
500 
500 
5由。
500 
500 
500 
S目。
500 
500 

501 
501 rCTATGCGCGTATCGACCGTCGCCGCAAGATTCCGGTGACGTCGCTGATGTTCGCGCTCGGCCTCGACGGCGAGGCGATCCTGTCCACGTTCTACAAGAA 
501ドTATGCGCGTATCGACCGg:GCCGCAAGA竹 CCGGT&CGTCGCTG附 TTCGCGCTCGGCCTCGACGGCGAGGCGATCCTGTCCACGTTCTACAAGAA
501 rCTATGCGCGTATCGACCGTCGCCGCAAGATTCCGGTGACGTCGCTGATGTTCGCGCTCGGCCTCGACGGCGAGGCGATCCTGTCCACGTTCTACAAGAA 
501 rCTATGCGCGTATCGACCGTCGCCGCAAGATTCCGGTGACGTCGCTGATGTTCGCGCTCGGCCTCGACGGCGAGGCGATCCTGTCCACGTTCTACAAGAA 
501冒CTATGCGCGTATCGACCGTCGCCGCAAGA竹 CCGGTGACGTCGCTGATGTTCGC[[TCGG庇TCGACGGCGAGGCGATCCTIIJCCACGTTCTACAAGAA
501 rCTATGCGCGTATCGACCGTCGCCGCAAGATTCCGGTGACGTCGCTGATGTTCGC[[TCGGlltTCGACGGCGAGGCGATCCTGTCCACGTTCTACAAGAA 
501 JCTATGCGCGTATCGACCG[rGCCGCAAGATTCCGGTGACGTCGCTGATGTTCGC[[TCGGCCTCGACGGCGAGGCGATCCTGTC陣 CGTTCTACAAGAA
501 JCTATGCGCGTATCGACCGTCGCCGCAAGATTCCGGTGACGTCGCTGATGTTCGCGCTCGGCC市~ACGGCGAGGCGATCCTGTCCACGTTCTACAAGAA

501 JCTATGCGCGTATCGACCGTCGCCGCAAGATTCCGGTGACGTCGCTGATGTTCGCGCTCGGCCTJMCGGCGAGGCGATCCTGTCCACGTTCTACMGAA 
501 JCTATGCGCGTATCGACCGTCGCCGCAAGA竹 CC GGTGACGT CGCTGAT GTT C GC GCT C GGC C市~ACGGCGAGGCGATCCTGTCCACGTTCTACAAGAA

501 JCTATGCGCGTATCGACCGTCGCCGCAAGATTCCGGTGACGTCGCTGATGTTCGCGCTCGGCC市 MCGGCGAGGCGATCCTGTCCACGTTCTACAAGAA
501 JCTATGCGCGTATCGACCGTCGCCGCAAGATTCCGGTGACGTCGCTGATGTTCGCGCTCGGCCTJMCGGCGAGGCGATCCTGTCCACGTTCTACAAGAA 

;;;臨脱却iazmm:m抑制定im指定;:::伝説:::::ω:JZi:::u:62im:2
501 J~市町C~CGCGr~TCGACCGTCGCCGCAAG四市rCr~TGACrrCGCTGATGT~GCGCTCGGlltTCGACGGCGAGrA~ATCCTGTC国主cnTCTACAAGAA

501 
501 
501 
501 

601 ~mm可E扇GCGG玩E扇GG扇GGCTG-GC1iCGTTCC-GTTCGAl:"GR扇CCGT育CCGlrl\GCT瓦百CG瓦百訂属高CG玩CTG瓦TCG瓦CGCC面市'W
601 ~Arrn【TACAAGCGGACCAAGGAAGGCTGGCGCGTTCCGTTCGACGCCAACC釘TTCCGITIiGCT ACT CGACCATCAAC GAC CTGATC GACGC CGAJIIC C 

601 ~ArrrTCTA川CAAGCGGACCAAGGAAGGCTGGCGCGTTCCGTTCGACGCCAACCú1庁TCCGCGGCT ACT CGAC CATCAAC GAC CTGATC GACGCCGACACC 
601 ~ArrrrCTAC抽，GCGGACCAAGGAAGGCTGGCGCGTTCCGTTCGACGCCAACCGTTTCCGCGGCTACTCGACCATCAACGACCTGATCGACGCCGACACC

601 IiATrnCTACAAGCGGACCAAGGAAGGCTGGCGCGTTCCGTTCGACGCCAACCGTTTCCGCGGCTACTCGACCATCAACGACCTGATCGACGCCGACACC 
601 ~AT"rTC TACAAGCG GAC CAAGGAAGGCTGGCG CGTTCC GTTCGACGCCAACC GTTTC C GCGGCT ACT CGACC町CAACGACCTGATCGACGCCGACACC
601 IiATII[TCTACAAGCGGACCAAGGAAGGCTGGCGCGTTCCGTTCGACGCCAACCGTTTCCGCGGCTACTCGACCmCAACGACCTGATCGACGCCGACACC 
帥 1ドTecTCTACAAI刷 版 CAAGGAA似 T刷 GCGTTCCGTTCGA臼CCAACCGTπCCGC刷 TACTCGACC罰CAA叫 CCTGATCGA岳町附CC
601 ~ATCCTCTACAAGCGGACCAAGGAAGGCTGGCGCGTTCCGTTCGACGCCAACCú1庁TCCGCGGCT ACT CGACCATCAAC GAC CTGATC GACGCCGACACC 
601 IiATCCTCTACAAGCGGACCAAGGAAGGCTGGCGCGTTCCGTTCGACGCCAACCG'汁TC CGCGGCT ACT CGACCATCAAC GAC CTGATC GACGCCGACAC C 
601 ~ATCCTCTACAAGCGGACCAAGGAAGGCTGGCGCGTTCCGTTCGACGCCAACCGTTTCCGCGGCTACTCGACCATCAACGACCTGATCGACGCCGACACC 
601 IiATCCTCTACAAGCGGACCAAGGAAGGCTGGCGCGTTCCGTTCGACGCCAACCGTTTCCGCGGCTACTCGACCATCAACGACCTGATCGACGCCGACACC 

701 ~GCAAGGTCGTGCTCGAGGCCGGCAAGAAGCTCACCGTGCGCG~TIiC 

701 ~GCAAGGTCGTGCTCGAGGCCGGCAAGAAGCTCACCGTGCGCG~TIiC 
701 ~GCAAGGTCGTGCTCGAGGCCGGCAAGAAGCTCACCGTGCGCG~TIiC 

701 ~GCAAGGTCGTGCTCGAGGCCGGCAAGAAGCTCACCGTGCGCG~TIiC 

701 ~GCAAGGTCGTGCTCGAGGCCGGCAAGAAGCTCACCG-rnGCG~CわE
701 Ii GCAAGGTC GTG CTC GAG GC C GGCAAGAAGCTCAC C G 
701 ~ GCAAGGTC GTG CTC GAGGC C GGCAAGAAGCTCAC C G 
701 ~GCAAGGTCGTGCTCGAGGCCGGCAAGAAGCTCACCG 
701 Ii GCAAGGTC GTG CTC GAG GC C GGCAAGAAGCTCAC C G 
701 IiGCAAGGTCGTGCTCGAGGCCGGCAAGAAGCTCACCG 
701 ~GCAAGGTCGTGCTCGAGGCCGGCAAGAAGCTCACCG 
701 Ii GCAAGGTC GTG CTC GAGGC C GGCAAGAAGCTCAC C G 
701 IiGCAAGGTCGTGCTCGAGGCCGGCAAGAAGC 
701 ~GCAAGGT~~TGCTCGAGGCCGGCAAGAAGC 
701 IiGCAAGGTliIiTGCTCGAGGCCGGCAAGAAGC 
701 ~GCAAGGTIi~TGCTCGAGGCCGGCAAGAAGC 
701 IiGCAAGGTIiIiTGCTCGAGGCCGGCAAGAAGC 
701 IiGCAAGGTliIiTGCTCGAGGCCGGCAAGAAGC 
701 ~GCAAGGTIi~TGCTCGAGGCCGGCAAGAAGC 

:AGGAGAAGGG砿 TGAAGGCGCTGC GCCTGTC GGATGAGGAGC 
:AGGAGAAGGGlitTGAAGGCGCTGCGCCTGTCGGATGAGGAGC 
AGGAGAAGGGlitTGAAGGCGCTGCGCCTGTCGG良TGAGGAGC
:AGGAGAAGGGlitTGAAGGCGCTGCGrrrGTCGGATGAGGAGC 
:AGGAGMGGGCCTGAAGGCGCTGCGCT¥lTGTCGG紘臥GGAGC
AGGAGAAGGGCCTGAAGGCGCTGCGC民JrGTCGGArlJAGGAGC
:AGGAGAAGGGCCTGAAGGCGCTGCGC削rGTCGGA[~AGGAGC
:AGGAGAAGGGCCTGAAGGCGCTGCGC凪JrGTCGGAtliAGGAGC
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Figure 2.12 (continued). Alignment result of rpoB gene of Bradyrhizobium USDA 
strains. 
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9自@
900 
900 
900 
900 
900 
900 
900 
900 
900 
900 
900 
900 
900 
900 

901 [AACG組rAGGGCTACAAGG紬nGCCGCTGCTCGACA丁目ACCACGTCAATGTCGGCGCCTACATCCGCAACACGCTCTCGGCCGACAAGAACATGAC制 1曲目。
901 [AACG岬唱[AGGGCTACAAGGA担rTGCCGCTGCTCGACATCGACCACGTCAATGTCGGCGCCTACATCCGCAACACGCTCTCGGCCGACAAGAACATGAC副 10日@
901 [AACGAGCAGGGCTACAAGGAlJ:TGCCGCTGCTCGACATCGACCACGTCAATGTCGGCGCCTACATCCGCAACAιGCTCTCGGCCGACAAGAACATGAC制 1000
901 [AACGAGCAGGGCTACAAGGA拡TGCCGCTGCTCGACATCGACCACGTCAATGTCGGCGCCT節也TCCGCAACACGCTCTCGGCCGACAAGAACATGAC剖 1000 
901 [AACGAGCA且GGCTACAAGGAN:TGCCGCTGCTCGACATCGACCACGTCAATGTCGGCGCCTAJrIITCCGCAACACGCTCTCGGCCGACAAGAACATGAC副 10自@
901 [AACGAGCAGGGrrlTACAA厄GAlJ:TGCCGCTGCTCGACATCGACCACGTCAATGTCGGC[[CTACATCCGCAACACGC市町CGGCCGACAAGAACATGAC剖 1000 
9骨1[AACGAGCAGGG問TACAAGGAlJ:TGCCGCTGCTCGACATCGACCACGTCAATGTCGGC[[CTACATCCGCAACACGCTlilTCGGCCGACAAGAACATGAC剖 1000
901 [AACGAGCA[~GCTACAAGGA肱TGCCGCTGCTCG凪CATCGACCACGTCAATGTCGGCGCCTAlTI\TCCGCAACACGCTCTCGGCCGACAAGAACATGAC副 1000

901 [AA工GAGCAGGGCTACAAω 拡 TGCCGCTGCTCGACATCGACCACGTCAATGTCGGCGCCTACATCCGCAACACGCTCTCGGCCGACAAGAACATGAC副 1000
901 [AACGAGCAGGGCTACAAGGA拡TGCCGCTGCTCGACATCGACCACGTCAATGTCGGCGCCTACATCCGCAACACGCTCTCGGCCGACAAGAACATGAC副 1000
901 [AACGAGCAGGGCTACAAGGA!ltTGCCGCTGCTCGACATCGACCACGTCAATGTCGGCGCCTACATCCGCAACACGCTCTCGGCCGACAAGAACATGACGI 1000 

1000 
1000 
1000 
1000 

901 [AACGAGCAGGGCTACAAGGAN:TGCCGCTGCTCGACATCGACCACGTCAATGTCGGCGCCTACATCCGCAACACGCTCTCGGCCGACAAGAACATGACG 

;;;i232附2322誕:::225:::::J2122足立;;;:::議:::::::::::::::::;z::233:::::::::::
901 GI¥ACGAGCAGGGCTACAAGGA[[TGCCGCTGCTCGACATCGACCACGTCAATGTCGGCGCCTACATCCGCAACACGCmrCGGCCGACAAGAACATGACG 
901 GI¥ACGAGCAGGGCTACAAGGA[[TGCCGCTGCTCGACATCGACCACGTCAATGTCGGCGCCTACATCCGCAACACGCTlilTCGGCCGACAAGAACATGACGI 10自o
901 GドCGAGCAGGGCTACAAGGAFtTGCC回収TC GACAT C GAC CACGTCAA T G TC GG C GC CT唖JCCGCAACACGC1f~CGGCCGACAAGAACATGACGI 10自由
901 GI¥ACGAGCAGGGCTACAAGGA[[TGCCGIIlTGCTCGACATCGACCACGTCAATGTCGGCGCCTACATCCGCAACACGCmrCGGCCGACAAGAACATGACGI 1自由@
901 GI¥ACGAGCAGGGCTACAAGGA[[TGCCGIIlTGCTCGACATCGACCACGTCAATGTCGGCGCCTACATCCGCAACACGC司GITCGGCCGACAAGAACATGACGI 1000 
901 GMCGAGCAGGGCTACAAGGAtiTGCCGeTGCTCGACATCGACCACGTCAATGTCGGCGCCTIdfIITCCGCAACACGCrt;!rCGGCCGACAAGAACATGACGI 1000 

GCGAGGACGCGCTGTTCGACATCTACCGCGTGATGCGTCCGGGCGAGCCGCCGACGCTGGATTCGGCGCAGGCGA刊 行 CCAGTCGCTGTTCTTCGAC副 1100 
GCGAGGACGCGCTGTTCGACATCTACCGCGTGATGCGTCCGGGCGAGCCGCCGACGCTGGATTCGGCGCAGGCGATGTTCCA品TCGCTGTTCTTCGACGI 1100 
GCGAGGACGCGCTGTTCGACATCTACCGCGTGATGCGTCCGGGCGAGCCGCCGACGCTGGATTCGGCGCAGGCGATGTTCCAGTCGCTGTτCTTCGACGI 1100 
G CGAGGACGCG CTGTT C GACAT CT AC C G CGTGATGC町CCGGGCGAGCCGCCGACGCTGGATTCGGCGCAGGCGA刊 行 CCAGTCGCTGTTCTTCGAC叫 1100 
GCGAGGACGCGCTGTTCGACATCTACCGCGTGATGCGTCCGGGCGAGCCGCCGACGCTGGATTCGGCGCAGGCGATGTTCCAGTCGCTGTTCTTCGACGI 1100 
GlTliAGGAJTliCG CTGTT C GACAT CT AC C G CGTGATGCGT C C GGGC GAGC C GCC GACGCTGGAI布CGGCGCAGGC[JHGTTCCA品TCGCTGTTCTTCGACGI 1100 
GlTliAGGAJli CG CTG TT C GACAT CT AC C G CGTGATGC GT CC GGGC GAGC C GC C GAC G CTGG峨ITCGGCGCAGGC[~TGTTCCAGTCGCTGTTCTTCGAC叫 1100

GI1iA酔ιCGCTG円CGACATCTACCG印TGATGC脅CGGGCGAGCCGCCGACGCTGGA汀CGGCGCAGGC仲TGTTCCAGTCGCTGTTCTTCGACGI 1100 
GCGAGGACGCGCTGTTCωCATCT ACC G CGTGATGC GTCC GGGC GAGC CGCC GACGCTGGA TTC GGCGCAGGC[~ TGTTC CAGTCGCTGTT CTTC GACGI 1100 
GCGAGGACGCGCTGTTCGACATCTACCGCGTGATGCGTCCGGGCGAGCCGCCGACGCTGGATTCGGCGCAGGC[‘TGTTCCAGTCGCTGTTCTTCGAC制 11自由

1帥 1[G CGAGGAC GCG CTG TT C GACAT CT AC C G CGTGATGC GT CC GGGC GAGC C GC C GAC G CTGGA竹CGGCGCAGGC[~TGTTCCAGTCGCTGTTCTTCGAC副 11自0
1001 [GCGAGGACGCGCTGTTCGACATCTACCGCGTGATGCGTCCGGGCGAGCCGCCGACGCTGGATTCGGCGCAGGC[I¥TGTTCCAGTCGCTGTTCTTCGAC剖 11自@
1001 [G CGAGGACGCG CTG TT C GACATCT ACC G CGTGATGC GTCC GGGC GAGC C GCC GACGCTGGA TTC GGCGCAGGC GATGTTC CAGTCGCTGTT CTTC GACGI 1100 
1001 ~G[Ii唖ACGCGCTGπCGACATCTACCGαTGATGCGT CC GGGC GAGC C GC C GAC G CTGG町 CGGCGCAGGCI1TGTTCCAGTCGCTGTTCTTCGACGI 1100 
1001 [G CGAGGAC GCG CTG TT C GACAT CT AC C G CGTGATGC GT C C GGGC GAGC C GC C GAC GCTGGATTC GGC GCAGGC GA HiTTC CAGT C GCT GTTCTT CGACGI 11自@
1001 [G CGAGGAC GCG CTGTT C GACAT CT AC C G CGTGATGC GT C C GGGC GAGC C GCC GAC GCTGGA竹 CGGCGCAGGCGA刊 行 CCAGTCGCTGTTCTTCGAC剖 1100 
1001 [GCGAGGACGCGCTGTTCGACATCTACCGCGTGATGCGTCCGGGCGAGCCGCCGACGCTGGATTCGGCGCAGGCGATGTTCCAGTCGCTGTTCTTCGAC剖 1100
1001 [G CGAGGAC G CG CTGTT C GACAT CT AC C G CGTGATGC GT C C GGGC GAGC C GC C GAC G CTGGATTC GGCGCAGGC GATGTTC CAGT CGCT GTTCTT CGACGI 1100 
1001 [GCGAωAC GCG CTG TT C GACAT CT AC C G CGTGATGC釘CCGGGCGAGCCGCCGACGCTGGA竹 CGGCGCAGGCGAHiTTCCAGTCGCTGTTCTTCGAC叫 1100
1001 tGfftAGGACGCGCTGTTCGACATCTACCG印TGATGCGTCCGGGCGAGCCGCCGACGCTGGATTCGGCGC州 GCGATGTTCCAGTCGCTGTTCTTCGAfI;I 1100 

1101 [C GAGCGCT ACGAC cmrr C C G CGGT C GGIT[G CGT CAAGATGAACATGC G C CT C G細l:TCGATGCGCCCGACACCCAGCGITI¥CGCTGCGCAAGGAAGACATI 1200 
1101 [C GAGCGCT A(GAC (mr C C G (GGT C GGIT[G (GT CAAGATGAA(ATGC G (CT C GAlTtT C GATGC GC C CGACA( C CAGC佃lICGCTG(GCAAGGAAGACATI 1200 
1101 [CGAGCGCTACGACCmW(CGCGGTCGGC(五CGTCAAGATGAACATGCGCCTCGACCTCGATG(GCCCGACACCCAGC仙lICGCTGCGCAAGGAAGACATI 1200 
1101 [C GAGCGCT ̂CGACCTlir CC G CGGT C GGC CG C GT CAAGATGAACATGCG (CT C GACCT C GATGCGC CCGACAC C (AGCG市I¥CGCTGCGCAAGGAA品̂CA明 1200
1101 [C GAGCGCT ACGAC CTliIT C C G (GGT C GGC CG (GT CAAGA TGAACATGCG C CT C GAC CT C GATGC GC CCGACAC C CAGCGITI¥C GCT G( GCAAG GAAGACATI 1200 
1101 [CGA且[GCTACGACCmW CC G CGGT C GGζCG(GTCAAGATGAACATGCGCCTCGACCTCGATGCGCCCGACACCCAGCGCACGCTG(GCAAGGoIIiIiAC州 12白。
1101 [CG組，[GCTACGACCTliITCCGCGGTCGGCCGCGTCAAGATGAACATG(GCCTCGA(CTCGATGCG(CCGACAC(CAGCGCACGCTGCGCAAGGoIIiIiA(州 1200
1101 [CGAGCGCTACGACCTCTCCGCGGTCGGCCGCGTCAAGATGAACATGCGCCTCGACCTCGATGCGCCCGACACCCAGCGITI¥CGCTGCGCAAGGAAGAC州 1200
1101 [CGA且rGCTAJTliACCTCTCCG(GGTCGGCCGCGTCAAGATGAACATGCGCCTCGACCTCGATGCGCCliliACACCCAGCGζACGCTGCGCAA品GAAGACATI 1200 
1101 [CGA且[GCTAJ[~ACCTCTCCGCGGTCGGCCGCGTCAAGATGAACATGCGCCTCGACCTCGATGCGCC~~ACACCCAGCGCACGCTGCGCAAGGAAGACATI 1200 
1101 [CGA且[GCTAJTliACCTCTCCGCGGTCGGCCGCGTCAAGATGAACATGCGCCTCGACCTCGATGCGCC~~ACACCCAGCGCACGCTGCGCAAGGAAGAC州 1200
1101 [CGA且[GCTAITIiACCTCTCCGCGGTCGGCCGCGTCAAGATGAACATGCGCCTCGACCTCGATGCGCCIi~ACACCCAGCGCACGCTGCGCAAGGAA品ACATI 1200 
1101 [C GAGCGCT AlfUC CTCTC C G CGGT C GGC CG CGT CAAGA TGAACATGCG C CT C GAC CT C GATGC GC C~~ACAC C CAGCGCAC GCTGC GCAAG GAAGACATI 1200 
1101 [CGAGCG刊 紙GACCTCTCC G CGGT C GGC CG (GT CAAGATGAA品 TGCGCCTCGACCTCGATGCGCCCGACACCCAGCGITI¥CGCTGCGCAAGGAAGA(州 1200 
1101 [C GAGCGCT ACGACCTCTCC G CGGT C GGC CG CGT CAAGATGAACATGCG C CT C GA肱TCGATGCGCCCGAITI¥CCCAIT[GCACGCTGCGCAAGGAAGAC州 1200
1101 [C GAGCGCT ACGACCTCT CC G CGGT C GGC CGC GT CAAGATGAACATGCG C CT C GA肱TCGATGCGCC印刷J1I，CCCAIl'[GCACGCTGCGCAAGGAAGACATI 1200 
1101 [C GAGCGCT ACGAC CTCT C C G CGGT C GGC CG CGT CAAGATGAACATGC G C CT C GAu:T C GATGC GC C印刷J1I，CCCA!T[GCACGCTGCGCAAGGAAGAC州 1200 
1101 [C GAGCGCT ACGACCTCT C C GCGGT C GGC CG CGT CAAGATGAACATGC G C CT C GA肱 TCGATGCGCCCG縮lICCCAIT[仙1'.CGCTGCGCAAGGAAGACATI 1200 
1101 ~CGAGCGCTACG似TCTCCGCGGTCGGC似何AAGATGAAC附CGCCTCGA体TCGATGCGCC酢仲CCCAt~GI1'-CGCTGCGCAAGGAAGACA可 1200 
1101 [C GAGCGCT ACGACCTCT CC G CGGT C GGC CG C GT CAAGA TGAACATGCG C CT C GAu:T C GATGC GC CCGAITI¥C C CAIT[GCAC GCTGC GCAAG GAAGACA引 12自由
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Figure 2.12 (continued). Alignment result of rpoB gene of Bradyrhizobium USDA 
strains. 
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 Figure 2.13. Alignment result of rpoB gene of B. elkanii USDA strains and isolates. 
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1 ~T仁CTACG-AζCAGTTζCTGATGGTGGAGGAGζ仁仁GACGGζGGGCGCζζζGACGAGGGCCTG(AGGCιGT(iTTC仁GCTCGGTGTTCCζ<iATCTCGGACTTT
1 ~TCCTACGACCAGnCCTGATGGTGGAGGAGCCCGACGGCGGGCGCCCCGACGAGGGCCTGCAGGCCGTGTTCCGCTCGGTGTTCCCGATCTCGGACTTT 
1 ~TCCTACGACCAGTTCCTGATGGTGGAGGAGCCCGACGGCGGGCGCCCCGACGAGGGCCTGCAGGCCGTGTTCCGCTCGGTGTTCCCGATCTCGGACTTT 
1 ~TCCTACGACCA必TTCCTGATGGTGGAGGAGCCCGACGGCGGGCGCCCCGACGAGGGCCTGCAGGCCGTGTTCCGCTCGGTGTTCCCGATCTCGGACTTτ
1 ~TCCTACGACCAGτTCCTGATGGTGGAGG.GCCCGACGGCGGGCGCCCCGACGAGGGCCTGCAGGCCGTGTTCCGCTCGGTGTTCCCGATCTCGGACTTτ 

1 ~TCCTACGACCAGnCCTGATGGTGGAGGAGCCCGACGGCGGGCGCCCCGACGAGGGCCTGCAGGCCGTGTTCCGCTCGGTGTτCCCGATCTCGGACTTτ 

1 ~TCCTACGACCAGnCCTGATGGTGGAGGAGCCCGACGGCGGGCGCCCCGACGAGGGCCTGCAGGCCGTG庁TCCGCTCGGTGTTCCCGATCTCGGACTTT

1 ~TCCTACGACCAGnCCTGATGGTGGAGGAGCCCGACGGCGGGCGCCCCGACGAGGGCCTGCAGGCCGTGTTCCGCTCGGTGTτCCCGATCTCGGACTTT 

1 ~TCCTACGACCAGnCCTGATGGTGGAGGAGCCCGACGGCGGGCGCCCCGACGAGGGCCTGCAGGCCGTGT了てCGCTCGGTGTTCCCGATCTCGGACTTT

1 ~TCCTACGACCAGτTCCTGATGGTGGAGGAGCCCGACGGCGGGCGCCCCGACGAGGGCCTGCAGGCCGTG了了CCGCTCGGTGTTCCCGATCTCGGACTTT

1 ~TCCTACGACCAGnCCTGATGGTGGAGGAGCCCGACGGCGGGCGCCCCGACGAGGGCCTGCAGGCCGTGTTCCGCTCGGTGTTCCCGATCTCGGACTTT 

1 ~TCCTACGACCAGTTζCTGAτGGTGGAGGAGCCCGACGGCGGGCGCCCCGACGAGGGCCTGCAGGCCGTGTTCCGCTCGGTGTTCCCGATCTCGGACTTτ 

1 m CCTACGACCAGTTCCTGATGGTGGAGGAGCCCGACGGCGGGCGCCCCGACGAGGGCCTGCAGGCCGTGTTCCGCTCGGTGTTCCCGATCTCGGACTTτ 

1 m CCTACGACCAGτTCCTGATGGTGGAGGAGCCCGACGGCGGGCGCCCCGACGAGGGCCTGCAGGCCGTGTTCCGCTCGGTGTTCCCGATCTCGGACTTτ 

1 mCCTACGACC'‘GnCCTGATGGTGGA.[~AGCCCG~品GCGGGCGCCCCGACGAGGGCCTGCAGGCCGTGTTCCGCTCGGTGTτCCCGATCTCGGACTTτ

1 ~TCCTACGACCAGnCCTGATGGTGGA[~AGCCCGA昌也GCGGGCGCCCCGACGAGGGCCTGCAGGCCGTGTTCCGCTCGGTGTτCCCGATCTCGGACTTT

1 ~TCCTACGACCAGnCCTGATGGTGGA[PAGCCCGAt;品GCGGGCGCCCCGACGAGGGCCTGCAGGCCGTGTTCCGCTCGGTGTτCCCGATCTCGGACTTT

1 m CCTACuACCAG打 CCTGATGGTGGAtPAGCCCG絹，PGCGGGCGCCCCGACGAGGGCCTGCAGGCCuTuTTCCGCTCGGTGTTCCCGATCTCGGACTTT

1 ~TCCTACGACCAGnCCTGATGGTGGA[PAGCCCG~品GCGGGCGCCCCGACGAGGGCCTGCAGGCCGTGTTCCGCTCGGTGTτCCCGATCTCGGACTTT
1 ~TCCTACGACCAGτTCCTGATGGTGG'[PAGCCCG~品GCGGGCGCCCCGACGAGGGCCTGCAGGCCGTGTTCCGCTCGGTGTTCCCGATCTCGGACTTT
1 ~TCCTACGACCAGnCCTGATGGTGG'[PAGCCCGAP品GCGGGCGCCCCGACGAGGGCCTGCAGGCCGTGTTCCGCTCGGTGTTCCCGATCTCGGACTTT
1 ~TCCTACGACCA必nCCTGAτGGTGGA.[PAGCCCGACGGCGGGCGCCCCGACGAGGGCCTGCAGGCCGTGTTCCGCTCGGTGTTCCCGATCτCGGACTTT

i tJillE::iiZ耳目立JZ誕世22能昆民事接記長;22222思議ZRZH255344iglilirETTT
101 r仁仁GGCACζTCGATGζ1仁GAATIζGTζ仁GCTACGAGTTζGAGC仁GCζGAAATATGA仁GT仁GAζGAGTGCζ6仁仁AGCG仁GGCATGAζζn仁G仁TGζGC仁GC

101 rCCGGCACCTCGAτH TCGAAnCGTCCGCTACGAGTTCGAGCCGCCGAAATATGACGTCGACGAGTGCCGCCAGCGCGGCATGACCTTCGCTGCGCCGC 
101 JCCGGCACCTCGAτ.GCTCGAAnCGTCCGCTACGAGTTCGAGCCGCCGAAATATGACGTCGACGAGTGCCGCCAGCGCGGCATGACCTTCGCTGCGCCGC 

101 JCCGGCACCTCGAτGCTCGAATTCGTCCGCTACGAGTTCGAGCCGCCGAAATATGACGTCGACGAGTGCCGCCAGCGCGGCATGACCTTCGCTGCGCCGC 

101 JCCGGCACCTCGAτGCTCGAATTCGTCCGCTACGAGTTCGAGCCGCCGAAATATGACGTCGACGAGTGCCGCCAGCGCGGCATGACCTTCGCTGCGCCGC 

101 JCCGGCACCTCGATGCTCGAATTCGTCCGCTACGAGTTCGAGCCGCCGAAATATGACGTCGACGAGTGCCGCCAGCGCGGCATGACCTTCGCTGCGCCGC 
101 JCCGGCACCTCGATGCTCGA'‘TTCGTCCGCTACGAGTTCGAGCCGCCGAAATATGACGTCGACGAGTGCCGCC'‘GCGCGGCATGACCnCGCTGCGCCGC 
101 JCCGGCACCTCGATGCTCGA'‘TTCGTCCGCTACGAGTTCGAGCCGCCGAAATATGACGTCGACGAGTGCCGCCi‘GCGCGGCATGACCnCGCTGCGCCGC 
101 JCCGGCACCTCGATGCTCGAATTCGTCCGCTACGAGTTCGAGCCGCCGAAATATGACGTCGACGAGTGCCGCCAGCGCGGCATGACCTTCGCTGCGCCGC 

101 JCCGGCACCTCGAτGCTCGAATTCGTCCGCTACGAGTTCGAGCCGCCGAAATATGACGTCGACGAGTGCCGCCAGCGCGGCATGACCTTCGCTGCGCCGC 
101 JCCGGCACCTCGAτGCTCGAATTCGTCCGCTACGAGTTCGAGCCGCCGAAATATGACGTCGACGAGTGCCGCCAGCGCGGCATGACCTTCGCTGCGCCGC 

101 JCCGGCACCTCGAτGCTCGAAnCGTCCGCTACGAGTTCGAGCCGCCGAAATATGACGTCGACGAGTGCCGCCAGCGCGGCATGACC了TCGCTGCGCCGC

101 JCCGGCACCTCGAτGCTCGAATTCGTζCGCTACGAGTTCGAGCCGCCGAAATATGACGTCGACGAGTGCCGCCAGCGCGGCATGACCTTCGCTGCGCCGC 

101 JCCGGCACCTCGATGCTCGAATTCGTCCGCTACGAGTTCGAGCCGCCGAAATATGACGTCGACGAGTGCCGCCAGCGCGGCATGACCTTCGCTGCGCCGC 
101 JCCGGCACCTCGAτ.GCTCGAATTCGTCCGCTACGAGTTCGAGCCGCCGAAATATGACGTCGACGAGTGCCGCCAGCGCGGCATGACCTTCGCTGCGCCGC 

101 JCCGGCACCTCGATGCTCGA'、TTCGTCCGCTACGAGTTCGAGCCGCCGAAATATGACGTCGACGAGTGCCGCCi‘GCGCGGCATGACCTICGCTGCGCCGC
101 JCCGGCACCTCGATGCTCGAATICGTCCGCTACGAGTTCGAGCCGCCGAAATATGACGTCGACGAGTGCCGCC'‘GCGCGGCATGACCTICGCTGCGCCGC 
101 rCCGGCACCTCGATGCTCGAATTCGTCCGCTACGAGTTCGAGCCGCCGAAATATGACGTCGACGAGTGCCGCCAGCGCGGCATGACCTTCGCTGCGCCGC 
101 JCCGGCACCTCGAτH TCGAATICGTCCGCTACGAGTTCGAGCCGCCGAAATATGACGTCGACGAGTGCCGCCAGCGCGGCATGACCTTCGCTGCGCCGC 

101 JCCGGCACCTCGAτ.GCTCGAATICGTCCGCTACGAGTTCGAGCCGCCGAAATATGACGTCGACGAGTGCCGCCAGCGCGGCATGACCTTCGCTGCGCCGC 

101 JCCGGCACCTCGAτ.GCTCGAATICGTCCGσACGAGTTCGAGCCGCCGAAATATGACGTCGACGAGTGCCGCCAGCGCGGCATGACCTTCGCTGCGCCGC 

101 JCCGGCACCTCGAτ.GCTCGAATTCGTCCGCTACGAGTTCGAGCCGCCGAAATATGACGTCGACGAGTGCCGCCAGCGCGGCATGACCTTCGCTGCGCCGC 
101 JCCGGCACCTCGAτGCTCGAATTCGTCCGCTACGAGTTCGAGCCGCCGAAATATGACGTCGACGAGTGCCGCCAGCGCGGCATGACCTTCGCTGCGCCGC 

101 ~CCGGCACCTCGAτGCTCGAAT丁目TCCGCTACGAGTTCGAGCIi);CCGAAATATGACGTCGACGAGTGCCGCCAGCGCGGCATGACCTICGCTGCGCCGC

Z河01JCMt<rrGACGCTGCGttTtATCGTtrtCGATATCtAtGAttMACttttGtCMGTtGGTGM厄GACATCMGGAGo'GGACGTCTJ虻:ATGGGttll.tATI
201 rCAAGGTGACGCTGCGCCTGATCGTGTTCGATATCGACGAGGAAACCGGCGCCAAGTCGGTGAAGGACATCAAGGAGCAGGACGTCTACATGGGCGACAT 

201 JCAAGGTGACGCTGCGCCTGATCGTGTTCGATATCGACGAGGAAACCGGCGCCAAGTCGGTGAAGGACATCAAGGAGCAGGACGTCTACATGGGCGACAT 

201 JCAAGGTGACGCTGCGCCTGATCGTGTTCGATATCGACGAGGAAACCGGCGCCAAGTCGGTGAAGGACATCAAGGAGCAGGACGTCTACATGGGCGACAT 

201 JCAAGGTGACGCTGCGCCTGATCGTGTTCGATATCGACGAGGAAACCGGCGCCAAGTCGGTGAAGGACATCAAGGAGCAGGACGTCTACATGGGCGACAT 
201 JCAAGGTGACG亡TGCGCCTGATCGTG了TCGATATCGACGAGGAAACCGGCGCCAAGTCGGTGAAGGACATCAAGGAGCAGGACGTCTACi肝GGGCGACAT
Zゆ1JCAAGGTGACGζTGCGCCTGATCGTGTTCGATATCGACGAGGAAACCGGCGCCAAGTCGGTGAAGGACATCAAGGAGCAGGACGTCTACATGGGCGACAT 

201 JCAAGGTGACGCTGCGCCTGATCGTGTTCGATATCGACGAGGAAACCGGCGCCAAGTCGGTGAAGGA工ATCAAGGAGCAGGACGTCTACATGGGCGACAT

201 JCAAGσTGACGCTGCGCCTGATCGTGTTCGATATCGACGAバ:lGMACCGGCGCCAAGTCGGTGAAGGACATCAAGGAGCAGGACGTCTACATGGGCGACAT
201 JCAAGGTGACGCTGCGCCTGATCGTGTTCGATATCGACGAGGAAACCGGCGCCAAGTCGGTGAAGGACATCAAGGAGCAGGACGτCT ACATGGGCGACAT 

201 JCAAGGTGACGCTGCGCCTGATCGTGTTCGATATCGACGAGGAAACCGGCGCCAAGTCGGTGAAGGACATCAAGGAGCAGGACGTCTACATGGGCGACAτ 

201 JCAAGGTGACGCTGCGCCTGATCGTGTTCGATATCGACGAGGAAACCGGCGCCAAGTCGGTGAAGGACATCAAGGAGCAGGACGTCTACATGGGCGACAT 

201 JCAAGGTGACGCTGCGCCTGATCGTGTTCGATATCGACGAGGAAACCGGCGCCAAGTCGGTGAAGGACATCAAGGAGCAGGACGTCTACATGGGCGACAT 
201 JCAAGGTGACGCTGCGCCTGATCGTGTTCGATATCGACGAGGAAACCGGCGCCAAGTCGGTGAAGGACATCAAGGAGCAGGACGTCTACATGGGCGACAT 

Zゆ1JCAAGGTGACGCTGCGCCTGATCGTG了TCGATATCGACGAGGAAACCGGCGCCAAGTCGGTGAAGGACATCAAGGAGCAGGACGTCTACATGGGCGACAT

Zゆ1JCAAGGTGACGCTGCGCCTGATCGTGTTCGATATCGACGAGGAAACCGGCGCCAAGTCGGTGAAGGACATCAAGGAGCAGGACGTCTACATGGGCGACAT 

201 JCAAGGTGACGCTGCGCCTGATCGTGTTCGATATCGACGAGGAAACCGGCGCCAAGTCGGTGAA心GA工ATCAAGGAGCAGGACGTCTACi‘TGGGCGACAT
201 JCAAGGTGACGCTGCGCCTGATCGTGTTCGATATCGACGAGGAAACCGGCGCCAAGTCGGTGAAGGACATCAAGGAGCAGGACGTCTACATGGGCGACAT 

201 rCAAGGTGACGCTGCGCCTGATCGTGTTCGATATCGACGAGGAAACCGGCGCCAAGTCGGTGAAGGACATCAAGGAGCAGGACGTCTACATGGGCGACAT 

201 JCAAGGTGACGCTGCGCCTGATCGTGTTCGATATCGACGAGGAAACCGGCGCCAAGTCGGTGAAGGACATCAAGGAGCAGGACGTCTACATGGGCGACAτ 

201 rCAAGGTGACGCTGCGCCTGATCGTGπ CGATATCGACG泊五GAAACCGGCGC CAAGT C GGT岨AGGACATCAAGGAGCAGGACGTCT ACATGGGCGACAT 

201 JCAAGGTGACGCTGCGCCTr:恥TCGTGTTCGATATCGACGAGGAAACCGGCGCCAAGTCGGTGAAGGACATCAAGGAGCAGGACGTCTACATGGGCGACAT
201 JCAAGGTGACGCTGCGCCTGATCGTGTTCGATATrPACGAGGAAACCGGCGCCAAGTCGGTGAAGGACATCAAGGAGCAGGACGTCTACATGGGCGACAT 

201 ~CAAGGTGACGCTGCGCCTr:IITCGTGTTCGATATCGACGAGGAAACCGGCGCCAAGTCGGTGAAGGACATCAAGGAGCAGGACGTCTACATGGGCG虻日

301 [ににGCTにATGA仁GATGAAにGGCAζζTTTGT(GTにAAζ【jGにAにζGAGζG仁GTCATζGTζT仁GCAGATGCAζζGTTζQ仁仁CGGにGTGTTζTTにGA仁ζACGAζ

301 [CCGCTCATGACGATGAACGGCACCTTTGTCGTCAACGGCACCGAGCGCGTCATCGTCTCGCAGATGCACCGTTCGCCCGGCGTGTTCTTCGACCACGAC 

301 [CCGCTCATGACGATGAACGGCACC了TTGTCGTCAACGGCACCGAGCGCGTCATCGTCTCGCAGATGCACCGTTCGCCCGGCGτGTICTTCGACCACGAC
301 [CCGCTCATGACGATGAACGGCACCTTTGTCGTCAACGGCACCGAGCGCGTCATCGTCTCGCAGATGCACCGTTCGCCCGGCGTGTTCTTCGACCACGAC 

301 [CCGCτCATGACGATGAACGGCACCTTTGTCGTCAACGGCACCGAGCGCGTCATCGTCTCGCAGATGCACCGTTCGCCCGGCGTGTICTTCGACCACGAC 

301 [CCGCTCATGACGATGAACGGCACCTπGTCGTCAACGGCACCGAGCGCGTCATCGTCTCGCAGATGCACCGTTCGCCCGGCGTGTICTTCGACCACGAC 

301 [CCGCTCATGACGATGAACGGCACCTTTGTCGTCAACGGCACCGAGCGCGTCATCGTCTCGCAGATGCACCGTTCGCCCGGCGTGTTCTTCGACCACGAC 

301 [CCGCTCATGACGATGAACGGCACCTγTGTCGTCAACGGCACCGAGCGCGTCATCGTCTCGCAGATGCACCGTTCGCCCGGCGTGTTCTTCGACCACGAC 
301 [CCGCτCATGACGATGAACGGCACCT廿 GTCGTCAACGGCACCGAGCGCGTCATCGTC丁目 CAGATGCACCGTTCGCCCGGCGTGTTCTTCGACCACGAC

301 [CCGCTCATGACGATGAACGGCACCTTTGTCGTCAACGGCACCGAGCGCGTCATCGTCTCGCAGATGCACCGTTCGCCCGGCGTGTTCTTCGACCACGAC 

301 [CCGCTCATGACGATGAACGGCACCTTTGTCGTCAACGGCACCGAGCGCGTCATCGTCTCGCAGATGCACCGTTCGCCCGGCGτGTTCTTCGACCACGAC 
301 [CCGCTCATGACGATGAACGGCACCTTTGTCGTCAACGGCACCGAGCGCGTCATCGTCTCGCAGATGCACCGTTCGCCCGGCGτGTTCTTCGACCACGAC 

301 [CCGCTCATGACGATGAACGGCACCT廿 GTCGTCAACGGCACCGAGCGCGTCATCGTCTCGCAGATGCACCGTTCGCCCGGCGTGTICTTCGACCACGAC

301 [CCGCτCATGACGATGAACGGCACCTπGTCGTCAACGGCACCGAGCGCGTCATCGTCTCGCAGATGCACCGTTCGCCCGGCGTGTICTTCGACCACGAC 

301 [CCGCTCATGACGATGAACGGCACCT円 GTCGTCAACGGCACCGAGCGCGTCATCGTCTCGCAGATGCACCGTTCGCCCGGCGTGTICTTCGACCACGAC

301 [CCGCTCATGACGATGAACGGCACCTπGTCGTCAACGGCACCGAGCGCGTCATCGTCTCGCAGATGCACCGTTCGCCCGGCGTGTTCTTCGACCACGAC 
301 [CCGCTCATGACGATGAACGGCACC了汁GTCGTCAACGGCACCGAGCGCGTCATCGTC丁目 CAGATGCACCGTTCGCCCGGCGTGTTCTTCGACCACGAC

301 [CCGCτCATGACGATGAACGGCACCTT円GTCGTCAACGGCACCGAGCGCGTCATCGTCTCGCAGATGCACCGTTCGCCCGGCGTGTTCTTCGACCACGAC

301 [CCGCTCATGACGATGAACGGCACCTTTGTCGTCAACGGCACCGAGCGCGTCATCGTCTCGCAGATGCACCGTTCGCCCGGCGTGTTCTTCGACCACGAC 

301 [CCGCTCATGACGATGAACGGCACCTTTGTCGTCAACGGCACCGAGCGCGTCATCGTCTCGCAGATGCACCGTTCGCCCGGCGτGTTCTTCGACCACGAC 
301 [CCGCT仁ATGACGATGAACGGCACCTTTGTCGTCAACGGCACCGAGCGCGTCATCGTCTCGCAGATGCACCGTTCGCCCGGCGTGTICTTCGACCACGAC

301 [CCGCTCATGACGATGAACGGCACCTT[PTCGTCAACGGCACCGAGCGCGTCATCGTCTCGCAGATGCACCGTTCGCCCGGCGTGTICTTCGACCACGAC 

301 [CCGCTCATGACGATGAACGGCACCTT円GTζGTCAACGGCACCGAGζGCGTCATCGTCTCGCAGATGCACCGTTCGCCCGGCGTGTICTTCGACCACGAC

301 tcCGCTCATGACGATGAACGGCACCπf;):;TCGTCAACGGCACCGAGCGCGTCATCGTCTCGCAGATGCACCGTTCGCCCGGCGTGTICTTCGACCACGAC 
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Figure 2.13 (continued). Alignment result of rpoB gene of B. elkanii USDA strains 
and isolates. 
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401 IV<GGGCAAGACCCATT(GT(仁GG(AAGCTGCTGTTτG(ζG(GCG( GTG10 TT( (GT AT( G (GGTTC CTGGCτζG負.CAτCGAGTτCG.ACGCCM 6GACAT(G
401臥AGGGCAAGA(CCATTCGTC(GGCAAGCTGCTG下rTGC(GCG(GC GTG10 TTC (GT 1oT(G C GGTτ(CTGGCTCG1oCATCGAGTT(GACGC(AAGG1o(1oTCG 
401臥AGGGCAAGACCCATTCGTCCGGCAAGCTGCTGTTτGCCGCGCGCGTG10TTCCστ10TCGCGGTτCCTGGCTCG負，CAτCGAGTτCGACGCCAAGGACATCG
401 l¥AGGGCA.l.GACCCATTCGTCCuGCAAGCTGCTGn庁GCCGC GCGC GTGA TTC CGT 10TC GC G日寸CCTGuCTCuACATCuAGTτCG良川CGCCAAGGACATCG
401 l¥AGGGCAAGACC(A'了TCGTCCuGCAAGCTGCTGTTγGCCGCGCGC GTGA TT( CGT 10TC G CGGTTC CTGGCTCGACAT CGAGTτCGACGCCAAGGACATCG 
401 l¥AGGGCAAGACC (ATTC GT(C uGCAAGCTGCTGnrTGCCGC GCGC GTGA TTC CGT 10TC G CGGTTC CTGGCTCGA(A守 (GAGTT(G良川CGCCAAGGAC10TCG
401 l¥AGGGCAAGACC(1oTTCGTCCuG(AAG(TGCTGnrTGCCGCGCGCG了uATTC CGi ATC G (CiGTTC CTGGCTCG.ACA ~ Cu.AGTτ(GA(GてCAA'白GACATCG
401 l¥AGGGCAAGAC((1oTTCGTCCuG(AAG(TGCTGnrTGC(uCG(GCGTG1oTTC(GTAT(GCGGTT(CTGGCT(GA(AT(GAGTT(G良川CG((AAGG1o(1oT(G

401 l¥AGGGCAAGA(( (1oTT( uTC (uG(AAG(TGCTGnrTGC(uC G(GC GTG10 TTC (GT 1oT( G C GGTT( CTGGCT(GA(A T (GAGTτ(G1o同CG((AA心G1o(1oT(G
401臥1oGGGCAAGA(((1oTT(uTC(uG(AAGCTGCTGTTτGC(uCG(GC GTG10 TTC (GT 1oT( G C GGTτ(CTGGCTζGA(Aτ(GAGTT(G1o(G((AAGG1o(1oT(G 
401 l¥AGGGCAAGACC(1oTTCuT(CuG(AAGCTGCTG下庁G((GCGCG(GTG1oTT((Gτ1oT(uCGGTτCCTGuCT(GA(ATCGAGTτCG1o(GC(AAGGAC1oT(G
401臥1oGGGCAAGA(((ATT(GT((uG(AAG(TGCTGn庁G((GCG(G(GTG1oTT((σTATCGC uGTTC (T6uCT CGACAT CuAGTτCG1o(GC(AAGGACAT(G 
401臥AGGGCAAGA(((ATT(GT((uGCAAG(TGCTGTTτG((GC G(G( GTG10 TT( (GT 10TC G( GGTτC(TGuCTCGACATCuAGTτ'CG1o同CG((AAGGACAT(G
401臥1oGGGCAAGA(((A'了T(GT((uGCAAG(TGCTGTTγG((GC G(G( GTG10 TT( (GT 1oT( G C GGTτCCTGGCT((;A(AγCGAGTτ'CG1o同CG( (AAGGACA TC G 
401 IV<GGGCAAGA(( (ATT( GT(( uGCAAG(TGCTGnrTG((GC G(G( GTGA TT( (GT AT( G C GGTTC CTGGCT(G1o(A守 (GA后TT(G良川CG((AAGGAC1oT(G
401 IV<GGGCAAGA(((ATT(GTC(uG(AAG(TGCTGnrTGC(uCG(GCG日rGATTC(GTAT(GCGG了τ(CTGGCT(GA(AT(GAGTT(G良(G((AAGG1o(1oT(G
401 IV<GGGCAAGA(((ATT(uTC(uG(AAG(TGCTGnrTGC(uCG(GCGTG1oTTC(GTAT(GCGGTT(CTGGCT(G負.CATC(iA(iTTCG負(G((AAGG1o(1oT(G
401臥1oGGGCAAGA(((ATT(uTC(uG(AAG(TGCTGTTτGC(uCG(GCGTG1oTTC(GT1oT(GCGGTT(CTGGCT(G負.CAT(G久GTT(G1o(G((AAGG1o(1oT(G
401 臥AGGGCAAGA(((ATT(uTC(uG(AAGCTGCTGn庁GC(uCG(GC GTG10 TTC (GT 1oT( G C GGTT( CTGGCTζG魚川CAT(GAGTT(GA(G((AAGG1o(1oT(G
401 l¥AGGGCAAGA(C (ATTC GT(( uGCAAG(TGCTGnrTG((GC G(G( GTG10 TT( (GT 1oT(G C GGTTC CTGuCT(GA(AτCGAGTTCGA(GC(AAGGACAT(G 
401 l¥AGGGCAAGA(((ATT(GT((uG(AAG(TGCTGn庁(j(CG(GC(i( (jTGA TT( CGT ATCG( uGTTC (TGuCTCGACATCuAuTτCG良川CGC(AAGGACAT(G
401ドGGGCAAGA(((ATT(GT((uG凶 G(TGC而nrTG((GCG(G(町 叫 円 ((訂 1oT(GCGGrTCCTGGCT(G虻 ATC曲 目 CG虻 G((AAGG虻 10T瞥

:::ヒ:222::iSEi:ii;足立:iiE2REiE:ZE12Efizz22日2125i従長:zzi:11:221222
501 rGTT(G(uCG(ATCGA((GT(uC(G(AAGCTGCCCGTGAζCTCG(TGATGTACGCG(T(G(jTCTζG10ζG(j(uAG(AGAτC(T6T(GACζTT(TACAAGAA 

501 rGTT(G(uCG(ATCG1o((GT(uC(G(AAGCTGCC(GTGA(CT(GCTGATGTA(G(GCTCGGTCT(G1o(GGCGAGCAGAτ(CTGTCGA((TTCTA(AAGM 
501 rGττ(G(GCGC‘τ(G1o( CGT C u( CG(AAGCTG( ((GTGA( (T(G(γGATGTA(GてGCT(uGTCTCGA(GGCGAG(AGAτ(CTGτ(GA(CTT(τA(AAGM
501 ，-GTT(G(GCG(AT(G1o正(GT(u(CG(AAGCTG(((GTGA((T(GC'GATGTA(GCGCT(uGTCTCGA(GG(GAG(AGAτ(CTGT(GA(CTTCTA(AAGM
501 I"GTT(G(GCG(AT(G1o(CGT(u((G(AAGCTG(((GTGA((T(G(γ'GATGTA(G(GCT(GGマCTCGA(GGCGAG(AGAτ(CTGTCGA((TT(γA(AAGM
501 I"GTT(G(GCGCAT(G1o(CGTCu((G(AAGCTG(((GTGA((T(G(守 GATGTA(G(GCT(GG守 EτCGA(GGCGAG(AGAτ(CTuTCGA((TT(守 A(AAGM
501 I"GτTCG(uCG(ATCG1o((GT(uC(G(AAGCTG(C(GTGA(CT(GCGATGTA(G(GCTCGGTCT(GA(GGCGAG(AGAT(CTGTCGA(CTTCTA(AAGM 

501 I"GTT(G(uCGCATCG1oCCGTCuCCG(AAGCTGCCCGTGA((TCGCTGATGTACGCGCTCGGT(TCGA(GGCGAG(AGAτCCTGTCGACCTTCTACAAGM 
501 I"GτTCG(uCGCATCG1o(CGT(uCCG(AAGCTGCCCGTGA(CTCGCTGATGTACGCGCTCGGTCTCGA(GGCGAGCAGAτ(CTGTCGA(CTTCTA(AAGM 
501 I"GτTCG(uCGCATCG1o((GT(uCCG(AAGCTG(C(GTGA((TCGCTuATGTACGCGCTCGGTCTCGA(GGCGAGCAGAτCCTGτCGA(CTTCTACAAuM 
501 '-GTT(G(uCGC‘T(G1o((GTCu(CG(AAGCTG(((GTGA((T(GCTGATGTACuてGCT(uGTCTCGA(uG(GAu(AGAτ(CTGτ(GA(CTTCτACAAuM
501 ruTT(u{(i((jCAT((jACCGTC6((GCAAGCT(i((C(iTGACCT(G(T(jATGTACuてGCT(uGTCTCGA(uG(GAu(AGAτ(CTGT(GA(CTT(τA(AAGM
501 I"GTT(G(uCGCAT(G1o((GT(u(CG(AAuCTG(((GTuA((TCu(TGATGTA(uてGCT(uGTCτCGA(uG(GAu(AGAτCCTGT(GACCTT(τACAAuM
501 ruTT(u{ (i( (jCAT((jA( ((jT C u( ((j(AAGCT(j( (((iTGA( (TCG(T(jATGT ACu( (j(T (G (jγEτCGA(GGCGAu(AGAτCCTGTCGA(CTT(γACAAGM 
501 rGττ(G(uCGCATCGA(CGTCuCCG(AAuCTGCC(GTGA((TCG(守 GATGTACG(GCT(GGTCTCGACGGCGAG(AGAτCCTGTCGA(CTT(TACAAGM

501 rGτTCG(uCGCATCG1oCCGTCuCCG(AAGCTGCCCGTGA(CTCGCGATGTACGCGCTCGGTCTCGACGGCGAu(AGAτCCTGTCGACCTTCTACAAGM 
501 rGτTCG(uCGCATCGACCGTCuCCG(AAGCTGCCCGTGA((TCGCτ'GATGTACGCGCTCGGTCTCGA(GuCGAG(AGAτCCTGTCGA(CTTCTACAAGM 
501 rGTT(G(uCuCATCu1o(CuT(uCCu(AAuCTuCCCGTuA(CTCuCTGATGTACGCuCTCGuTCTCuA(GuCGAGCAGAτ(CTGTCGA(CTTCTACAAGM 
501 rGττ(G(uCuC‘τ(u1o(CuTCu(Cu(AAuCTu(((GτGA((TCG(γuATuTA(uてuCT(uGT(τCuA(uuCGAu(AGAτ(CTGτ(GA(CTT(τA(AAGM
501 .-GTT(G(uCuCAT(u1o正(uTCu(Cu(AAGCTG(((GTGA((T(GC'uATuTACuCuCT(uGTCTCuA(uu(GAu(AGAτ(CTGT(GA(CTTCTA(AAuM
501 .-GTT(u(uCuCAT(u1o正((jTC(i(((jCAAGCT(j((((iTGA((TCG(T(jATGTACuてuCT(uGTCTCuA(uu(GAu(AGAτ(CTGT(GA(CTT(τA(AAGM
501 I"GTT(G(uCuCAT(G1o((uT(u(Cu(AAuCTG(((GTuA(CTCu(守'uATuTA(u(uCT(uGTCτCuA(uu(GAu(AGAτCCTGτ(GA(CTT(τA(AAGM
501 I"GTT( G( UC uCA TCGAC CuTC u( Cu(AAuCTG( C (G守 uA((TCu(守 uATGTACG(uCT(GGT(τCuACGuCGAu(AGAτ((TGT((iA(CTT(TACAAGAA
501 I"GTT(G(uCuCATCuA(CuTCuCCu(AAuCTGCC(GTuA((TCu(守 uATGTACGCuCT(GGTCTCuACGuCGAG(AGAτCCTGTCGA(CTT(TA(AAGM

601厄π瓦CCT瓦E扇 GC弱疋E扇 GG瓦局面 T弱CGCG'而，CCu干m瓦CuCC扇 CCGCTTCCGCGGCT訂"'Cu瓦CCGT(函 E福 CCTu瓦TCG瓦CGCC扇面cc
601 t;Aτ(ACCTA(M G(uGAC(AAuGA(uuATGG(G(Gτu((GTTCGACu(CAA((GCTT((G(GuCτATτ(uA((uτ(M C(;A(CTuATCuA(u((uA(A(( 
601 t;ATCACCTA(M u(uGA((AAuuA(uuATuu(u(uTu((uTTCGACu(CAACCGCTT((G(GGCτ10Tτ(GA((uτ(M Cu1o(CτG1oT(u1o(u((GA.(A(C 

601 t;AT(ACCTA(M G(uGAC(AAuGA(GuATGG(G(σTu((GTTCGACu(CAACCGてTT((G(GGCT1oTτ(GA((uτ(M CGA(CTGAT(uA(G(CG"ACC
601 r:;"TCACCTACM G(uGA(CAAuG1oCGuATGGCGCGTuC(G了TCGACu(CAACCuてTT(CuCuuCTATTCuA((uτCM (uACCTuAT(uACGCCu"CAC( 
601 t;ATCACCTA(M u(uuACCAAGuA(GuATuGCu(uTuCCuTTCuACu(CAA(CG(TT((GCuUCτAT守 (uA((uT(M ( uA( CTuAT (uA(uC CuA(AC( 
601 t;AT(ACCTA(M uCuGAC(AAuuACuuATuGCuCGTuCCGTTCuACu(CAA(CG(TTC(GCUUCτAT守 (uA((uT(M (GA( CTuAT (uACuC Cu"(AC( 
601 t;ATCACCTA(M uCuG免C(AAuuACGuATGGCuCGTuCCG了TCuACu(CAACC G(TTC (GCGGCT A， C uA(C Gτ(M CGA(CTuAT(GACGCCGA.(AC( 
601 t;A T(A(CT A(M G(uGAC(AAGGA( GGATGG(G( GTG(( uTT(uA(u((AA( (uCTT( (u (uuCT A， (uA(( uτ(M (GA(CTuAT(uA(G((u..(A(( 
601 t;AT(A(CTA(M u(uu免((AAuGA(GuATuG(u(GTu((u了TCuACu((AA( (u(TT( (u (uGCT 10Tτ(G，，((uτ(M (GA(CTGATCuA(G((GA(A(( 
601 t;Aτ(ACCTA(M G(uGA((AAuuA(uuATuu(u(uτu((uTTCGACu(CAA((GてTT((G(GuCτ10Tτ(uA((uτ(M CuA(CTu1oTCuA(G(CuA(A((
601 t;ATCAC(τA(M u(uu免((AAuuA(uuATuu(u(uTu((uTT(GACu((AA((GてTT((G(GGCτATτ(GA((uτCM CGA(CτGAT(uA(G(CG"ACC
601 t;AT(ACCTA(M G(uuA((AAGGA(GuATuG(G(GTu((GTT(GACu((AAC(uてTT((u(GGCT1oTτ(GA((uτ(M CuA(CTuAT(uA(u(Cu"(A((
601 t;ATCA(CTA(M u(uuA((AAuuA(uuAγuu(u(uTu(( uTT(GACu((AA( (u(TT( (G(uuCT ATγ(GA(( uT(M ( uA( CTGAT( uA(u( CU4(1O( ( 
601 t;ATCA(CTA(M u(uGA((AAuGA(uuATuG(u(uTu((uTT(GA(u((AA((G(TT((G(uuCτA，(GA((uτ(M (GA(CTGAT(uA(u((G1o(A(( 
601 t;A T(A(CT A(M u(uGA((AAuuA( uuATuG(u( GTu((GTT(GA(u((AA( (G(TT( (G(GuCT AT守 (GA((uT(M ( uA( CTGAT (uA(u( (u4(A(( 
601 t;AT(A(CTA(M u(uGAC(AAuuA(uuATuG(u(GTu((GTT(GA(u((AA((G(TT((G(GuCτA，(uA((uτ(M (GA(CTGAT(uA(u((GA(A(( 
601 t;AT(A((TA(M u(uG免((AAuuA(GuATuG(u(GTu((G了T(GA(u((AA((G(TT( (G (GuCT 10Tτ(uA((uτ(M (u1o((TGAT(uA(u((G1o(A(( 
601 t;AT(A(CTA(M G(uGA((AAuuA(GuATuG(G(Gτu((GTT(uA(u( (AA( (G(TT( (G (GuCT 10Tτ(GA((uτ(M CGA(CTuATCuA(u((uA(A(( 
601 t;AτCACCTA(M u(uGA((AAuuA(uuATuu(u(uTu(Cu了TCGACu((AAC(G(TT((G(GGCτ10Tτ(GA((uτ(M Cu1o(CTGATCuA(u(CGA.(A((
601 t;AT(ACCTA(M G(uu免((AAuGA(GuATuG(G(GTu((GTT(GACu((AAC(GCTT((u(GGCτATτ(GA((uτ(M CGA(CτGAT(uA(G(CG"ACC
601 t;A T(A(CTA(M G(uGA( (AAGGA(GuATuG(G(GTu(( GrT (GACu((AA( (u(TT( (u(GGCT 10Tγ(GA((uτ(M (GA(CτGAT(uA(G(CG..(A(( 

::it主主治活お:iiiz:ziz::::2i:;:ifizz鷲足222EEEZSFi::在住2i::ig;12::::ii:芸能
701 r:;G(AAGGTGuτGCτ(uAuu(CuG(AAuAAGCTuA((uτG(G(CAGG(GCG((I‘GCTT(AGGAGM GGG(CτuMGu(GCTG(u(AτGTCGGACGAGGAG( 
Fゆ1r:;GCAAGGTGuTGCτ(u免uu((uG(AAuAAuCTuA((uτG正G((AGGCG(G((AGてTT(AGuAGM GGG(CTuMGu(GCTG(u(ATGTCGGACGAGGAG(
701 r:;GCAAGGτGGτGCT(GAuu(CuGCAAuAAuCTuA((uTG(G((AGG(G(G((1‘GCTT(AGuAGM GGG(CTuMGu(GCTG(u(ATGTCGGACGAGGAG( 
701 r:;GCAAGGTGGτGCT(GAuu((uGCAAuAAuCTuA((uTG(G((AGG(G(G((AGてTT(AGuAGM GGG(CTGM Gu(GCTG(u(ATGTCGGACGAGG1oG(
701 r:;GCAAGGTuuτGCτ(GAuu((uGCAAuAAuCTuA((uTG(G((AGG(G(G((AG(TT(AGuAGM GGG(CTuMGu(GCTG(u(ATGT(GGA(GAGGAG( 
701 r:;GCAAGGTuuτGCT(GAuu((uGCAAuAAuCTuA((uTG(G((AGG(G(G((AG(TT(AGuAGM GGG(CTuMGu(u(TG(u(ATGT(GGA(GAGGAG( 
701 r:;GCAAGGTuuτGCT(GAuu((uG(AAuAAuCTuA((uτu(G((AuGCu(G((AG(TT(AGuAuM uuu(CTuMGu(GCTG(u(ATuT(GuA(uAGGAG( 
701 r:;GCAAGGTuuτGCT(G免uu((GG(AAGAAuCTuA((uTG(G((AGG(G(G((AG(TT(AGuAGAAGGG(CTuMGu(G(TG(u(ATGT(GGA(GAGGAG(
Fゆ1r:;GCAAGGTuuτGCT(G免uu((GG(AAGAAuCTGA((GTG(G((AGG(G(G((AG(TT(AGuAG負AGGG(CTuMGu(G(TG(u(ATGT(GGA(GAGGAG(
701 r:;GCAAGGTuuτGCτ(GAuu((GG(AAGAAuCTGA((uτG(G((AGGCG(G((AG(TT(AGGAG民AGGG(CTuMGu(GCTG(u(ATGTCGGA(GAGGAG(
701 r:;GCAAGGTGGTGCT(GAuu(CGG(AAuAAuCTuA((uTG正G((AGGCG(G((AG(TT(AGuAGM GGG(CTuMGu(GCTG(u(ATGTCGGACGAGGAG(
701 r:;GCAAGGτGGτGCT(GAuu(CuGCAAuAAuCTuA((uTG(G((AGG(G(G((AGてTT(AGuAGM GGG(CTuMGu(GCTG(u(ATGTCGGACGAGGAG(
701 r:;GCAAGGTGGTGCT(GAuu((uGCAAuAAuCTuA((GTG(G((AGGCG(G((AG(TT(AGuAGM GGG(CTuMGu(GCTG(u(ATGT(GGACGAGGAG( 
701 r:;GCAAGGTuuτGCT(GAuu((uGCAAGAAuCTuA((uTG(G((AGG(G(G((AG(TT(AGuAGM GGG(CTuMGu(uCTG(u(ATGT(GGA(GAGGAG( 
701 r:;GCAAGGTuuτGCT(GAuu((uGCAAuAAuCTuA((uTG(G((AGG(G(G((AG(TT(AGuAGM GGG(CTuMGu(uCTG(u(ATGT(GGA(GAGGAG( 
701 r:;GCAAGGTuuτGCT(G免uu((uG(AAuAAuCTuA((uτG正G((AGG(G(G((AG(TT(AGuAGM GGG(CTuMGu(uCT冶(u(ATGT(GGA(GAGGAG(
Fゆ1r:;GCAAGGTuuτGCT(G，見uu((uG(AAuAAuCTuA((uTG(G((AGG(G(G((AG(TT(AGuAGM GGG(CTuMGu(GCTG(u(ATGT(GGA(G鼻GGAG(
701 r:;GCAAGGTuuτGCτ(GAuu((uG(AAuAAuCTuA((uTG(G((AGG(G(G((AG(TT(AGuAGM GGG(CTuMGu(GCTG(u(ATGT(GG良川CGAGGAG(
701 r:;GCAAGGTuuτGCτ(GAuu((GG(AAuAAuCTuA((uτG(G((AGG(G(G((AG(TT(AGuAGM GGG(CTuMGu(GCTG(u(ATGTCGGA(GAGGAG( 
701 r:;GCAAGGTGGTGCTCGAuuCCuGCAAuAAuCTuACCuTGCGCCAGGCGCGCCI‘GCTTCAGuAGM GGGCCTuMGuCGCTGCuCATGTCGGACGAGGAGC 
701 r:;GCAAGGTuGTGCTCGAuuCCGGCAAuAAuCTuACCGTGCGCCAGGCGCGCCAGてTTCAGuAGM GGGCCTuMGuCGCTGCuCATGTCGGACGAGGAGC
701 tGCAAGGTGGTGCτCGAuuCCuGCAA砧 AuC而 虻 CGTGCGCCAGGC!J:G仁川 町 CAGuAGM GGGC口uMGuCGCTGCuC附 T印 刷 GAGGAGC
701 r:;GCAAGGTuGTGCTCGAuGCCuGCAAuAAuCTuACCuTGCGCCAGGCGCGCCAGCTTCAGuAGM GGGCCTuMGuCuCTGCuCATGTCGGACGAGGAGC 
701 tiGCAAG(j....(j日 G(T(GlGG日 (jGCAAGAACi(TGA(CGTG日 目 師 匠 GCGCCAGCTTCAGGAG.lAGGG仁目 GAAGG日 口 GCG(ATGT日 6虻 GAGGMl:
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Figure 2.13 (continued). Alignment result of rpoB gene of B. elkanii USDA strains 
and isolates. 

OAK10-rpoB. fasta 

OB04-rpoB. fasta 

OfK6・rpoB.fasta 

OfK8-rpoB. fasta 

OFK9-rpoB. fasta 

PHt.I4-rpoB. fasta 
PHM1-rpoB. fasta 

PCM5-rpoB. fasta 
PO(3-rpoB. fasta 

PBM3-rpoB. fasta 
PBtU -rpoB. fasta 

OA7・rpoB.f<lsta 

Be61-rpoB. fasta 

Be46-rpoB. fasta 

Be76-rpoB. fasta 

HB014-rpoB. fasta 

HB016-rpoB. fosto 

HBOZ1-rpoB. fasto 

HFKZ-rpoB. fasto 

HfK10-rpoB. fosto 

KHf612-rpoB. fasto 

Be31-rpoB. fasto 

Be130-rpoB.子osta

Be94-rpoB. fasto 

OAK10-rpoB.子osta

OB04-rpoB. fasto 

OFK6-rpoB. fasto 

OfK8・rpoB.fasta 

OFK9-rpoB. fasto 

PHt.I4-rpoB. fasta 
PH~l・ rpoB.fasta 

P(M5-rpoB. fasto 
POI3-rpoB. fasta 
PBM3-rpoB. fasto 
PBMl-rpoB. fasto 

OA7-rpoB. fosta 

Be61-rpoB. fasto 

Be46-rpoB. fasto 

Be76-rpoB. fasta 

HB014-rpoB .子。sta
HB016-rpoB .子osto

HBOl1-rpoB.子osta

HfKZ-rpoB. fasto 

HFK10-rpoB. fosto 

KHf612-rpoB. fasta 

Be31-rpoB. fasta 
Be130-rpoB. fosta 

Be94守 rpoB.fasta 

1
1
1
 

auauau 

aua'au 

-
-
-

G
 

G

Q

G

G

a

t

a

 

t
a
a
a
a
G
a
e
G
a
e
a
G
a
t
t

t
a
t

s
a
t

a
 

s
t
t
t
t
t
t
t
t
t
t
a
t
t
t
s
s
s
t
s
e
t
s
t
 

a
s
s
s
s
s
s
s
s
s
s
t
s
s
s
e
a
a
s
a
E
r
s
e
S
 

ET
a
a

a
Q
G

a
e
a
a
a
s
a
a
a
z
y
z
r
zT
G
ET

-
a
z
y
a
 

-
zr
e
e
e
f
e
e
e
e
e
G
e
e
z
τ

・
E
・
e

・B
e

E
Er

g
-
E
-
-
-
-
-
-
-
-
子
・

E
・
8
8
8

・8

。・
8

-

O
B
B
B
B
E
B
B
B
B
B
B
B
B
O
O
O
B
O
P
S
O
B
 

P
0
0
0
0
0
0
0
0
0
0
8
0
0
0
p
p
p

。p
r
o
p
o

r
p
p
p
p
p
p
p
p
p
p
o
p
p
p
r
r
r
p
r
-
p
r
p
 

-
r
r
r
r
r
r
r
r
r
r
p
r
r
r
-
一
-
r

一
z

r

-
r

@

守
一
-
一
一

-
一
-

-
-
r
一一

-
4

6
1

一
@
1

一
@

守

1
4
6
8
9
4
1
5
3
3
3
1
-
1
6
6
1
1
2
Z
1
6
1
3
4
 

K
O
K
K
K
M

M
M
M
M
M
7
6
4
7
0
0
O
K
K
F
3

1

9

 

A

B
F

F

F
H
H
E
E
B
B
A
e
e
e
B
B
S
F

F
H

e
e

e

 

AVAV
《

uv
Au
nv
pz
nv
nv
nv
nr
p
z
A
V
R
U
P
O
E
U
UH
MM
MH
MH
MM
V
A
R
U
B
B
R
U

1
1
1
 

auauau 

-
-
2
 

1
1
1
 

Q
 

G

G

G

o

a

t

a

 

t

a
a
a
G
G
G
a
e
a
a
a
a
a
t
t
t

a
t
s

a
t
a
 

s
t
t
t
t
t
t
t
t
t
t
a
t
t
t
s
s
s
t
s
e
t
s
t
 

a
s
s
s
s
s
s
s
s
s
s
t
s
s
s
G
e
a
s
e
e
s
a
S
 

ET
a
a
a
a
a
a
a
a
a
a
s
a
o
o
zyzy
zT
G
E
Y
-
a
z
r
a
 

E
zr
z
y
e
zr
z
y
e
e
z
T
e
e
d
e
e
e
-
-

E
T
-
B
T
-
e
 

B

・
E
-
-
-
-
-
-
-
-
es
-
-
-
8
8
8

・
8

。
.
B
-

O
B
B
B
B
B
B
B
B
B
B
B
B
B
O
O
O
B
O
P
B
O
B
 

P
0
0
0
0
0
0

。0
0
0
8
0
0
0
p
p
p
o
p
r
o
p
o

r
p
p
p
p
p
p
p
p
p
p

。p
p
p
r
r
r
p
r
-
p

r

p

-
r
r
r
r
r
r
r
r
r
r
p
r
r
r
-
一
一

r
-
z

r
-
r

@

-
一
-
-
一
-
一一

-
-
r
-
一
-
4
F
e
-
-
@
1

-
@

-

1
4
6
8
9
4
1
5
3
3
1
-
1
6
6
1
1
2
Z
1
6
1
3
4
 

K
O
K
K
K
M
M
M
M

M
M
7
6
4
7
0
0
O
K
K
F
3

1

9

 

A

B
F
F
F
H
M
E
E
B
B
A
e
e
e
B
B
B
F
F
H
e
e
e
 

AVAV
《

uv
AU
AV
内

v
nr
nr
hv
nr
nr
《

U
E
U
R
U
B
B
MH
MH
MM
MH
MH
W恥

E
u
e
o
e
u

B01 rcCiτCGGCAACTAτCTCGCCGAGGATCTεσTCAA(CCuAA6AC(66TGA6ATCTAC6(((iAA6((.jえ.GCGAGGAGA.τCACζGAGAAG円rCGCτCM GσTGC
801 JCGTCGGCAACTATCTCGCζGAGGATCTCCiTCM CCCGAAGACCGGTGAGATCTACGCCGAAGCCAGCGAGGAGATCACζGAGM GTCGCTCM GGTGC 
801 H G-CGGCAACTATCTCGCCGAGGATCTCCiTCAACCCGAAGACCGGTGAGATC-ACGCCGAAGCCAGCGAGGAGATCACCGAGM G円rCGCτ.CM GGTGC
801 rCGTCGGCAACTAτCTCGCCGAGGAτCTCCiTCM CCCGAAGACCGCiτGAGATCTACGCCGAAGCCAGCGAGGAGATCACCGAGM GTCGCτCM GσTGC 
801 H GTCGGCAACTATCτCGζζGAGGATCTζCiTCM CCCGAAGACCGGTGAGATCTACGCCGAAGCCAGCGAGGAGATCAζζGAGAAGTCGCTCM GGTGC 
801 H GτCGGCAACTATCTCGCCGAGGATCTCCiτCAACCCGAAGACCGGTGAGATC-ACGCCGAAGCCAGCGAGGAGATCACCGAGAAGTCGCτCM GGTGC 
801 rcCiTCGGCAACτAτEτ(GCCGA_Gu:ATCTζ6τCAA( C C uAA6AC(66TGAGATCT AC6( ((iA負6(CAGCGAG6AGATCAζ(GA，_GAAGTζG(TCAAGGTGC
801 rc GTC GGCAACT ATCTC GCCGAGGA T CTC CiTCM CC C GAAGACC GGTGAGATC ACGC CGA負GCCAGCGAGGAGATCACζGAGAAGTCGCTCM GGTGC
801 H GτCGGCAACTATCTCGCCGAGGATCTCCiTCM CCCGAAGACCGGTGAGATCγACGCCGAAGCCAGCGAGGAGATCACCGAGAACiTCGCτ.CM GGTGC 
801 H CiTCGGCAACTAτCT(GCCGAGu:ATCTζGτζAA(CCuAA6AC(GGTGAGATCTACu(((iAAG(CAGCGA(j6AGATCAζ((jA_(jAAGTζG(TCAAG(jT(jC 
801 H G-CGGCAACTATCτCGCCGAGGATCTCGτCAACCCGAAGACCGGτGAGAτC"'A(u((uAAu(CAGCGAGGAGATCAζCGAGAAGTζGCτCM GGTGC 

801 rcGτCGGCM CTATCτCGCCGAGGATCτCCiτCM CCCGAAGACCGGTGAGATCγACGCCGAAGCCAGCGAGGAGATCACCGAGAAGTCGCτCM GGTGC 
801 JCCiTCGGCAACTAτζT(GCCGA_(ju:ATCTζGτζAA(CCuAA6AC(66TGAGATCTACu(((iA負_G(CAGCGA(j6AGATCAζζGA_GAAGTζG(TCAAGGTGC
801 rCG~CGGCAACTATCTCGCCGAGú:ATCTCGτCAACCCGAAGACCGGτGAGATC-ACGCCG 亀AGCCAGCGAGGAGATCAζ(G_A_GAAGTζGCτCMGGTGC
801 H GTCGGCAACTAτCTCGCCGAGGAτEτCCiTCM CCCGAAGA仁CGστGAGATCTACGCCGAAGCCt;t;CGAGGAGA.τCACCGAGAAGTCGCτCM GσTGC
801 [(CiTCGGCAACTAτCT(GζCGA(ju:ATCTζGτCAA(CCuAAGA((GGTGAGATCτACu(((iAAG(CtiIjCGA(j6AGJ‘τCAζζ(jA_(jAT.GTCG(TCAAG(jT(jC 
801 H G-CGGCAACTATCTCGCCGAGGATCTCGτCAACCCGAAGACCGGτGAGAτCACGCCGAAGCCt;t;CGAGGAGATCAζCGAGAAGTζGCTCM GGTGC 

801 rCGTCGGCAACTAτCTCGCCGAGGATCTCCiTCM CCCGAAGACCGσTGAGATCTACGCCGAAGCCt;t;CGAGGAGATCACCGAGAAGTCGCτCM GσTGC 
801 JCGTCGGCAACTATCTCGζζGAGGATCTCCiTCM CCCGAAGACCGGTGAGATCTA仁GCCGAAGCCt;t;CGAGGAGATCAζζGA后AAGTCGCTCM GGTGC
801 rCG~CGGCAA(TATCT(GC(GA.Gú:AT(TCGτCAACCCGAAGACCGGτGAGAτC-ACGCCGAAGCCt;t;CGAGGAGATCAζCGAGAAGTζGCTCMGGTGC 
801 rCGTCGGCAACTAτCTCGCCGAGGAτCTCCiTCM CCCGAAGACCGCiτGAGATCTACGCCGAAGCCt;t;CGAGGAGATCACζGAGAAGTCGCτCM GσTGC 
801 rCGTCGGCAACTATCτCGζCGAGGATCTCGτζM CCCGAAGACCGGTGAGATCACGCCGAAGCCt;t;CGAGGAGATCACζ(j_A_(jAA，GT(GCTCAAGGTGC 

801 H GτCGGCAACTATCTCGCCGAGGATCTCCiτCM CCCGAAGACCGGTGAGATCγACGCCGAAGCCt;t;CGAGGAGATCACCGAGAAGTCGCτCM GGTGC 
801 rCGTCGGCAACTAτCTCGCCGAGGAτCTCCiTCM CCCGAAGACCGCiτGAGATCTACGCCGAAGCCt;t;CGAGGAGATCAζCGAGAAG円rCGCτCM GσTGC

901 t;AAζ@良心にAGGGCTACAAGGAιιTGζ仁GζT6C1(6AζATζGAζζAζGT仁AAT6-ζGG(GCζTACATζζGCAA'ζACG仁TGTCGG(CGAζAAG"ACATGAC

901 IjAA(GA6CA6(j(jCTACAAGGA(ζTGCCu(TuCT(uACATζGAC(A(GTCAATGT(Gu((j((TACA'τ((GCAACA(GCτGT(G(j((GACAAuAACAT 

901 IjAACGAGCA川G(jGCTACAAG(iAζCTGCCGCTGCTCGACATCGACCACGTCAATGψCGGCGCCTACAτCCGCAACAζGCτGTCGGCCGACAAGAACAT

901 t;AACGAGCAGGGCτACM GGACζTGCCGCTGCTCGACATCGACCACGTCAATG-CGGCGCCTACAτCCGCAACACGCτGTCGGCCGACAAG‘ACAT 
901 t;AA(GA6CAG(j(jCTACAAGGA((TGCCu(TuCT(uACATζGAC(A(GTCAATGT(Gu((j((TACA'τC(GCAACACGCτGT(G(j((GACAAuAACAT 

901 t;AACGAGCAGGGCτACAAGGACCTGCCGCTGCTCGACATCGACCACGTCAAτG-CGGCGCCTACAτCCGCAACACGCτGTCGGCCGACAAGAACAT 
901 t;AACGAGCAGGGCτACM GGACζTGCCGCTGCTCGACATCGACCACGTCAATG守 CGGCGCCTACAτCCGCAACACGCτGTCGGCCGACAA心AACAT
901 IjAA(GA6CAG(jGCTACAAG(iA((TGCCu(TuCT(uACATζGA(CACGTCAATGτ(Gu((j((TA(A"τCCGCAAζACGCτ6T(G(j((GACAAuAACAT 

901 t;AACGAGCA必GGCTACAAGGACCTGCCGετGCTCGACATCGACCACGTCAAτG-CGGCGCCTACAτCCGCAACACGCτGTCGGCCGACAAGAACAT

901 t;AACGAGCAGGGCTACM GGACCTGCCGCTGCTCGACATCGACCACGTCAATGTCGGCGCCTACAτCCGCAACACGCτGTCGGCCGACAA心AACAT
901 t;AACGAGCAGGGCTACM GGACζTGCCu(T(iCT((iACATζGACCACGTCAATGT(G(i((iC(TA(AT(CGCAACACG(τGT(G(iCCGACAA心AACAT

901 t;AACGAGCAGGGCτACAAGGACCTGCCGετGCTCGACATCGACCACGTCAATG-CGGCGCCTACAτCCGCAACACGC守 GTCGGCCGACAA必AACAT

901 t;AACGAGCAGGGCτACM GGACCTGCCGCTGCTCGACATCGACCACGTCAATGTCGGCGCCTACAτCCGCAACACGCτGTCGGCCGACAA心‘ACAT
901 IjAACGAGCA川G(iGCTACAAG(iAζCTGCCGCTGCτCGACAT(GACCACGTCAATG-CGGCGCCTACATCCGCAACACGCτGTCGGCCGACAAGAACAT

901 t;AACGAGCAGGGCτACAAGGACCTGCCGlI1rGCTCGACATCGACCACGTCAAτG-CGGCGCCTACAτCCGCAACACGCTGTCGGCCGACAAGAIo.CAT 
901 t;AACGAGCAGGGCTACM GGACCTGCCCiIIlTGCTCGACATCGACCACGTCAATGTCGGCGCCTACAτCCGCAACACGCτGTCGGCCGACAA必‘ACAT
901 t;AACGAGCAGGGCTACM GGACCTGCCGllTrGCTCGACATCGACCACGTCAATG-CGGCGCCTACAτCCGCAACACGCTGTC GGC C GACAAGAACA T 
901 t;AACGAGCAGGGCτACM GGACζTGCCGnTGCTCGACATCGACCACGTCAATG-CGGCGCCTACAτCCGCAACACGCτGTCGGCCGACAAG‘ACAT 
901 t;AACGAGC良川GGGCτACAAGGACCTGCCGllTrGCTCGACATCGACCACGTCAATGTCGGCGCCTACAτCCGCAACACGCτGTCGGCCGACAAGAACAT
901 IjAACGAGC良川G(iGCTACAAG(iACCTGCCGrlTGCTCGACAT(GACCACGTCAATG-CGGC(iCCTA(AτCCGCAACACGCτGTCGGCCGACAAGAACAT
901 t;AACGAGCAGGGCτACAAGGACζTGCCGllTGCTCGACATCGACCACGTCAATG-CGGCGCCTACAτCCGCAACACGCτGTCGGCCGACAAG免ACAT

901 t;AA((jAGCAG(iGCTACAAGGAC(TGCCG!I1T(iCT((iACATζGA(CACGTCAAT6TC6(iC(i(CTAζAτCCGCAAζACG(τGT(G(iC(GACAA(iAACAT 
901 t;AACGAGCAGGGCTACAAGGACCTGCCGCTGCTCGACATCGACCACGTCAATG-CGGCGCCTAII1>.TCCGCAACACGCτGTCGGCCGACAA必A.ACAT
901 t;AACGAGCAGGGCτACAAGGACCTGCCGCTGCTCGACATCGACCACGTCAATG-CGGCGCCTAII1>.τCCGCAACACGCτGTCGGCCGACAA必AACAT

1001 t-GC6瓦己画面t;CGITGTICG瓦E瓦TCT瓦CCGCGTG瓦TGCGπCGGGCG瓦GCCGCCG瓦CGCTGG瓦TICGGCGC扇誌面 TGTT((AG可 GCTGT亭 CTICG瓦E
1001 [GCGAGGAluCGCτGTICGACATCτACCGCGTGAτGCCiTCCGGGCGAGCCGCCGACGCTGGATICGGCGCAGGCGATCiTICCAGγCGCτGTτCTICGAC 
1001 [GCGAGGAl!UCGCTGTICGACATCτAC(GCGTGATGC6TζζGGGCGAGCCGCCGACGCTGGATICGGCGCAGGCGATGTTCCAGTCGCτGTτCTIζGAC 
1001 [GCGAGGAl!UCGCTGTICGACATCτACCGCGTGATGCCiTCζGGGCGAGCCGCCGACGCTGGATTCGGCGCAGGCGATCiTICCAG守 CGCτGT守 CTICGAC
1001 [GCGAGGAl!UCGCτGTICGACATCτACCGCGTGATGCσTCζGGGCGAGCCGCCGACGCTGGATICGGCGCAGGCGAτCiTICCAGγCGCτGTτCTICGAC 
1001 tGCGAGGACGCGCTGTICGACATCTACCGCGTGATGCGTαGGGC砧GCCGCC抽CGCT叫!\TTCGGCGCAGGCG~TGTTCCAGTCGCTGTICTICG!\C
1001 [GCGAGGACGCGCTGTICGACATCTACCGCGTGATGCGTCCGGGCGAGCCGCCGACGCTGGATICGGCGCAGGCGATGTTCCAGγCGCτGTτCTICGAC 

1001 tGCGAGGAζGCGCτGTTCGA.CAT(τACCGCGTGATGCGT(ζGGGCG良GCCGC((iAC(iCTuGATT(GGC6(A<iuC(iATGTTC(AGTCGCτGTTCTT(GAC
1001 [GCGAGGACGCGCTGTICGACATCτACCGCGτGATGCCiTCζGGGCGAGCCGCCGACGCTGGATTCGGCGCAGGCGATCiTICCAG守 CGCτGT守 CTTCGAC
1001 [GCGAGGACGCGCτGTICGACATCτACCGCGTGATGCCiTCCGGGCGAGCCGCCGACGCTGGATICGGCGCAGGCGATCiTICCAGγCGCτGTγCTICGAC 
1001 [(iC(iA6GAζGCGCTGTTCG:A.CAT(τACCGCGTGATGCGT(((jGGζGAGCCGC((iAC(iCTuGATT(GGCGCA<iGC(iATGTTCCAGτCGCτGTTCTT(GAC 
1001 [GCGAGGACGCGCTGTICGACATCτACCGCGTGATGCCiTCζGGGCGAGCCGCCGACGCTGGATTCGGCGCAGGCGATCiTICCAG守 CGCτGT守 E守 TCGAC
1001 [GCGAGGACGCGCτGTICGACATCτACCGCGTGAτGCσTCζGGGCGAGCCGCCGACGCTGGATICGGCGCAGGCGATCiTICCi‘GγCGCτGTτCTICGAC 
1001 [(iC(iAuGAζGCGCTGTTCGACATCτAC(GCGTGATGCuTζζGGGζGAGCCGC((iAC(iCTuGATT(GGCGCA<iGC(iATGTTCCAGτCGCτGTτCTIζGAC 
1001 [GCGAGGACGCGCTGTICGACATCτACCGCGTGAτGCCiTCζGGGCGAGCCGCCGACGCTGGATTCGGCGCAGGCGATCiTICCAG守 CGCτGT守 CTICGAC
1001 [GCGAGGACGCGCτGTICGACATCTACCGCGTGATGCσTCζGGGCGAGCCGCCGACGCTGGATICGGCGCAGGCGATCiTICCAGγCGCτGTτCTICGAC 
1001 [G(GAGGAζGCGCTGTT(GACAT(τACCGCGTGATGCGTCζGGGCGAGCCGCCGACGCTGGATTCGGCGCAGGCGATGTTCCAGψCGCτGττCTIζGAC 

1001 [GCGAGGACGCGCTGTICGACATCτACCGCGTGATGCCiTCζGGGCGAGCCGCCGACGCTGGATTCGGCGCAGGCGATCiTICCAG守 CGCτGT守 CTTCGAC
1001 ~GCGAGGACGCG口GπCGACAT口ACCGCGTG肝GC町EζGGGCGAGCCGCCGACGCTGGATICGGCGCAGGCGAT肝TCCAG-CG口GTICTICGAC

G(GAGGA(GCGCTGTT(GACATζτACCGCGTGATGCGT(ζGGGζGAGCCGCC(iA(GCTGGATTCGGCGCAGGCGATGTTC(AG-'-CGCτGττCTIζGAC 

GCGAGGACGCGCTGTICGACATCTACCGCGTGATGCCiTCCGGGCGAGCCGCCGACGCTGGATICGGCGCAGGCGATCiTICCAGγCGCτGTマCTICGAC
GCGAGGACGCGCτGTICGACATCτACCGCGTGAτGCσTCζGGGCGAGCCGCCGACGCTGGATICGGCGCAGGCGAτCiTICCi‘GT(GCτGTτCTICGAC 

1001 [G(GAGGAζGCGCTGTICGACATCτA(CGCGTGATGCuT((GGGζGAGCCGCC(iA(GCTGGAτTCGGCGCAGGCGATGTTCCAG-CGCτGTτCTIζGAC 

1001 tGIitAGGACGCGCTGTICGACATCτA(CGC(iTGATGCuTCC(jGGCGAG((GCC<iA((iCTGGATTCGG(GCAGG(G.ATGTT((AGT(GCτGTICTICG 

1101 ~仁GAGζGζTAζGACζI仁Tζζ(i(GG1ζGGιC(i((iTCAAúATGAAζATGζG仁ζIζGAGζTζúATGζ6ζζζGATA'ζEζ"TζGζAζ(iC-(iζ(iCAA_G(jM<iAζA

1101 CGAGCGCTACGACCTCTCCGCGG-τCGGCCGCGTCAAGATGAACAτGCGCCτCGAGてTCGATGCGCCCGATACCCATCGCACGCγGCGCAAGGAAGACA

1101 [CGA(jCGCTA((iACCTCTCC(i(G6-τCGG(CGCGTCAAuATG.AACATG(GCCTC(jAGCTCuATGCGCCCGATACCCATCGCACGCτ6CGCAAGGAA<iAζA 
1101 [CGAGCGCTACGACCTCTCCGCGGτCGGCCGCGTCAAGATGAACATG仁GCCτCGAGCTCGATGCGCCCGATACCCATCGCACGC GCGCAAGGAAGACA

1101 [CGAGCGCTACGACCτCTCCGCGCiτCGGCCGCGTCAAGATGAACATGCGCCTCGAGてTCGATGCGCCCGATACCCATCGCACGC守 GCGCAAGGAAGACA
1101 tCGAGCGCTAζGACζTCTζCGCGGτζGG(CGCGTCAAGATGAACATG(GCζτCGAGCTCGATGCGζCCGATACCCATCGCACGCτGCGCAAGGAAGAζA 

1101 [CGAGCGCTACGACCTCTCCGCGGτCGGCCGCGTCAAGATGAACATG仁GCCτCGAGCTCGATGCGCCCGATACCCATCGCACGC守 GCGCAAGGAAGACA

1101 [CGAGCGCTACGACCTCTCCGCGστCGGζCGCGTCAAGATGAACATGCGCCTCGAGCTCGAτGCGCCCGATACCCATCGCACGCγGCGCAAGGAAGACA 

1101 [CGAGCGCTAζGACCτCTCCGCGCiTCGGCCGCGTCAAGATGAACATGCGCCTCGAGCTCGATGCGCCCGATACCCATCGCACGCτGCGCAAGGAAGACA 
1101 [CGAGCGCTACGACCTCTCCGCGGτCGGCCGCGTCAAGATGAACATG仁GCCτCGAGてTCGATGCGCCCGATACCCATCGCACGC守 GCGCAAGGAAGACA

1101 [CGAGCGCTACGACCτCTCCGCGGTCGGCCGCGTCAAGATGAACATGCGCCTCGAGCTCGAτGCGCCCGATACCCATCGCACGC守 GCGCAAGGAAGACA

1101 [CGAGCG(TA((jACCT(TζCGζGGTCGGCCGCGT(AAGATGAA(ATGCG(CTCuAGCTCuATGCGζCCGATACCCATCG(A(GC-'-GCGCA.¥G(iAAuAζA 

1101 [CGAGCGCTACGACCTCTCCGCGGτCGGCCGCGTCAAGATGAACATG仁GCCτCGAGCTCGATGCGCCCGATACCCATCGCACGC守 GCGCAAGGAAGACA

1101 [CGAGCGCTACGACCTCTCCGCGστCGGCCGCGTCAAGATGAACATGCGCCTCGAGCTCGAτGCGCCCGATACCCAτCG(A，(GCTGCGCAAG(jJ¥AGACA' 

1101 [CGAGCG(TA(GA(CT(TζCGζGGTCGG(CGCGTCAAGATGAA(ATGCG(CTCG.AGCTCuATGCGCCCGA.TACCCATC剖11ICGC-GCGCAAGGAAGACA
1101 [(GAGCGCTACGACCTCTCCGCGCiτCGGCCGCGTCAAGATGAACAτGCGCCτCGAGてTCGATGCGCCCGATACCCATC叩lICGCγGCGCAAGGAAGACA
1101 [CGAGCGCTACGACCTCTCCGCGστCGGCCGCGTCAAGATGAACATG仁GCCTCGAGCTCGAτGCGCCCGATACCCATC司11ICGCγGCGCAAGGAAGACA
1101 tCGAGCGCTACGACCTCTζζGCGGTCGG(CGCGT(AAGAT(iAA(ATGCG(CTCGAGCTCuATGCGCCCGATACCCATC叫11ICGC-GCGCAAGGAAGACA
1101 [CGAGCGCTACGACCTCTCCGCGG-τCGGCCGCGTCAAGATGAACAτGCGCCτCGAGてTCGATGCGCCCGATACCCATCG町l¥CGCγGCGCAAGGAAGACA

CGA(jCGCTA(GACCTCTζC(i(G(iTCGG(CGCGTCAAGATGAACATG(GCζTC(jAGCTCuATGCGζCCGATACCCATC国111ζGCτ6CGCU GGAA<iAζA
CGAGCG(TA(GACCτCTζCGCGGτCGG(CGCGT(AAGATGAA(ATGCG(CTCGAGCTCuATGCGCCCGATACCCATC剖11ICGC-GCGCAAGGAAGAζA
CGAGCGCTACGAC口CTCC医 師 CGGCCGCGTCAAGATGAACATGCGCCTCGAGCTCGATGCGCC[tATACCCATC唖CGC守 GCGCAAGGAA砧 CA

1101 tCGAGCGCTAζGACCTCTCCGCGGτζGG(CGC(jTCAAGATGAA(ATG(GCζTCGAGCTCGATGCGζCCGATACCCATCGCACGCτGCGCAAGGAAGAζA 

1101 [CGAGCGCTACGACCTCTCCGCGGτCGGCCGCGTCAAGATGAACATG仁GCCτCGAGCTCGATGCGCCCGATACCCATCGCACGC守 GCGCAAGGAAGACA
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Figure 2.13 (continued). Alignment result of rpoB gene of B. elkanii USDA strains 
and isolates. 
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Summary 

To understand the factors that influence the diversity of soybean-nodulating 

rhizobia is an important aspect before doing inoculation. Since studies about this topic 

in tropical regions are limited, particularly in the Philippines, this could lay the 

foundation for related research on Bradyrhizobium elkanii. In this study, we conducted 

the Polymerase Chain Reaction-Restriction Fragment Length Polymorphism (PCR-

RFLP) and sequence analysis of the 16S rRNA gene, internal transcribed spacer (ITS) 

region and rpoB housekeeping gene to know the genetic diversity of B. elkanii in 

different regions. Additionally, the sequence analysis of symbiotic nifD and nodD1 

genes was performed. The analysis of the rpoB gene revealed a higher genetic diversity 

than the ITS region, and some possible endemic B. elkanii strains were identified. 

Meanwhile, there was no variation among the strains in both nifD and nodD1 

phylogenies. Through the analysis of the rpoB gene, some variations in the ITS-rpoB 

type of the B. elkanii strains were differentiated with that of the two closest reference 

strains. Some potential soybean inoculants which possess good symbiotic efficiency 

regardless of the Rj genotypes used were also identified which suggested a broad host-

range capability of the selected strains. Thus, this study was able to demonstrate how 

the genetic diversity of soybean-nodulating B. elkanii strains in the subtropical Japan 

and tropical Philippines might be influenced by the temperature and soil pH and, 

provided some insights between the symbiotic genes and the Rj genotypes.
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Chapter 3 

 

Genetic diversity and distribution of indigenous soybean-nodulating 

bradyrhizobia in the Philippines as influenced by flooding and other soil 

properties 
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Introduction 

For soybean (Glycine max [L.] Merrill), Bradyrhizobium is known as its major 

micro-symbiont that could form nodules through symbiosis. The symbiotic relationship 

between the rhizobia and a leguminous plant is a highly specific, complicated and 

energy-exhaustive process (Wang et al., 2012) which may improve the crop’s yield. 

The Bradyrhizobium genus is considered as the predominant rhizobia in the tropics 

(Delamuta et al., 2015) and tropical regions have diverse environmental gradients that 

could influence the diversity of organisms. Because of this, a high diversity of soybean-

nodulating rhizobia were reported to exist in tropical regions (Delamuta et al., 2012) 

than the temperate regions. As of this time, a diverse species of bradyrhizobia were 

described as micro-symbionts of soybean such as Bradyrhizobium japonicum, B. 

elkanii, B. yuanmingense, B. liaoningense, B. huanghuaihaiense and B. diazoefficiens 

(Jordan, 1982; Kuykendall et al., 1992; Xu et al., 1995; Saeki et al., 2006; Appunu et 

al., 2008; Zhang et al., 2012; Delamuta et al., 2013). Also, several reports stated that 

soil pH, salinity, climate, nutrients, and cultural management could influence the 

diversity and distribution of soybean bradyrhizobia (Loureiro et al., 2007; Grossman et 

al., 2011; Adhikari et al., 2012; Shiro et al., 2013; Yan et al., 2014; Chibeba et al., 2017; 

Mason et al., 2017; Saeki et al., 2017). A productive and fertile soil harbors a high 

diversity of microorganisms so, a vast and accurate information about this could lead 

to a better crop productivity.  

The Philippines, as a tropical country is characterized by high temperature, 

humidity and abundant rainfall. It only has two distinct seasons based from rainfall: (1) 

dry season – from December to May and (2) rainy season – from June to November. 

The average temperature in the country is almost similar at 25.5 – 27.5°C throughout 

the year except for Benguet, which exists in high altitude. The country’s agricultural 
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production system has been chemically-dependent with rice or corn mono-cropping that 

the soil became acidic and unproductive. In the Philippines, rice is the major 

agricultural product. But, a recent trend in agriculture industry recognized the role of 

soybean in nutrition and soil fertility restoration. This prompted the creation of a 

Research and Development Roadmap for Soybean to increase the area and volume of 

production. This also encouraged researchers to improve the inoculation techniques to 

support the government’s endeavor. 

However, inoculation sometimes fail due to several reasons such as the 

incompatibility between the macro and micro-symbiont (Yamakawa et al., 2003; 

Hayashi et al., 2012; Yamakawa and Saeki, 2013), competition between the indigenous 

and inoculated rhizobia (Schumpp and Deakin, 2010; Ji et al., 2017) and the agro-

environmental factors mentioned above that influence the distribution and diversity of 

rhizobia. Therefore, it is a must that prior to inoculation, information on the distribution 

and diversity of indigenous rhizobia in the soil should be acquired.  

In our previous report, (Mason et al., 2017) it was stated that in the Philippines, 

there was no information about the indigenous soybean bradyrhizobia except for one 

location that was used in that study, which is Nueva Ecija. Since the Philippines is 

composed of more than 7,000 islands surrounded by bodies of water with considerable 

variation in agro-environmental conditions, it is hypothesized that a diverse species of 

bradyrhizobia can be collected and identified. Therefore, this study aimed to (a) identify 

the indigenous soybean bradyrhizobia in the Philippines soil and (b) determine the 

factors that influence its distribution and diversity. The output of this study could help 

to improve the current status of soybean production in the country and to better 

understand the biogeography of tropical bradyrhizobia. 
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Materials and Methods 

1. Soil Collection and analysis 

The soil samples used in this study were collected as formerly described (Mason 

et al., 2017) from the eleven locations which were previously and/or currently planted 

with soybean and/or other legumes (Fig. 1). The locations that were characterized by 

two different periods of flooding condition (flooded means the soil usually contains 

gravitational water for a period of at least 10 months in one year while non-flooded 

means the soil usually contains gravitational water for a period of at most 5 months in 

one year). The location and basic information on the study sites are summarized in 

Table 3.1. From the one (1) kg composite soil, a 0.5 kg was air dried and pulverized for 

soil analyses that include pH (1:2.5 water extraction method) and electrical conductivity 

(EC: 1:5 water extraction method), Total C, Total N, Bray P, K (flame 

spectrophotometer) and soil texture then, the remaining 0.5 kg was freshly used for the 

soybean cultivation. For the soil texture analysis, the Hydrometer method was used as 

described (Bouyoucous, 1962), whereas C and N analysis was performed by an 

automatic high-sensitive NC Analyzer Sumigraph NC-220F (Sumika Chemical 

Analysis Service. Ltd., Tokyo, Japan). The data of the annual average temperature and 

rainfall were obtained from the Philippine Atmospheric Geophysical and Astronomical 

Services Administration (PAGASA) website (https://www1.pagasa.dost.gov.ph/) 

which were averages from the last two decades (2000-2017).  
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Figure 3.1.  Map of the Philippines showing the location of the sampling points 
(    ) in this study. The map was drawn manually by the author.  
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Table 3.1. Basic information on the agro-environmental gradients of the Philippines soil used in this study. 

Note: Sa – sand; Flooding period means the number of months that the land was in a submerged condition and contains gravitational water. 
 
 
 

Location Coordinate pH EC 
(dS/m) 

C 
(%) 

N 
(%) 

C/N 
 

Bray P 
(mgkg-1) 

K 
 (mgkg-1) 

Sa 
(%) 

Silt 
(%) 

Clay 
(%) 

Ave. 
Temp. 
(°C) 

Flooding 
Period 

(month) 
Ilagan, Isabela (IS) 17.30°N,122.01°E 5.90 0.08 1.34 0.13 10.3 1.86 51.80 28.0 34.5 37.5 26.9 5 
Gamu, Isabela (GI) 17.08°N,121.79°E 5.52 0.15 1.85 0.17 10.9 2.30 58.60 28.2 33.8 38.0 27.0 10 
Baguio, Benguet 
(BA) 

16.40°N,120.60°E 5.22 0.20 3.10 0.24 12.9 22.22 51.00 19.0 41.4 39.6 19.3 10 

Nueva Ecija1 (NE1) 15.74°N,120.93°E 6.21 0.05 1.37 0.13 10.5 6.74 73.90 28.7 34.6 36.7 26.9 5 

Nueva Ecija2 (NE2) 15.74°N,120.93°E 5.81 0.12 2.36 0.22 10.7 21.63 49.40 27.4 34.7 37.9 26.9 10 

Irosin, Sorsogon 
(SO) 

12.72°N,124.04°E 5.26 0.15 1.92 0.22 8.7 2.57 55.80 28.9 33.6 37.5 27.1 10 

Abuyog, Leyte (LT) 10.67°N,125.04°E 5.80 0.12 1.50 0.15 10.0 6.39 174.20 29.2 32.8 38.0 27.0 10 

La Carlota, Negros 
Occidental (NR) 

10.24°N,122.59°E 5.62 0.15 0.63 0.07 9.0 20.44 74.10 28.0 34.2 37.8 27.7 5 

Ubay, Bohol (BO) 9.99°N,124.45°E 5.82 0.11 0.63 0.06 10.5 2.80 47.80 29.7 33.5 36.8 27.2 5 
Sultan Kudarat, 
Maguindanao (SK) 

6.51°N,124.42°E 6.64 0.14 2.48 0.19 13.1 4.53 59.60 24.0 34.1 41.9 27.3 10 

Tupi, South 
Cotabato (SC) 

6.34°N,124.97°E 5.52 0.15 1.36 0.14 9.7 31.18 47.20 19.5 42.5 38.0 25.4 10 
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The procedure for the soil pH and EC determination was described in the materials 

and methods section of Chapter 2.  

 

2. Cultivation of soybean and isolation of indigenous rhizobia  

To isolate the indigenous soybean rhizobia, a commonly available local soybean 

cultivar with the local name of PSB-SY2 was used. The soybean seeds were surface-

sterilized by soaking in 70% ethanol and sodium hypochlorite solution as formerly 

described (Saeki et al., 2006) and planted in a 1-liter culture pots (n = 4). Then, the 

culture pots were filled with vermiculite and a N-free nutrient solution was added (Saeki 

et al., 2004) at 40% (vol/vol) distilled water content then, were autoclaved for 20 min 

at 121°C. A 2 to 3 g soil sample was placed on the vermiculite with a sterile spatula at 

a depth of 2 to 3 cm, then the surface-sterilized seeds were sown on the soil. The pot 

was weighed and recorded after covering with aluminum foil. The aluminum foil was 

removed after 16 h or overnight. Afterwards, the plants were grown for 28 days inside 

the growth chamber (33°C for 16 h, day; 28°C for 8h, night), and were supplied weekly 

with sterile distilled water until the initial weight of the pot was reached.  

A 15 to 20 nodules with a size of more than 2mm were randomly collected from 

the roots of each soybean plant after 4 weeks. These nodules were surface-sterilized 

with 70% ethanol and sodium hypochlorite solution as described previously (Suzuki et 

al., 2008). Each nodule was crushed in sterile distilled water inside a 1.5 mL microtube 

by using a sterilized toothpick and streaked on the yeast extract mannitol agar (YMA; 

Vincent, 1970) plate. It was then incubated for about 1 week in the dark at 28°C. A 

single colony was picked-up by a sterile wire loop and streaked onto YMA plate 

containing 0.002% (wt/wt) bromothymol blue (BTB; Keyser et al., 1982) to determine 
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the genus and incubated as described above. Thereafter, the pure single colonies were 

obtained by repeated streaking into YMA plates.  

All the isolates obtained from the 11 locations were subjected to an inoculation test 

to determine their nodulation capability. Each isolate was cultured in YM broth culture 

(YMB; Vincent, 1970) for about 1 week at 28°C, and the cultures were diluted with 

sterile distilled water to approximately 106 cells ml-1. Then, surface-sterilized soybean 

seeds were sown as described previously but without soil, and a 1-ml aliquot of each 

isolate per seed was inoculated with three replications. The plants were grown inside 

the growth chamber for 4 weeks then, nodule formation was assessed. A control pot 

(un-inoculated) was prepared under similar conditions.   

 

3. DNA collection and extraction 

The isolated pure single colony from the YMA plate was cultured in a HEPES-MES 

(HM) broth culture (Cole and Elkan, 1973; Sameshima et al., 2003) for 3 to 4 days at 

28°C with continuous agitation at 120 rpm in a dark condition. Thereafter, the bacteria 

cells cultured in the HM broth were collected by centrifugation and washed with sterile 

distilled water. The extraction of the DNA was done by using BL buffer from the 

method reported previously (Hiraishi et al., 1995) which was described by Minami et 

al. (2009).  

A more detailed procedure of the DNA extraction was discussed in the materials 

and methods section of the Chapter 2. 

 

 

4. PCR-RFLP analysis of the 16S rRNA, ITS region and rpoB gene 

The isolates that were able to nodulate the soybean plants were then used for the  
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PCR amplification. The amplification of the 16S rRNA, ITS region, and rpoB gene was 

conducted using the Ex Taq DNA polymerase (TaKaRa Bio, Otsu, Shiga, Japan) with 

primers and PCR cycle conditions previously used (Mason et al., 2017) and are listed 

in the Table 2.1 of this manuscript. Then, the RFLP analyses of the 16S rRNA and ITS 

region were performed using the restriction enzymes HaeIII, HhaI, MspI and XspI 

(TaKaRa Bio) whereas for the rpoB gene, enzymes HaeIII, MspI and AluI (TaKaRa 

Bio) were used. The same serogroups of the Bradyrhizobium USDA were used as th 

reference strains which are listed in the Materials and Methods section of Chapter 2. 

From the PCR product, a 5.0 µl aliquot was digested with the restriction enzymes 

overnight at 37°C in a 20 µl reaction mixture. A 3 or 4% agarose gels in TBE buffer 

was used for the submerged gel electrophoresis to separate the fragments and were 

visualized with a 1% ethidium bromide. A 50bp DNA ladder (GeneDirex) was used as 

the marker of the fragment sizes. 

 

5. Sequence analysis of the three genes 

Based from the OTUs which were obtained from the RFLP analysis of the 16S 

rRNA, ITS region and rpoB gene, 31 representative isolates were selected for sequence 

analysis. The amplified products from the PCR reaction of the representative isolates 

for the ITS region and rpoB gene were purified according to the protocol of 

NucleoSpin® Gel and PCR Clean-up (Macherey-Nagel, Germany). Then, the DNA 

concentration of the purified product was confirmed with the NanoDrop 2000 

Spectrophotometer (Thermo Scientific, U.S.A.). After then, samples were prepared 

according to the protocol for a premixed template and primer of the manufacturer 

(EUROFINS GENOMICS) using the previously designed sequence primers (Mason et 

al., 2017) which are listed in the Table 2.2 and were sent to the company (EUROFINS). 
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Based from the similarity in the ITS region-rpoB gene type of the representative isolates, 

a few isolates were randomly selected to confirm the sequences of 16S rRNA gene. 

 

6. Sequence alignment and construction of the phylogenetic trees  

The Basic Local Alignment Search Tool (BLAST) program in DNA Databank of 

Japan (DDBJ) was used to determine the nucleotide homology of the isolates in this 

study. The sequences of type strains having a similarity with our isolates of at least 99% 

for the 16S rRNA, 96% for the ITS region and 98% for the rpoB gene were retrieved 

from the BLAST database. The phylogenetic trees also included the previously 

determined sequences of the 16S rRNA and ITS region Bradyrhizobium genospecies 

(Saeki et al., 2000; van Berkum and Fuhrmann, 2000). Then, the alignment of 

sequences obtained were performed using the ClustalW. The Neighbor-Joining (Saitou 

and Nei, 1987) method for the 16S rRNA, ITS region and rpoB gene was used to 

construct the phylogenetic trees. The genetic distances were then calculated using the 

Kimura 2-parameter model (Kimura, 1980) in the Molecular Evolutionary Genetic 

Analysis (MEGA v7) software (Kumar et al., 2016). Thereafter, the phylogenetic trees 

were bootstrapped with 1,000 replications of each sequence to evaluate the reliability 

of the tree topology. All the nucleotide sequences determined in this study were 

deposited in DDBJ at http://www.ddbj.nig.ac.jp/ and listed in Table 3.2. 

 

7. Cluster analysis and diversity of the indigenous bradyrhizobia  

Only those isolates with reproducible fragments longer than 50 bp in the 

electrophoresis gels were used for the cluster analysis. The genetic distance between 

pairs of isolates (D) was calculated using the equation DAB = 1 [2NAB/ (NA + NB)], where 

NAB represents the number of RFLP bands shared by strains A and B whereas NA and 
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NB represent the numbers of RFLP bands found only in strains A and B, respectively 

(Nei and Li, 1979; Sakai et al., 1998). Then, the diversity analysis was performed by 

the Shannon-Wiener diversity index as described previously (MacArthur, 1965; Pielou, 

1969; Saeki et al., 2008) for the species.  

To expound on the community structure of the dominant soybean bradyrhizobia, 

a multi-dimensional scaling (MDS) analysis using Bray-Curtis Index was employed 

using R software v. 3.4.0.   

 

8. Principal component analysis (PCA) 

To detect the relationship between the agro-environmental factors and the 

distribution of soybean bradyrhizobia in the Philippines, PCA method was performed 

in R software. The variables for the principal component include soil chemical 

properties, soil texture and some environmental data.  
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Table 3.2. List of accession numbers for the 31 indigenous representative 
isolates/strains of soybean-nodulating bradyrhizobia which were collected from the 11 
locations in the Philippines. These were obtained from the sequence analysis of the 16S 
rRNA gene, 16S-23S rRNA gene ITS region and rpoB housekeeping gene. 

 

 

 

 

No. Isolate Genus/Species name 
 

Accession Number 
 16S rRNA rpoB gene ITS region 
1 IS-2 B. elkanii LC386868 LC367064 LC367098 
2 GI-4 Bradyrhizobium sp. LC386869 LC367065 LC367099 
3 GI-8 B. elkanii nd LC367066 LC367100 
4 BA-24 B. japonicum LC386870 LC367067 LC367101 
5 BA-41 B. japonicum LC386871 LC367068 LC367102 
6 BA-42 B. elkanii LC386872 LC367069 LC367103 
7 
8 

NE1-6 
NE1-19 

B. elkanii 
Bradyrhizobium sp. 

LC386873 
nd 

LC367070 
LC415435 

LC367104 
LC425436 

9 NE1-34 Bradyrhizobium sp. LC386874 LC367071 LC367105 
10 NE1-65 B. diazoefficiens LC386875 LC367072 LC367106 
11 NE2-1 B. elkanii LC386876 LC367073 LC367107 
12 NE2-3 Bradyrhizobium sp. nd LC367074 LC367108 
13 NE2-37 Bradyrhizobium sp. LC386877 LC367075 LC367109 
14 NE2-66 B. japonicum nd LC367076 LC367110 
15 SO-1 B. diazoefficiens LC386878 LC367077 LC367111 
16 LT-3 B. diazoefficiens LC386879 LC367078 LC367112 
17 LT-36 B. elkanii nd LC367080 LC367114 
18 NR-1 B. japonicum nd LC367081 LC367115 
19 NR-2 B. elkanii nd LC367082 LC367116 
20 NR-40 B. japonicum LC386880 LC367083 LC367117 
21 NR-48 B. diazoefficiens LC386881 LC367084 LC367118 
22 NR-60 B. elkanii nd LC367085 LC367119 
23 BO-4 B. elkanii LC386882 LC367086 LC367120 
24 BO-15 B. diazoefficiens nd LC367087 LC367121 
25 BO-52 Bradyrhizobium sp. nd LC367091 LC367125 
26 SK-1 B. elkanii LC386883 LC367092 LC367126 
27 SK-2 B. elkanii LC386884 LC367093 LC367127 
28 SK-5 B. diazoefficiens nd LC367094 LC367128 
29 SK-12 B. yuanmingense LC386885 LC367095 LC367129 
30 SC-3 B. japonicum LC386886 LC367096 LC367130 
31 SC-49 B. elkanii nd LC367097 LC367131 
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A summary of the activities conducted in this study is presented in Figure 3.2 for easier 

understanding. 

 

 

Figure 3.2. A summarized flowchart of activities that were conducted for this study. 

 

Results 

1. Isolation of the indigenous bradyrhizobia 

A total of 771 isolates was obtained from the study sites with a range of 63 to 79 

isolates per location. The samples were labeled with a combination of the abbreviation 

of the sampling site (IS - Ilagan; GI - Gamu; BA - Baguio; NE1 - 1st location in Nueva 

Ecija; NE2 - 2nd location in Nueva Ecija; SO - Sorsogon; LT - Leyte; BO - Bohol; NR 
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- Negros; SK - Sultan Kudarat; and SC - South Cotabato) and the number of the isolate 

(1-63 or 1-79) (e.g., for South Cotabato, SC – 1-74).  

The inoculation test showed that the 424 isolates were capable to form nodules on 

the host plant and all these isolates has produced alkaline or neutral reaction in the 

YMA plates with BTB thus, were considered as Bradyrhizobium (Jordan, 1982). We 

also confirmed that the un-inoculated pots did not produce any nodules which 

eliminated the contamination in this experiment.  

 

2. RFLP analysis of the 16S rRNA, ITS region and rpoB gene 

The 424 isolates were all used for the RFLP treatment of the 16S rRNA, ITS region 

and rpoB gene. For the RFLP analysis of these three target genes, dendrograms were 

also constructed as a basis for the selection of representative strains to be used for the 

sequence analysis. The Tables 3.4, 3.5, and 3.6 showed the matrix of the genetic 

distances from the RFLP patterns of the 31 representative strains and the 

Bradyrhizobium USDA reference strains which were calculated by the abovementioned 

formula.   

The differences in the fragment sizes and patterns through the RFLP treatment 

showed 31 OTUs which were used for the sequence analysis and the results are 

summarized in Table 3.3. It is evident that the genetic variations mostly occurred for 

Be clusters within the strains of B. elkanii 31, 46 and 76. The isolates which have similar 

ITS-rpoB type were excluded from the 16S rRNA gene sequence analysis. 

 
. 
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Table 3.3. Summary of the genetic variations detected from the 31 representative 
indigenous soybean-nodulating bradyrhizobia in the Philippines through the 
Restriction Fragment Length Polymorphism (RFLP) treatment and sequence analysis 
of the 16S rRNA gene, 16S-23S rRNA ITS region, and rpoB housekeeping gene

Rep. 
isolate 

Isolat
e 

(no.) 

Cluster (RFLP)  Cluster (sequence analysis) ITS- rpoB 
type 

16S 
rRNA 

ITS 
region 

rpoB 
gene 

 16S   
rRNA 

ITS 
region 

rpoB 
gene 

 

IS-2 40 Be Be76 Be46  B.elkanii Be31 Be46 Be31-Be46 
GI-4 30 Bj Bj Bj  B. japonicum Br Br Br-Br 
GI-8 6 Be Be76 Be46  nd Be31 Be46 Be31-Be46 
BA-24 31 Bj Bj6 Bj6  B. japonicum Bj6’ Bj6 Bj6’-Bj6 
BA-41 1 Bj Bj124 Bj124  B. japonicum Bj124’ Bj124’ Bj124’-

Bj124’ 
BA-42 1 Be Be76 Be76  B.elkanii Be31 Be46 Be31-Be46 
NE1-6 
NE1-19 

49 
5 

Be 
Br 

Be76 
Br 

Be46 
Br 

 B.elkanii 
nd 

Be76’ 
Br 

Be46 
Br 

Be76’-Be46 
Br-Br 

NE1-34 1 Bj Bj Bj  B. japonicum BrNE BrNE BrNE-BrNE 
NE1-65 1 Bj Bj Bj  B. 

diazoefficiens 
Bd110 Br Bd110-Br 

NE2-1 3 Be Be76 Be46  B.elkanii Be76 Be46 Be76-Be46 
NE2-3 5 Bj Br Br  nd Br Br Br-Br 
NE2-37 26 Br Br Br  B. japonicum Br Br Br-Br 
NE2-66 1 Bj Bj Bj  nd Br Bj124’ Br-Bj124’ 
SO-1 44 Bj Bd110 Bd11

0 
 B. 

diazoefficiens 
Bd110 Bd110 Bd110-

Bd110 
LT-3 42 Bj Bd110 Bd11

0 
 B. 

diazoefficiens 
Bd110 Bd110 Bd110-

Bd110 
LT-36 1 Be Be76 Be46  nd Be76’ Be46 Be76’-Be46 
NR-1 4 Bj Bj6 Bj6  nd Bj6 Bj6 Bj6-Bj6 
NR-2 22 Be Be76 Be46  nd Be76 Be46 Be76-Be46 
NR-40 3 Bj Bj124 Br  B. japonicum Bj124’ Bj Bj124’-Bj 
NR-48 1 Bj Bd110 Br  B. 

diazoefficiens 
Bd110 Bd110’ Bd110-

Bd110’ 
NR-60 1 Br Be76 Br  nd Be76 Br Be76-Br 
BO-4 24 Be Be76 Be46  B.elkanii Be31 Be46 Be31-Be46 
BO-15 4 Bj Bd110 Bd11

0 
 nd Bd110 Bd110 Bd110-

Bd110 
BO-52 1 Bj Bj Br  nd Br Br Br-Br 
SK-1 4 Be Be46 Be76  B.elkanii Be46’ Be130 Be46’-Be130 
SK-2 6 Be Be94 Be94  B.elkanii Be94’ Be94 Be94’-Be94 
SK-5 29 Bj Bd110 Bd11

0 
 nd Bd110 Bd110 Bd110-

Bd110 
SK-12 4 Br Br Br  B. 

yuanmingense 
BySK BySK BySK-BySK 

SC-3 31 Bj Bj6 Bj6  B. japonicum Bj6 Bj6 Bj6-Bj6 
SC-49 3 Be Be76 Be46  nd Be76 Be46 Be76-Be46 
Total 
isolates 

 
424  
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Table 3.4. Table matrix of the genetic distance detected from the 31 representative indigenous soybean-nodulating bradyrhizobia in the 
Philippines through the Restriction Fragment Length Polymorphism (RFLP) treatment of the 16S rRNA gene. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Strain 31 46 61 76 94 130 4 6 38 110 115 122 123 124 129 135 3622 Ecoli IS-2 GI-4 BA-41 BA-42 BA-24 NE1-6 NE1-34NE1-65NE2-1 NE2-37SO-1 LT-3 NR-40 NR-48 BO-4 SK-1 SK-2 SK-12 SC-3

USDA31 0.00 0.00 0.00 0.00 0.00 0.00 0.08 0.08 0.08 0.08 0.08 0.10 0.08 0.13 0.10 0.08 0.08 0.69 0.06 0.17 0.20 0.08 0.17 0.08 0.08 0.20 0.08 0.59 0.20 0.23 0.23 0.20 0.10 0.08 0.00 0.17 0.17
USDA46 0.00 0.00 0.00 0.00 0.00 0.00 0.08 0.08 0.08 0.08 0.08 0.10 0.08 0.13 0.10 0.08 0.08 0.69 0.06 0.17 0.20 0.08 0.17 0.08 0.08 0.20 0.08 0.59 0.20 0.23 0.23 0.20 0.10 0.08 0.00 0.17 0.17
USDA61 0.00 0.00 0.00 0.00 0.00 0.00 0.08 0.08 0.08 0.08 0.08 0.10 0.08 0.13 0.10 0.08 0.08 0.69 0.06 0.17 0.20 0.08 0.17 0.08 0.08 0.20 0.08 0.59 0.20 0.23 0.23 0.20 0.10 0.08 0.00 0.17 0.17
USDA76 0.00 0.00 0.00 0.00 0.00 0.00 0.08 0.08 0.08 0.08 0.08 0.10 0.08 0.13 0.10 0.08 0.08 0.69 0.06 0.17 0.20 0.08 0.17 0.08 0.08 0.20 0.08 0.59 0.20 0.23 0.23 0.20 0.10 0.08 0.00 0.17 0.17
USDA94 0.00 0.00 0.00 0.00 0.00 0.00 0.08 0.08 0.08 0.08 0.08 0.10 0.08 0.13 0.10 0.08 0.08 0.69 0.06 0.17 0.20 0.08 0.17 0.08 0.08 0.20 0.08 0.59 0.20 0.23 0.23 0.20 0.10 0.08 0.00 0.17 0.17
USDA130 0.00 0.00 0.00 0.00 0.00 0.00 0.08 0.08 0.08 0.08 0.08 0.10 0.08 0.13 0.10 0.08 0.08 0.69 0.06 0.17 0.20 0.08 0.17 0.08 0.08 0.20 0.08 0.59 0.20 0.23 0.23 0.20 0.10 0.08 0.00 0.17 0.17
USDA4 0.08 0.08 0.08 0.08 0.08 0.08 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.04 0.02 0.00 0.00 0.79 0.13 0.08 0.11 0.16 0.08 0.16 0.00 0.11 0.16 0.63 0.11 0.13 0.13 0.11 0.18 0.16 0.06 0.11 0.08
USDA6 0.08 0.08 0.08 0.08 0.08 0.08 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.04 0.02 0.00 0.00 0.79 0.13 0.08 0.11 0.16 0.08 0.16 0.00 0.11 0.16 0.63 0.11 0.13 0.13 0.11 0.18 0.16 0.06 0.11 0.08
USDA38 0.08 0.08 0.08 0.08 0.08 0.08 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.04 0.02 0.00 0.00 0.79 0.13 0.08 0.11 0.16 0.08 0.16 0.00 0.11 0.16 0.63 0.11 0.13 0.13 0.11 0.18 0.16 0.06 0.11 0.08
USDA110 0.08 0.08 0.08 0.08 0.08 0.08 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.04 0.02 0.00 0.00 0.79 0.13 0.08 0.11 0.16 0.08 0.16 0.00 0.11 0.16 0.63 0.11 0.13 0.13 0.11 0.18 0.16 0.06 0.11 0.08
USDA115 0.08 0.08 0.08 0.08 0.08 0.08 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.04 0.02 0.00 0.00 0.79 0.13 0.08 0.11 0.16 0.08 0.16 0.00 0.11 0.16 0.63 0.11 0.13 0.13 0.11 0.18 0.16 0.06 0.11 0.08
USDA122 0.10 0.10 0.10 0.10 0.10 0.10 0.02 0.02 0.02 0.02 0.02 0.00 0.02 0.02 0.00 0.02 0.02 0.79 0.16 0.11 0.11 0.18 0.11 0.18 0.02 0.08 0.18 0.58 0.08 0.11 0.11 0.08 0.18 0.18 0.08 0.13 0.11
USDA123 0.08 0.08 0.08 0.08 0.08 0.08 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.04 0.02 0.00 0.00 0.79 0.13 0.08 0.11 0.16 0.08 0.16 0.00 0.11 0.16 0.63 0.11 0.13 0.13 0.11 0.18 0.16 0.06 0.11 0.08
USDA124 0.13 0.13 0.13 0.13 0.13 0.13 0.04 0.04 0.04 0.04 0.04 0.02 0.04 0.00 0.04 0.06 0.06 0.80 0.20 0.15 0.15 0.23 0.15 0.23 0.06 0.13 0.23 0.59 0.13 0.15 0.08 0.13 0.23 0.23 0.13 0.17 0.15
USDA129 0.10 0.10 0.10 0.10 0.10 0.10 0.02 0.02 0.02 0.02 0.02 0.00 0.02 0.04 0.00 0.02 0.02 0.79 0.16 0.11 0.11 0.18 0.11 0.18 0.02 0.08 0.18 0.58 0.08 0.11 0.11 0.08 0.18 0.18 0.08 0.13 0.11
USDA135 0.08 0.08 0.08 0.08 0.08 0.08 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.06 0.02 0.00 0.00 0.79 0.13 0.08 0.11 0.16 0.08 0.16 0.00 0.11 0.16 0.63 0.11 0.13 0.13 0.11 0.18 0.16 0.06 0.11 0.08
USDA3622 0.08 0.08 0.08 0.08 0.08 0.08 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.06 0.02 0.00 0.00 0.79 0.13 0.08 0.11 0.16 0.08 0.16 0.00 0.11 0.16 0.63 0.11 0.13 0.13 0.11 0.18 0.16 0.06 0.11 0.08
Ecoli 0.69 0.69 0.69 0.69 0.69 0.69 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.80 0.79 0.79 0.79 0.00 0.67 0.85 0.85 0.72 0.85 0.72 0.79 0.85 0.72 0.92 0.85 0.85 0.85 0.85 0.72 0.72 0.67 0.85 0.85
IS-2 0.06 0.06 0.06 0.06 0.06 0.06 0.13 0.13 0.13 0.13 0.13 0.16 0.13 0.20 0.16 0.13 0.13 0.67 0.00 0.17 0.13 0.02 0.17 0.08 0.15 0.13 0.02 0.59 0.20 0.23 0.23 0.13 0.04 0.02 0.06 0.17 0.17
GI-4 0.17 0.17 0.17 0.17 0.17 0.17 0.08 0.08 0.08 0.08 0.08 0.11 0.08 0.15 0.11 0.08 0.08 0.85 0.17 0.00 0.07 0.12 0.04 0.12 0.04 0.07 0.12 0.60 0.07 0.09 0.09 0.07 0.14 0.12 0.12 0.07 0.04
BA-41 0.20 0.20 0.20 0.20 0.20 0.20 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.15 0.11 0.11 0.11 0.85 0.13 0.07 0.00 0.06 0.09 0.16 0.09 0.00 0.06 0.61 0.09 0.11 0.11 0.00 0.06 0.06 0.16 0.11 0.09
BA-42 0.08 0.08 0.08 0.08 0.08 0.08 0.16 0.16 0.16 0.16 0.16 0.18 0.16 0.23 0.18 0.16 0.16 0.72 0.02 0.12 0.06 0.00 0.17 0.08 0.17 0.10 0.00 0.59 0.20 0.23 0.23 0.10 0.02 0.00 0.08 0.17 0.17
BA-24 0.17 0.17 0.17 0.17 0.17 0.17 0.08 0.08 0.08 0.08 0.08 0.11 0.08 0.15 0.11 0.08 0.08 0.85 0.17 0.04 0.09 0.17 0.00 0.16 0.08 0.11 0.16 0.63 0.02 0.04 0.13 0.11 0.18 0.16 0.16 0.02 0.00
NE1-6 0.08 0.08 0.08 0.08 0.08 0.08 0.16 0.16 0.16 0.16 0.16 0.18 0.16 0.23 0.18 0.16 0.16 0.72 0.08 0.12 0.16 0.08 0.16 0.00 0.17 0.20 0.08 0.59 0.20 0.23 0.23 0.20 0.10 0.08 0.08 0.17 0.17
NE1-34 0.08 0.08 0.08 0.08 0.08 0.08 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.06 0.02 0.00 0.00 0.79 0.15 0.04 0.09 0.17 0.08 0.17 0.00 0.11 0.16 0.63 0.11 0.13 0.13 0.11 0.18 0.16 0.06 0.11 0.08
NE1-65 0.20 0.20 0.20 0.20 0.20 0.20 0.11 0.11 0.11 0.11 0.11 0.08 0.11 0.13 0.08 0.11 0.11 0.85 0.13 0.07 0.00 0.10 0.11 0.20 0.11 0.00 0.08 0.58 0.08 0.11 0.11 0.00 0.08 0.08 0.18 0.13 0.11
NE2-1 0.08 0.08 0.08 0.08 0.08 0.08 0.16 0.16 0.16 0.16 0.16 0.18 0.16 0.23 0.18 0.16 0.16 0.72 0.02 0.12 0.06 0.00 0.16 0.08 0.16 0.08 0.00 0.59 0.20 0.23 0.23 0.10 0.02 0.00 0.08 0.17 0.17
NE2-37 0.59 0.59 0.59 0.59 0.59 0.59 0.63 0.63 0.63 0.63 0.63 0.58 0.63 0.59 0.58 0.63 0.63 0.92 0.59 0.60 0.61 0.59 0.63 0.59 0.63 0.58 0.59 0.00 0.46 0.46 0.46 0.46 0.46 0.46 0.46 0.52 0.52
SO-1 0.20 0.20 0.20 0.20 0.20 0.20 0.11 0.11 0.11 0.11 0.11 0.08 0.11 0.13 0.08 0.11 0.11 0.85 0.20 0.07 0.09 0.20 0.02 0.20 0.11 0.08 0.20 0.46 0.00 0.02 0.11 0.08 0.18 0.18 0.18 0.04 0.02
LT-3 0.23 0.23 0.23 0.23 0.23 0.23 0.13 0.13 0.13 0.13 0.13 0.11 0.13 0.15 0.11 0.13 0.13 0.85 0.23 0.09 0.11 0.23 0.04 0.23 0.13 0.11 0.23 0.46 0.02 0.00 0.13 0.11 0.21 0.21 0.21 0.06 0.04
NR-40 0.23 0.23 0.23 0.23 0.23 0.23 0.13 0.13 0.13 0.13 0.13 0.11 0.13 0.08 0.11 0.13 0.13 0.85 0.23 0.09 0.11 0.23 0.13 0.23 0.13 0.11 0.23 0.46 0.11 0.13 0.00 0.11 0.21 0.21 0.21 0.16 0.13
NR-48 0.20 0.20 0.20 0.20 0.20 0.20 0.11 0.11 0.11 0.11 0.11 0.08 0.11 0.13 0.08 0.11 0.11 0.85 0.13 0.07 0.00 0.10 0.11 0.20 0.11 0.00 0.10 0.46 0.08 0.11 0.11 0.00 0.08 0.08 0.18 0.13 0.11
BO-4 0.10 0.10 0.10 0.10 0.10 0.10 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.23 0.18 0.18 0.18 0.72 0.04 0.14 0.06 0.02 0.18 0.10 0.18 0.08 0.02 0.46 0.18 0.21 0.21 0.08 0.00 0.00 0.08 0.18 0.18
SK-1 0.08 0.08 0.08 0.08 0.08 0.08 0.16 0.16 0.16 0.16 0.16 0.18 0.16 0.23 0.18 0.16 0.16 0.72 0.02 0.12 0.06 0.00 0.16 0.08 0.16 0.08 0.00 0.46 0.18 0.21 0.21 0.08 0.00 0.00 0.08 0.17 0.17
SK-2 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.06 0.06 0.06 0.06 0.08 0.06 0.13 0.08 0.06 0.06 0.67 0.06 0.12 0.16 0.08 0.16 0.08 0.06 0.18 0.08 0.46 0.18 0.21 0.21 0.18 0.08 0.08 0.00 0.17 0.17
SK-12 0.17 0.17 0.17 0.17 0.17 0.17 0.11 0.11 0.11 0.11 0.11 0.13 0.11 0.17 0.13 0.11 0.11 0.85 0.17 0.07 0.11 0.17 0.02 0.17 0.11 0.13 0.17 0.52 0.04 0.06 0.16 0.13 0.18 0.17 0.17 0.00 0.19
SC-3 0.17 0.17 0.17 0.17 0.17 0.17 0.08 0.08 0.08 0.08 0.08 0.11 0.08 0.15 0.11 0.08 0.08 0.85 0.17 0.04 0.09 0.17 0.00 0.17 0.08 0.11 0.17 0.52 0.02 0.04 0.13 0.11 0.18 0.17 0.17 0.19 0.00
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Strain 31 46 61 76 94 130 4 6 38 62 110 115 122 123 124 125 127 129 135 3622 IS-2 GI-8 BA-42 NE2-1 NR-2 BO-4 SC-49 SK-1 NE1-6 LT-36 SK-2 GI-4 NE2-3 BO-52 NR-60 NE1-65 SO-1 LT-3 NR-48 BO-15 SK-5 NE1-34 BA-24 NR-1 SK-12 BA-41 SC-3 NE2-66 NR-40 NE1-19 NE2-37

USDA31 0.00 0.03 0.03 0.00 0.03 0.00 0.36 0.48 0.55 0.36 0.36 0.55 0.36 0.42 0.36 0.36 0.42 0.36 0.31 0.31 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.06 0.06 0.42 0.42 0.42 0.00 0.42 0.36 0.36 0.36 0.36 0.36 0.36 0.48 0.48 0.42 0.42 0.48 0.48 0.36 0.42 0.42
USDA46 0.03 0.00 0.06 0.06 0.00 0.06 0.38 0.50 0.57 0.38 0.38 0.57 0.38 0.44 0.33 0.38 0.44 0.38 0.33 0.33 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.00 0.13 0.13 0.09 0.38 0.38 0.38 0.06 0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.50 0.50 0.44 0.44 0.50 0.50 0.29 0.38 0.38
USDA61 0.03 0.06 0.00 0.03 0.03 0.03 0.36 0.48 0.55 0.36 0.36 0.55 0.36 0.42 0.36 0.36 0.42 0.36 0.31 0.31 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.10 0.10 0.06 0.42 0.42 0.42 0.03 0.42 0.36 0.36 0.36 0.36 0.36 0.36 0.48 0.48 0.42 0.42 0.48 0.48 0.36 0.42 0.42
USDA76 0.00 0.06 0.03 0.00 0.03 0.00 0.36 0.48 0.55 0.36 0.36 0.55 0.36 0.42 0.36 0.36 0.42 0.36 0.31 0.31 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.06 0.06 0.42 0.42 0.42 0.00 0.42 0.36 0.36 0.36 0.36 0.36 0.36 0.48 0.48 0.42 0.42 0.48 0.48 0.36 0.42 0.42
USDA94 0.03 0.00 0.03 0.03 0.00 0.06 0.38 0.50 0.57 0.38 0.38 0.57 0.38 0.44 0.33 0.38 0.44 0.38 0.33 0.33 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.00 0.13 0.13 0.09 0.38 0.38 0.38 0.06 0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.50 0.50 0.44 0.44 0.50 0.50 0.29 0.38 0.38
USDA130 0.00 0.06 0.03 0.00 0.06 0.00 0.36 0.48 0.55 0.36 0.36 0.55 0.36 0.42 0.36 0.36 0.42 0.36 0.31 0.31 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.06 0.06 0.42 0.42 0.42 0.00 0.42 0.36 0.36 0.36 0.36 0.36 0.36 0.48 0.48 0.42 0.42 0.48 0.48 0.36 0.42 0.42
USDA4 0.36 0.38 0.36 0.36 0.38 0.36 0.00 0.11 0.20 0.15 0.15 0.20 0.15 0.15 0.15 0.15 0.15 0.15 0.20 0.20 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.43 0.43 0.36 0.25 0.25 0.25 0.30 0.20 0.11 0.11 0.15 0.15 0.15 0.11 0.11 0.11 0.11 0.15 0.11 0.15 0.20 0.15 0.25
USDA6 0.48 0.50 0.48 0.48 0.50 0.48 0.11 0.00 0.07 0.23 0.23 0.07 0.23 0.03 0.14 0.23 0.03 0.23 0.28 0.28 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.52 0.52 0.45 0.33 0.33 0.33 0.45 0.28 0.19 0.19 0.23 0.23 0.23 0.10 0.00 0.00 0.07 0.07 0.00 0.10 0.19 0.23 0.33
USDA38 0.55 0.57 0.55 0.55 0.57 0.55 0.20 0.07 0.00 0.33 0.33 0.00 0.33 0.16 0.29 0.33 0.16 0.33 0.44 0.44 0.57 0.57 0.57 0.57 0.57 0.57 0.57 0.57 0.57 0.57 0.57 0.38 0.38 0.38 0.57 0.33 0.29 0.29 0.33 0.33 0.33 0.24 0.13 0.13 0.20 0.20 0.13 0.24 0.33 0.33 0.38
USDA62 0.36 0.38 0.36 0.36 0.38 0.36 0.15 0.23 0.33 0.00 0.00 0.33 0.00 0.24 0.44 0.00 0.24 0.00 0.33 0.33 0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.44 0.44 0.33 0.44 0.44 0.44 0.38 0.09 0.00 0.00 0.00 0.00 0.00 0.29 0.29 0.29 0.29 0.33 0.29 0.33 0.50 0.33 0.44
USDA110 0.36 0.38 0.36 0.36 0.38 0.36 0.15 0.23 0.33 0.00 0.00 0.33 0.00 0.24 0.44 0.00 0.24 0.00 0.33 0.33 0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.44 0.44 0.33 0.44 0.44 0.44 0.38 0.09 0.00 0.00 0.00 0.00 0.00 0.29 0.29 0.29 0.29 0.33 0.29 0.33 0.50 0.33 0.44
USDA115 0.55 0.57 0.55 0.55 0.57 0.55 0.20 0.07 0.00 0.33 0.33 0.00 0.33 0.16 0.29 0.33 0.16 0.33 0.44 0.44 0.57 0.57 0.57 0.57 0.57 0.57 0.57 0.57 0.57 0.57 0.57 0.38 0.38 0.38 0.57 0.33 0.29 0.29 0.33 0.33 0.33 0.24 0.13 0.13 0.20 0.20 0.13 0.24 0.33 0.33 0.38
USDA122 0.36 0.38 0.36 0.36 0.38 0.36 0.15 0.23 0.33 0.00 0.00 0.33 0.00 0.24 0.44 0.00 0.24 0.00 0.33 0.33 0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.44 0.44 0.33 0.44 0.44 0.44 0.38 0.09 0.00 0.00 0.00 0.00 0.00 0.29 0.29 0.29 0.29 0.33 0.29 0.33 0.50 0.33 0.44
USDA123 0.42 0.44 0.42 0.42 0.44 0.42 0.15 0.03 0.16 0.24 0.24 0.16 0.24 0.00 0.21 0.21 0.00 0.21 0.21 0.21 0.42 0.42 0.42 0.42 0.42 0.42 0.42 0.42 0.48 0.48 0.42 0.42 0.42 0.42 0.42 0.26 0.17 0.17 0.21 0.21 0.21 0.17 0.06 0.06 0.13 0.13 0.06 0.17 0.26 0.31 0.42
USDA124 0.36 0.33 0.36 0.36 0.33 0.36 0.15 0.14 0.29 0.44 0.44 0.29 0.44 0.21 0.00 0.42 0.21 0.42 0.26 0.26 0.36 0.36 0.36 0.36 0.36 0.36 0.36 0.31 0.48 0.48 0.42 0.17 0.17 0.17 0.36 0.36 0.36 0.36 0.42 0.42 0.42 0.17 0.17 0.17 0.10 0.10 0.17 0.13 0.06 0.17 0.17
USDA125 0.36 0.38 0.36 0.36 0.38 0.36 0.15 0.23 0.33 0.00 0.00 0.33 0.00 0.21 0.42 0.00 0.24 0.00 0.33 0.33 0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.44 0.44 0.33 0.44 0.44 0.44 0.38 0.09 0.00 0.00 0.00 0.00 0.00 0.29 0.29 0.29 0.29 0.33 0.29 0.33 0.50 0.33 0.44
USDA127 0.42 0.44 0.42 0.42 0.44 0.42 0.15 0.03 0.16 0.24 0.24 0.16 0.24 0.00 0.21 0.24 0.00 0.21 0.21 0.21 0.42 0.42 0.42 0.42 0.42 0.42 0.42 0.42 0.48 0.48 0.42 0.42 0.42 0.42 0.42 0.26 0.17 0.17 0.21 0.21 0.21 0.17 0.06 0.06 0.13 0.13 0.06 0.17 0.26 0.31 0.42
USDA129 0.36 0.38 0.36 0.36 0.38 0.36 0.15 0.23 0.33 0.00 0.00 0.33 0.00 0.21 0.42 0.00 0.21 0.00 0.33 0.33 0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.44 0.44 0.33 0.44 0.44 0.44 0.38 0.09 0.00 0.00 0.00 0.00 0.00 0.29 0.29 0.29 0.29 0.33 0.29 0.33 0.50 0.33 0.44
USDA135 0.31 0.33 0.31 0.31 0.33 0.31 0.20 0.28 0.44 0.33 0.33 0.44 0.33 0.21 0.26 0.33 0.21 0.33 0.00 0.00 0.36 0.36 0.36 0.36 0.36 0.36 0.36 0.36 0.41 0.41 0.36 0.36 0.36 0.36 0.36 0.41 0.31 0.31 0.36 0.36 0.36 0.23 0.36 0.36 0.27 0.27 0.36 0.31 0.31 0.31 0.36
USDA3622 0.31 0.33 0.31 0.31 0.33 0.31 0.20 0.28 0.44 0.33 0.33 0.44 0.33 0.21 0.26 0.33 0.21 0.33 0.00 0.00 0.36 0.36 0.36 0.36 0.36 0.36 0.36 0.36 0.41 0.41 0.36 0.36 0.36 0.36 0.36 0.41 0.31 0.31 0.36 0.36 0.36 0.23 0.36 0.36 0.27 0.27 0.36 0.31 0.31 0.31 0.36
IS-2 0.00 0.06 0.03 0.00 0.06 0.00 0.30 0.45 0.57 0.38 0.38 0.57 0.38 0.42 0.36 0.38 0.42 0.38 0.36 0.36 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.06 0.06 0.42 0.42 0.42 0.00 0.42 0.36 0.36 0.36 0.36 0.36 0.36 0.48 0.48 0.42 0.42 0.48 0.48 0.36 0.42 0.42
GI-8 0.00 0.06 0.03 0.00 0.06 0.00 0.30 0.45 0.57 0.38 0.38 0.57 0.38 0.42 0.36 0.38 0.42 0.38 0.36 0.36 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.06 0.06 0.42 0.42 0.42 0.00 0.42 0.36 0.36 0.36 0.36 0.36 0.36 0.48 0.48 0.42 0.42 0.48 0.48 0.36 0.42 0.42
BA-42 0.00 0.06 0.03 0.00 0.06 0.00 0.30 0.45 0.57 0.38 0.38 0.57 0.38 0.42 0.36 0.38 0.42 0.38 0.36 0.36 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.06 0.06 0.42 0.42 0.42 0.00 0.42 0.36 0.36 0.36 0.36 0.36 0.36 0.48 0.48 0.42 0.42 0.48 0.48 0.36 0.42 0.42
NE2-1 0.00 0.06 0.03 0.00 0.06 0.00 0.30 0.45 0.57 0.38 0.38 0.57 0.38 0.42 0.36 0.38 0.42 0.38 0.36 0.36 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.06 0.06 0.42 0.42 0.42 0.00 0.42 0.36 0.36 0.36 0.36 0.36 0.36 0.48 0.48 0.42 0.42 0.48 0.48 0.36 0.42 0.42
NR-2 0.00 0.06 0.03 0.00 0.06 0.00 0.30 0.45 0.57 0.38 0.38 0.57 0.38 0.42 0.36 0.38 0.42 0.38 0.36 0.36 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.06 0.06 0.42 0.42 0.42 0.00 0.42 0.36 0.36 0.36 0.36 0.36 0.36 0.48 0.48 0.42 0.42 0.48 0.48 0.36 0.42 0.42
BO-4 0.00 0.06 0.03 0.00 0.06 0.00 0.30 0.45 0.57 0.38 0.38 0.57 0.38 0.42 0.36 0.38 0.42 0.38 0.36 0.36 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.06 0.06 0.42 0.42 0.42 0.00 0.42 0.36 0.36 0.36 0.36 0.36 0.36 0.48 0.48 0.42 0.42 0.48 0.48 0.36 0.42 0.42
SC-49 0.00 0.06 0.03 0.00 0.06 0.00 0.30 0.45 0.57 0.38 0.38 0.57 0.38 0.42 0.36 0.38 0.42 0.38 0.36 0.36 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.06 0.06 0.42 0.42 0.42 0.00 0.42 0.36 0.36 0.36 0.36 0.36 0.36 0.48 0.48 0.42 0.42 0.48 0.48 0.36 0.42 0.42
SK-1 0.00 0.00 0.03 0.00 0.00 0.00 0.30 0.45 0.57 0.38 0.38 0.57 0.38 0.42 0.31 0.38 0.42 0.38 0.36 0.36 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.12 0.12 0.12 0.41 0.41 0.41 0.06 0.41 0.41 0.41 0.41 0.41 0.41 0.41 0.52 0.52 0.46 0.46 0.52 0.52 0.31 0.41 0.41
NE1-6 0.06 0.13 0.10 0.06 0.13 0.06 0.43 0.52 0.57 0.44 0.44 0.57 0.44 0.48 0.48 0.44 0.48 0.44 0.41 0.41 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.12 0.00 0.00 0.07 0.39 0.39 0.39 0.03 0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.52 0.52 0.45 0.45 0.52 0.52 0.45 0.39 0.39
LT-36 0.06 0.13 0.10 0.06 0.13 0.06 0.43 0.52 0.57 0.44 0.44 0.57 0.44 0.48 0.48 0.44 0.48 0.44 0.41 0.41 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.12 0.00 0.00 0.07 0.39 0.39 0.39 0.03 0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.52 0.52 0.45 0.45 0.52 0.52 0.45 0.39 0.39
SK-2 0.06 0.09 0.06 0.06 0.09 0.06 0.36 0.45 0.57 0.33 0.33 0.57 0.33 0.42 0.42 0.33 0.42 0.33 0.36 0.36 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.12 0.07 0.07 0.00 0.46 0.46 0.46 0.12 0.41 0.36 0.36 0.36 0.36 0.36 0.41 0.52 0.52 0.46 0.46 0.52 0.52 0.46 0.46 0.46
GI-4 0.42 0.38 0.42 0.42 0.38 0.42 0.25 0.33 0.38 0.44 0.44 0.38 0.44 0.42 0.17 0.44 0.42 0.44 0.36 0.36 0.42 0.42 0.42 0.42 0.42 0.42 0.42 0.41 0.39 0.39 0.46 0.00 0.00 0.00 0.46 0.27 0.41 0.41 0.46 0.46 0.46 0.27 0.41 0.41 0.31 0.31 0.41 0.36 0.31 0.15 0.00
NE2-3 0.42 0.38 0.42 0.42 0.38 0.42 0.25 0.33 0.38 0.44 0.44 0.38 0.44 0.42 0.17 0.44 0.42 0.44 0.36 0.36 0.42 0.42 0.42 0.42 0.42 0.42 0.42 0.41 0.39 0.39 0.46 0.00 0.00 0.00 0.46 0.27 0.41 0.41 0.46 0.46 0.46 0.27 0.41 0.41 0.31 0.31 0.41 0.36 0.31 0.15 0.00
BO-52 0.42 0.38 0.42 0.42 0.38 0.42 0.25 0.33 0.38 0.44 0.44 0.38 0.44 0.42 0.17 0.44 0.42 0.44 0.36 0.36 0.42 0.42 0.42 0.42 0.42 0.42 0.42 0.41 0.39 0.39 0.46 0.00 0.00 0.00 0.46 0.27 0.41 0.41 0.46 0.46 0.46 0.27 0.41 0.41 0.31 0.31 0.41 0.36 0.31 0.15 0.00
NR-60 0.00 0.06 0.03 0.00 0.06 0.00 0.30 0.45 0.57 0.38 0.38 0.57 0.38 0.42 0.36 0.38 0.42 0.38 0.36 0.36 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.03 0.03 0.12 0.46 0.46 0.46 0.00 0.42 0.36 0.36 0.36 0.36 0.36 0.36 0.48 0.48 0.42 0.42 0.48 0.48 0.36 0.42 0.42
NE1-65 0.42 0.38 0.42 0.42 0.38 0.42 0.20 0.28 0.33 0.09 0.09 0.33 0.09 0.26 0.36 0.09 0.26 0.09 0.41 0.41 0.42 0.42 0.42 0.42 0.42 0.42 0.42 0.41 0.39 0.39 0.41 0.27 0.27 0.27 0.42 0.00 0.09 0.09 0.12 0.12 0.12 0.36 0.36 0.36 0.36 0.41 0.36 0.41 0.46 0.19 0.27
SO-1 0.36 0.38 0.36 0.36 0.38 0.36 0.11 0.19 0.29 0.00 0.00 0.29 0.00 0.17 0.36 0.00 0.17 0.00 0.31 0.31 0.36 0.36 0.36 0.36 0.36 0.36 0.36 0.41 0.39 0.39 0.36 0.41 0.41 0.41 0.36 0.09 0.00 0.00 0.03 0.03 0.03 0.27 0.27 0.27 0.27 0.31 0.27 0.31 0.46 0.31 0.41
LT-3 0.36 0.38 0.36 0.36 0.38 0.36 0.11 0.19 0.29 0.00 0.00 0.29 0.00 0.17 0.36 0.00 0.17 0.00 0.31 0.31 0.36 0.36 0.36 0.36 0.36 0.36 0.36 0.41 0.39 0.39 0.36 0.41 0.41 0.41 0.36 0.09 0.00 0.00 0.03 0.03 0.03 0.27 0.27 0.27 0.27 0.31 0.27 0.31 0.46 0.31 0.41
NR-48 0.36 0.38 0.36 0.36 0.38 0.36 0.15 0.23 0.33 0.00 0.00 0.33 0.00 0.21 0.42 0.00 0.21 0.00 0.36 0.36 0.36 0.36 0.36 0.36 0.36 0.36 0.36 0.41 0.39 0.39 0.36 0.46 0.46 0.46 0.36 0.12 0.03 0.03 0.00 0.00 0.00 0.29 0.29 0.29 0.29 0.33 0.29 0.33 0.50 0.33 0.44
BO-15 0.36 0.38 0.36 0.36 0.38 0.36 0.15 0.23 0.33 0.00 0.00 0.33 0.00 0.21 0.42 0.00 0.21 0.00 0.36 0.36 0.36 0.36 0.36 0.36 0.36 0.36 0.36 0.41 0.39 0.39 0.36 0.46 0.46 0.46 0.36 0.12 0.03 0.03 0.00 0.00 0.00 0.29 0.29 0.29 0.29 0.33 0.29 0.33 0.50 0.33 0.44
SK-5 0.36 0.38 0.36 0.36 0.38 0.36 0.15 0.23 0.33 0.00 0.00 0.33 0.00 0.21 0.42 0.00 0.21 0.00 0.36 0.36 0.36 0.36 0.36 0.36 0.36 0.36 0.36 0.41 0.39 0.39 0.36 0.46 0.46 0.46 0.36 0.12 0.03 0.03 0.00 0.00 0.00 0.29 0.29 0.29 0.29 0.33 0.29 0.33 0.50 0.33 0.44
NE1-34 0.36 0.38 0.36 0.36 0.38 0.36 0.11 0.10 0.24 0.29 0.29 0.24 0.29 0.17 0.17 0.29 0.17 0.29 0.23 0.23 0.36 0.36 0.36 0.36 0.36 0.36 0.36 0.41 0.39 0.39 0.41 0.27 0.27 0.27 0.36 0.36 0.27 0.27 0.29 0.29 0.29 0.00 0.10 0.10 0.07 0.07 0.10 0.10 0.19 0.10 0.19
BA-24 0.48 0.50 0.48 0.48 0.50 0.48 0.11 0.00 0.13 0.29 0.29 0.13 0.29 0.06 0.17 0.29 0.06 0.29 0.36 0.36 0.48 0.48 0.48 0.48 0.48 0.48 0.48 0.52 0.52 0.52 0.52 0.41 0.41 0.41 0.48 0.36 0.27 0.27 0.29 0.29 0.29 0.10 0.00 0.00 0.07 0.07 0.00 0.10 0.19 0.23 0.33
NR-1 0.48 0.50 0.48 0.48 0.50 0.48 0.11 0.00 0.13 0.29 0.29 0.13 0.29 0.06 0.17 0.29 0.06 0.29 0.36 0.36 0.48 0.48 0.48 0.48 0.48 0.48 0.48 0.52 0.52 0.52 0.52 0.41 0.41 0.41 0.48 0.36 0.27 0.27 0.29 0.29 0.29 0.10 0.00 0.00 0.07 0.07 0.00 0.10 0.19 0.23 0.33
SK-12 0.42 0.44 0.42 0.42 0.44 0.42 0.11 0.07 0.20 0.29 0.29 0.20 0.29 0.13 0.10 0.29 0.13 0.29 0.27 0.27 0.42 0.42 0.42 0.42 0.42 0.42 0.42 0.46 0.45 0.45 0.46 0.31 0.31 0.31 0.42 0.36 0.27 0.27 0.29 0.29 0.29 0.07 0.07 0.07 0.00 0.03 0.10 0.03 0.13 0.13 0.26
BA-41 0.42 0.44 0.42 0.42 0.44 0.42 0.15 0.07 0.20 0.33 0.33 0.20 0.33 0.13 0.10 0.33 0.13 0.33 0.27 0.27 0.42 0.42 0.42 0.42 0.42 0.42 0.42 0.46 0.45 0.45 0.46 0.31 0.31 0.31 0.42 0.41 0.31 0.31 0.33 0.33 0.33 0.07 0.07 0.07 0.03 0.00 0.10 0.06 0.13 0.17 0.26
SC-3 0.48 0.50 0.48 0.48 0.50 0.48 0.11 0.00 0.13 0.29 0.29 0.13 0.29 0.06 0.17 0.29 0.06 0.29 0.36 0.36 0.48 0.48 0.48 0.48 0.48 0.48 0.48 0.52 0.52 0.52 0.52 0.41 0.41 0.41 0.48 0.36 0.27 0.27 0.29 0.29 0.29 0.10 0.00 0.00 0.10 0.10 0.00 0.10 0.19 0.23 0.33
NE2-66 0.48 0.50 0.48 0.48 0.50 0.48 0.15 0.10 0.24 0.33 0.33 0.24 0.33 0.17 0.13 0.33 0.17 0.33 0.31 0.31 0.48 0.48 0.48 0.48 0.48 0.48 0.48 0.52 0.52 0.52 0.52 0.36 0.36 0.36 0.48 0.41 0.31 0.31 0.33 0.33 0.33 0.10 0.10 0.10 0.03 0.06 0.10 0.00 0.14 0.14 0.28
NR-40 0.36 0.29 0.36 0.36 0.29 0.36 0.20 0.19 0.33 0.50 0.50 0.33 0.50 0.26 0.06 0.50 0.26 0.50 0.31 0.31 0.36 0.36 0.36 0.36 0.36 0.36 0.36 0.31 0.45 0.45 0.46 0.31 0.31 0.31 0.36 0.46 0.46 0.46 0.50 0.50 0.50 0.19 0.19 0.19 0.13 0.13 0.19 0.14 0.00 0.24 0.29
NE1-19 0.42 0.38 0.42 0.42 0.38 0.42 0.15 0.23 0.33 0.33 0.33 0.33 0.33 0.31 0.17 0.33 0.31 0.33 0.31 0.31 0.42 0.42 0.42 0.42 0.42 0.42 0.42 0.41 0.39 0.39 0.46 0.15 0.15 0.15 0.42 0.19 0.31 0.31 0.33 0.33 0.33 0.10 0.23 0.23 0.13 0.17 0.23 0.14 0.24 0.00 0.10
NE2-37 0.42 0.38 0.42 0.42 0.38 0.42 0.25 0.33 0.38 0.44 0.44 0.38 0.44 0.42 0.17 0.44 0.42 0.44 0.36 0.36 0.42 0.42 0.42 0.42 0.42 0.42 0.42 0.41 0.39 0.39 0.46 0.00 0.00 0.00 0.42 0.27 0.41 0.41 0.44 0.44 0.44 0.19 0.33 0.33 0.26 0.26 0.33 0.28 0.29 0.10 0.00

Table 3.5. Table matrix of the genetic distance detected from the 31 representative indigenous soybean-nodulating bradyrhizobia in the 
Philippines through the Restriction Fragment Length Polymorphism (RFLP) treatment of the 16S-23S rRNA gene ITS region. 
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Table 3.6. Table matrix of the genetic distance detected from the 31 representative indigenous soybean-nodulating bradyrhizobia in the 
Philippines through the Restriction Fragment Length Polymorphism (RFLP) treatment of the rpoB housekeeping gene. 
 
 
 
Strain 31 46 61 76 94 130 4 6 38 62 110 115 122 123 124 125 127 129 135 3622 GI-4 NE2-3 BO-52 NE1-65NR-48 NE2-37 NE1-34NR-40 SK-12 BA-24 NR-1 SC-3 NE2-66BA-41 IS-2 GI-8 BA-42 NE1-6 NE2-1 NR-2 BO-4 SC-49 NR-60 LT-36 SK-1 SK-2 SO-1 LT-3 BO-15 SK-5 NE1-19

USDA31 0.00 0.05 0.05 0.00 0.11 0.00 0.50 0.56 0.50 0.45 0.45 0.50 0.40 0.40 0.50 0.45 0.40 0.45 0.68 0.68 0.83 0.83 0.83 0.83 0.83 0.68 0.68 0.68 0.56 0.62 0.62 0.62 0.56 0.40 0.24 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.20 0.08 0.05 0.20 0.50 0.50 0.50 0.50 0.83
USDA46 0.05 0.00 0.00 0.05 0.14 0.05 0.62 0.62 0.56 0.56 0.56 0.56 0.50 0.50 0.56 0.56 0.50 0.56 0.68 0.68 0.75 0.75 0.75 0.75 0.75 0.62 0.68 0.75 0.56 0.68 0.68 0.68 0.68 0.50 0.17 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.27 0.02 0.11 0.27 0.62 0.62 0.62 0.62 0.75
USDA61 0.05 0.00 0.00 0.05 0.14 0.05 0.62 0.62 0.56 0.56 0.56 0.56 0.50 0.50 0.56 0.56 0.50 0.56 0.68 0.68 0.75 0.75 0.75 0.75 0.75 0.62 0.68 0.75 0.56 0.68 0.68 0.68 0.68 0.50 0.17 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.27 0.02 0.11 0.27 0.62 0.62 0.62 0.62 0.75
USDA76 0.00 0.05 0.05 0.00 0.11 0.00 0.50 0.56 0.50 0.45 0.45 0.50 0.40 0.40 0.50 0.45 0.40 0.45 0.68 0.68 0.83 0.83 0.83 0.83 0.83 0.68 0.68 0.68 0.56 0.62 0.62 0.62 0.56 0.40 0.24 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.20 0.08 0.05 0.20 0.50 0.50 0.50 0.50 0.83
USDA94 0.11 0.14 0.14 0.11 0.00 0.13 0.63 0.57 0.52 0.57 0.57 0.52 0.52 0.52 0.63 0.57 0.52 0.57 0.76 0.76 0.83 0.83 0.83 0.83 0.83 0.69 0.76 0.69 0.63 0.63 0.63 0.63 0.69 0.52 0.38 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.29 0.19 0.16 0.16 0.63 0.63 0.63 0.63 0.83
USDA130 0.00 0.05 0.05 0.00 0.13 0.00 0.50 0.56 0.50 0.45 0.45 0.50 0.40 0.40 0.50 0.45 0.40 0.45 0.68 0.68 0.83 0.83 0.83 0.83 0.83 0.68 0.68 0.68 0.56 0.62 0.62 0.62 0.56 0.40 0.24 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.20 0.08 0.05 0.20 0.50 0.50 0.50 0.50 0.83
USDA4 0.50 0.62 0.62 0.50 0.63 0.50 0.00 0.45 0.31 0.17 0.17 0.31 0.24 0.24 0.24 0.17 0.24 0.17 0.20 0.20 0.40 0.40 0.40 0.35 0.35 0.62 0.20 0.31 0.24 0.50 0.50 0.50 0.31 0.20 0.68 0.68 0.68 0.68 0.68 0.68 0.68 0.68 0.56 0.68 0.56 0.62 0.20 0.20 0.20 0.20 0.35
USDA6 0.56 0.62 0.62 0.56 0.57 0.56 0.45 0.00 0.25 0.43 0.43 0.25 0.38 0.25 0.38 0.43 0.25 0.43 0.54 0.54 0.60 0.60 0.60 0.54 0.54 0.54 0.48 0.43 0.54 0.08 0.05 0.05 0.48 0.54 0.90 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.54 0.67 0.60 0.67 0.48 0.48 0.48 0.48 0.54
USDA38 0.50 0.56 0.56 0.50 0.52 0.50 0.31 0.25 0.00 0.24 0.24 0.00 0.24 0.13 0.29 0.24 0.13 0.24 0.38 0.38 0.50 0.50 0.50 0.44 0.44 0.50 0.44 0.38 0.38 0.16 0.20 0.20 0.33 0.38 0.80 0.57 0.57 0.57 0.57 0.57 0.57 0.57 0.50 0.57 0.50 0.57 0.29 0.29 0.29 0.29 0.44
USDA62 0.45 0.56 0.56 0.45 0.57 0.45 0.17 0.43 0.24 0.00 0.00 0.29 0.05 0.21 0.18 0.00 0.21 0.00 0.33 0.33 0.48 0.48 0.48 0.38 0.38 0.54 0.38 0.29 0.29 0.48 0.48 0.48 0.21 0.21 0.67 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.48 0.60 0.48 0.60 0.03 0.03 0.03 0.03 0.38
USDA110 0.45 0.56 0.56 0.45 0.57 0.45 0.17 0.43 0.24 0.00 0.00 0.29 0.05 0.21 0.18 0.00 0.21 0.00 0.33 0.33 0.48 0.48 0.48 0.38 0.38 0.54 0.38 0.29 0.29 0.48 0.48 0.48 0.21 0.21 0.67 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.48 0.60 0.48 0.60 0.03 0.03 0.03 0.03 0.38
USDA115 0.50 0.56 0.56 0.50 0.52 0.50 0.31 0.25 0.00 0.29 0.29 0.00 0.24 0.13 0.29 0.24 0.13 0.24 0.38 0.38 0.50 0.50 0.50 0.44 0.44 0.50 0.44 0.38 0.38 0.16 0.20 0.20 0.33 0.38 0.80 0.57 0.57 0.57 0.57 0.57 0.57 0.57 0.50 0.57 0.50 0.57 0.29 0.29 0.29 0.29 0.44
USDA122 0.40 0.50 0.50 0.40 0.52 0.40 0.24 0.38 0.24 0.05 0.05 0.24 0.00 0.15 0.23 0.03 0.15 0.03 0.41 0.41 0.52 0.52 0.52 0.41 0.41 0.58 0.46 0.36 0.36 0.41 0.41 0.41 0.19 0.27 0.65 0.52 0.52 0.52 0.52 0.52 0.52 0.52 0.41 0.52 0.41 0.58 0.06 0.06 0.06 0.06 0.41
USDA123 0.40 0.50 0.50 0.40 0.52 0.40 0.24 0.25 0.13 0.21 0.21 0.13 0.15 0.00 0.19 0.26 0.00 0.26 0.38 0.38 0.52 0.52 0.52 0.47 0.47 0.63 0.47 0.57 0.47 0.29 0.33 0.33 0.38 0.42 0.76 0.57 0.57 0.57 0.57 0.57 0.57 0.57 0.42 0.57 0.47 0.52 0.29 0.29 0.29 0.29 0.47
USDA124 0.50 0.56 0.56 0.50 0.63 0.50 0.24 0.38 0.29 0.18 0.18 0.29 0.23 0.19 0.00 0.22 0.19 0.22 0.29 0.29 0.38 0.38 0.38 0.29 0.29 0.47 0.33 0.42 0.29 0.47 0.47 0.47 0.22 0.29 0.69 0.63 0.63 0.63 0.63 0.63 0.63 0.63 0.52 0.57 0.57 0.57 0.26 0.26 0.26 0.26 0.29
USDA125 0.45 0.56 0.56 0.45 0.57 0.45 0.17 0.43 0.24 0.00 0.00 0.24 0.03 0.26 0.22 0.00 0.21 0.00 0.33 0.33 0.48 0.48 0.48 0.38 0.38 0.54 0.38 0.29 0.29 0.48 0.48 0.48 0.21 0.21 0.67 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.48 0.60 0.48 0.60 0.03 0.03 0.03 0.03 0.38
USDA127 0.40 0.50 0.50 0.40 0.52 0.40 0.24 0.25 0.13 0.21 0.21 0.13 0.15 0.00 0.19 0.21 0.00 0.26 0.38 0.38 0.52 0.52 0.52 0.47 0.47 0.63 0.47 0.57 0.47 0.29 0.33 0.33 0.38 0.42 0.76 0.57 0.57 0.57 0.57 0.57 0.57 0.57 0.42 0.57 0.47 0.52 0.29 0.29 0.29 0.29 0.47
USDA129 0.45 0.56 0.56 0.45 0.57 0.45 0.17 0.43 0.24 0.00 0.00 0.24 0.03 0.26 0.22 0.00 0.26 0.00 0.33 0.33 0.48 0.48 0.48 0.38 0.38 0.54 0.38 0.29 0.29 0.48 0.48 0.48 0.21 0.21 0.67 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.48 0.60 0.48 0.60 0.03 0.03 0.03 0.03 0.38
USDA135 0.68 0.68 0.68 0.68 0.76 0.68 0.20 0.54 0.38 0.33 0.33 0.38 0.41 0.38 0.29 0.33 0.38 0.33 0.00 0.00 0.31 0.31 0.31 0.31 0.31 0.52 0.15 0.31 0.15 0.52 0.52 0.52 0.41 0.31 0.65 0.65 0.65 0.65 0.65 0.65 0.65 0.65 0.58 0.65 0.65 0.65 0.31 0.31 0.31 0.31 0.31
USDA3622 0.68 0.68 0.68 0.68 0.76 0.68 0.20 0.54 0.38 0.33 0.33 0.38 0.41 0.38 0.29 0.33 0.38 0.33 0.00 0.00 0.31 0.31 0.31 0.31 0.31 0.52 0.15 0.31 0.15 0.52 0.52 0.52 0.41 0.31 0.65 0.65 0.65 0.65 0.65 0.65 0.65 0.65 0.58 0.65 0.65 0.65 0.31 0.31 0.31 0.31 0.31
GI-4 0.83 0.75 0.75 0.83 0.83 0.83 0.40 0.60 0.50 0.48 0.48 0.50 0.52 0.52 0.38 0.48 0.52 0.48 0.31 0.31 0.00 0.00 0.00 0.03 0.03 0.17 0.21 0.26 0.26 0.48 0.48 0.48 0.36 0.26 0.79 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.55 0.70 0.70 0.36 0.36 0.36 0.42 0.03
NE2-3 0.83 0.75 0.75 0.83 0.83 0.83 0.40 0.60 0.50 0.48 0.48 0.50 0.52 0.52 0.38 0.48 0.52 0.48 0.31 0.31 0.00 0.00 0.00 0.03 0.03 0.17 0.21 0.26 0.26 0.48 0.48 0.48 0.36 0.26 0.79 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.55 0.70 0.70 0.36 0.36 0.36 0.42 0.03
BO-52 0.83 0.75 0.75 0.83 0.83 0.83 0.40 0.60 0.50 0.48 0.48 0.50 0.52 0.52 0.38 0.48 0.52 0.48 0.31 0.31 0.00 0.00 0.00 0.03 0.03 0.17 0.21 0.26 0.26 0.48 0.48 0.48 0.36 0.26 0.79 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.55 0.70 0.70 0.36 0.36 0.36 0.42 0.03
NE1-65 0.83 0.75 0.75 0.83 0.83 0.83 0.35 0.54 0.44 0.38 0.38 0.44 0.41 0.47 0.29 0.38 0.47 0.38 0.31 0.31 0.03 0.03 0.03 0.00 0.00 0.24 0.24 0.29 0.29 0.44 0.44 0.44 0.29 0.24 0.80 0.64 0.64 0.64 0.64 0.64 0.64 0.64 0.64 0.57 0.71 0.71 0.29 0.29 0.29 0.33 0.00
NR-48 0.83 0.75 0.75 0.83 0.83 0.83 0.35 0.54 0.44 0.38 0.38 0.44 0.41 0.47 0.29 0.38 0.47 0.38 0.31 0.31 0.03 0.03 0.03 0.00 0.00 0.24 0.24 0.29 0.29 0.44 0.44 0.44 0.29 0.24 0.80 0.64 0.64 0.64 0.64 0.64 0.64 0.64 0.64 0.57 0.71 0.71 0.29 0.29 0.29 0.33 0.00
NE2-37 0.68 0.62 0.62 0.68 0.69 0.68 0.62 0.54 0.50 0.54 0.54 0.50 0.58 0.63 0.47 0.54 0.63 0.54 0.52 0.52 0.17 0.17 0.17 0.24 0.24 0.00 0.36 0.42 0.36 0.42 0.42 0.42 0.48 0.42 0.79 0.48 0.48 0.48 0.48 0.48 0.48 0.48 0.42 0.42 0.55 0.62 0.42 0.42 0.42 0.48 0.24
NE1-34 0.68 0.68 0.68 0.68 0.76 0.68 0.20 0.48 0.44 0.38 0.38 0.44 0.46 0.47 0.33 0.38 0.47 0.38 0.15 0.15 0.21 0.21 0.21 0.24 0.24 0.36 0.00 0.24 0.20 0.45 0.45 0.45 0.40 0.27 0.68 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.56 0.62 0.62 0.56 0.35 0.35 0.35 0.40 0.24
NR-40 0.68 0.75 0.75 0.68 0.69 0.68 0.31 0.43 0.38 0.29 0.29 0.38 0.36 0.57 0.42 0.29 0.57 0.29 0.31 0.31 0.26 0.26 0.26 0.29 0.29 0.42 0.24 0.00 0.25 0.38 0.38 0.38 0.38 0.21 0.82 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.60 0.67 0.60 0.74 0.25 0.25 0.25 0.29 0.29
SK-12 0.56 0.56 0.56 0.56 0.63 0.56 0.24 0.54 0.38 0.29 0.29 0.38 0.36 0.47 0.29 0.29 0.47 0.29 0.15 0.15 0.26 0.26 0.26 0.29 0.29 0.36 0.20 0.25 0.00 0.48 0.48 0.48 0.29 0.25 0.54 0.48 0.48 0.48 0.48 0.48 0.48 0.48 0.48 0.48 0.48 0.54 0.25 0.25 0.25 0.29 0.29
BA-24 0.62 0.68 0.68 0.62 0.63 0.62 0.50 0.08 0.16 0.48 0.48 0.16 0.41 0.29 0.47 0.48 0.29 0.48 0.52 0.52 0.48 0.48 0.48 0.44 0.44 0.42 0.45 0.38 0.48 0.00 0.03 0.03 0.41 0.46 0.90 0.58 0.58 0.58 0.58 0.58 0.58 0.58 0.46 0.58 0.52 0.58 0.41 0.41 0.41 0.46 0.44
NR-1 0.62 0.68 0.68 0.62 0.63 0.62 0.50 0.05 0.20 0.48 0.48 0.20 0.41 0.33 0.47 0.48 0.33 0.48 0.52 0.52 0.48 0.48 0.48 0.44 0.44 0.42 0.45 0.38 0.48 0.03 0.00 0.00 0.41 0.46 0.90 0.58 0.58 0.58 0.58 0.58 0.58 0.58 0.46 0.58 0.52 0.58 0.41 0.41 0.41 0.46 0.44
SC-3 0.62 0.68 0.68 0.62 0.63 0.62 0.50 0.05 0.20 0.48 0.48 0.20 0.41 0.33 0.47 0.48 0.33 0.48 0.52 0.52 0.48 0.48 0.48 0.44 0.44 0.42 0.45 0.38 0.48 0.03 0.00 0.00 0.41 0.46 0.90 0.58 0.58 0.58 0.58 0.58 0.58 0.58 0.46 0.58 0.52 0.58 0.41 0.41 0.41 0.46 0.44
NE2-66 0.56 0.68 0.68 0.56 0.69 0.56 0.31 0.48 0.33 0.21 0.21 0.33 0.19 0.38 0.22 0.21 0.38 0.21 0.41 0.41 0.36 0.36 0.36 0.29 0.29 0.48 0.40 0.38 0.29 0.41 0.41 0.41 0.00 0.20 0.71 0.57 0.57 0.57 0.57 0.57 0.57 0.57 0.44 0.50 0.44 0.50 0.13 0.13 0.13 0.16 0.29
BA-41 0.40 0.50 0.50 0.40 0.52 0.40 0.20 0.54 0.38 0.21 0.21 0.38 0.27 0.42 0.29 0.21 0.42 0.21 0.31 0.31 0.26 0.26 0.26 0.24 0.24 0.42 0.27 0.21 0.25 0.46 0.46 0.46 0.20 0.00 0.57 0.47 0.47 0.47 0.47 0.47 0.47 0.47 0.52 0.47 0.38 0.47 0.22 0.22 0.22 0.26 0.24
IS-2 0.24 0.17 0.17 0.24 0.38 0.24 0.68 0.90 0.80 0.67 0.67 0.80 0.65 0.76 0.69 0.67 0.76 0.67 0.65 0.65 0.79 0.79 0.79 0.80 0.80 0.79 0.68 0.82 0.54 0.90 0.90 0.90 0.71 0.57 0.00 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.50 0.14 0.27 0.45 0.68 0.68 0.68 0.68 0.80
GI-8 0.08 0.02 0.02 0.08 0.19 0.08 0.68 0.67 0.57 0.60 0.60 0.57 0.52 0.57 0.63 0.60 0.57 0.60 0.65 0.65 0.62 0.62 0.62 0.64 0.64 0.48 0.62 0.67 0.48 0.58 0.58 0.58 0.57 0.47 0.17 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.24 0.00 0.08 0.24 0.56 0.56 0.56 0.62 0.64
BA-42 0.08 0.02 0.02 0.08 0.19 0.08 0.68 0.67 0.57 0.60 0.60 0.57 0.52 0.57 0.63 0.60 0.57 0.60 0.65 0.65 0.62 0.62 0.62 0.64 0.64 0.48 0.62 0.67 0.48 0.58 0.58 0.58 0.57 0.47 0.17 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.24 0.00 0.08 0.24 0.56 0.56 0.56 0.62 0.64
NE1-6 0.08 0.02 0.02 0.08 0.19 0.08 0.68 0.67 0.57 0.60 0.60 0.57 0.52 0.57 0.63 0.60 0.57 0.60 0.65 0.65 0.62 0.62 0.62 0.64 0.64 0.48 0.62 0.67 0.48 0.58 0.58 0.58 0.57 0.47 0.17 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.24 0.00 0.08 0.24 0.56 0.56 0.56 0.62 0.64
NE2-1 0.08 0.02 0.02 0.08 0.19 0.08 0.68 0.67 0.57 0.60 0.60 0.57 0.52 0.57 0.63 0.60 0.57 0.60 0.65 0.65 0.62 0.62 0.62 0.64 0.64 0.48 0.62 0.67 0.48 0.58 0.58 0.58 0.57 0.47 0.17 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.24 0.00 0.08 0.24 0.56 0.56 0.56 0.62 0.64
NR-2 0.08 0.02 0.02 0.08 0.19 0.08 0.68 0.67 0.57 0.60 0.60 0.57 0.52 0.57 0.63 0.60 0.57 0.60 0.65 0.65 0.62 0.62 0.62 0.64 0.64 0.48 0.62 0.67 0.48 0.58 0.58 0.58 0.57 0.47 0.17 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.24 0.00 0.08 0.24 0.56 0.56 0.56 0.62 0.64
BO-4 0.08 0.02 0.02 0.08 0.19 0.08 0.68 0.67 0.57 0.60 0.60 0.57 0.52 0.57 0.63 0.60 0.57 0.60 0.65 0.65 0.62 0.62 0.62 0.64 0.64 0.48 0.62 0.67 0.48 0.58 0.58 0.58 0.57 0.47 0.17 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.24 0.00 0.08 0.24 0.56 0.56 0.56 0.62 0.64
SC-49 0.08 0.02 0.02 0.08 0.19 0.08 0.68 0.67 0.57 0.60 0.60 0.57 0.52 0.57 0.63 0.60 0.57 0.60 0.65 0.65 0.62 0.62 0.62 0.64 0.64 0.48 0.62 0.67 0.48 0.58 0.58 0.58 0.57 0.47 0.17 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.24 0.00 0.08 0.24 0.56 0.56 0.56 0.62 0.64
NR-60 0.20 0.27 0.27 0.20 0.29 0.20 0.56 0.54 0.50 0.48 0.48 0.50 0.41 0.42 0.52 0.48 0.42 0.48 0.58 0.58 0.62 0.62 0.62 0.64 0.64 0.42 0.56 0.60 0.48 0.46 0.46 0.46 0.44 0.52 0.50 0.24 0.24 0.24 0.24 0.24 0.24 0.24 0.00 0.21 0.18 0.25 0.43 0.43 0.43 0.48 0.64
LT-36 0.08 0.02 0.02 0.08 0.19 0.08 0.68 0.67 0.57 0.60 0.60 0.57 0.52 0.57 0.57 0.60 0.57 0.60 0.65 0.65 0.55 0.55 0.55 0.57 0.57 0.42 0.62 0.67 0.48 0.58 0.58 0.58 0.50 0.47 0.14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.21 0.00 0.14 0.30 0.60 0.60 0.60 0.66 0.57
SK-1 0.05 0.11 0.11 0.05 0.16 0.05 0.56 0.60 0.50 0.48 0.48 0.50 0.41 0.47 0.57 0.48 0.47 0.48 0.65 0.65 0.70 0.70 0.70 0.71 0.71 0.55 0.62 0.60 0.48 0.52 0.52 0.52 0.44 0.38 0.27 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.18 0.14 0.00 0.19 0.47 0.47 0.47 0.52 0.71
SK-2 0.20 0.27 0.27 0.20 0.16 0.20 0.62 0.67 0.57 0.60 0.60 0.57 0.58 0.52 0.57 0.60 0.52 0.60 0.65 0.65 0.70 0.70 0.70 0.71 0.71 0.62 0.56 0.74 0.54 0.58 0.58 0.58 0.50 0.47 0.45 0.24 0.24 0.24 0.24 0.24 0.24 0.24 0.25 0.30 0.19 0.00 0.56 0.56 0.56 0.62 0.71
SO-1 0.50 0.62 0.62 0.50 0.63 0.50 0.20 0.48 0.29 0.03 0.03 0.29 0.06 0.29 0.26 0.03 0.29 0.03 0.31 0.31 0.36 0.36 0.36 0.29 0.29 0.42 0.35 0.25 0.25 0.41 0.41 0.41 0.13 0.22 0.68 0.56 0.56 0.56 0.56 0.56 0.56 0.56 0.43 0.60 0.47 0.56 0.00 0.00 0.00 0.03 0.29
LT-3 0.50 0.62 0.62 0.50 0.63 0.50 0.20 0.48 0.29 0.03 0.03 0.29 0.06 0.29 0.26 0.03 0.29 0.03 0.31 0.31 0.36 0.36 0.36 0.29 0.29 0.42 0.35 0.25 0.25 0.41 0.41 0.41 0.13 0.22 0.68 0.56 0.56 0.56 0.56 0.56 0.56 0.56 0.43 0.60 0.47 0.56 0.00 0.00 0.00 0.03 0.29
BO-15 0.50 0.62 0.62 0.50 0.63 0.50 0.20 0.48 0.29 0.03 0.03 0.29 0.06 0.29 0.26 0.03 0.29 0.03 0.31 0.31 0.36 0.36 0.36 0.29 0.29 0.42 0.35 0.25 0.25 0.41 0.41 0.41 0.13 0.22 0.68 0.56 0.56 0.56 0.56 0.56 0.56 0.56 0.43 0.60 0.47 0.56 0.00 0.00 0.00 0.03 0.29
SK-5 0.50 0.62 0.62 0.50 0.63 0.50 0.20 0.48 0.29 0.03 0.03 0.29 0.06 0.29 0.26 0.03 0.29 0.03 0.31 0.31 0.42 0.42 0.42 0.33 0.33 0.48 0.40 0.29 0.29 0.46 0.46 0.46 0.16 0.26 0.68 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.48 0.66 0.52 0.62 0.03 0.03 0.03 0.00 0.33
NE1-19 0.83 0.75 0.75 0.83 0.83 0.83 0.35 0.54 0.44 0.38 0.38 0.44 0.41 0.47 0.29 0.38 0.47 0.38 0.31 0.31 0.03 0.03 0.03 0.00 0.00 0.24 0.24 0.29 0.29 0.44 0.44 0.44 0.29 0.24 0.80 0.64 0.64 0.64 0.64 0.64 0.64 0.64 0.64 0.57 0.71 0.71 0.29 0.29 0.29 0.33 0.00
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Presented in Figure 3.3 is the dendrogram of the representative isolates from the 

unique RFLP patterns which were obtained from the 16S rRNA gene. From this cluster, 

it is evident that some isolates indeed have different fragment patterns with each other 

but almost all were grouped under the different species of bradyrhizobia. 

Figure 3.3. Dendrogram of the unique band patterns obtained from the RFLP analysis 
of the 16S rRNA gene for the representative isolates which can nodulate soybean. The 
names starting with USDA are the Bradyrhizobium reference strains used in this study. 
The figure was constructed with the ward.D2 method of the R software v.3.4.0. 
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Then, the unique RFLP patterns obtained from the 16S-23S rRNA gene ITS region 

of the representative isolates is shown in Figure 3.4. In this dendrogram, the three 

species which are B. japonicum, B. diazoefficiens and B. elkanii are clearly separated.  

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.4. Dendrogram of the unique band patterns obtained from the RFLP analysis 

of the 16S-23S rRNA gene ITS region for the representative isolates which can nodulate 
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soybean. The names starting with USDA are the Bradyrhizobium reference strains used 

in this study. The figure was constructed with the ward.D2 method of the R software 

v.3.4.0.  

Meanwhile, presented in the figure below (Fig. 3.5) is the cluster dendrogram that 

was constructed from the distinct RFLP patterns from the rpoB housekeeping gene of 

the soybean-nodulating bradyrhizobia. In this figure, more distinctions between the 

strains were seen such between the USDA76 and USDA 46.   

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.5. Dendrogram of the unique band patterns obtained from the RFLP analysis 
of the rpoB housekeeping gene for the representative isolates which can nodulate 
soybean. The names starting with USDA are the Bradyrhizobium reference strains used 
in this study. The figure was constructed with the ward.D2 method of the R software 
v.3.4.0. 
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Then, on figures 3.9, 3.10 and 3.11, the distinct fragment sizes obtained from the 

digestion with restriction enzymes of the 16S rRNA gene, 16S-23S rRNA ITS region 

and rpoB gene are presented. It is noticeable that some isolates have unique patterns 

that are indication of their nucleotide divergence.  

  

3. Sequence analysis of the 16S rRNA, ITS region and rpoB gene  

Presented in Figure 3.6 is the phylogenetic tree from the sequence analysis of the 

ITS region showing the genetic diversity of soybean bradyrhizobia across the country. 

The isolates were predominantly grouped under four bradyrhizobia species which are 

B. elkanii (37.74%), B. diazoefficiens (29.48%), B. japonicum (16.51%), and B. 

yuanmingense (0.94%). A Bradyrhizobium sp. clade that makes up about 15.09% of the 

population was also observed including two independent single isolates NE1-34 and 

NE2-66. On the other hand, almost similar clusters were observed from the rpoB gene 

phylogenetic tree (Fig. 3.3) wherein eight delineations were also distinguished similarly 

with the ITS region. Notably, some genetic variations were detected only on specific 

isolates between the two gene loci. For example, SK-1 belonged to Be46 cluster in the 

ITS region but it was reclassified into Be130 cluster in the rpoB gene. This observation 

mainly occurred with the isolates clustered under B. elkanii strains except for those 

clustered with the Be94. On the other hand, no remarkable genetic diversity was 

observed for the other clusters particularly for those under B. diazoefficiens and B. 

yuanmingense.  

Meanwhile, the phylogenetic tree from the sequence analysis of the 16S rRNA 

gene is presented in Fig. 3.4. It is clear that all the 424 isolates considered in this study 

belong to the different species of Bradyrhizobium and were delineated with that of 
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Sinorhizobium fredii. For clarity, the 16S rRNA gene nucleotide sequence of the 

Escherichia coli was used as the outgroup. The sequence alignment of the indigenous 

bradyrhizobia are presented in the appendix.  

 
Figure 3.6. Phylogenetic tree based on sequence analysis of the 16S – 23S rRNA 
gene ITS region. The tree was constructed using the Neighbor-Joining method with 
the Kimura 2-parameter distance correlation model and 1000 bootstrap replications in 
MEGA v.7 software. The accession numbers are indicated only for sequences 
obtained from BLAST. The isolates in this study are indicated with letters and number 
combinations, for example: IS-2 – isolate no. 2 collected from Ilagan, Isabela. 
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Figure 3.7. Phylogenetic tree based on sequence analysis of the rpoB housekeeping 
gene. The tree was constructed using the Neighbor-Joining method with the Kimura 2-
parameter distance correlation model and 1000 bootstrap replications in MEGA v.7 
software. The accession numbers are indicated only for sequences obtained from 
BLAST. The isolates in this study are indicated with letters and number combinations, 
for example: IS-2 – isolate no. 2 collected from Ilagan, Isabela. 
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Figure 3.8. Phylogenetic tree based on sequence analysis of 16S rRNA gene. The tree 
was constructed using the Neighbor-Joining method with the Kimura 2-parameter 
(K2P) distance correlation model and 1000 bootstrap replications in MEGA v.7 
software. The accession numbers are indicated only for sequences obtained from 
BLAST. The isolates in this study are indicated with letters and number combinations, 
for example: IS-2 – isolate no. 2 collected from Ilagan, Isabela. 
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Figure 3.9. Schematic representation of the difference in the fragment sizes from the four restriction enzymes. This was obtained from the 16S 
rRNA gene sequence analysis and was determined by using the software Genetyx for mac v. 16. 

USDA31 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

USDA46 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

USDA61 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

USDA76 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

USDA94 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

USDA130 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

USDA46 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

USDA6 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

USDA38 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

USDA110 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

USDA115 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

USDA122 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

USDA123 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

USDA124 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

USDA129 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

USDA135 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

USDA3622 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Ecoli 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

IS-2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

GI-4 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

BA-41 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

BA-42 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

BA-24 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

NE1-6 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

NE1-34 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

NE1-65 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

NE2-1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

NE2-37 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

SO-1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

LT-3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

NR-40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

NR-48 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

BO-4 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

BO-45 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

SK-1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

SK-2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

SK-12 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

SC-3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Strain
HaeIII HhaI MspI XspI

� 	
���
���� ���� 
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Figure 3.10. Schematic representation of the difference in the fragment sizes from the 
four restriction enzymes. This was obtained from the 16S-23S rRNA gene ITS region 
sequence analysis and was determined by using the software Genetyx for mac v. 16. 
 

USDA31 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

USDA46 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

USDA61 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

USDA76 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

USDA94 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

USDA130 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

USDA4 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

USDA6 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

USDA38 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

USDA62 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

USDA110 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

USDA115 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

USDA122 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

USDA123 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

USDA124 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

USDA125 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

USDA127 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

USDA129 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

USDA135 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

USDA3622 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

IS-2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

GI-8 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

BA-42 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

NE2-1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

NR-2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

BO-4 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

SC-49 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

SK-1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

NE1-6 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

LT-36 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

SK-2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

GI-4 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

NE2-3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

BO-52 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

NR-60 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

NE1-65 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

SO-1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

LT-3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

NR-48 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

BO-15 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

SK-5 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

NE1-34 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

BA-24 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

NR-1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

SK-12 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

BA-41 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

SC-3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

NE2-66 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

NR-40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

NE2-37 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

STRAIN
RESTRICTION ENZYME

HaeIII HhaI MspI XspI
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Figure 3.11. Schematic representation of the difference in the fragment sizes from the four restriction enzymes. This was obtained from the rpoB 
housekeeping gene sequence analysis and was determined by using the software Genetyx for mac v. 16. 

USDA31 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

USDA46 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

USDA61 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

USDA76 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

USDA94 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

USDA130 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

USDA4 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

USDA6 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

USDA38 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

USDA62 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

USDA110 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

USDA115 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

USDA122 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

USDA123 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

USDA124 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

USDA125 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

USDA127 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

USDA129 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

USDA135 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

USDA3622 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

GI-4 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

NE2-3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

BO-52 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

NE1-19 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

NE1-65 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

NR-48 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

NE2-37 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

NE1-34 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

NR-40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

SK-12 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

BA-24 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

NR-1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

SC-3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

NE2-66 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

BA-41 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

IS-2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

GI-8 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

BA-42 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

NE1-6 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

NE2-1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

NR-2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

BO-4 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

SC-49 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

NR-60 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

LT-36 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

SK-1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

SK-2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

SO-1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

LT-3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

BO-15 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

SK-5 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

STRAIN
RESTRICTION ENZYME

AluI HaeIII MspI
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4. Distribution of isolates and diversity analysis   

The distribution of the isolates in the locations and the diversity indices of soybean 

bradyrhizobia in the Philippines are presented in Table 3.1 and are graphically seen in 

Figure 3.12. Those isolates that were clustered under the B. elkanii strains were present 

in almost all the locations, suggesting a prevalence of this species in the regions with 

high temperature. The highest diversity and equitability indices were obtained from 

Sultan Kudarat (SK) (H’=0.98, Eh=0.71), followed by Negros Occidental (NR) 

(H’=0.82, Eh=0.59). On the other hand, the lowest indices (H’=0.00, Eh=0.00) were 

obtained from Isabela (IS) and Sorsogon (SO) where all isolates belonged to B. elkanii 

and B. diazoefficiens, respectively.  

 

Table 3.10. Population distribution and diversity indices of the indigenous 
bradyrhizobia in the Philippines. The Shannon’s diversity (H’) and equitability (Eh) 
indices were computed with the formulae (H’= -åPi ln Pi; Eh= H’/ ln S). 

Cluster/ 
Location 

IS GI BA NE1 NE2 SO LT NR BO SK SC 

Be31 40 6 1 0 0 0 0 0 24 0 0 

Be46 0 0 0 0 0 0 0 0 0 4 0 

Be76 0 0 0 49 3 0 1 23 0 0 3 

Be94 0 0 0 0 0 0 0 0 0 6 0 

Bj6 0 0 31 0 0 0 0 4 0 0 31 

Bj124 0 0 1 0 0 0 0 3 0 0 0 

Bd110 0 0 0 5 0 44 42 1 4 29 0 

By 0 0 0 0 0 0 0 0 0 4 0 

Bradyrhizobium 
sp. 

0 30 0 1 31 0 0 0 1 0 0 

Independent 
bradyrhizobia 

0 0 0 1 1 0 0 0 0 0 0 

   Total 40 36 33 56 35 44 43 31 29 43 34 
   H’ 0.00 0.45 0.27 0.48 0.42 0.00 0.11 0.82 0.55 0.98 0.30 

   Eh 0.00 0.65 0.25 0.34 0.38 0.00 0.16 0.59 0.50 0.71 0.43 

Note: The Pi is the dominance of the isolate, expressed as (ni/N), where N and ni are 
the total number of isolates tested and the number of isolates belonging to a particular 
cluster, respectively. S is the total number of clusters, indicating the taxonomic group, 
at each field site. 
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Figure 3.12. Geographic distribution of the soybean-nodulating bradyrhizobia in the Philippines 
from the result of Restriction Fragment Length Polymorphism (RFLP) and sequence analysis of 
the 16S-23S rRNA gene ITS region. The detailed name of each location is listed in Table 3.1.   
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Meanwhile, the MDS plots clearly indicate the community structure and 

population dominance of each Bradyrhizobium species in accordance with their clusters 

and respective location (Fig. 3.13 and 3.14). The different clusters of Bradyrhizobium 

sp. obtained from in the phylogenetic trees of the ITS region and rpoB gene are 

clustered together in the plots (GI, NE2). Conversely, SO, LT and SK were grouped 

together because these locations are dominated by those clustered to B. diazoefficiens. 

Similar observations were obtained for the locations dominated by B. elkanii (IS, BO, 

NR, NE1) and B. japonicum USDA6 (BA, SC). 

 

 

Figure 3.13. Community structure of indigenous soybean-nodulating bradyrhizobia 
from the 16S-23S internal transcribed spacer (ITS) region in the Philippines showing 
the dominance of each Bradyrhizobium species at respective location. The figure was 
constructed using Bray-Curtis index through R software v.3.4.0.  
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Figure 3.14. Community structure of indigenous soybean-nodulating bradyrhizobia 
from the rpoB housekeeping gene in the Philippines showing the dominance of each 
Bradyrhizobium species at respective location. The figure was constructed using Bray-
Curtis index through R software v.3.4.0. 
 

 

5. Correlation analysis among the factors that affect the diversity and distribution 

of bradyrhizobia 

In Figure 3.15, the PCA plot showed the relationship between the agro-

environmental factors and the dominance of each indigenous bradyrhizobia species in 

the country. The PC1 generated 47.74% proportion that is accounted for most of the 

variance and indicated the correlation between the parameters considered and the 

distribution of bradyrhizobia in the specific locations.  
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Figure 3.15. Principal Component Analysis (PCA) plot depicting the relationship 
between the dominance of Bradyrhizobium species in the respective locations and the 
agro-environmental factors considered in this study. • Blackened circle indicates the 
agro-environmental factors.  Hollow rectangle indicates the location of the soil 
sampling collection. FP-period of flooding. Dotted straight line indicates the separation 
between the flooded and non-flooded condition. 
 

 

The isolates that are clustered under the Bradyrhizobium sp. and Bd110 seemed to 

be dominant in specific locations and can be attributed to the influence of flooding 

period (FP), N, C, pH and clay content as shown by the arrows whereas the dominance 

of the isolates that are clustered under the Bj6 can be attributed to the influence of high 

silt and P content in the soil. Meanwhile, the abundance and distribution of the isolates 
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under the B. elkanii clusters is generally correlated with the high temperature in the 

country and possibly with the higher amount of sand. Since there were only a few 

isolates which were identified to be related with B. yuanmingense, a definite correlation 

between these isolates and the agro-environmental parameters could not be made 

generally.           

 

Discussion 

1. Genetic diversity of indigenous bradyrhizobia 

The high species diversity of the indigenous bradyrhizobia as revealed from the 

Shannon’s index (H’ – 0.98) was observed and additionally, the genomic variations 

between the ITS region and the rpoB gene showed a high genetic diversity. This is not 

a new observation as a similar result was reported previously (Mason et al., 2017) where 

intra-genomic variations in the clusters of Be76 and Be46 were detected and were 

attributed to the temperature and pH gradient. Although our results alone could not 

properly explain the specific reason for this phenomenon, we hypothesize that a gene 

transfer or gene shuffling might have occurred for the isolates which are classified 

under the Be76, Be46, and Be31 clusters. From the complete genome map of the B. 

elkanii USDA76T with a genome size of 9,484,767bp, the rpoB gene (6,539,500bp) is 

located on almost opposite locus with the ITS region (411,600 – 410,900bp) as reported 

previously (Reeve et al., 2017) so it may easily reflect genetic changes that occurred 

within the species, or even within the strain. 

At large, the genomic variations between the two genetic loci on B. elkanii clusters 

are helpful for the identification of tropical bradyrhizobia and merit further research to 

explain this event.    
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2. Factors that influence the diversity and distribution of bradyrhizobia  

The several agro-environmental factors were considered in order to investigate 

which parameter/s could impact the distribution and genetic diversity of the soybean-

nodulating bradyrhizobia in the Philippines. The positive influence of high Phosphorus 

content on the abundance of B. japonicum sp., which were phylogenetically clustered 

with Bj6 was also observed by another report (Yan et al., 2014). Another study affirmed 

that the Andisols in Japan were dominated by the isolates that are clustered to Bj6 

(Shiina et al., 2014). This is similar to the soils of South Cotabato (SC) which are 

classified as Andisols with mixed alluvium and sedimentary deposits where dominant 

isolates of the Bj6 cluster were observed herein. Since the B. japonicum USDA6T was 

reported to release N2O (Sameshima-Saito et al., 2006), which is one of the greenhouse 

gases, its significance for both agriculture and environment merits more attention for 

better and thorough understanding.   

 For the distribution of Bd110 cluster in flooded soils, this result is supported by 

our previous reports where the dominance of the B. diazoefficiens USDA110T was 

enhanced by flooding condition in the soil (Saeki et al., 2017) and that the USDA110 

cluster is dominant on fine-textured soil that are affected by water status and oxidation-

reduction potential in the soil (Saeki and Shiro, 2014). Moreover, it was reported that 

the anaerobic condition in the flooded soils of an alluvial origin resulted in the 

dominance of Bd110 cluster (Shiina et al., 2014). The isolates which are clustered under 

Bd110 were found in areas which are usually planted with rice during the wet season 

then, planted with rice and/or legume during the dry season. In both seasons, the rice 

plant is always cultivated under a waterlogged status. This provided an interesting 

vision especially for the Philippines’ agriculture since the strain B. diazoefficiens 

USDA110T was proven to be a highly effective and an efficient inoculant for soybean 
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(Siqueira et al., 2014; Liu et al., 2017) with a complete denitrification ability (Itakura 

et al., 2013; Shiina et al., 2014; Akiyama et al., 2016) that is beneficial for mitigating 

the effects of climate change.  

 A different species of bradyrhizobia dominated each location in Nueva Ecija (NE), 

wherein the locations were almost similar in all aspect except for the soil water status. 

The NE1 isolates which were dominated by B. elkanii were collected from the non-

flooded condition while the NE2 isolates which were dominated by the Bradyrhizobium 

sp. were collected from the flooded condition. These results implied that soil 

management could alter the population dominance of certain species of bradyrhizobia. 

As stated by an earlier report, the diversity and abundance of Bradyrhizobium species 

were altered by cultural management and other soil-related properties (Yan et al., 2014). 

These strains might be novel species in the Philippines since the stated locations have 

no history of rhizobia inoculation and we did not obtain any highly similar sequences 

from the BLAST engine for its identification. 

The abundance and widespread distribution of the isolates that belong to the B. 

elkanii clusters in the Philippines is consistent with some previous findings wherein 

this species was distributed in areas with a slight to moderate acidity and sub-tropical 

to tropical region (Saeki et al., 2006; Adhikari et al., 2012; Shiro et al., 2013; Mason et 

al., 2017). Upon consideration, it could be one of the reasons for the low soybean 

production across the country. It was reported that the B. elkanii provides lower N 

fixation and symbiotic efficiency in comparison with B. diazoefficiens USDA110T 

(Risal et al., 2010). Also, the B. elkanii species produce NO2-, and it is known that the 

interaction of nitrites to some soil components are related to some environmental 

concerns. Thus, these species of bradyrhizobia are important research specimens for its 

role in agriculture and environment.  
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With regards to our objectives, the following ideas are suggested: (a) the major 

micro-symbionts of soybean in the Philippines are bradyrhizobia under the clusters of 

B. elkanii, Bd110, Bj6 and Bradyrhizobium sp., (b) the prevalence of bradyrhizobia in 

the country are classified accordingly: B. elkanii clusters for non-flooded soil with high 

temperature, Bd110 cluster for fine-textured flooded soils, and Bj6 cluster for flooded 

soils that are high in phosphorus and silt content, (c) the isolated Bradyrhizobium sp. 

strains are endemic and might be potential novel species, and (d) the distribution and 

genetic diversity of bradyrhizobia in the Philippines was mainly influenced by the 

period of flooding and other soil properties such pH, soil type and nutrient content.  

Lastly, this study was able to identify the indigenous and potentially new endemic 

strains of bradyrhizobia, and understood the agro-environment conditions wherein they 

are abundant and dominant. This information would be helpful for crafting inoculation 

strategies that are location-specific. Further studies on the characteristics, possession of 

denitrification genes, and symbiotic relationship of the indigenous bradyrhizobia with 

the different soybean cultivars that are already adapted to the local conditions will be 

helpful to test its potential as a useful soybean inoculant. It is also recommended that 

the results generated from this research would be conducted in field trials as to test its 

efficacy in natural soil and environment conditions. It is understood in through this 

study that the ecology of bradyrhizobia is complicated, particularly for a tropical region; 

and it depends on several abiotic and biotic factors. 

 

 
Summary 

Inoculation is one of the strategies that is commonly used in the Philippines to 

improve the production of soybean. However, this technique often fails mainly due to 

the lack of information about the indigenous soybean rhizobia in the Philippines soil. 
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In this report, the diversity of indigenous bradyrhizobia collected from the non-flooded 

and flooded soil conditions at 11 locations in the country was investigated using a local 

soybean cultivar as the host plant. The Polymerase Chain Reaction-Restriction 

Fragment Length Polymorphism (PCR-RFLP) treatment and sequence analysis for the 

16S rRNA gene, 16S-23S rRNA internal transcribed spacer (ITS) region and rpoB 

housekeeping gene of the 424 isolates detected the intra-genomic variations on specific 

species of bradyrhizobia. A majority of the isolates were classified under the four 

species of Bradyrhizobium namely: B. elkanii, B. diazoefficiens, B. japonicum, B. 

yuanmingense and a considerable percentage of the isolates were clustered under 

Bradyrhizobium sp. The isolates which were classified under the Bradyrhizobium sp. 

are considered endemic to Philippines soil as evidenced by their nucleotide divergence 

against the known rhizobia and the historical absence of rhizobia inoculation at the 

study areas. The distribution and diversity of soybean bradyrhizobia across the country 

is mainly attributed to the difference in the flooding period, followed by other soil 

properties such as pH, soil type, and nutrient content. So, it is suggested that the major 

micro-symbiont of soybean in the Philippines are B. elkanii for non-flooded soils, then 

B. diazoefficiens and B. japonicum for flooded soils.   
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Chapter 4 

 

Symbiotic performance of indigenous soybean bradyrhizobia from the 

Philippines with various soybean (Glycine max [L.] Merill) cultivars harboring 

different Rj genotypes 
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Introduction 

The Philippines is a tropical archipelago located in the Southeast Asia with a land 

area of about 298 km2. From the approximately 7M hectares used for agriculture, only 

about 1,000 ha. are allocated to soybean. This is due to the low yield (≤1.0 ton/ha) of 

soybean and also low government support to soybean planters. Although the 

Government’s program entitled “Philippine Soybean Development Program” launched 

in 2011 was able to increase the production area from ≈1,000 ha. to a record high of 

5,280 has., soybean yield is still low at about 1.0 ton/ha. Thus, projects and studies on 

how to increase soybean yield in a sustainable manner prompted researchers to venture 

into development of plant varieties with high-yielding ability. However, breeding of 

high-yielding soybean varieties alone does not guarantee that it would attain its optimal 

yield. Other factors such as soil management and cultural practices has to be improved 

too.  

Soybean (Gycine max [L.] Merill) can establish a symbiotic relationship with 

rhizobia, a general term for diazotrophic bacteria in the soil that are able to convert the 

atmospheric N into ammonia and renders it available for the plant’s growth and 

development. In turn, the plant provides food for the rhizobia from the product of 

photosynthesis. Nitrogen fixation takes place inside the root nodule, a specialized organ 

that was formed from the infection of the rhizobia. An efficient and effective symbiotic 

relationship between the plant (soybean) and the bacteria (rhizobia) could lessen the 

chemical inputs, particularly the nitrogenous fertilizers that are applied to the crop or 

to the succeeding crop. It is a proven knowledge that the soils with low N content 

respond better with rhizobia inoculation so, this technique is very helpful for soil 

restoration activities. If this technique is properly utilized, farmers will have better 
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profit from buying less chemical fertilizers and lesser soil degradation from using 

chemicals. 

Previous studies reported that aside from various agro-environmental factors, 

competition with the native rhizobia is a hindrance for successful inoculation 

(Yamakawa and Saeki, 2013; Grönemeyer et al., 2014). Therefore, it is essential to 

select and evaluate the symbiotic competitiveness of the indigenous strains which are 

native and existing in high density. 

In soybean, there are genetic loci which are known as Rj(s) or rj(s) that were 

reported to restrict the nodulation between a certain rhizobia strains and legume plants. 

A non-nodulating line of soybean was first identified by Williams and Lynch (1954) 

and reported that it was due to a single recessive gene in the host plant, rj1. Thereafter, 

the discovery of dominant Rj genes allowed the nodulation between certain rhizobia as 

summarized by Hayashi et al. (2012). The recessive rj genes (rj1, rj5, rj6, rj7) restrict the 

nodulation with all strains while the dominant Rj genes (Rfg1, Rj2, Rj3, Rj4) restrict the 

nodulation only with certain strains. In one study about soybean preference for 

nodulation using the B. diazoefficiens USDA110, it was observed that the Rj2Rj3Rj4 line 

of soybean were superior than the other Rj lines in relation to the inoculation with a 

type A strain (Yamakawa et al., 2003).  

In the Philippines, the first study about the diversity of soybean bradyrhizobia 

was reported by Mason et al. (2017) where the author compared the dominance of B. 

elkanii strains found among Kumamoto and Okinawa in Southern Japan and in Nueva 

Ecija, Philippines. It was then stated that the difference in temperature and similarity in 

soil pH were the driving force for the presence of the particular strains in those three 

locations. Additionally, Mason et al. (2018) reported the pioneer work about the 

diversity and distribution of indigenous bradyrhizobia collected from the northern to 



�  �
�

the southern areas in the Philippines. This report was able to identify the strains of 

bradyrhizobia that are dominant and abundant in specific locations and at the same time, 

identified the agro-environment conditions that influenced the prevalence of certain 

species. In the latter report, indigenous strains clustered under the B. elkanii were 

identified to be dominant in the non-flooded soils whereas B. japonicum and B. 

diazoefficiens were prevalent in flooded soils of the country. Many strains of B. elkanii 

were reported to be relatively inefficient microsymbionts of soybean and can induce 

chlorosis in soybean plants (Devine et al. 1988), and they lack nosZ gene (Sameshima-

Saito et al., 2006) that encodes the N2O reductase responsible for reducing N2O into N2. 

Meanwhile, the strain B. diazoefficiens USDA110 is globally used in soybean research 

as it has a high symbiotic efficiency and nitrogen fixation ability (Soe et al., 2012; 

Chibeba et al., 2017), as well as it possess a complete denitrification ability that allows 

the release of N2 in the atmosphere as the end product (Sameshima-Saito et al., 2006; 

Itakura et al., 2013; Shiina et al., 2014; Akiyama et al., 2016), rather than N2O which 

is the end product of certain B. japonicum strains (Sameshima-Saito et al., 2006). This 

led us to hypothesize that the B. diazoefficiens indigenous strains from the Philippines 

might be useful as potential inoculant in the country to increase the yield of soybean 

rather than the other Bradyrhizobium species. Consequently, the present study aimed to 

confirm this by conducting a single-strain inoculation test on tropical and temperate 

soybean cultivars harboring various Rj genotypes using the most dominant strains in 

specific locations against the B. diazoefficiens USDA110 as the positive control.           

 

Materials and Methods 

1. Selection and preparation of inoculant strains 
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In our previous experiment, we were able to identify the most dominant 

bradyrhizobia at a particular location in the Philippines which are listed in Table 4.1. 

The identification of the strains was based on the Restriction Fragment Length 

Polymorphism (RFLP) treatment and sequence analysis of the 16S rRNA gene, internal 

transcribed spacer (ITS) region of the 16S-23S rRNA gene and the rpoB housekeeping 

gene (Mason et al., 2018).  

 

Table 4.1. List of indigenous bradyrhizobia strains isolated from the Philippines and 
used as single-strain inoculant in this study and the site of isolation. 

 

The selection process was based on the most abundant strain in the total 

population of bradyrhizobia at a specific location. For example, in Ilagan, Isabela, 80 

isolates were collected from which 50% of the population (40 out of 80) belonged to B. 

elkanii (Mason et al., 2018), then IS-2 was selected to represent the 40 isolates. The 

Location Coordinate Strain for 
inoculation 

No. of 
isolates 

Species 

Ilagan, Isabela (IS) 17.30°N,122.01°E IS-2 40 B. elkanii 
Gamu, Isabela (GI) 17.08°N,121.79°E GI-4 30 Bradyrhizobium 

sp. 
Baguio, Benguet 
(BA) 

16.40°N,120.60°E BA-24 31 B. japonicum 

Nueva Ecija 1 (NE1) 15.74°N,120.93°E NE1-6 49 B. elkanii 
Nueva Ecija 2 (NE2) 15.74°N,120.93°E NE2-37 26 Bradyrhizobium 

sp. 
Irosin, Sorsogon 
(SO) 

12.72°N,124.04°E SO-1 44 B. 
diazoefficiens 

Abuyog, Leyte (LT) 10.67°N,125.04°E LT-3 42 B. 
diazoefficiens 

La Carlota, Negros 
Occidental (NR) 

10.24°N,122.59°E NR-2 22 B. elkanii 

Ubay, Bohol (BO) 9.99°N,124.45°E BO-4 24 B. elkanii 
Sultan Kudarat, 
Maguindanao (SK) 

6.51°N,124.42°E SK-5 29 B. 
diazoefficiens 

Tupi, South 
Cotabato (SC) 

6.34°N,124.97°E SK-12 4 B. 
yuanmingense 

  SC-3 31 B. japonicum 
Total  12 372  
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most prevalent strain in the specific location was selected in the present study for a 

single-strain inoculation test, with an exemption for Sultan Kudarat (SK) where two 

strains were selected, SK-5 and SK-12. Sultan Kudarat is the only location where B. 

yuanmingense was isolated of which SK-12 was phylogenetically similar.  

Each strain was grown in yeast-extract mannitol agar (YMA, Vincent 1970) with 

Congo Red until a single colony appears then, the single colony was cultured in YM 

broth (Vincent, 1970) for about 1 week at 28°C in a dark shaker with continuous 

agitation at 120 rpm. The culture was diluted with sterile distilled water at a rate of 1 x 

106 ml-1 as an inoculant. 

 

2. Cultivation in culture pots, maintenance and harvesting 

For the soybean plant, two cultivars from the Philippines, PSB-SY2 (Rj4) and 

Collection 1 (non-Rj), and three cultivars from Japan, Orihime (Rj3), IAC-2 (Rj2Rj3), 

and Akisengoku (Rj4), were used in cultivation. For easier referral in this manuscript, 

the two cultivars from the Philippines are referred to as tropical cultivars while the three 

cultivars from Japan are referred to as temperate cultivars from henceforth. Soybean 

seeds were surface-sterilized by soaking in 70% ethanol and sodium hypochlorite 

solution as formerly described (Saeki et al., 2000) and planted in 1-liter culture pots (n 

= 4). Next, the culture pots were filled with vermiculite then, N-free nutrient solution 

was added at 40% (vol/vol) distilled water content and were autoclaved for 20 min at 

121°C. The seeds were then sown on the vermiculite, and the pot was weighed. 

Afterwards, the plants were grown for 4 weeks inside the growth chamber (33°C for 16 

h, day; 28°C for 8h, night), and were supplied weekly with sterile distilled water until 

the initial weight of the pot was reached.  
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For reference, B. diazoefficiens USDA110 was inoculated as a positive control 

and a pot without inoculated strain served as the negative control. All treatments were 

conducted with four replications. 

 

3. Data collection and analysis 

After 4 weeks, data gathering was conducted as follows: 1) the chlorophyll 

content or the greenness of the plant was taken with the use of SPAD 502 Plus 

Chlorophyll Meter (Minolta Camera Co., Japan) at three points in the youngest fully 

expanded leaf of each plant and the average was recorded; 2) plants were gently 

uprooted and were washed with distilled water until the roots were free from 

vermiculite; 3) plant height was measured from the base of the plant to the tip of the 

longest and youngest leaf; 4) clean roots containing the nodules were immediately 

separated and placed in 100 mL Erlenmeyer flask with a rubber cork then were used 

for the Acetylene Reduction Assay (ARA) using gas-chromatography (gas 

chromatograph GC-8A, Shimadzu, Japan); 5) then, nodules were collected from the 

roots, counted and the fresh biomass was recorded along with the shoot and root fresh 

weight; 6) shoot, root, and nodules were then placed in an oven to dry at 70°C for 48 

hours; then finally, the dry biomass of the shoot, root, and nodules were read and 

recorded. The oven-dried shoot were ground up to about 2 mm and were used for Total 

N analysis using an Automatic NC Analyzer Sumigraph NC-220F (Sumika Chemical 

Analysis Service. Ltd., Tokyo, Japan).    

The symbiotic efficiency was computed with the formula adapted from Risal et 

al. (2010) which is: (amount of N fixed / dry weight of nodule) x 100. The amount of 

N fixed was obtained from the difference between the N content of the inoculated 

treatments against the uninoculated pots. The nitrogenase activity was expressed as the 
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concentration of ethylene produced and computed with the following formulae: (CE x 

SE) / (KE x E) where CE and KE are the ethylene concentration (µl/L) in the sample and 

standard, respectively, and E (sample) and SE (standard) are the respective areas 

obtained after the chromatographic analyses (Unkovich et al., 2008).  

Statistical analysis was conducted using R software v.3.4.0 and the comparison 

among means was analyzed by Tukey’s Honest Significant Difference (HSD) test. For 

the nitrogenase activity, the analysis was performed only with 2 replications so 

statistical test was not applied. 

 

Results 

1. Nodule number, oven dry weight of shoot and nodules 

Shown in Table 4.2 is the influence of the single-strain inoculation test on the 

tropical and temperate soybean cultivars in terms of the number of nodules, and the dry 

biomass of the shoot and nodules. All the indigenous strains from the Philippines were 

able to form nodules on all the soybean cultivars, regardless of the Rj genotype, except 

for strain BO-4. USDA110 showed the highest number of nodules significantly in 

comparison with all the indigenous strains, except with Akishirome (Rj4), wherein IS-

2 showed the highest nodule number. For the tropical cultivars, strain BO-4 has the 

least nodulation ability, regardless of the Rj genotype. The PSB-SY2 (Rj4) showed 

similar preference with strains IS-2, GI-4, BA-23, NE1-6, SO-1 and LT-3 while 

Collection 1 (non-Rj) seemed to prefer the strains GI-4, NR-2, and SK-5. For the 

temperate cultivars, the strain BO-4 did not form any nodule with all cultivars, 

regardless of the Rj genotype. For Orihime (Rj3), both the strains NR-2 and SK-5 

showed the highest nodulation ability among the rest. In the case of Akisengoku (Rj4), 

the strain IS-2 showed the highest nodule number, followed similarly by the strains GI-



�   ��

4, BA-24, NE1-6, NE2-37, SO-1, LT-3, NR-2, and SK-5. Meanwhile, IAC-2 (Rj2Rj3) 

seemed to have an almost similar preference with all the indigenous strains, with the 

lowest nodule numbers obtained from the strains LT-3 and SC-3.  
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Table 4.2. Effect of the single-strain inoculation of indigenous Philippines bradyrhizobia and B. diazoefficiens USDA110 on the number of 
nodules, and dry weight of shoot and nodules of the two tropical and three temperate soybean cultivars.  

Ph – Philippines; Ja – Japanese; Col1 – Collection1; SY2 – PSB-SY2; Ori – Orihime; Aki – Akisengoku; NN – nodule number; SDW – shoot 
dry weight; NDW – nodule dry weight. 

Strain Ph-Col1 (non-Rj)  Ph-SY2 (Rj4)  Ja-Ori (Rj3)  Ja-Aki (Rj4)  Ja-IAC2 (Rj2Rj3) 

NN SDW NDW  NN SDW NDW  NN SDW NDW  NN SDW NDW  NN SDW NDW 
IS-2 22b 247.2b 21.5cd  26b 203.2c 30.3bc  21b 268.4b 25.5b  36a 278.6a 27.9b  22b 270.2a 29.0a 

GI-4 30a 248.4b 31.3b  27ab 234.7b 34.1b  15b 276.8a 21.7d  24ab 272.6a 25.8b  18b 280.1a 23.9b 

BA-24 20b 229.6d 32.5b  26b 238.9b 34.2b  18b 277.3a 26.3ab  24ab 279.0a 28.9b  20b 274.7a 28.3a 

NE1-6 18b 249.3b 37.8a  27ab 209.8c 31.7b  18b 269.3ab 28.5a  29ab 257.4a 37.0a  20b 260.7b 28.9a 

NE2-37 18b 202.8f 31.8b  21c 249.1b 40.7a  14b 274.9a 21.8d  32ab 244.8b 29.7b  18b 268.4ab 23.7b 

SO-1 20b 210.7e 31.2b  25b 228.5b 29.4bc  20b 279.4a 27.2ab  25ab 289.5a 24.2c  17bc 232.5bc 23.1b 

LT-3 19b 236.3c 20.4cd  25b 176.7d 29.7bc  19b 267.9b 25.1b  22ab 256.4a 21.2cd  16c 244.3b 21.5b 

NR-2 27a 214.9e 31.1b  20c 237.4b 31.6b  27a 261.4b 25.4b  25ab 240.5b 28.1b  19b 243.6b 22.1b 

BO-4 15b 241.1bc 24.1c  12d 200.0c 32.5b  0c 269.4ab 0e  0c 279.3a 0d  0d 208.7c 0c 

SK-5 30a 259.7a 25.8c  17c 202.2c 22.1c  26a 272.6a 27.1ab  29ab 276.8a 32.1b  21b 261.3b 25.4b 

SK-12 24ab 236.4c 29.2bc  16c 234.1b 24.2c  21b 265.7b 25.9ab  18b 273.4a 22.9c  19b 275.9a 23.9b 

SC-3 21b 215.4e 25.6c  19c 227.3b 25.2c  18b 238.5c 23.6c  15b 272.7a 22.2c  15c 277.3a 26.8a 

USDA110 33a 260.1a 24.6c  31a 275.9a 20.3d  30a 289.6a 21.4d  31ab 272.0a 27.9b  30a 290.5a 25.1b 

Un-inoculated 1c 256.8a 0.68d  0e 200.5c 0e  0c 222.6c 0e  0c 265.0a 0d  0d 189.2c 0c 
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Table 4.3. Nodulation ability of the indigenous bradyrhizobia from the Philippines 
and the B. diazoefficiens USDA110 on two soybean cultivars from the Philippines and 
three soybean cultivars from Japan that harbors different Rj genotypes. 

Ph – Philippines; Ja – Japanese; Col1 – Collection1; SY2 – PSB-SY2; Ori – 
Orihime; Aki – Akisengoku; N fixed - amount of N fixed by the shoot; S.E. – 
symbiotic efficiency. The subscript letters showed a significant difference by Tukey’s 
HSD test at p > 0.05, n = 4. 
 
 
 

For the nodule dry weight, although USDA110 showed the highest number of 

nodules, it did not possess the highest dry nodule biomass, indicating that the 

indigenous strains were able to form larger nodules than the ones formed by the 

inoculation with USDA110. For the temperate cultivars, it is noticeable that the strains 

However, it is visible that in both the tropical and temperate cultivars, the indigenous 

strains have better nodulation compatibility with the cultivars that harbor the Rj4 

genotype, except for BO-4 (Table 4.3). This shows that BO-4 might not be compatible 

with the temperate cultivars as it failed to nodulate any of the three cultivars. 

Furthermore, it also has the least nodulation compatibility with the tropical cultivars.   

NE1-6 and SK-5 had the highest nodule biomass regardless of the Rj genotype, while 

Strain Ph-Col1  
(non-Rj) 

Ph-SY2  
(Rj4) 

Ja-Ori  
(Rj3) 

Ja-Aki  
(Rj4) 

Ja-IAC2  
(Rj2Rj3) 

IS-2 22b 26b 21b 36a 22b 
GI-4 30a 27a 15b 24a 18b 
BA-24 20ab 26a 18ab 24a 20ab 
NE1-6 18b 27a 18b 29a 20b 
NE2-37 18b 21b 14b 32a 18b 
SO-1 20ab 25a 20ab 25a 17ab 
LT-3 19ab 25a 19ab 22a 16b 
NR-2 27a 20ab 27a 25a 19ab 
BO-4 15a 12a 0b 0b 0b 
SK-5 30a 17b 26a 29a 21ab 
SK-12 24a 16b 21a 18ab 19ab 
SC-3 21a 19a 18a 15a 15a 
USDA110 33a 31a 30a 31a 30a 
Un-
inoculated 

1a 0a 0a 0a 0a 
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for the tropical cultivars, the strains NE1-6 and NE2-37 obtained the highest nodule 

biomass with Collection 1 (non-Rj) and PSB-SY2 (Rj4), respectively. 

In terms of the shoot dry weight, the tropical cultivars generally had lower 

biomass than the temperate cultivars, which could be attributed to the fact that the 

tropical cultivars were also generally smaller than the temperate cultivars. Although the 

data on plant height was not shown in this report, the plant height of the tropical 

cultivars generally ranged from 18 to 22 cm, whereas the temperate cultivars generally 

ranged from 23 to 27 cm. 

 

2. Symbiotic performance and nitrogen fixation ability of bradyrhizobia from the 

Philippines 

Presented in Figure 4.1 and Table 4.4 is the symbiotic efficiency of the indigenous 

bradyrhizobia strains isolated from the Philippines against that of the USDA110. It is 

evident that USDA110 had significantly the highest symbiotic efficiency, regardless of 

the origin of the cultivars or the Rj genotypes. For the tropical cultivars, it is noticeable 

that the most efficient indigenous strain was the IS-2 while the least efficient was LT-

3, regardless of the Rj genotype. On the other hand, the highest symbiotic efficiency 

with the temperate cultivars from the indigenous strains was obtained with the 

inoculation of SK-5, while the least was obtained with BO-4. Additionally, the strain 

LT-3 showed a comparably low efficiency with BO-4 on the temperate cultivars 

harboring the Rj3 and Rj4 genotypes.  

Meanwhile, the symbiotic performance of the possible novel species GI-4 and 

NE2-37 also merit further evaluation as these two, which were classified as 

Bradyrhizobium sp. were comparably efficient with both the tropical and temperate 

cultivars. Unlike the strains IS-2 ad SK-5, these two strains did not show any preference 
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with the origin of the cultivars. The two isolates BA-24 and SC-3 which were classified 

under B. japonicum USDA6 also showed better performance with the temperate 

cultivars in particular with the Rj4 plants. In contrast to the strain IS-2, NE1-6, which is 

also a B. elkanii strain showed preference to the temperate cultivars than to the tropical 

cultivars.  
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Figure 4.1. Symbiotic efficiency as influenced by the single-strain inoculation of the 12 indigenous bradyrhizobia from the Philippines and B. 
diazoefficiens USDA110 for the two tropical and three temperate soybean cultivars. Ph – Philippines; Ja – Japanese; Col1 – Collection1; SY2 – 
PSB-SY2; Ori – Orihime; Aki – Akisengoku.  
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Figure 4.2. Amount of N fixed by the shoot as influenced by the single-strain inoculation of the 12 indigenous bradyrhizobia from the 
Philippines and B. diazoefficiens USDA110 for the two tropical and three temperate soybean cultivars. Ph – Philippines; Ja – Japanese; Col1 – 
Collection1; SY2 – PSB-SY2; Ori – Orihime; Aki – Akisengoku.  
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Table 4.4. Amount of N fixed by the shoot and symbiotic efficiency as influenced by the single-strain inoculation of the 12 indigenous 
bradyrhizobia from the Philippines and B. diazoefficiens USDA110 for the two tropical and three temperate soybean cultivars.  
Strain Ph-Col1 (non-Rj)  Ph-SY2 (Rj4)  Ja-Ori (Rj3)  Ja-Aki (Rj4)  Ja-IAC2 (Rj2Rj3) 

N fixed 
mg-plant 

S.E.  N fixed 
mg-plant 

S.E.  N fixed 
mg-plant 

S.E.  N fixed 
mg-plant 

S.E.  N fixed 
mg-plant 

S.E. 

IS-2 4.03a 16.41a  4.02a 19.82a  4.18a 19.56a  3.86a 13.82a  4.45a 17.69a 

GI-4 3.04b 14.15b  3.25b 10.72b  2.07bc 8.14c  2.43bc 8.72d  1.29e 4.46e 
BA-24 3.03b 9.67d  2.21c 6.49c  2.03bc 9.36c  2.11bc 8.17d  1.70de 7.09d 
NE1-6 2.59c 7.98e  0.97f 2.83d  2.65bc 10.08c  2.95b 10.18c  3.18c 11.24c 

NE2-37 2.01d 5.30fg  0.47g 1.49de  2.53bc 8.87c  3.18b 8.58d  2.91c 10.03c 
SO-1 3.13b 9.85d  2.47c 6.06c  1.44c 6.59c  2.28bc 7.68d  1.85d 7.83d 
LT-3 1.81d 5.79fg  0.62fg 2.13de  3.18b 11.71bc  1.43d 5.90e  2.04d 8.84d 

NR-2 0.14e 0.67g  <0h <0.01e  <0e <0.01e  <0e <0.01g  0.84f 3.92e 
BO-4 1.68de 5.42fg  0.58g 1.83de  1.69c 6.67c  1.26d 4.49f  0.24g 1.10f 
SK-5 1.54de 6.41f  1.67d 5.14cd  2.21bc 0.00e  2.40bc 0.00g  1.67de 0.00f 

SK-12 2.98b 11.55c  0.71f 3.28d  3.81a 14.06b  3.82a 11.91b  3.76b 14.79b 
SC-3 2.90b 9.95d  1.31e 5.40c  2.70b 10.42c  2.32bc 10.14c  0.78f 3.27e 
USDA110 2.49c 9.74d  1.12e 4.45cd  0.37d 1.55d  2.00c 9.03cd  3.11c 11.61c 
Un-inoculated               

Ph – Philippines; Ja – Japanese; Col1 – Collection1; SY2 – PSB-SY2; Ori – Orihime; Aki – Akisengoku; N fixed - amount of N fixed by the 
shoot; S.E. – symbiotic efficiency. The subscript letters showed a significant difference by Tukey’s HSD test at p>0.05, n = 4. 
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With regards to the amount of Nitrogen fixed in the shoot, it is again the 

USDA110 that showed the highest performance (Fig. 4.2, table 4.4). For the indigenous 

strains, IS-2, GI-4, NE2-37, SK-5, and SK-12 have comparable N-fixing ability with 

Collection 1 (non-Rj) while the lowest was obtained with the inoculation of LT-3. 

Similarly, LT-3 had the lowest amount of fixed N with PSB-SY2 (Rj4) while the highest 

was obtained with the inoculation of IS-2. Meanwhile, SK-5 showed the highest N-

fixation ability with the temperate cultivars while the lowest was obtained again with 

the inoculation of LT-3 for the Rj3 and Rj4-harboring cultivars, and NR-2 had the least 

amount of N fixed with the Rj2Rj3-harboring cultivar.    

 

3. Chlorophyll content and nitrogenase activity of indigenous bradyrhizobia from 

the Philippines 

The chlorophyll content or the greenness of the leaves is presented in Figure 4.3. 

The plants inoculated with USDA110 have the greenest leaves regardless of the 

cultivars and the Rj genotypes. However, it was not significantly different with some 

of the indigenous strains. For tropical cultivars, the plants inoculated with the strains 

IS-2 and NE2-37 have the greenest leaves or relatively higher chlorophyll content 

similar with the USDA110. The tropical plants inoculated with LT-3 showed the lowest 

chlorophyll content. For the temperate cultivars, the plants that were inoculated with 

SK-5 had the highest chlorophyll content similar with the USDA110, regardless of the 

Rj genotypes. The lowest chlorophyll content was observed on the Rj3 and Rj4 plants 

inoculated with LT-3 while for the Rj2Rj3 plants, both the strains NR-2 and SK-12 

provided the lowest chlorophyll content. Most of the readings obtained from the SPAD-

502 meter showed a consistent result with the amount of N fixed in the shoot of the 

plants.  
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Meanwhile, the nitrogenase activity as obtained from the ARA (Fig. 4.4) showed 

an almost similar result with the N fixation ability (Fig. 4.2) on most of the strains. It is 

noticeable that USDA110 obtained the highest activity for both the tropical and the 

temperate cultivars. For the indigenous strains, IS-2 had the highest nitrogenase activity 

with the tropical cultivars whereas SK-5 was the highest with the temperate cultivars. 

Again, the strains LT-3 and BO-4 showed the least activity with the tropical cultivars 

and temperate cultivars, respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



� � ��

0

10

20

30

40

50

60

Ph-Col1 (non-Rj) Ph-SY2 (Rj4) Ja-Ori (Rj3) Ja-Aki (Rj4) Ja-IAC2 (Rj2Rj3)

S
P

A
D

 r
ea

d
in

g

Soybean cultivar (Rj genotype)
USDA110 IS-2 GI-4 BA-24 NE1-6 NE2-37 SO-1
LT-3 NR-2 BO-4 SK-5 SK-12 SC-3 Uninoculated

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.3. Greenness of the shoot or chlorophyll content as influenced by the single-strain inoculation of the 12 indigenous bradyrhizobia from 
the Philippines and B. diazoefficiens USDA110 for the two tropical and three temperate soybean cultivars. Ph – Philippines; Ja – Japanese; Col1 
– Collection1; SY2 – PSB-SY2; Ori – Orihime; Aki – Akisengoku.  
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Table 4.5. Greenness of the shoot or chlorophyll content as influenced by the single-strain inoculation of the 12 indigenous bradyrhizobia from 
the Philippines and B. diazoefficiens USDA110 for the two tropical and three temperate soybean cultivars.  

Note: Ph – Philippines; Ja – Japanese; Col1 – Collection1; SY2 – PSB-SY2; Ori – Orihime; Aki – Akisengoku. The subscript letters showed a 
significant difference by Tukey’s HSD test at p>0.05, n = 4. 
 
 
 
 
 
 
 

Strain SPAD Reading 
Ph-Col1 (non-Rj)  Ph-SY2 (Rj4)  Ja-Ori (Rj3)  Ja-Aki (Rj4)  Ja-IAC2 (Rj2Rj3) 

IS-2 43.4a   43.3a   42.6a   43.6a   40.6a  
GI-4 38.0a   47.2a   35.2b   38.1ab   30.1b  
BA-24 37.5ab   38.6a   34.3b   37.3ab   31.0b  
NE1-6 38.4a   33.1b   37.0b   39.3ab   37.1a  
NE2-37 34.1a   33.7b   37.3b   43.5a   38.4a  
SO-1 44.1a   38.3a   32.5b   41.5a   33.5b  
LT-3 37.2ab   32.0b   38.7b   33.6c   36.9ab  
NR-2 29.7b   25.2c   21.1c   27.0e   30.1b  
BO-4 36.5ab   30.5b   34.4b   37.4ab   28.7c  
SK-5 34.6ab   40.1a   35.9b   37.3ab   39.1a  
SK-12 36.7ab   35.5ab   43.1a   43.4a   42.2a  
SC-3 39.1a   35.4ab   38.2b   38.7ab   28.8c  
USDA110 39.3a   34.8b   30.6bc   36.9b   37.0ab  
Un-inoculated 26.8b   31.8b   30.5bc   30.2d   33.3b  
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Figure 4.4. Nitrogenase activity as influenced by the single-strain inoculation of the 12 indigenous bradyrhizobia from the Philippines and B. 
diazoefficiens USDA110 for the two tropical and three temperate soybean cultivars. Ph – Philippines; Ja – Japanese; Col1 – Collection1; SY2 – 
PSB-SY2; Ori – Orihime; Aki – Akisengoku.
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Discussion 

1. Nodulation and N-fixation ability of the indigenous bradyrhizobia 

Although the number of nodules did not differ significantly with each cultivar, it 

is fairly noticeable that most of the strains slightly favored the cultivars that harbor the 

Rj4 genotype regardless whether the cultivar was from the tropical or the temperate 

region. Yet, all the indigenous strains from the Philippines was able to form nodules on 

all the cultivars that harbor a different Rj genotypes, except BO-4, so it is proposed that 

these indigenous and dominant strains isolated from the Philippines be considered as 

type A strains. This observation is first obtained from this report and will provide the 

foundation for future research in the country. 

In relation to the ability of the indigenous strains to fix N, it is an interesting 

finding that the strains IS-2 and SK-5 showed a certain pattern in their performance. 

The strain SK-5, which is classified as B. diazoefficiens (Mason et al., 2018), seemed 

to perform better along with the temperate cultivars than with the tropical cultivars. On 

the other hand, IS-2, which was classified under the B. elkanii species, showed the 

highest N fixation ability with the tropical cultivars, although it has a comparably 

similar performance with the other strains for the non-Rj plants.  

 

2. Symbiotic performance of the indigenous bradyrhizobia 

All the indigenous bradyrhizobia isolated from the Philippines showed lesser 

performance in comparison to the B. diazoefficiens USDA110 but better performance 

than the uninoculated treatment. Although using USDA 110 as a reference strain for 

symbiotic association with soybean has been established in many reports, a study noted 

that the effect of inoculating USDA110 in the presence of native rhizobia was not 

significantly higher under ambient and elevated CO2 especially in field condition (Sanz-
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Saez et al., 2015). Thus, our result might change if the indigenous strains would be 

inoculated under natural conditions were they exist in higher population than the 

USDA110. 

In tropical regions like Brazil, it was also reported that some novel 

Bradyrhizobium species even showed a better symbiotic performance than the 

commercial inoculant B. elkanii SEMIA 5019 which was approved by their Ministry of 

Agriculture, Livestock and Supply (Ribeiro et al., 2015). Additionally, similar 

observation was obtained from another report conducted at Mozambique where the 

relative efficiency of native bradyrhizobia were higher than the B. diazoefficiens 

USDA110 (Chibeba et al., 2017). Hence, it is better to harness and use the locally-

adapted strains for inoculation.  

This is the first time that the USDA110 was used to compare with the indigenous 

bradyrhizobia isolated from the Philippines and we were able to show that the selected 

strains IS-2 and SK-5 could be further studied as potential inoculants. Henceforth, it 

was shown in this report that the symbiotic efficiency of indigenous bradyrhizobia from 

the Philippines have different preference and performance according to the cultivar to 

be used. For the tropical cultivars from the Philippines, it is evident that the strains with 

the highest potential to become inoculant would be IS-2, followed by the GI-4 and NE2-

37.  

We have elucidated in our two previous reports (Mason et al., 2017, 2018) that B. 

elkanii was the most dominant and have the widest distribution in Philippines soil so it 

is suggested that among all the indigenous strains used in this study, IS-2 have the 

highest potential to be used as a candidate inoculant. Although we have hypothesized 

that the indigenous strains which were classified under the Bd110 cluster would be 
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good inoculant in the Philippines, their symbiosis with the local soybean cultivars 

proved to be lower than IS-2, which is a strain of B. elkanii species. 

In summary, this study was able to provide the following observations: (1) the 

use of indigenous and locally-adapted bradyrhizobia for soybean production might be 

comparably efficient in symbiosis and N-fixation with the known model strain of 

bradyrhizobia, which is the B. diazoefficiens USDA110; (2) all the indigenous 

bradyrhizobia used in this study are classified as type A strains based on its nodulation 

ability with various Rj genotypes; and (3) the symbiotic performance and N-fixation 

ability of the indigenous strains are in this order for tropical cultivars, B. elkanii > 

Bradyrhizobium sp. > B. japonicum > B. diazoefficiens but is reversed for the temperate 

cultivars. Lastly, we recommend that for further research, if soybean yield is to be 

considered, we propose the use of IS-2 as a potential inoculant to increase soybean yield 

but if the objective is for climate change mitigation, SK-5 or LT-3 should be used. 

For future prospect, it would be helpful if field trials using IS-2  in comparison or in 

combination with the commercially available inoculants would be conducted under 

different agro-environmental gradient in the country. Further on, evaluation of different 

carrier materials that would be suitable for the said strain should be conducted for mass 

production if IS-2 was proven in field trials to be competitive. 

 

Summary 

This report aimed to evaluate the ability of the dominant indigenous strains of 

bradyrhizobia obtained from different locations in the Philippines in terms of their 

symbiosis, N-fixation and nodulation with both the Philippines and Japanese soybean 

cultivars harboring different Rj genotypes. This was done to select the most efficient 

and effective indigenous strain that can be used as an inoculant under the Philippines’ 
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local condition. Two soybean cultivars from the Philippines and three cultivars from 

Japan harboring different Rj genotypes were planted in culture pots and inoculated with 

12 indigenous bradyrhizobia isolated from the Philippines and the reference strain 

Bradyrhizobium diazoefficiens USDA110. The pots were grown inside the growth 

chamber for four weeks with 33°C for 16 h as daytime and 28°C for 8 h as night time. 

At harvest, fresh and dry biomass of the shoot, root, and nodules, number of nodules, 

and chlorophyll content via SPAD meter were obtained. The nitrogenase activity by 

Acetylene Reduction Assay (ARA) was performed immediately at harvest while Total 

N analysis was conducted after oven drying. All the indigenous bradyrhizobia strains 

were able to form nodules on both the Philippines and Japanese soybean cultivars, 

except for B. elkanii BO-4, which did not form nodules on all the Japanese cultivars. 

As expected, B. diazoefficiens USDA110 obtained the highest symbiotic efficiency and 

nitrogen fixation against the indigenous bradyrhizobia isolated form the Philippines. 

However, upon comparing only the performance of the indigenous strains, B. elkanii 

IS-2 is significantly the most efficient and effective N-fixer than the other strains for 

the Philippines’ cultivars. In contrast, B. diazoefficiens SK-5 was found to be the most 

efficient and effective N-fixer for Japanese’ cultivars. The chlorophyll content at 

harvest matched with the amount of N fixed in the shoot. Meanwhile, the nitrogenase 

activity did not differ among all the strains but the highest activity was obtained from 

the plants inoculated with the USDA110, followed by SK-5 and IS-2. Although an 

efficient and effective strain of B. diazoefficiens was isolated from the Philippines, it 

seemed that this strain performed better in synergy with the temperate soybean cultivars, 

regardless of the soybean’s Rj genotype. Meanwhile, B. elkanii IS-2 was the most 

compatible with the tropical soybean cultivars. These results showed that while B. 

diazoefficiens can exist abundantly in tropical soils, the symbiosis with a tropical 
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soybean crop will not be as efficient and effective with that of the temperate soybean 

cultivars. Thus, we were able to identify the most promising indigenous bradyrhizobia 

that could be used to increase the soybean yield in the Philippines. 
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Chapter 5 

 

Species diversity of nodulating and non-nodulating soybean rhizobia from 

different soil management practices in the Philippines 
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Introduction 

Soybean (Glycine max [L.] Merill), a member of Fabacea family, is an important 

food legume planted in about 120M hectares in the world wherein Philippines only 

share 495 ha. with an average yield of 1.1 tons/ha (Food and Agriculture Organization 

FAO 2016). Nutritionally, soybean is very valuable as it contains 40% protein (highest 

among cereals and legumes) and 20% oil (second highest among food legumes), among 

its other nutritional composition (Liu, 1997). In agriculture, its importance lies in its 

symbiosis with rhizobia, a general term for root-nodule bacteria that are capable of 

fixing atmospheric N and renders it available for plant’s use. In return, the plant 

provides the “food” for the rhizobia in the form of carbon substrates from 

photosynthesis. However, symbiosis is a highly specific and mutual relationship 

between the micro-symbionts and their host guided by an interaction between the 

flavonoids released by the legume and the nod genes in rhizobia. For soybean, the major 

nodulating rhizobia are reportedly Bradyrhizobium japonicum, B. elkanii, B. 

diazoefficiens and Sinorhizobium/Ensifer fredii (). In case of the Philippines, we 

reported that the above stated three species of bradyrhizobia were the most abundant 

and dominant, with the prevalence of B. elkanii over the other two species in non-

flooded soils with moderate to slight acidic condition (Mason et al., 2017, 2018). 

However, those studies were only focused on soybean bradyrhizobia. It is necessary to 

take into consideration the other possible symbiovars of soybean that also exist in the 

soil. In this manner, more information can be gained as to the species diversity and 

richness in a particular location.  

The ecological niche of soybean rhizobia has been well documented decades ago 

particularly for temperate and sub-tropical regions such as Japan, USA, and China. In 

Japan and USA, B. japonicum and B. diazoefficiens were predominant in cooler 
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temperature whereas B. elkanii was prevalent in warmer temperature, with soil acidity 

ranging from acidic to neutral (Saeki et al., 2006, Shiro et al., 2013). In terms of soil 

acidity and alkalinity, S./E. fredii and B. liaoningense were dominant in alkaline soils 

of Vietnam and Nepal, respectively (Saeki et al., 2004; Adhikari et al., 2012). In China, 

it was reported that Bradyrhizobium sp. were affected by rich organic C, available P 

and soil pH, and that the abundance of rhizobia was impacted by land use and cultural 

management (Yan et al., 2014). The same author (Yan et al., 2017) also reported that 

under a long-term fertilization study, the diversity of rhizobial species was significantly 

decreased and that the community structure was influenced by organic C, available N 

and soil pH. Another study stated that under a cereal-based cropping system in India, 

the symbiotically efficient slow-growers dominated the proportion of rhizobia whereas, 

the less symbiotically efficient fast-growers were dominant in soybean-based cropping 

system (Kumar et al., 2017). Under the Philippine condition, it was indicated that the 

period of flooding and some soil properties such as soil type, pH, and nutrients affected 

the community structure and genetic diversity of soybean bradyrhizobia (Mason et al., 

2018). In summary, these reports signify that the ecological niche of soybean rhizobia 

inhabiting the soil has such high variation across geographical location. Understanding 

the elements of diversity in rhizobia might lead to an improved and sustainable soybean 

production in a wide variety of agricultural and environmental gradients.  

In this present report, a local soybean cultivar PSB-SY2 was used to isolate the 

rhizobia from soils collected at eleven locations in the Philippines. Our aim is to 

determine the richness and abundance of rhizobia species in Philippine soils, whether 

nodulating or non-nodulating, and understand the stimuli of diversity in their 

community structure under different soil management practices. This is an important 



 133 

aspect to devise strategies on how to manipulate the population of efficient and 

effective rhizobia to increase soybean yield and its influence on soil fertility restoration.    

 

Materials and Methods 

1. Cropping patterns, soil collection and preparation  

Eleven soil samples were collected from the eleven locations in the Philippines 

with the following cropping patterns: rice-based (R) – planted with rice twice in a year 

but also planted with other legumes or soybean during a 2 month period in between rice 

cropping season; legume-based (L) – usually planted with different legumes such as 

soybean, mungbean, cowpea, stringbeans, and other legumes during dry season then 

planted with rice during the wet season; soybean-based (S) – only planted with soybean 

and sometimes intercropped with other legumes or leafy vegetables). The rate of 

chemical fertilizers applied are generally 120-60-60 kg, 90-60-60 kg, and 20-30-30 kg 

NPK per ha per cropping season for dry season rice, wet season rice, and legumes, 

respectively. Ten soil sub-samples were collected per site from a 20 cm depth then 

mixed and quartered until a 1 kg composite soil was obtained as described previously 

(Mason et al., 2017). Data of the annual average temperature and rainfall were obtained 

from Philippine Atmospheric Geophysical and Astronomical Services Administration 

(PAGASA) website (www.pagasa.com.ph/) which were averages from the last two 

decades. Information on the study sites are listed in Table 5.1. 

 

2. Isolation of indigenous soybean rhizobia   

A commonly available soybean cultivar in the Philippines, PSB-SY2, which 

harbor Rj4 genotype (Mason et al., 2018), was used to isolate the soybean rhizobia. 
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Table 5.1. Information on the physical and some chemical properties of the soil and the cropping pattern on the study sites in the Philippines. 

Cropping pattern: S – main crop is soybean, with some intercrop of leafy vegetables and other legumes; R – main crop is rice, planted twice in 
a year; L – usually planted with different legumes such as soybean, mung bean, cowpea, string beans, and other legumes during dry season then 
planted with rice during the wet season. 

Location Coordinate Cropping pattern pH EC 
(dS/m) 

C 
(%) 

Sand 
(%) 

Silt 
(%) 

Clay 
(%) 

Ilagan, Isabela (IS) 17.30°N,122.01°E Soybean-based (S) 5.90 0.08 1.34 28.0 34.5 37.5 

Gamu, Isabela (GI) 17.08°N,121.79°E Legume-based (L) 5.52 0.15 1.85 28.2 33.8 38.0 

Baguio, Benguet (BA) 16.40°N,120.60°E Soybean-based (S) 5.22 0.20 3.10 19.0 41.4 39.6 

Nueva Ecija1 (NE1) 15.74°N,120.93°E Legume-based (L) 6.21 0.05 1.37 28.7 34.6 36.7 

Nueva Ecija2 (NE2) 15.74°N,120.93°E Rice-based (R) 5.81 0.12 2.36 27.4 34.7 37.9 

Irosin, Sorsogon (SO) 12.72°N,124.04°E Legume-based (L) 5.26 0.15 1.92 28.9 33.6 37.5 

Abuyog, Leyte (LT) 10.67°N,125.04°E Soybean-based (S) 5.80 0.12 1.50 29.2 32.8 38.0 

La Carlota, Negros Occidental (NR) 10.24°N,122.59°E Legume-based (S) 5.62 0.15 0.63 28.0 34.2 37.8 

Ubay, Bohol (BO) 9.99°N,124.45°E Soybean-based (S) 5.82 0.11 0.63 29.7 33.5 36.8 

Sultan Kudarat, Maguindanao (SK) 6.51°N,124.42°E Legume-based (L) 6.64 0.14 2.48 24.0 34.1 41.9 

Tupi, South Cotabato (SC) 6.34°N,124.97°E Rice-based (R) 5.52 0.15 1.36 19.5 42.5 38.0 
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Surface-sterilized soybean seeds were planted in 1-liter culture pots (n = 4). Prior 

to planting, soybean seeds were surface-sterilized by soaking in ethanol and sodium 

hypochlorite solution (Saeki et al., 2006). The culture pots were filled with vermiculite 

and applied with N-free nutrient solution (Saeki et al., 2004) at 40% (vol/vol) water 

content then, were autoclaved at 121°C for 20 min. The planting of sterilized soybean 

seeds to the culture pots until the isolation of soybean rhizobia from the root nodules 

followed the similar procedure as previously described (Mason et al., 2017).  

 

3. DNA extraction 

A pure single colony obtained from the YMA plate was then cultured in HEPES-MES 

(HM) broth (Cole and Elkan, 1973; Sameshima et al., 2003) for 3 to 4 days at 28°C 

with continuous agitation at 120 rpm. Afterwards, the cultured bacteria cells were 

collected by centrifugation and washed with sterile distilled water. DNA extraction was 

done by using BL buffer as described by Minami et al. (2009) from the method reported 

by Hiraishi et al. (1995).  

 

4. PCR amplification of 16S rRNA and ITS region 

The amplification of 16S rRNA gene was conducted using Ex Taq DNA polymerase 

(TaKaRa Bio, Otsu, Shiga, Japan). A universal primer set for the 16S rRNA was used 

which were listed in the Materials and Methods section of Chapter 2. Then, the specific 

primer sets for the Bradyrhizobium (Bra-ITS-F: 5’-GACTGGGGTGAAGTCGTAAC- 

3’ and Bra-ITS-R1: 5’-ACGTCCTTCATCGCCTC-3’) from the report of Saeki et al. 

(2006) and Sinorhizobium (ITS1512F: 5’-GTCGTAACAAGGTAGCCGT-3’ and  

ITSLS23R: 5’-TGCCAAGGCATCCACC-3’) from the report of Hiraishi et al. (1997) 

were used for the ITS region. 
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5. Nodulation test for symbiosis 

An inoculation test was performed to determine the nodulation capability of each 

individual isolate. Each isolate was cultured in YM broth (Vincent, 1970) for about 1 

week at 28°C in the dark at 120 rpm, and the cultures were diluted with sterile distilled 

water to approximately 106 cells ml-1. The soybean seeds were sown as described above 

in the Materials and Methods section of Chapter 2 but without soil, and inoculated with 

a 1-ml aliquot of each isolate per seed with three replication. The nodule formation was 

evaluated after 4 weeks in a growth chamber under similar conditions described above. 

As control, a culture pot was prepared similarly without any inoculation.   

 

6. RFLP treatment of 16S rRNA gene and ITS region 

The RFLP analyses of the 16S rRNA and the ITS region were performed using 

the restriction enzymes HaeIII, HhaI, MspI and XspI (TaKaRa Bio). For reference, we 

used the Bradyrhizobium strains B. japonicum USDA 4, 6T, 38, 122, 123, 124, 129, 135, 

B. diazoefficiens USDA110 T, B. elkanii USDA 31, 46, 76T, 94, and 130 and B. 

liaoningense USDA 3622T (Saeki et al., 2004). A 5.0 µl aliquot of the PCR product was 

digested with the restriction enzymes for 16 h at 37°C in a 20 µl reaction mixture. A 3 

or 4% agarose gels in TBE buffer was used for the submerged gel electrophoresis to 

separate the restriction fragments then, stained with ethidium bromide and visualized 

with Luminiscent Image Analyzer (LAS-4000, Tokyo, Japan). 

 

9. Species diversity 

The diversity analysis was performed by Shannon-Wiener’ index and Simpson’s 

index as described previously (MacArthur 1965; Pielou 1969; Saeki et al., 2008) as 

well as the Simpson’s index (Simpson, 1949).  
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Results 

1. Soil fertility status of the sampling sites 

 In this report, all the soil samples were slightly to moderately acidic with non-

saline condition. This is ideal for rice, as well as legumes. In terms of the nutrient status, 

all the soils have typically low fertility as can be seen from low N content, low to 

medium P, low to moderate K and low cation exchange capacity (CEC) as seen in  Table 

5.2. This result is typical from agricultural soils that are continuously used for cropping 

all throughout the year. The soil texture was mostly silty clay loam and clay loam which 

is also appropriate for the crops being planted in each location (Table 5.1).  

 

2. Isolation of soybean rhizobia and nodulation test 

We were able to obtain a total of 880 nodules (>2 mm size) of which only 771 

grew and formed single colonies after streaking onto YMA plates containing Congo 

Red CR. A majority of the isolates (65.11%) were slow-growers (5-7 days) and 

produced alkaline substance on YMA plates containing BTB. The remaining 34.89% 

(269 out of 771) of the isolates were fast-growers (2-3 days) which produced acid 

substances on the BTB-containing media. The data of the nodule collection are 

presented in Table 5.3. 
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Table 5.2. Chemical properties of the soil samples used in this study. 

 

Location N 
(%) 

P 
(ppm) 

K 
(ppm) 

Ca 
(ppm) 

Mg 
(ppm) 

Na 
(ppm) 

CEC 
(meq/100g) 

Ilagan, Isabela (IS) 0.13 1.86 51.80 205.5 39.3 51.4 1.71 

Gamu, Isabela (GI) 0.17 2.30 58.60 242.1 115.9 98.0 2.74 

Baguio, Benguet (BA) 0.24 22.22 51.00 470.6 30.5 45.4 2.93 

Nueva Ecija1 (NE1) 0.13 6.74 73.90 389.5 98.0 17.1 3.01 

Nueva Ecija2 (NE2) 0.22 21.63 49.40 344.9 93.2 36.0 2.77 

Irosin, Sorsogon (SO) 0.22 2.57 55.80 215.8 52.2 86.8 2.03 

Abuyog, Leyte (LT) 0.15 6.39 174.20 443.2 156.3 26.8 4.06 

La Carlota, Negros Occidental (NR) 0.07 20.44 74.10 197.5 14.1 26.3 1.41 

Ubay, Bohol (BO) 0.06 2.80 47.80 118.7 6.0 47.1 0.97 

Sultan Kudarat, Maguindanao (SK) 0.19 4.53 59.60 370.0 241.1 15.3 4.05 

Tupi, South Cotabato (SC) 0.14 31.18 47.20 148.4 9.7 6.8 0.97 
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Table 5.3. List of sampling sites and the number of nodules collected from using the 
Philippines soybean cultivar PSB-SY2.  
No. Location Nodules collected (no.) 

1 Ilagan, Isabela (IS) 79 (80) 

2 Gamu, Isabela (GI) 67 (80) 

3 Baguio, Benguet (BA) 70 (80) 

4 Nueva Ecija1 (NE1) 72 (80) 

5 Nueva Ecija2 (NE2) 70 (80) 

6 Irosin, Sorsogon (SO) 77 (80) 

7 Abuyog, Leyte (LT) 70 (80) 

8 La Carlota, Negros Occidental (NR) 64 (80) 

9 Ubay, Bohol (BO) 64 (80) 

10 Sultan Kudarat, Maguindanao (SK) 63 (80) 

11 Tupi, South Cotabato (SC) 75 (80) 

Total 771 (880) 

Note: The numbers written inside the parenthesis refers to the total number of nodules 
collected per location and the numbers outside the parenthesis refers to the isolates from 
all the nodules per location which were able to grow on YMA media with Congo Red. 
 

The single-strain nodulation test showed that the 550 isolates (71.34% of the 771 

isolates) were able to form nodules on soybean while the remaining 221 isolates 

(28.66%) did not form nodules. The control pots (un-inoculated) also did not form any 

nodules with soybean which eliminated the possibility of contamination in this test. The 

data on the nodule formation by the single strain and the co-inoculation test is presented 

in the Table 5.4. 

 

3. Cluster analysis and species diversity of nodulating soybean rhizobia 
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The distribution of the different clusters of bradyrhizobia that nodulate soybean 

in the Philippines is presented in Figure 5.1 and it is clear that all throughout the country, 

the species of Bradyrhizobium genus were the most dominant. In the country, 73.64% 

of the soybean-nodulating rhizobia (405 out of 550 isolates) were classified under the 

three species of bradyrhizobia, which were B. japonicum, B. diazoefficiens, and B. 

elkanii. The isolates which were classified under S./Ensifer species comprised only 

8.73% of the total population (48 out of 550) while the remaining 18.36% (97 out of 

550) of the isolates did not belong to a particular genus according to the RFLP patterns 

from the 16S rRNA gene.  

Meanwhile, the phylogenetic tree of the soybean-nodulating rhizobia based from 

the RFLP patterns of the 16S rRNA gene is presented in Figure 5.2. In this dendrogram, 

39 representative isolates from the 11 locations showed the prevalence of the 

Bradyrhizobium species and were distinguished from the S./Ensifer species and those 

isolates which were not classified in either of the two genera of rhizobia which is 

referred to in this manuscript as Not in Reference (NR). The species diversity of the 

soybean-nodulating rhizobia is shown in Table 5.4 and it indicated that the species 

diversity as calculated from two diversity indices (Shannon’s and Simpson’s) is highest 

in rice-based (R) cropping systems, followed by soybean-based (S) then the least 

diversity of rhizobia species was observed at the locations which were planted with 

different legumes (L).  

Based on location, Nueva Ecija2 (NE2), which is a rice-based system obtained 

the highest indices which are  H’ – 0.87, Eh – 0.79, D – 0.55 while the lowest was found 

in two locations which are Ilagan, Isabela (IS) and Baguio, Benguet (BA) wherein only 

Bradyrhizobium species were found. 
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Figure 5.1. Geographic distribution of the soybean-nodulating bradyrhizobia in the 
Philippines from the result of Restriction Fragment Length Polymorphism (RFLP) 
and sequence analysis of the 16S rRNA gene. 
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Figure 5.2. Phylogenetic tree based on the Restriction Fragment Length 
Polymorphisms (RFLP) band patterns digested with four restriction enzymes HaeIII, 
HhaI, XspI and MspI. The tree was constructed with the ward.D2 method in R software 
v. 3.5.0.   
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Table 5.4. Diversity and equitability of nodulating soybean rhizobia in the Philippines as calculated with Shannon-Wiener and Simpson’s Indices. 
The Shannon’s diversity (H’) and equitability (Eh) indices were computed with the formulae (H’= -åPi ln Pi; Eh= H’/ ln S). The Simpson’s (D) 
index was calculated with the formula (D = 1-(ån(n-1))/ N(N-1)). 

Cropping pattern: S – main crop is soybean, with some intercrop of leafy vegetables and other legumes; R – main crop is rice, planted twice in 
a year; L – usually planted with different legumes such as soybean, mung bean, cowpea, string beans, and other legumes during dry season then 
planted with rice during the wet season.  
Note: The Pi is the dominance of the isolate, expressed as (ni/N), where N and ni are the total number of isolates tested and the number of 
isolates belonging to a particular cluster, respectively. S is the total number of clusters, indicating the taxonomic group, at each field site. The n 
is the number of individuals displaying one trait while N is the total number of individuals. 
 
 
 
 
 
 
 

Cropping pattern Soybean – based (S) Legume – based (L) Rice – based (R) 
Location IS BA LT NR BO GI NE1 SO SK NE2 SC 

Bradyrhizobium 40 33 33 34 28 31 55 48 43 26 34 
Sinorhizobium 0 0 0 4 19 1 6 3 10 4 1 
Not in reference 
(NR) 

0 0 29 4 2 3 6 2 8 35 8 

Total 40 33 62 42 49 35 67 53 61 65 43 
H’ 0.00 0.00 0.69 0.62 0.82 0.42 0.59 0.38 0.81 0.87 0.59 
EH 0.00 0.00 1.00 0.56 0.74 0.38 0.54 0.34 0.74 0.79 0.53 
D 0.00 0.00 0.51 0.33 0.53 0.21 0.31 0.18 0.47 0.55 0.35 
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4. Species diversity of the non-nodulating rhizobia 

For the 221 isolates which were not able to form nodules on soybean at single 

inoculation, a phylogenetic tree was not constructed. Hence, it is only presented in this 

manuscript the diversity of the species of the non-nodulating rhizobia according to the 

RFLP patterns of the 16S rRNA gene (Fig. 5.5). 

It can be noticed that for the non-nodulating rhizobia, most isolates were deemed 

to be classified under the S./Ensifer genus which comprised 65.15% (144 out of 221) 

isolates while those that were classified under the Bradyrhizobium genus only 

comprised 3.17% (7 out of 221). Some isolates which comprised 31.67% (70 out of 

221) did not belong to either of the two genera of rhizobia. 

In terms of the location, the legume-based (L) system which was located in Irosin, 

Sorsogon (SO) obtained the highest diversity of non-nodulating rhizobia at H’ – 0.69, 

Eh – 1.00, D – 0.50 while the four locations which are: Abuyog, Leyte (LT); Ubay, 

Bohol (BO); Nueva Ecija1 (NE1) and Sultan Kudarat, Maguindanao (SK) showed a 

similarly low diversity at H’ – 0.00, Eh – 0.00, D – 0.00. Regarding the population of 

the non-nodulating rhizobia, the highest was found on soybean-based (S) cropping 

system (53.39%), followed by legume-based (L) which comprised 31.22% and the 

lowest was at rice-based (R) cropping system with 15.39%.  
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Table 5.5. Diversity and equitability of non-nodulating soybean rhizobia in the Philippines as calculated with Shannon-Wiener and Simpson’s 
Indices. The Shannon’s diversity (H’) and equitability (Eh) indices were computed with the formulae (H’= -åPi ln Pi; Eh= H’/ ln S). The Simpson’s 
(D) index was calculated with the formula (D = 1-(ån(n-1))/ N(N-1)). 

Cropping pattern: S – main crop is soybean, with some intercrop of leafy vegetables and other legumes; R – main crop is rice, planted twice in 
a year; L – usually planted with different legumes such as soybean, mung bean, cowpea, string beans, and other legumes during dry season then 
planted with rice during the wet season.  
Note: The Pi is the dominance of the isolate, expressed as (ni/N), where N and ni are the total number of isolates tested and the number of 
isolates belonging to a particular cluster, respectively. S is the total number of clusters, indicating the taxonomic group, at each field site. The n 
is the number of individuals displaying one trait while N is the total number of individuals. 
 
 
 
 

Cropping pattern Soybean – based (S) Legume – based (L) Rice – based (R) 

Location IS BA LT NR BO GI NE1 SO SK NE2 SC 

Bradyrhizobium 0 0 0 5 0 1 0 0 0 1 0 

Sinorhizobium 38 36 0 4 0 29 5 13 0 0 19 

Not in Reference 
(NR) 

1 1 8 13 15 2 0 11 2 4 13 

Total 39 37 8 22 15 32 5 24 2 5 32 

H’ 0.12 0.10 0.00 0.50 0.00 0.12 0.00 0.69 0.00 0.50 0.56 

EH 0.17 0.09 0.00 0.36 0.00 0.11 0.00 1.00 0.00 0.46 0.51 

D 0.05 0.11 0.00 0.59 0.00 0.18 0.00 0.50 0.00 0.38 0.66 
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Discussion 

1. Diversity of soybean-nodulating rhizobia as impacted by the cropping patterns 

As shown in the results above, the diversity of rhizobia species which can nodulate 

soybean in the Philippines as obtained from the 16S rRNA gene RFLP analysis might 

be considered as moderately high. Although the 16S rRNA gene is highly conserved 

especially in Bradyrhizobium species (Vos et al., 2012), it was not enough to accurately 

separate the different species so the computation of diversity was calculated based only 

on whether the species were clustered under Bradyrhizobium, S./Ensifer, or neither of 

the two major genera of rhizobia. 

Interestingly, the rice-based (R) cropping system showed the highest diversity (H’ 

– 0.87) which could be attributed in the soil management practices.  Previously, we 

have reported that the Philippines is dominated by the B. elkanii species which was 

basically due to the slight to moderate soil pH, non-saline condition, high temperature, 

and non-flooded condition (Mason et al., 2017, 2018). This result was also observed in 

several studies where B. elkanii dominated the areas with the same agro-environmental 

conditions (Bizarro et al., 2011; Shiro et al., 2013, ).   

In a report by Ferreira et al. (2000), the diversity of bradyrhizobia which were 

evaluated according to the tillage methods and crop rotation system showed that no-

tillage and crop rotation systems provided a higher population and diversity of the 

species. In contrast, the area which underwent a conventional tillage method showed 

the least diversity. Another study about different soil managements in Brazil was able 

to obtain a very high genetic diversity of bradyrhizobia through serological typing of 

75 isolates at  H’ – 5.46, and through the 16S rRNA gene, they were able to identify 

the dominance of Bradyrhizobium species which are B. japonicum and B. elkanii 

(Bizarro et al., 2011). 
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In another report which investigated the diversity of rhizobia in an agricultural-

forestry ecosystem, it showed a variety of rhizobia which belonged to both the 

Bradyrhizobium and Rhizobium genera and the diversity varied dramatically according 

to the species and hosts of origin (Wang et al., 2009). Meanwhile, fields from South 

Brazil which were used for the commercial production of soybean and with frequent 

rhizobia inoculation, a high diversity of bradyrhizobia (H’ – 6.17) was obtained owing 

to the influence of soil pH, followed by the clay and organic matter (Giongo et al., 

2008). Additionally, it was reported that in the different agro-climatic regions of 

Ethiopia, the soils also contained a high diversity of bradyrhizobia in some locations 

which was attributed to the high available P content and the lower diversity on some 

locations was attributed to the high CEC in the soil (Jaiswal et al., 2016).  

In a study that compared the diversity of Rhizobium leguminosarum biovar viciae 

from arable soils and grass soils, it was noted that the high genetic diversity was indeed 

influenced by the soil management practices (Palmer and Young, 2000). Their study 

showed that the arable lands which were subjected to repeated cultivation provided a 

higher diversity of rhizobia than the less cultivated soils, which could be the same case 

in our study such that the rice-based system were more frequently cultivated than the 

legume-based and the soybean-based system. 

Meanwhile in Kenya, it was observed that the different cropping patterns which 

included a maize and soybean in intercropping, rotation or monocropping with different 

fertilization strategies obtained a very low diversity of rhizobia which were identified 

to be B. elkanii and that the rhizobial diversity was not affected by the cropping systems 

nor the nitrogen fertilization (Herrmann et al., 2014). This is an indication that the 

driving force for the diversity of rhizobia differs across a wide variety of regions.  
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2. Diversity of non-nodulating rhizobia in the Philippines 

In this report, we obtained a considerable number of rhizobia that were not able to 

form nodules on soybean upon single-inoculation (28.66% of the total rhizobial 

population). Since most research on soybean rhizobia were conducted on isolates that 

can have a good symbiotic relationship with the host plant, diversity studies of rhizobia 

which do not possess this quality were seldom performed. However, these non-

nodulating rhizobia, which lack the key loci (nodulation genes) to induce the process 

of nodulation, also exist naturally in soils. In some regions in America, nonnodulating 

rhizobia were even observed to be dominant in the soil populations (Laguerre et al., 

1993; Pongsilp et al., 2002; VanInsberghe et al., 2015; Hollowell et al., 2016). 

The importance of the nonnodulating rhizobia lies in the fact that their presence in 

the nodule may decrease the occupancy of the nodulating rhizobia (Winarno and Lie, 

1979; Singh and Ahmad, 1991). In a study by Gano-Cohen et al. (2016), the 

nonnodulating rhizobia did not affect the growth of the legume plant when inoculated 

in isolation. However, co-inoculating the symbiotic strains with the nonnodulating 

strains reduced the host performance in comparison to the inoculation of only the 

symbiotic strains. Their results indicated that the nonnodulating rhizobia may play an 

important role in modulating the symbiosis between the legume host and the rhizobia. 

This inter-strain competition within the root nodule might have a specific mechanism 

that has to be investigated further because of the high density of the nonnodulating 

rhizobia in the soil.  

 

Summary 

 This report aimed to determine the diversity of the nodulating and nonnodulating 

rhizobia in the Philippines under different cropping patterns. This was done through the 
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PCR-RFLP analysis of the 16S rRNA gene and the 16S-23S rRNA gene ITS region. 

The species diversity on the rice-based system was the highest for the nodulating 

rhizobia while the lowest diversity was found on soybean-based system. Meanwhile, 

the nonnodulating rhizobia showed the highest species diversity for legume-based 

system while the lowest was found on soybean-based system. Our results indicated that 

the presence of nonnodulating rhizobia is highest for legume-based system that have 

the least cultivation management while the nodulating rhizobia was highest in rice-

based system which are frequently cultivated. The lowest presence of both the 

nodulating and nonnodulating rhizobia in the soybean-based system indicated that 

monocropping could lead to lesser diversity of rhizobia. 

 In this result, we found that a majority of the soybean-nodulating rhizobia belong 

to Bradyrhizobium genus while the non-nodulating rhizobia belong to the 

Sinorhizobium genus. For both the genera of rhizobia, the least diversity was found on 

soybean-based system which was basically a monocrop system. 
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Chapter 6 

 

General Discussion 

Rhizobia are an interesting group of soil microorganisms.  Their presence in the 

soil is not only important to maintain soil health and biodiversity, but also essential for 

their role in crop production for food security and sustainability. Although these 

bacteria has been well studied  for a long time, their evolution and adaptation to a wide 

variety of geographical, agricultural, and environmental gradients continuously 

fascinates  the scientific community. 

 As illustrated in Figure 6.1, the symbiotic relationship between rhizobia and the 

host legume provides an efficient mutual interaction wherein the bacteria supplies the 

N needed for the plant’s growth and development by N fixation and in return, the 

photosynthetic products from the plant such as carbohydrates are being supplied as food 

for the bacteria. Also, it can be noted that a rhizobium is not only important for its 

ability to establish a symbiotic relationship with the host legume. It has also a vital role 

for its function in the release of nitrous oxide (N2O), a potent greenhouse gas to the 

atmosphere. Human activities, particularly agricultural activities, is reported to be the 

single largest source of anthropogenic N2O emission (Reay et al., 2012). Recently, a 

study by Akiyama et al. (2016) showed that inoculating the soil with an indigenous 

nosZ+ strains has high potential to mitigate N2O emission from soybean ecosystems. 

The nosZ gene is a nitrous oxide reductase which is responsible for the conversion of 

N2O to N2 and is known to be present in some strains of B. diazoefficiens species. 

(Breitenbeck and Bremner, 1989; Zumft, 1997; Sameshima-Saito et al., 2004, 2006). 

Thus, rhizobia is not only necessary in food production and soil restoration, but also in 

climate change mitigation. 
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Figure 6.1.  The soybean rhizosphere showing the interactions between the various microorganisms in the soil and the N cycle. (Figure drawn 
by Yuichi Saeki, Faculty of Agriculture, University of Miyazaki).
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In this study, which was composed of four experimental chapters, we were able to 

elucidate that the endemism and diversity of soybean rhizobia in a tropical region is 

different form the well-studied temperate regions. First, we obtained this information 

firsthand on the 2nd chapter of this manuscript, where the change in temperature among 

the three sampling locations provided an insight that B. elkanii species tend to adapt 

differently in higher temperatures than in lower temperatures. Although the presence 

of this species could be found in a wide variety of regions with acidic to moderately 

acid soils, its intra-strain diversity tends to become higher with high temperature 

regions (Mason et al., 2017).  

Then, in order to further verify this observation, more locations in the Philippines 

were included for the second experiment wherein 11 locations from the northern to the 

southern regions in the country were obtained and used to isolate the indigenous 

rhizobia. In here, it was further elucidated that the diversity and distribution of 

bradyrhizobia in a tropical region like the Philippines is indeed different from the 

temperate regions like Japan and USA. The previous reports which studied the diversity 

of soybean rhizobia in USA (Shiro et al., 2013) showed that the B. japonicum species 

are dominant in the north while B. elkanii species are dominant in the south and in 

Japan (Saeki et al., 2006) which showed a similar result. Additionally, the prevalence 

of B. diazoefficiens were observed on the middle regions of Japan. However, we found 

that in case of the Philippines, there was no such clear pattern of distribution that were 

observed from north to south. One reason is that the temperature in the country was 

almost similar everywhere (ave. - 27°C) except for on location, which is Baguio City 

(ave. - 18°C). The similarity in temperature, soil pH and EC seemed to be the most 

influential factors for the abundance of B. elkanii in Philippines soil. Yet, an interesting 

observation was that we detected a high correlation between the relationship of flooding 
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condition in the soil and the distribution of different species of bradyrhizobia. The 

dominance of B. japonicum and B. diazoefficiens strains on specific locations correlated 

with the longer periods that the soil was in flooded condition while the dominance of 

B. elkanii in some locations was attributed to the non-flooded condition of the soil 

(Mason et al., 2018). Additionally, it was noted that upon closer investigation between 

the dominance of the B. japonicum and B. diazoefficiens, we found that the B. 

japonicum strains similar to the Bj6 cluster are prevalent on soils with high amount of 

silt and phosphorus. Moreover, the prevalence of the B. diazoefficiens was higher at 

flooded soils with higher clay content. These observations were similar with other 

reports (Shiina et al., 2014; Saeki et al., 2017; Siquiera et al., 2017) wherein it was 

reported that the B. diazoefficiens tends to be prioritized in a more anaerobic condition 

than the B. japonicum due to the presence of the low efficiency of NO3- reduction.  

Thus, we were able to collect and identify some indigenous strains which are 

similar to the symbiotically efficient B. diazoefficiens USDA110 as well as the other 

species. In order to test the hypothesis that the Bd110 cluster strains would have the 

same high symbiotic efficiency in the Philippines, we conducted a single strain 

inoculation test of selected indigenous strains against the USDA110 reference strain. 

Unfortunately, we found that the indigenous strains of Bd110 cluster were not the most 

efficient for the Philippines soybean cultivars that harbor the non-Rj and Rj4 genotypes. 

Instead, we observed that the indigenous B. elkanii strain and some potentially novel 

Bradyrhizobium sp. strains were more efficient for the tropical soybean plants. 

However, it is interesting to note that for the temperate soybean cultivars from Japan, 

the indigenous B. diazoefficiens strain was the most efficient. It seemed that for the 

tropical regions, B. elkanii would provide a better symbiosis with the tropical soybeans. 

It might be because B. elkanii species are more abundant in tropical regions and more 
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adaptive to higher temperatures than the B. diazoefficiens. It was reported by Hungria 

and Vargas (2000) from their previous research that at temperature above 39°C, a 

decrease in the release of nod-gene inducers from soybean and common bean roots was 

observed. 

In relation to the diversity of rhizobia species, we were able to gather interesting 

data for both the nodulating and non-nodulating soybean rhizobia in the Philippines. 

As reported in the discussion part of Chapter 5, more than 26% of the total rhizobial 

population (771) did not possess the ability to nodulate the soybean upon single 

inoculation. When the diversity of the different species where considered, it was found 

that the highest diversity of soybean-nodulating rhizobia were found on rice-based 

system, followed by the legume system, then the least was on the soybean-system. On 

the other hand, the non-nodulating rhizobia have the highest diversity in the legume-

based system and the lowest was found on the soybean-based system. These indicate 

that for the nodulating rhizobia, continuous and frequent cultivation could be a factor 

in their diversification, while for the non-nodulating rhizobia, least cultivation provided 

for the highest diversity. This result has been similarly observed in some studies 

(Ferreira et al., 2000; Palmer and Young, 2000; Bizarro et al., 2011; Herrmann et al., 

2014).  

Adhikari et al. (2012) reported that in Nepal, the following dominance of 

bradyrhizobia was observed in sub-tropical soils; B. elkanii for acid soils, B. 

yuanmingense for moderate acidity and B. liaoningense for slightly alkaline condition 

and it was noted that B. japonicum was the dominant species in temperate region. 

However, in the case of the Philippines’ Baguio City, which is classified as a sub-

tropical highland climate under the Köppen climate classification, the most abundant 

species was the B. japonicum with a minor population that belonged to B. elkanii. Since 
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the pH of the soil in the said location was only slightly acid, it is thought in case of the 

Philippines, temperature played a major role for the presence of B. japonicum. 

It was previously noted that soils which contain higher amounts of clay and silt 

also harbor a greater diversity of rhizobia (Sessitsch et al., 2002).  A report also showed 

that soils with high CEC will have lower biodiversity and in this particular study, a 

positive relationship between the amount of P in the soil and rhizobia diversity was 

found (Jaiswal et al., 2016), which is also similar with our results that is reported in 

Chapter 3. However, a result by Palmer and Young (2000) did not indicate a significant 

influence of nutrient contents on the rhizobia diversity from the ITS region analysis. 

In summary, this study was able to provide some similar and new insights on the 

diversity, distribution, and endemism of soybean rhizobia in a tropical region, with 

emphasis on a tropical archipelago like the Philippines.  Our future prospects will 

include the utilization of the isolated indigenous strains for their practical application 

in the field as potential inoculants in Philippines’ local conditions and their 

compatibility with the different soybean varieties in the country. This study is the first 

report that focused on the genetic characterization and symbiotic efficiency evaluation 

of the indigenous soybean rhizobia along the 11 locations in the Philippines and would 

provide a valuable information for future related research. 

 

Abstract 

The ultimate goal of this study is to help improve the soybean production in the 

Philippines without the use of chemical fertilizers. This could be done through the 

utilization of the indigenous rhizobia in the soil which can establish a symbiotic 

relationship with the leguminous plants, particularly for soybean. This complex and 

specific relationship allows the biological nitrogen fixation to take place inside a nodule 
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on the soybean root wherein the rhizobia provides the nitrogen requirement of the plant 

and in return, the plant provides the energy needed by the rhizobia. However, 

inoculation does not always succeed due to several reasons such as the plant-rhizobia 

incompatibility, factors that affect the diversity, abundance, and distribution of the 

effective and efficient rhizobia, as well as the diverse agro-environmental conditions 

that affect both the rhizobia and the plant. These kind of studies about soybean rhizobia 

in the Philippines is still limited and accurate information is scarce. So, this study was 

conceptualized to answer these limitations.  

In this study, one location in the Philippines was first used in comparison to the 

southern regions of Japan. According to the result, it was necessary to obtain more 

information from different location in the country to accurately represent the diversity 

of rhizobia. Through the Polymerase Chain Reaction-Restriction Fragment Length 

Polymorphism (PCR-RFLP) and sequence analysis of chromosomal and symbiotic 

genes, the diversity and endemism of soybean rhizobia were elucidated. Furthermore, 

the factors that influence the diversity and distribution of soybean rhizobia in specific 

locations were also understood. 

In general, this study was able to identify the most abundant and widely-distributed 

rhizobia in the Philippines, obtained some potential novel species, as well as understood 

the factors that influence the diversity and endemism of these indigenous rhizobia in 

the country. In addition, the strains’ symbiotic efficiency and N-fixation ability were 

quantified that would be useful in field application. Overall, the specific goals of each 

individual study in this research manuscript were all achieved. 
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Fig. S1. Alignment of the indigenous soybean-nodulating bradyrhizobia in the 
Philippines from the 16S-23S rRNA ITS region. 
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Fig. S1 (continued). Alignment of the indigenous soybean-nodulating bradyrhizobia 
in the Philippines from the 16S-23S rRNA ITS region. 
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Fig. S1 (continued). Alignment of the indigenous soybean-nodulating bradyrhizobia 
in the Philippines from the 16S-23S rRNA ITS region. 
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Fig. S1 (continued). Alignment of the indigenous soybean-nodulating bradyrhizobia 
in the Philippines from the 16S-23S rRNA ITS region. 
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Fig. S1 (continued). Alignment of the indigenous soybean-nodulating bradyrhizobia 
in the Philippines from the 16S-23S rRNA ITS region. 
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Fig. S2. Alignment of the indigenous soybean-nodulating bradyrhizobia in the 
Philippines from the rpoB housekeeping gene. 
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Fig. S2 (continued). Alignment of the indigenous soybean-nodulating bradyrhizobia 
in the Philippines from the rpoB housekeeping gene. 
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�
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Fig. S2 (continued). Alignment of the indigenous soybean-nodulating bradyrhizobia 
in the Philippines from the rpoB housekeeping gene. 
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Fig. S2 (continued). Alignment of the indigenous soybean-nodulating bradyrhizobia 
in the Philippines from the rpoB housekeeping gene. 
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Fig. S2 (continued). Alignment of the indigenous soybean-nodulating bradyrhizobia 
in the Philippines from the rpoB housekeeping gene. 
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Fig. S2 (continued). Alignment of the indigenous soybean-nodulating bradyrhizobia 
in the Philippines from the rpoB housekeeping gene. 
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Fig. S2 (continued). Alignment of the indigenous soybean-nodulating bradyrhizobia 
in the Philippines from the rpoB housekeeping gene. 
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Fig. S2 (continued). Alignment of the indigenous soybean-nodulating bradyrhizobia 
in the Philippines from the rpoB housekeeping gene. 
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