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CHAPTER |

INTRODUCTION

Soybean rhizobia are motile Gram negative, non-spore forming rods with width
0.5-0.9 m and length 1.2-3.0 m (Jordan, 1984). There are two categories of soybean
rhizobia : Fast-growers and slow-growers. In'1992; Elkan and Bunn listed some of the
properties of fast- and slow=. growing soybean rhizobiaas shown in Table 1.1
Table 1.1 Some properties of.fast-and slc;w—growing soybean rhizobia (Elkan & Bunn,

1992)

Property - Soybean rhizobia

\ Fast-growers Slow-growers

1. Doubling time

Less than 6 h

More than 6 h

2. Number and typeof flagella

2-6 pefitrichous flagella

1 subpolar flagellum

3. Positions of nifH and nifDK which
encode the Fe protein and the alpha =
and beta subunits of the Mo-Fe-proiein

which make up the enzymé nitrogenase

; !J-_J
On the same operon

g el S

On different operons

4. Positions of other nif and fix genes

On pSym plasmid

On chromosome

At present, there are two recognized strains of fast-growing soybean rhizobia,

namely Sinerhizobium fredij and S. xinjiangense.(Chen.et al., 1988 ;.Peng et al., 2002).
In addition, there"are 4'recoghnized strains of 'slow-growing'seybean’ rhizebia which are
Bradyrhizobium elkanii, B. japonicum, B. liaoningense and the relatively newly-
discovered B. yuanmingense biovar that nodulates soybean (Appunu et al. 2008;
Jordan, 1982; Kuykendall et al., 1992, Xu et al., 1995).

In People’s Republic of China, most soybean rhizobia were found to be fast-

growing soybean rhizobium Sinorhizobium fredii (Camacho et. al., 1992; Dowdle and
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Bohlooh, 1985). In 2004 Chen et al. reported that continuous investigation and uses of
new molecular biology techniques in People’'s Republic of China had led to the
discovery of new species of soybean rhizobia in China such as S. xinjiangense (Chen et
al., 1988) and Bradyrhizobium liaoningense (Xu et al., 1995).

In other leading soybean exporting countries such as Brazil, in 1975, the
Brazilian government required that rhizobium strains used in the commercial production
of inoculants for leguminous plants including soybeans had to be recommended by
Brazilian public research institutes. Since 1935,the recommendation has been enforced
by RELARE ( Rede de LaboraiOrios para,a Recomendacao de Estirpes de Rhizobium),
a network of laboratoriessierthe.identification of the mest effective rhizobium strain for
the production of inoculant fer each lequminous species. However, the maintenance
and distribution of rhizebium'strains to thp inoculant industry belong to a government
agency, “SEMIA culture colleotiérn_ oiﬁRhizobium”, with the following URL

http://wdcm.niq.ac.io/CCINFO/CCINFQ.xmt?443 which distributes Rhizobium strains for

free. In USA, the US Departm__en_ti of A'Igsrj_cqgture (USDA) also distributes rhizobium

strains for free. A vdi.

In Thailand, the Hteré:tt;réwsurvey '—?r':r-"’{‘fhapter Il revealed that most of the

published research conducted: with soybééi’_’r—’;ﬁhizobia since 1991 did not identify

soybean rhizobia by__:i_::)olyphasic taxonomy which is an estalé_lis—hed concept widely used
in bacterial identifi."c’é{tion (Vandamme et al., 1996). The“aim of this research for
dissertation is to isolate and characterize, by polyphasic-taxonomy, soybean rhizobia
from 16 subdistricts in Phitsanulok province..One reason Phitsanulok areas were chosen
as soil collection sites.for soybeanlrhizobia fis because areas that used to be planted
with soybeans are now being usedfto grow othergerops which provide more financial
returnisuch’ as 'sugareane and banana,| According to Mr Weeraehai; Tangsaijai, the
Bang Rakam district agricultural officer, soybean cultivar CM2 is only grown in 7
subdistricts of Bang Rakam district, Phitsanulok province, namely, Phan Sao, Plug Raed,
Bang Rakam, Khui Muang, Bueng Kok. Nikhom Phattana, and Nong Kula. It is hoped
that the results obtained from this research will contribute to the record of soybean
rhizobium diversity in Thailand for use as a pool for the selection of soybean rhizobia for

the production of soybean biofertilizers to increase soybean yields in order to increase
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income for soybean growers and to encourage farmers to continue to cultivate soybean
as a rotational crop to reduce the use of nitrogen chemical fertilizers, to protect the soil
environments and to reduce trade deficit due to the import of 85% of soybean

consumed in Thailand as reported in the website www.feeduser.com.

New findings reported in this dissertation include the first record of the presence

of Bradyrhizobium yuanmingense in Thai soils, the finding of natural variants of slow-
growing soybean rhizobia, and the fn

agar containing the indicator % i
ec@ed

at when grown on yeast extract mannitol

Bradyrh/zob/um elkanii strains and

B. yuanmingense strain duct ) throughout the 10-day

incubation period whil nse strain STB264 secreted

alkali product(s) in th idic product(s) in the last 5

days of incubation. Thi time sequences of nodY of

I

PGPR (Plant Growth-Promo mg‘E}ﬂiébéCt 2) and for further research on their capacity

to break down genistein whu;%;{s’:é-"b ant signal-molecule in root nodulation. This
™

using either soybea izobi in nbination with PGPR for the

production of mocula
presence of ist nﬁ -gr g ri n rhizosphere which
may lead to f|| ?%Eﬁlw |ﬁugrtﬁdﬁ$blodegradation and
subsequent dlsappearance of genlsté*n the signal melecule.

ARIANNIE {RIINYA

to improve soybean yields. Another potential discovery is the



CHAPTER I

LITERATURE SURVEY

2.1 Previous research on soybean rhizobium diversity in Thailand
Soybeans are grown in the northern, upper central, and some parts of the north-

‘T’?es the percentages of soybean cultivation

eastern parts of Thailand. Flgure 2 W

areas in different provinces of

)8 Khon Kaen (f)m Chaiyaphum
(1) m Nan (m)m Chiang Rai
O Phetchabun

i
Figure 2.1 Percentag‘g of soybean cultivation areas in dl(Dent provinces of Thailand in

) CoHE0R 1210 2o

Figure 21 shows soybean i§ mostly cultivated in Chiangmais province in the

R A AR S AUUBRAAB Y AR Lo s o

soybeeﬁw cultivation. Although the area planted with soybeans in Phitsanulok is about

36,452 rai or 4% of the total soybean cultivation area, there is a need to isolate and
characterize soybean rhizobia in Phitsanulok province because at present there is no
record of soybean rhizobium diversity in the area.

In 1991 Thompson et al. isolated 1,536 bacterial isolates from root nodules of

uninoculated soybeans and cowpeas grown in 2 meter long experimental rows in 25



5
sites in soybean-cultivation areas at Hang Dong, San Sai, Mae Rim, Mae Thaeng, Mae
Sariang, Mae Hong Son, Khum Yuom, Mae La Noi, Sri Sachanalai, Sawankalok, Sri
Samrong, Uttaradit, and Doi Tao. Seeds of local soybean cultivars Black Yodson, San
Keuw, SJ2, SJ5, 7842, and the following soybean cultivars from US breeding programs
were used: Peking, Improved Pelican, Hardee, Bossier, Bragg, and Forrest. All isolates
were stained with conjugated fluorescent dye fluorescin isothiocyanate and polyclonal
antisera from each of the following ‘soybean rhizobium strains: THA7, USDA140,
USDA24, USDA31, USDA110, USDA122, TAL379and the following strains isolated by
Thompson et al. (1991): 7DX9, 7DX36,JODX21, H0EX51, and 1C3. All serologically-
stained isolates were examined with.-UV fluorescence microscope. The results indicated
most strains belonged.ie'serogroups of local soybean rhizobium strains 1C3 and 7DX9.
However, the researchers greported thqre were too many cross-reactions for the
serological method to e used to ;.—giffe@;{tiate different. soybean rhizobium strains.
Intrinsic antibiotic resistance (IAR) battemslt‘,wé%e thus conducted on 116 isolates with 10
ug.ml'1of each of the following amtik?iiotics:':z%nc;pmycin, rifampicin, spectinomycin, and
tetracycline, 40 ug.ml'1of each of the folld@j—gg antibiotics: streptomycin, kanamycin,
erythromycin and 200 },Lg.ml'1of'i'|§36[ymixin. &aﬂy all (93%-100%) of the isolates were

found to be resistant to spectinomycin, vancomycin, tetracycline, and polymixin.

Therefore, these four’_'%mtibiotics were not useful in the differé?ntiation of different strains.
However, 83%, 69% 68%, and 17% of the isolates wers found to be resistant to
kanamycin, streptomycCin, rifampicin, and erythromycin;' respectively.  Therefore,
qualitative differences.in the resistance and. susceptibility to.these last four antibiotics
were used {o | separate iSolates Lintol various groups ifar ‘testing effectiveness in
nodulation and in nitrogen fixation. £Thompson et al (1991) found that out of the 356
rhizobium fisolates, ‘tested on 6 soybeans cV. Black Yodson: SJ5; Improved Pelican,
Bossier, Peking and Hardee, only 5.6% of the isolates yielded less than 20 nodules per
plant and that most of the isolates significantly increased (p< 0.001) nitrogen yield of
plants over that obtained for the uninoculated control. The results indicated most of the
soybean rhizobium isolates obtained by Thompson et al. (1991) from soybean-
cultivation areas in the northern part of Thailand were effective in nodulation and in

nitrogen fixation. However, Thompson et al. (1991) did not employ any method to group
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identical soybean rhizobium isolates into the same strains. In addition, the authors did
not identify any of the soybean isolates.

Most of the other previous research on the diversity of soybean rhizobia in
Thailand was either incomplete or did not employ many strains of soybean rhizobia in
the research. In 1997, Nuntagij et al. partially characterized soybean rhizobia isolated
from soybean cultivation areas in Thailand. The authors did not report the sites of
soybean cultivation areas where 5 strains were isolated. The 5 strains were tentatively
identified as Bradyrhizobium japonicum strainssTHA2, THAS, THAG, THA7, and THA211
based on their inability to produce IAA (j—lndole Acetic Acid). In addition, 5 reference
strains were used in.the research: |Bradyrhizobium  japonicum strains TAL102,
USDA136b, SM5, USDA76 and 61A101C. The 10 strains were characterized based on
their IAA production, geewth.on YMA at plil 3 O 9.0, and growth at 17°c, 28°C, 37°C, and
42°C. Research was alsb conducted on tﬁe effects of pH 4.5 or 6.8 on activities of 19
enzymes using the APIZYM-Kit (API-'System;France). Strains THA2, THA7, THA211 were
found to be acid-tolerant at pH 3:.__0. r The oﬁ}iﬁmum range of pH for the 5 isolated strains
were found to be pH 6.0-8.0. FAll th_e_S straiﬁsf.gxcept THATY were found to grow at 42°C.
pH 4.5 and 6.8 were found'to hé\:/éjgifferent'—-é_ﬁiéf;ts on the 19 enzymes of the 5 strains.

An interesting result was the repert on RAP]Z';;-PER fingerprints of the 10 strains using

each of primers 1—6’éurohased from Pharmacia Biotech (ujppsala, Sweden). Diversity
One Software (Nevv."ﬁ?'z)rk, USA) was used to construct a dendrogram from the similarity
of the RAPD fingerprint profiles. The dendrogram revealed three clusters with the first
cluster consisting,of, reference. strains USDA136b, USDA76, 61A101C, and SM5 which
were temperate strains. The Thai.strain THA211 was found to belong to the same
cluster as the temperate strains. The Thai strains FHA2, THA5, andiTHA7 which were
found® tobe acid-tolerant were found.to cluster in.the second cluster-while the Thai
strains THA6 and THA102 were found to belong to the third cluster. The researchers did
not comprehensively identify all the 5 isolated strains obtained in their study. In
addition, no information was given on the locations of soybean cultivation fields in
Thailand where the 5 soybean rhizobium strains were isolated.

In 1998, Teaumroong and Boonkerd employed primers REP, ERIC, and RAPD
to obtain PCR-DNA fingerprints of 18 strains of Bradyrhizobium japonicum. The
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sequence of RAPD primer was 5GGAAGTCGCC3'. Sequences of REP abd ERIC were

shown in Figure 2.2.

A.
REP s-acciaatancaicaSnnnnnScaSerTaTcSaaccTac 3
consensus
REPIR-1 ;—-CGGICTACIGClGCI Iil-5
REP2-I CGICTTATCIGGCCTAC- 3
-‘¢~ /
B.
ERIC 5-GTGA GA“TT& AAGTGACTGGGGTGAGCG-2
cONsSansus
-—
ERICIR 3‘-CAC
‘, —-
ERIC2 LAGTGACTGGGGTGAGCG-3'
Figure 2.2 Nucleotide rimers. (A) REP consensus
sequence and nucleotid rimers (REP1R-I and REP2-I)
positioned relative to the R e I's denoted inosines. (B) ERIC
consensus sequence and nucle of the two ERIC primers (ERICIR and
=
ERIC2), positioned Eatlve to trfé 'Eﬁ’IC 601‘1 = s The arrows denoted the

Six of the 18 ﬂaiﬁ we on@m USDA strains (USDA8-0,
USDAS8-T, USDA35, US%A94 USDA117, and USDA136). Five of the strains were the

same strai d’gbm W E]eﬁr ‘TAZ THA5, THA7,
TAL102(USD ﬂ%rﬁA&ﬂ ﬂrj]orejeaumroong anﬂoonkerd 1998) reported

rai ﬁ g authors did
not alm:ﬁ%ﬁﬁnmﬂﬁne ﬂﬂﬁ EIe isolation of

the soybean rhizobia were obtained. The authors also did not elaborate on how the 7
strains were identified as B. japonicum. Combined banding patterns of the fingerprints
obtained from using each of the set of primers (REP, ERIC, and RAPD) were used in the
construction of a dendrogram with Primer Version 3.1B program. Figure 2.3 showed the

dendrogram.



TAL212

—d

USDA 136
TAL 102

I (USDA 110)

TAL379

USDAS-T

USDA8-0
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Figure 2.3 Dendrogram constiict combined banding patterns of the

fingerprints obtained from primers (REP, ERIC, and RAPD)

\d
The dendrogta out-80% similarity.  Cluster 1

(Teaumroong and Boonkerd, 1998)

consisted of TAL212 and USDA136. Cluster 2 consisted of two subgroups 2.1 and 2.2

- S IEIUN L\ ok LV IYAR

Group 2 1.2 consisted of USDAS-T and USDAS-0

A BENA Y
Subgro11p 2.2 consisted of TAL211 and USDA35. Cluster 3 comprised two subgroups
with TAL377 in subgroup 3.1 and there were two groups in subgroup 3.2. Group 3.2.1
contained TAL220, USDA117, and THA5. Group 3.2.2 contained THA7, THA2, and
TAL216. Both Teaumroong and Boonkerd (1998) and Nuntagij et al. (1997) showed the
same results that strain TAL211 belonged to a different cluster from strains THA5, THA7,
and THA2.
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In 1996 Yokoyama et al. obtained RFLP patterns of nodDYABC of 123 soybean
rhizobia which consisted of 62 strains isolated in Thailand, 46 strains isolated in Japan,
and 15 USDA strains. Dendrogram constructed from the RFLP patterns showed 4
clusters with all the Japanese and USDA strains belonged to Clusters 1 and 2 while
Clusters 3 and 4 contained only the Thai isolates. In 1999 Ando and Yokoyama worked
with 14 strains of Thai isolates of Bradyrh/zob/um sp. (Glycine max), 3 strains of Thai

isolates of Bradyrhizobium elkanii tr ins of Bradyrhizobium japonicum and 4

USDA strains of Bradyrhizo . |c DNA of these 29 strains were
mes BamHl, Hindll, Pstl, and
EcoRI. DNA fragment ' kb Bglll fragment containing
nifDK. 16 RFLP pa truct a dendrogram with the
Unweighted Pair Gro N0 r , ¢ ,:y PGMA) method using the

20

USDA 6,62, 110
125,129, 138

USDA 122
USDA 115

At Innngan
IR IRIANNTIREANY

Figure 2.4 A dendrogram of 29 soybean rhizobia strains constructed with UPGMA
method using the PHYLIP software (Ando and Yokoyama, 1999).
The results as shown in Figure 2.4 showed 2 clusters. Cluster 1 consisted of 3

groups (A, B, and C). Group A contained all the B. japonicum USDA strains 6, 62, 110,
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115, 122, 125, 129, and 138. Group B contained 4 isolates from Thailand. Group C
contained 10 isolates from Thailand. Partial 16S rDNA sequencing of the 246 bp at
positions 44-337 showed 7 of the Thai isolates belonging to Groups B and C had
identical sequences with the partial 16S rDNA sequences of B. japonicum USDA6, 115,
and 129. Cluster 2 consisted of the 4 B. elkanii USDA strains 31, 39, 76, and 94 and
three strains isolated in Thailand. The results as reported by Ando and Yokoyama
(1999) indicated that the 14 strains of Thaiiselates of Bradyrhizobium sp. (Glycine max)
which were found to belong to-Groups B and Ciformed a distinct group of slow-growing
soybean rhizobia which were intermedigte petween the B. japonicum and B. elkanii
USDA strains used in the.study.

In 1999 Yokoyama et.al. reported,lon phenotypic eharacterization by serological
and intrinsic antibioticresistance propert]fes of 94 strains of soybean rhizobia isolated
from Bangkok, Chiangmai, Nakorn égwaE".Saraburi, and Uttaradit. From the results
obtained from the ELISA (Enzyhﬁe-rl_inkéd ‘Immunosorbent Assay) using polyclonal
antisera prepared against 15 USDAI_Standafrjdf__!se;rotype strains of B. japonicum (USDA4,
6, 62, 110, 115, 122, 123,124, 125, 127, aﬁ@f.l29) and B. elkanii (USDA31, 46, 76, and
94), the 94 strains isolated i/ Fhaitand Wé'r_'-e-z':;i;haracterized into 14 different cross-

reaction groups corresponding to-12 of the 1'-5:ahiisera used. The authors reported that

the Thai strains sh'ci'i_(ved a high degree of cross—reacti\zxil__ty,: In addition, antibiotic
resistance tests of t'h‘é: 94 Thai strains were carried out with the following antibiotics: 10
pg.ml'1each of spectinomycin and streptomycin, 15 pgfml'1each of kanamycin and
nalidixic acid,.25 pg.ml'1 of rifampicin, and 50 pg.ml'1each of.neomycin and polymyxin.
The Thai soybean-rhizebialwere found to e resistant tol kanamycin, nalidixic acid,
neomycin, and polymyxin. The results indicated that.the Thai isolates/were not closely
related to the USDA strains of B. Japonicum and B. elkanii.

Since the Ando and Yokoyama’s and Yokoyama et al, ‘s studies in 1999 there
have not been any published articles on the isolation and characterization of soybean
rhizobia in Thailand. Research on soybean rhizobia in Thailand after the year 1999
concentrated on the determination of suitable cultivars of soybean as hosts for native
rhizobia (Shutsrirung et al. 2002a,b,c). This dissertation is the first serious effort to

isolate and characterize soybean rhizobia in Phitsanulok, Thailand , employing
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polyphasic taxonomy which includes the characterization of several genetic and
phenotypic properties including colony morphology, Bromthymol blue reaction, number
and type of flagella, specific growth rates at different temperatures, ability/inability to
utilize 95 carbon and nitrogen sources using the BiologTM test kit, PCR-DNA
Fingerprinting , and sequencing of 16S rDNA and nodY. Polyphasic taxonomy has
been used in bacterial taxonomy since 1996 (Vandamme et a. 1996).

2.2 Soybean rhizobium genetics

Soybean rhizobium genetics is gélatively well-documented both in terms
of genetics of nodulation (Stacey, 1995) 3nd ofnitrogen fixation (Fischer, 1994). Loh and
Stacey (2003) reported nodulation genes in B. japonicum included nodD1, nodD2,
nodYABC and nwsB. Bajapoaicum tesponses (o the gradient of flavonoids, genistein
and daidzein, secretedsby seybean root; while the fast- grower S. fredii responses to
the gradient of soybean ﬂavonoid's'.— daiééin and coumestrol in the initial step of
soybean-rhizobial signal perception (Mack?d@ et al., 1998 ; Pueppke et al., 1998). The
flavonoids enter the rhizobial Qeri_@lasm'i_‘_fgl form complexes with NodD1. NodD1-
flavonoid complexes induce ekpirfel_sfsion éj't;f_godD1 and nod(Y)ABC operon for the
synthesis of Nod factors (Long, 1996 ). @eﬁw et al. (1988) reported that in B.

japonicum, nodY is a 420-bp:gene located within. the 785-bp region between nodD1

and nodABC. In B.-sgé_:/kanii, there is no nodY gene but, in itgfplace, there is nodK gene
which is 402 bp in sr;e Bradyrhizobium sp. (Parasponia) a}sé contains a nodK gene in
the same position (Scott 1986). The nodY and nodK ‘genes share less than 30%
sequence similarity. B. “japonicum and “B. elkanii strains _were shown to be
distinguishable on.the basig of their_hybridization ta_nodY and nodK genes.Therefore,
one difference between B. japonicum and B. elkanii is the former centains nodY while
the latter contains'nodK in the cofresponding place.

The complex between genistein and NodD1 formed in the periplasm acts as a
transcriptional activator which binds to the promoter regions of nodD1 and nodYABC
which are known as nodD7box and nodYbox respectively. Transcription and translation
of nodA, nodB, and nodC lead to the synthesis of the first three enzymes in the
synthesis of Nod factor which is essential for root hair deformation and nodulation

process. NodC, N-acetylglucosaminyl transferase catalyses the joining of N-
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acetylglucosaminyl units by R-1,4 glycosidic linkages. NodB, N-deacetylase, catalyses
the removal of an acetyl group from the N-acetylglucoaminyl group at the non-reducing
end of the Nod factor. NodA, N-acyl transferase, catalyses the transfer of an acyl group
(C18:1) to the N-glycosyl unit at the non-reducing end of the Nod factor. Figure 2.5
shows synthesis of nod factors which are produced by soybean rhizobia and whose

function (s) on nodulation process is still unknown.

Ryg
e
CH,OH CH,OH NodC NodB.Noda&3 \ P
HO /‘gt:w4,/°H HO/‘gfﬁYQL/ CHOH NG
+ —> — —> o %\No
o= c\ poT e
CH, CH, cH, e

n

Figure 2.5 Synthesis of Ned factars catalysed by enzymes encoded by nodC, nodB and

nodA (Stacey, 1995). {

Chemical structdres of nod faetors c;f-_B. Jjaponieum differ from those of B. elkanii.
Nod factor of Bradyrhizobium jaboh/cum cbﬁéi;ts of 5 N-acetylglucosaminyl units with
side chains as indicated in Figure 2.5. Th;:r—c}}@mical structures of Nod factors of B.

japonicum strains USDA 110 and USDA 135 eﬁ_d B. elkanii strain USDA 61 are shown in

Figure 2.6.
g | R,
RE N o
il
o) N / \“5
O=C\
CH,
n
STRAIN Rl A3 R RS n
B. Japoaicum USDA110
NodBi V(C18:1,MeFuc) cied/ H H | 20Mefic H 3
B. japonicum USDA185
V(C18:1, MoF cigr M H 20Mefue H a
Cldd Clgl H A 20MeFw H 3
1% cle0 H H 20MeFwc H 3
VAGCIRON cléd H A 20MNeRwc H 3
16:1, MeFuc) clel H H 20MeFuc H 3
B. il USDAS!
8:1,Mel clg1 H H  20MeFe H 3
m.% Clel H A H 3
C18:1,NMe,MoFuc) Clg&1 Me H -20MeFuc H 3
C18:1,MeFuc) C181 H  ALCO 20Mefuc H 3
rert Ghr W & domme n 2
uc
Qro) cia: H H Fue Gro 2
B:1;NMe,Fuc,Gro) Cigl Me H  Fu Go 2
18:1,FuciGiro) clegr H G Fuw Gro 2
18:1 NMe,Fuc, Gro) clal  Me Cb  Fu Gro 2
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Figure 2.6 Summary of the various chito-oligosaccharides nodulation signals produced

by B. japonicum strains USDA110 and USDA135 and B. elkanii strain USDA61.

Abbreviations: AC, acetyl; Cb, carbamoyl; 2-0-MeFuc, 2-0-methylfucose; Fuc, fucose;
Me, methyl; Gro, glycerol (Stacey et al. 1995).

Chemical structures of Nod factors of the fast- growing S. fredii differ from those

of the slow- growers in the fatty acid side chain of the non- reducing end of Nod factors

and the number of N- acetylglucosamine units as shown in Figure 2.7.

R, Ry

\ A

. L 2 _oH Jo

e . R HC
oA "i\{n’t‘;}m
G =T HO (5] O,
Ry R il 1 NH RS NH B
R, O3 I]. o=c o=c
CH SEh, SRy

— —
Nod factafiBubstituticplh i

Rhizobial strain R W LT I";p., (N R, R R R, |
B. elkani USDAS] CI8LCI60 Mo  CbAcikiChideH{ ColAcH 2.0-MeFucFue GoH Me H B 1,2
8 japonicun USDAII0 cists H o H v R 20MR B M H B2
B. japonicum USDAL3S CI8:1,CI6:0,CL6: 12 H ghdi g AcH 2.0 MeFue H M H H 12

§ jrdi HHI03 CI60CIG] O 0 MR K M H H 012

CIBCIS 1 o
 frdii USDAISI® Cl60C16] A= 0 ek B M B H L2
Cig00181 £
S i USDADST ClBi e o nilk H H QL2

Figure 2.7 Nod factors structures and their specific substitutions in fast- and slow-
growing soybednghizabia (Gil+Sermanoetals19971; Haeze and Holstera, 2002).

In addition, in"2002"Loh ‘et™al. 'discovered Bradyoxetin in the broth culture of
stationary phase cells_of B. japonicum. In the _same year the_authers constructed 4
mutants 1 B. japonictim JWS213 (awsB. Sm'Sp)) 0B.| japonicumIINWS24 (JNWS21
harboring pBGAlac1 with nolA-lacZ translational fusion); B. japonicum JNWS31
(JNWS21 harboring pZB32 with nodY-lacZ translation fusion); B. japonicum JNWS41
(JNWS21 harboring pPRJ1248 with nodD2-lacZ translational fusion). The mutants were
used to demonstrate that at high cell density the expression of nolA and nodD2
increased while that of nodY decreased and that nwsB was essential for the density-

dependent full expression of B. japonicum nod, nolA, and nodYABC. NwsB was
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postulated to sense the presence of Bradyoxetin at high cell density which led to the
activation of nolA and nodD2 which inhibited the expression of nodYABC leading to a
decrease in Nod factor synthesis. The results implied that the number of B. japonicum
cells in a rhizobial biofertilizer should be optimal for optimal expression of nodulation

genes nodYABC for Nod factor synthesis.

AULINENTNEINS
PRIAATUAMINYAE



CHAPTER Il

MATERIALS AND METHODS

3.1 Sail collection sites
Soil samples from 16 subdistricts of Phitsanulok province were kindly collected

on December 22, 2005, and Februa 2, 2006, by Assistant Professor Dr. Wipa

Homhaul, Department of Agri ' , Faculty of Agriculture, Natural
Resources and Environ uan @hitsanulok province, Thailand.

Location of each subdistrictsi in Fi The samples were sent to the
Agricultural  Chemist ' Der of Agriculture, Ministry of

Agriculture and Co-ope

ni er, concentrations of available
Phosphorus, available gnesium, Iron, Manganese,

Zinc, Copper, Chorine, Iding capacity and moisture

U
R] ]

Figure 3.1 Map of Phitsanulok province which consists of 9 districts. Soil samples were

collected from 16 subdistricts indicated by smaller letters.
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3.2 Isolation of bacteria from root nodules
Bacteria were isolated from root nodules of 5 soybean cultivars (ST1, ST2, SJ5,
CM2, and CM60) by the host trapping method as described by Somasegaran and
Hoben (1994). A total of 80 earthernware pots with plates were autoclaved at 121° C
for 20 min. After the pots cooled down, 4 kg of soil sample from each of the 16
subdistricts were placed in each pot. 10 seeds of each soybean cultivar were placed in
each pot. The seeds were grown with nittogen-free medium (Appendix A) for 28 days in
a temperature-controlled greenhouse at 26%32°0. All nodules from each pot were
collected, surfaced sterilized-briefly withJ%% ethanel-and submerged in 5% H,O, for 5
minutes, rinsed 6 times with.sterilized dei@nized water.. Each nodule was aseptically cut
into two halves. A smalislooped neeclle was used to Collect pink root tissue to spread
onto yeast extract mannitolt (YM) agar1 plates containing Congo red at the final
concentration of 25 ug.mlf Ihe 'éompé‘ition of YM medium was as described by
Somasegaran and Hoben (1994)',-'arjd V\@s‘;given in Appendix A. YM plates were
incubated at 25 ° C fof 1,8, ahd 1Q'days.'t—£[!)ifjjerent pinkish colonies were picked and
streaked on YM agar plates ContaLr}i_rug Coh!béﬂred at the final concentration 25 },Lg.ml'1.

Single colonies were streaked Ohto Y slants and kept at 4° C for short-term storage

with subculturing every 3 months. - Long—tefr‘rf}‘_’gtor_age was carried out by incubating

each isolate in YM joroth for 1-5 days, then 100" 11"20% glyc;fer_,ol was added into 100 I
of broth culture andétored at -80° C. Each isolate was prbv‘fded with a code and soil
collection sites as well as soybean cultivars used in the-host trapping method were

recorded.

3.3 RAPD-PCR fingerprinting of bacteria isolated from root nodules

E4eh robt/nodule bacterial|isolate Which was Stored in YM dlants at 4° C was
activated by streaking one loop on to YM agar plate. The plate was incubated for 1-5
days until visible colonies were observed. One loop of culture was inoculated into YM
broth in a 250 ml flask and incubated in a temperature-controlled shaker at 200 rpm, 30°
C for 1-5 days. Cells were harvested by centrifugation at 8,000 rpm, 4° C, 10 min,
washed once with 0.85% NaCl to get rid of extracellular polysaccharides before use in

chromosomal DNA isolation and RAPD-PCR fingerprinting.
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3.3.1 Chromosomal DNA isolation
Cells were broken by incubating in EDTA-lysozyme solution (2.5 mg.ml'1)
at 37° C for 1 h followed by freezing at -20° C for 5 min and thawing at 80° C for 5 min for
2 cycles. 250 pl DNAzol” (Molecular Research Center) were added to the solution with
gentle mixing by inverting the eppendorf tubes for hydrolysis of total RNA. Broken cells
were centrifuged at 10,000 rpm, 4° C, 10 min to get rid of cell debris. Supernatant was
transferred to fresh eppendorf tubes. Chromasomal DNA was precipitated with ice-cold
absolute ethanol at -80° C for 15 min after adjusting the solution to acidic condition with
300 pl 3M Sodium acetate:=DNA preoipi_t;clte obtainedfrom centrifugation at 12,000 rpm,
4° C, 10 min was dissolvedsin"20 Ll hiéh quality-distilled water overnight. Quantity of
chromosomal DNA preparation was obtained by OD readings  with OD,g, of 1.0
equals 50 },tg.ml'1 detblef siranded I%NA (Sambrook et al, 1989). Quality of
chromosomal DNA preparation was b'-btair;‘ga through 0.8% agarose gel electrophoresis
by standard method (Sambrook etial.,r 198?).‘Good DNA preparation showed no smear
in the agarose gel. 4 " p
3.3.2 RAPD-PCR ﬁngerpfirlt_ibg f -

-

RAPD-PCR fingemprinting vvas',}c‘g'_bi_j;@ined by the PCR method using either

RPO1 or CRL-7 as the primer. RPO/ primer_:@lAA]‘_I’TTCAAGCGTCGTGCCA3’) anneals

to the 20 bp cop-sgrved region (bases 5-25) of nifHD_fK_r_, promoter of Rhizobium
leguminosarum biov;r_trifo/ii (Richardson et al., 1995; Sc_ga’field and Watson, 1985).
CRL-7 is an arbitrarily/GC rich primer (5’GCCCGCCGCC3’) which has been used in
RAPD-PCR fingerprinting (Alelsh and McCleland, 1990; Williams et al., 1990). PCR
mixture consisted of 2 I 10x PCR buffer, 2.0 pl 10mM dNTPsz 0.2 ul 100 pmole.pl'1
primer CRL-7 or RPO1, 0.2 ul Tag pelymerase (5U. pl'1), DNA 200 ng, distilled water to
20 uls PCR program was “as follows: 95 °C 15 seconds, 55! C BO~gedonds, 72° C 90
seconds for 5 cycles, 95° C 15 seconds, 60° C 30 seconds, 72°C 90 seconds for 25
cycles, followed by 72°C 10 minutes. PCR products were separated on 1.25% agarose
gel electrophoresis. Gels were stained with 10 mg.ml'1 ethidium bromide for 10 min,
destained in distilled water for 30-45 min before taking a Polaroid photo (FUJI Film FP-

3000B) with BIO-RAD UV transilluminator equipped with a polaroid camera set-up.
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3.3.3 Assigning bacterial isolates with identical RAPD-PCR fingerprints to the
same strains

RAPD-PCR fingerprints of all the isolated bacteria were compared.

Isolates with identical fingerprints were assigned to the same strains.

3.4 Determination of fast- and slow-growing bacterial strains and determination of

colony morphology

One loop of each |sola%\% / in was streaked onto YM agar plate

containing 25 ug.ml Con incubated at 30°C until visible

colonies were obtalnedw wer @ay incubation, the strain was

determined to be a fast- e hand, if.colonies were visible after 5- day

incubation, the strain w-grower. All colonies were

photographed for determi

3.5 Authentication tes
All fast- and slo
they were fast- or slow-gro ) bia. by observing formation of nodules on

soybean roots grown in Leonardﬂts-a‘?:ls_ described
_._;-’!/-,-r‘-.r ,__‘_‘

Seeds of each of ﬂe 5 soybean Cultf\{/ars;(SASﬁ, CM2 and CM60) were

surfaced sterilized ' d allowed to aseptically

germinate on seedlingﬂgé? the qﬂk for 48 h. Two germinating

seeds, each with approgméa;[ely 1.0 cm rad&lﬁ, were placed in a Leonard jar (Figure

2 AUYINENINEING

Alumifitim foil cover

F YA Y

Insulation shesth (paper or aluminum foil)

Growth medium

QR

Rubber band

Mitrogen-free medium

Cotton wool

Cotton rope wick

Figure 3.2 Diagram of a Leonard jar (Somasegaran and Hoben, 1994).



19

Negative or positive control soybean plants were grown in Leonard jars with no
inoculation but with N-free medium or N-free medium containing 0.05% KNO, as plant
growth solutions respectively. Soybeans were grown in a temperature-controlled
greenhouse (28°C-32° C) for 28 days with nitrogen-free medium (Appendix A). Roots
were cut and nodules observed. Soybean rhizobia produced root nodules while other

bacterial isolates did not produce root nodules.

3.6 Polyphasic taxonomy of 20 selected strains«of slow-growing soybean rhizobia

'
3.6.1 Colony morphology

For polyphasic taxenomy, 20 sfrains of slow-growing soybean rhizobia were
randomly chosen basedgon differences in their DNA fingerprints. Colony morphology

was obtained by the meth@d a8 described in section 3.4 -

3.6.2 Bromthymol blue reaqtioﬁs \ 4

/  J
Bromthymol blue reactions were ob‘tained by streaking cells onto YMA with the

indicator dye Bromthymel blue at 25 }.Lg mI " final concentration. The plates were

incubated at 30°C for 5 days and 0-days Wlth opservatlon for color of the indicator dye

on the plates at the end of the 5 and TO‘day incubation periods. According to

| o™

Somasegaran and Hoben (1994) fast growmg rhizobia changed color of the indicator

dye to yellow whlle slow -growing soybean rhizobia turned the indicator dye to blue.
Additional experimenti_ for the determinationof responses to changes in pHs of the
medium were performed' with each of the following strains :  Bradyrhizobium elkanii
strain NA7 (Chanthapetch, 2009), Bradyrhizobium'japonictm strain S76 (Chansa-ngavej
et al., 2008), Bradyrhizobium liaoningense (Suptaweewut and Chansa-ngavej, 2010),
and Bredyrhizobitin yuahmingense strain §YB264/(this! study).” Each strain was grown
in YMBzmedium with or without 30mM buffer. The type of buffers used depended on the
buffering capacity as shown in Table 3.1. For example, the buffer used to maintain pH
of the medium at pH 4.0 or 5.0 was NEDA. Cells grown for 5 days in an incubator
shaker at 200 rpm, 30°C, for 5 days were harvested and pH of the supernatant
measured with a pH meter (Beckman). Duncan’s multiple range test was carried out

with SPSS program version 15.0 for Windows.
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Table 3.1 Buffering capacity of buffers (Sigma)

pH Buffers Useful pH Range
4.0 NEDA (cis-5-Norbornene-endo-2,3- 40-54

5.0 dicarboxylic anhydride)

6.0 MES (2-(N- Morpholino)ethanesulfonic 55-6.7

acid hydrate)

7.0 HEPES (4-(2-Hydroxyethyl)piperazine-1- 6.8-8.2

8.0 ethanesulfonic acid)

3.6.3 Negative staining of fIageIIaJ

Cells kept in YMA agar slants we}e activated-by streaking onto YMA with Congo
red plates, incubated ai 80°Cafor daysll before restreaking on fresh YMA with Congo
red plates and incubated for two more]:'days. It was found that cells needed to be

]

reactivated twice as degscriped abi;ve iribrder to get healthy—looking cells for the
negative staining of flagella. One IOOprof hi'ggh quality distilled water was added onto one
colony on the plate. A" copper ,gridwas i_(j)y_!cped on the cell suspension and left to
partially air-dry for 3 minutes beforg_gdding"fi;ﬂl of 1% phosphotungstic acid to the grid,
left for 1 min then dried the grid-bompletely Wi'ik:;ffhe rugged edge of a torn filter paper.

The grid was stored overnight.in.a clean pe"grij-di;sfl before observing for flagella with a

Transmission Eleo,tréh Microscope (JOEL model JEM-2j'iO_O) at the Scientific and
Technological Equibr;{e_nt Center, Chulalongkorn University.;"'

3.6.4 Growth rates at different temperatures -

One loop of activated cells of edeh of 5 randomly selected strains was
inoculated into 50/ml YMB in a 250-ml Erhenmeyer flask. Cells were incubated at 25°C,
3OOC, 37OC, and 40°C for 5 days. Samples were_taken daily for serial dilutions and
plating’on YMA with €ongo|red at the final concentration of 25 Mg.ml‘1 . Specific growth
= N,e H

rates were determined from growth curves and the standard formula: N,

when N, = colony forming unit (CFU.mI") at time t
N, = initial CFU.ml"
W = specific growth rate (day'1)
T = incubation time (days)
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3.6.5 Ability / inability to utilize carbon and nitrogen sources
Ability / inability of each of the 20 randomly-selected soybean rhizobium strains
to utilize carbon and nitrogen sources was determined using the BiologTM test kit. The
Biolog processing machine at The Center for Agricultural Biotechnology, Kasetsart
University, Kamphangsaen Campus, Nakorn Pathom Province was used for data

processing. Cells were streaked on either YMA  with 25 j,tg.ml’1 Congo red or, in the

case of incubated at 30° C for 5 days before
suspending in an inoculation plied by the manufacturer (Biolog,
USA) until the transmissio the spectrophotometer supplied

by the manufacturer of he Bi 7 e cell suspension were filled
into each of the 96-.we g 2'M or Gram negative bacteria,

incubated at 30° C for avelength optical density at

dual v
590 nm and 750 nm. \\\ 96 wells on the BiologTM
MicroPlate for determinati i \ carbon / nitrogen sources by

Gram negative bacteria (GINZ

Figure 3.3 Layout of carbon and nitrogen sources in the 96 wells of a 96-well BiologTM

GN2 MicroPlate for the determination of ability / inability to utilize 95 carbon and nitrogen

sources by Gram negative bacteria (BiologTM manual, 2001).
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According to the BiologTM manual (2001), each dual wavelength optical density
reading is determined by the processing unit of the BiologTM instrument according to
the following equation :
Optical density at dual wavelength = (OD,,, — OD,, ) x — (OD,4,- OD,,, ) A, x1000
Where x = any well
A, = control well with no carbon/nitrogen sources
Since database in the BiologTM instrument at the Center for Agricultural
Biotechnology, Kasetsart University, Nakorn Pathom Province , Kamphangsaen Campus
does not contain data of ability./ inabili%to utilizesthe 95 carbon / nitrogen sources by
soybean rhizobia, it wassnet possible to identify soybean rhizobia using the BiologTM
database. Therefore, results were recorded as the ability/inability to use the 95 carbon /
nitrogen compounds. he following type 1§trains . B. elkanii NBRC 14791, B. japonicum
14783, and B. liaoningense NBRC 169396:y:/;hioh were purchased from NITE Biological
Resource Center (NBRC) (NITE =" Nationlél Institute of Technology and Evaluation ),

ol

Japan, were also used in the Bio}pg_fests. 4

Y oy
iy TR

Interpretation of the Biol"c;g 'df@ta was a'—-f-tisiir‘:érily set as follows:

+ = Dual wavelength (DWL)Gf test wells = DWLof control well (A,) plus 25% < 0.25

++ = DWL of testaells >0.25 < 0.50 5
+4++= DWL of test Wells = 0.50 -

3.6.6 Sequencing of 16S rDNA e

16S rDNA of each~of the randomly=selected 20 strains was isolated by PCR
using primers 27f.and_1492r. Composition of PCR [mixture, wasgas follows : 10x PCR
buffer 2 pl, 10mM dNTPs 2 ul, primer27f (10 pmol sl "y and primer 4492r (10 pmoleul
" 0.25 ulleach for'a total of 015 ul,.DNA 200 ng, Taq polymerase(5 unitsepl 0.2 ul,
distilled water to 20 ul. PCR program was as follows: 95°C 30 minutes, 48°C 1 minute,
72°C 2 minutes (30 cycles) followed by 48°C 1 minute, 72°C 5 minutes (1 cycle).
Sequences of the primers 27f and 1492r were as described by Dorsch and
Stackebrandt (1992) : 27f (9-27)* : 5’GAGTTTGATCCTGGCTCAGS', 1492r (1492-1512)
: 5ACGGCTACCTTG TTACGACCT3

* = Positions of nucleotides on consensus sequence of 16S rDNA of E. coli
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Each PCR mixture containing a product of approximately 1,500 bp was sent to

the Genome Institute, Thailand Science Park (until January 2009), and to the BioDesign
Company, Thailand Science Park (from February 2009 because the Genome Institute
discontinued the sequencing service). The following 9 primers were used in the

sequencing :

*

27 £(9-27) (5’ GAGTTTGATCCTGGCTCAGT

1492r (1492-1512) : 5 ACGGCTAGCTTGTTACGACCT3'

*

343r (343-357) : 5'CTGCTGCCTCCEGTAZ

*

519r (519-536) : 5’GTATTAC9GCGGCTGCTC3’

*

787r (787-803) w8'CTACCAGGGTATCTAATS:

*

907r (907-926) - SCCETCAATTCATTIGAGTTS
1100r (1100-11 1,5)"*'1 -: 5’AGGGTTG%GCTCGTTG3’
1385r (1385-1 49})'- | : 5’CGGTE3_TG'@?@AAGGCCC3’
1241f (12241 2;11 " £ 5’TACAC_ACG}G€TACAATGS’
* Positions of nucleotides on cons__enl_sijs seéi_f]gng:‘e of 16S rDNA of E. coli
The BioEdit program which s Jja, free. software on the Internet at

http://www.mbio.ncsu.edu/B!i-oEdii/l:;l)edit.htrﬁi’i'/\iété used to obtain sequences of sense

strands of 16S rDNAs. oLl

o = R

3.6.7 Sequencing of nodY

-

nodY of eaéh’fof the randomly-selected 20 strains was isolated by PCR using

primers nodYf and nod¥r. Composition of PCR mixture was.as follows : 10x PCR buffer 2
ul, 10mM dNTPs 2 pl, primér nodYf (10 pmolsyl '1) and primer nodYr (10 pmolepl '1) 2.5
ul each, DNA 200ing, [Tag polymerase (5 unitseul Hio.2 uly distilled water to 20 yl. PCR
program was as follows: 95°C 15 setonds, 50°C 3Q seconds and 72C 90 seconds(5
cycles), 95°C 15 séconds, 60" € 80 seconds, 72°.C 90 seconds (25 ¢ycles) followed by
72°C 10 minutes. Each PCR mixture containing a PCR product of approximately 340 bp
was sent to the Genome Institute, Thailand Science Park (until January 2009) and to the
BioDesign Company, Thailand Science Park, from February 2009 due to the
discontinuation of sequencing service by the Genome Institute. The following 2 primers
which were designed by Emampaiwong (2006) were sent for use in the sequencing :

nodYf: 5TGTACGCGGGTAAACCT
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nodYr : 5AGCGCAACGAGAAGAT3’
3.6.8 Identification of slow-growing soybean rhizobia using sequences of 16S
rDNA and nodY
Identities of the 20 randomly-selected slow-growing soybean rhizobia were
obtained by comparing sequences of either 16S rDNA or nodY obtained in sections
3.6.6 and 3.6.7 with available sequences deposited at GenBank database at the Internet

website http://www.ncbi.nim.nih.gov/ using the Blast program.

3.6.9 Construction of dendrograms from 46S rDNA and nodY sequences

Dendrograms were constructed witn”_either 16S rDNA or nodY sequences
obtained in sections 3.6.6 and . 3.6:7 as vT/JeII as sequences of the following slow-growing
soybean rhizobium straigssobtained from GenBank database of the National Center for

Biotechnology Information”(USA )&t the fol_llowing website: http://www.ncbi.org. Brackets

contain the accession ndmbers of ‘the éeauences, superscript T indicates the type

strains: 16S rDNA : Bradyrhizobium—e/kapi/,_strain USDAT6' (U35000), SEMIA 5002;
o b )

Bradyrhizobium japonieum /strains USDAGT{(U69638), SEMIA 566 (AF236086), SEMIA

JRdd
* .

586 (AF236087),5127 (D@485704), SEMIA 5064 (FJ390925). SEMIA 5079 (FJ390956),
Y ¥ ol

SEMIA 5080 (AF234889) ; B. /ia_gningense SENHA 5003 (FJ390906) ; B. yuanmingense

TTC4 (FJ540937). 7 o

et ; i

nodY sequénces were obtained from the foIIowiﬁg__ nodY-nodA sequences:

Bradyrhizobium e/ka;):/i strain USDA94 (U04609), Bradyrh_f_'éob/um japonicum  strains
USDA110 (AF322013)“,:_ SEMIA 586 (DQ485698), SEMIA ,556 (DQ485700), CPAC 15
(DQ485694), CPAC 7 (DQ485696), S127 «(DQ485703), S340 (DQ485705), S370
(DQ485706), 78372 (DQ485707),~ S4r8 [(DQ485708),| S490, (DQ485709), S516
(DQ485710), CPAC 390 (DQ485711), CPAC 392 (DQ485716), CPAC 394 (DQ485713),
CPAG, 402 (DQ485/17), CPACY03 (DQ4857 19), CPAC 404 (DQ485720).

PHYLIP which is a free software in the Internet  at

http://evolution.gs.washington.edu.phylip.html/. was used in the construction of the

dendrograms. The software contains three methods for dendrogram construction,
namely, the Maximum Likelihood method, the Maximum Parsimony method and the

Neighbor- Joining method. All the three available methods were used in the
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construction of dendrograms. Bootstrap numbers were obtained with the BOOTSEQ
program in the PHYLIP software using 100 replications.

3.6.10 Construction of dendrograms from DNA fingerprints of 121 slow-growing
soybean rhizobia

Dendrograms of DNA fingerprints of 121 slow-growing strains of soybean
rhizobia when either RPO1 or CRL-7 was used as the primer were constructed with DNA

Fingerprinting Il Informatix software versi .0 provided by the Bio-Rad Laboratories

AULINENINYINS
RN TAUNIINGIAE



CHAPTER IV

RESULTS

4.1 Chemical and physical properties of soils from collection sites
Table 4.1 showed chemical and physical properties of soil samples from 16

subdistricts in Phitsanulok province w soil samples were kindly collected in 2006

A.D. by Assistant Professor Dr Ity of Agriculture, Natural Resources

and Environment, Nares

) —
average pHs ranging fro :
ranging from 0.91% in

contents and water ho

soil samples were acidic with
tter contents were relatively low,
thong subdistrict. Moisture
the range of 0.50% in Ban
Dong subdistrict to 1 and 27.29% in Nong Pra
subdistrict to 53.44 9 e concentrations of metals
were as shown in Table 4. nt ; e from 70 ppm in Ban Dong
ults indicated a wide range of

Ca contents from 124 ppm ﬁ: ubdistr 8 ppm in Sri Phirom subdistrict.

Ban Dong subdis was found in Mathong

subdistrict. Zn, Cuand S contets were low in all soil samples. The results showed soil
sample from Ban Dong'lél:mstrlct was lowfin'moisture, Na, Fe, and S contents while

vatnong soifEumpl feb bl b il iod b &Iﬂgﬂi.ty and high Mg, Fe,

and Zn contenﬂ Sri Phirom soil sagiple was foun&o have high m re, Ca, and Cu

-QRIANNITU NN IN 48
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Table 4.1 Chemical and physical properties of soils collected in 2006 A.D. from the

collection sites in 16 subdistricts in Phitsanulok province.

Subdistricts Average | Organic | Available | Available Water Moisture
Soil properties soil pH matter P K holding content
(%) (ppm) (ppm) | capacity (%)
(%)
Ban Pa 4.51 I 8 90 34.41 1.11
Hua Ro 5.04 1.61 23 62 30.32 0.81
Wat Phrik 6.12 0:94 19 85 33.83 1.42
Wang Ithok 6-30 164 27 93 40.11 1.83
Mathong 498 2185 .38 115 53.44 2.56
Sri Phirom o7 1.98 28 62 41.10 12.74
Tha Chang 6467 2.38 Y 69 42.88 2.15
Ban Dong 518 (4% -4 49 27.91 0.50
Ban Phrao 4.68 p64 - |Sdig) 83 43.56 2.99
Nakhon Chum 4.30 2.38 : 2‘0'7’" 48 32.14 1.21
Nong Kathao 552 180 ¢| 46" 75 35.77 2.04
Chaiyanam e 248 — 185 40.99 2.35
Kaeng Sopha 5.50 1.88 88 75 34.35 1.73
Mae Raka 4.60 2.18 7 105 40.56 1.73
Nong Phra 4.92 091 9 20 27.29 0.60
Tha Muen Ram 4.70 1.98 30 144 35.31 1.562
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Table 4.2 Concentrations of metals in soil samples collected in 2006 A.D. from the

collection sites in 16 subdistricts in Phitsanulok province (units in ppm).

Subdistricts Na Ca Mg Fe Mn Zn Cu cr S
Concentrations

of metals

Ban Pa 106 | 315 810 11270 | 353 | 135 | 1.04 | 266 | 13
Hua Ro 82 | 124 48 | /WA@T 4 461 | 073 | 035 | 533 | 2
Wat Phrik 96 | 1072 278 4 22"444 | 075 | 118 | 533 | 36
Wang Ithok 94 w64 255 || 855 |"BN8n| 123 | 204 | 266 | 16
Mathong 168a7 1490 /361 || 38192 | 118104 283 | 416 | 533 | 44
Sri Phirom 15440 194841 £ 306 | 287.0 | 851 217 | 298 | 533 | 24
Tha Chang 104 4 131 122 1778 | 7454 180 | 275 | 533 | 11
Ban Dong 70 #0156 4 “32. (257 809, | 039 | 038 | 266 1
Ban Phrao 186 | 224 43 | p876 | 1418 | 239 | 165 | 800 | 20
Nakhon Chum | 81 | 1240 |+156 '1{3"9.37 366 | 275 | 065 | 533 | 3
Nong Ka Thao | 157 | 1821 [ o4 | 1¢4d" | 1220 | 168 | 157 | 798 | 70
Chaiyanam 145 | 831 127 /| 800" 1216 | 205 | 161 | 533 | 18
Kang Sopha 85 1130 131 83.8 280 D .20 1.39 | 79.9 2
Mae Raka 1837| 406 | 150 | 1918 | 170.17] 194 | 134 | 266 | 10
Nong Phra 82 |, 342 11 571 | 267 | 052 | 039 | 266 1
Tha Muen Raf || 1320 || 404 880/ ©278\| (150 Fy78 | 123 | 533 | 21

4.2 |Isolation,and characterization of bacteria from root nodules of soybeans

Table 4.3"showed 340Cbacterial isolates obtained by.the host trapping method
using 5 soybean cultivars. The isolates were categorized into fast- growers based on
the visibility of colonies within 24 h growth on yeast extract mannitol agar (YMA)
containing 25 ug.ml'1 congo red. Those isolates with colonies visible on YMA with congo
red plates after at least 5-day incubation were recoded as slow-growers. Appendix C
showed colony morphology of all 340 isolates. Figure 4.1 showed colony morphology of

representative isolates.




growing bacteria isolated from ro'ﬁqdul}
f ,z.,,-* b3
‘,-’ »

STB 264). O\

The results

colonies for fast- anc&loﬁ'g ed frﬂ root nodules of soybeans

respectively. After 24 h @r&th on YMA plat%the first type of colonies of fast-growers

as represenﬁ WM Erjaq % Eda%qeﬁ Ew g ’]ﬂ jhe second type as

represented bﬂ..lSTB?Z was relatlvely large, round dlameter up to O 5 mm), and slimy.

XA Wﬂ’??ﬂ y Qi '] ‘tf’fﬁ?fy
were sq1a| ith up to 0.1 mm in diameter e first type of colonies as represented by

STB8 was irregular and slimy . The second type (STB96) was small, round and pearly
while the third type was very small with diameter less than 0.1 mm (STB336) and the
fourth type was round and shiny as represented by STB264 in Figure 4.1. Table 4.3
showed codes of bacteria isolated by the host trapping method from root nodules of 5

soybean cultivars. The Table indicated the nature of fast- and slow-growing.
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Table 4.3 Bacteria isolated from root nodules of 5 soybean cultivars grown in soils

from 16 subdistricts in Phitsanulok province.

Subdistricts Cultivars of Code of bacterial Fast (F) or Slow (S)
soybean host isolates growers
Ban Pa ST1 STB 1 S

m M M| »mw O »w »w M »w »mW|»m »mw ™M

ARIANITU U3 hena

m W »w|l»mv m M M »w »nw wm

Hua Ro ST 1 STB 21
STB 22
STB 23
ST2 STB 24 F
STB 25

STB 26 F
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Subdistricts

Cultivars of

soybean host

Code of bacterial

isolates

Fast (F) or Slow (S)

growers

STB 27
STB 28
STB 29

SJ5

Wat Phrik

A&

STB 30

m m »w m M M| m ™M m m w| »mw wWw m

m m M W\

NN Y

m m m »m M

STB 50
STB 51

ST2

STB 562
STB 563
STB 54

STB 55

m N O »O|n w
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Subdistricts

Cultivars of

soybean host

Code of bacterial

isolates

Fast (F) or Slow (S)

growers

SJ5

STB 56
STB 57
STB 58
STB 59

CM:

Wang Ithok

m m »n | n 0 »vwin nu »wu m

m M M|l »w e »mw »nw w»w

_STB 77,

ka4 2]

STB 79

188

m M M  m T

CM2

STB 80
STB 81
STB 82
STB 83
STB 84

m M M m M




33

Subdistricts

Cultivars of

soybean host

isolates

Code of bacterial

Fast (F) or Slow (S)

growers

CM2

STB 85
STB 86

F
F

Mathong

CM 60

STB 87
STB 88
STB 89

—

m »w M m

‘

.|

STBV05
B 1
STB 107
STB 108
STB 109

m M M m

';i
STB 102"

JAN

14

De

CM 60

STB 110
STB 111
STB 112

m m M »nw »w »nu »w|lmw »nu m M M »wW|w O T 0 WwW
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Subdistricts Cultivars of Code of bacterial Fast (F) or Slow (S)
soybean host isolates growers
STA1 STB 113 S
STB 114 S
STB 115 S
ST2 STB 116 S
S
S
S
Sri Phirom S
F
F
F
S
F
S
S
F
F
F
CM 60 STB 131 S
. s L4 1B, 1 | S
AUPINYNIMING
- ¢ STB34 | W s
1/ /~ D1
\ STB 136 S
STB 137 S
STB 138 S
ST2 STB 139 S
STB 140 S
STB 141 S
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Subdistricts Cultivars of Code of bacterial Fast (F) or Slow (S)
soybean host isolates growers
ST2 STB 142 S
STB 143 F
SJ5 STB 144 F
STB 145 F
. STB 146
S
F
F
S
S
F
F
Ban Dong S
F
S
S
STB S
F
- STB 160" F
ﬂ A ‘ & = i F
jupanenamnng
o , S™183 | & s
RN IR NN Y
q
SJ5 STB 165 F
STB 166 F
STB 167 F
CM2 STB 168 S
STB 169 S
STB 170 F




36

Subdistricts

Cultivars of

soybean host

Code of bacterial

isolates

Fast (F) or Slow (S)

growers

CM2

i

- ﬁ 7

STB 171
STB 172
STB 173
STB 174
. STB 175

S

Ban Phrao

AU
A

1 bl 2

STB 189
g TB:1 |
SN
- STB«192

STB 196

188

m M m m »n »nw »wn nw|lumw nu »nu »nu »nu nu nu »muw|mw »nu m m w

CM2

STB 197
STB 198
STB 199
STB 200

CM 60

STB 201

mw|»w M »mw m
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Subdistricts Cultivars of Code of bacterial Fast (F) or Slow (S)
soybean host isolates growers
CM 60 STB 202 S
STB203
Nakhon Chum STA1 STB 204 S
STB 205 F
. STB 206 S
F
F
S
F
F
F
S
S
F
S
S
S
S
STB 224 - S
@ﬂ ik e Pt
Nong Ka HZGI LBC, S
o ¢ s27 | WS
AWIANNIUN N LK BN A E s
q
STB 229 F
STB 230 F
ST2 STB 231 S
STB 232 S
STB 233 S
S

STB 234
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Subdistricts Cultivars of Code of bacterial Fast (F) or Slow (S)
soybean host isolates growers
CM2 STB 241 S
STB 242
STB 243

STB 244

STB 245

Chaiyanam

STB 256

AU ANYNT NG

asnitiamidienay

STB 261

Kang Sopha STA1 STB 262
STB 263
STB 264
STB 265

mw »n »u m M| o M T nw »LW|imnmu unu »nulumu u|l;m nu|umuvu m O M OO M W

ST2 STB 266




39

Subdistricts Cultivars of Code of bacterial Fast (F) or Slow (S)
soybean host isolates growers
ST2 STB 267 F
STB 268 S
STB 269 S
SJ5 STB 270 S
STB 271 S
S
S
S
S
S
F
F
F
S
Mae Raka S
S
F
S
_ STB 285 S
: ¢ o o T A S
AURAINYYIMNG
¢ STB288 v s
| 14 &~ D1
& W O NTTIEH S bl 1 TV EF e
\ STB 290 F
STB 291 F
CM2 STB 327 S
STB 328 S
STB 329 S
CM 60 STB 292 S
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Subdistricts Cultivars of Code of bacterial Fast (F) or Slow (S)
soybean host isolates growers
CM 60 STB 293 F
STB 294 S
Nong Phra ST STB 295 S
STB 296 S
| STB 297 F
”%298 S
' = °
0 S
_ S
f A s
o S
F
S
S F
B 304 F
3 S
S
E S
-~ CM®60 STB 305 F
- ST . S
AURINENIREING .
¢ STB308 o s
AWIANNIU NN A BN E
B 3 F
Thaunen Ram ST STB 310 S
STB 311 F
STB 312 F
STB 313 F
STB 314 F
ST2 STB 315 S
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Subdistricts Cultivars of Code of bacterial Fast (F) or Slow (S)
soybean host isolates growers
SJ5 STB 336 S

STB 337 S

STB 338 S

CM2 STB 339 S
STB 340 S

CM 60 STB 320 S
» STB'321 S

STE"8aR F

STB 323 S

i

The results a8’ shoWn in Table 4.3lindicated 138 and 202 isolates of fast- and
)
slow-growing bacteriaswere obtalned respectwely It was noted that in Wang Ithok

subdistrict all bacteria isolated from root nogjules of soybean cultivars ST2, SJ5, and

-

CM2 were fast-growers. Only fast-gfowmg bacteﬂa were also isolated from root nodules

of soybean cultivar SJ5 when soybeans were grown in soils from Tha Chang, Ban Dong,

Ban Phrao, and Mae Raka subdlstrlcts Isolatlon of bacteria from root nodules of

soybean cultivar CM2 grown in soil from Ban Pa also showadzonly fast-growing bacteria
were obtained. Other soil-soybean cultivar combinations where only fast-growing
bacteria were isolated weresMathong-ST1 andsMathong-CM60. Physical characteristics
of soil samples from Wang_lthokiand Tha Changi subdistricts, as shown in Tables 4.1
and 4.2, showeéd there were no distinct soil properties in these two_subdistricts when
compared  with| physical ;properties of soil' samples, collected frotm,lother subdistricts
exceptithat the two soil samples from Wang Ithok and Tha Chang were least acidic with
pHs 6.30 and 6.67. It is not known if the relativey high soil pHs were conducive to more
fast-growing bacteria. In terms of the soybean cultivars used as the host traps, in order
to attract more fast-growing bacteria to the root nodules, the attractant flavonoid signal
molecules secreted by roots of soybean cultivar SJ5 might be qualitatively and/or

quantitatively different from those secreted by roots of other soybean cultivars. There
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have been reports that different soybean cultivars secrete different kinds and different
quantities of the attractant flavonoid molecules. Since RAPD-PCR fingerprinting of all
the 340 isolates to determine which isolates were the same strains was time-consuming,
it was decided that, instead of waiting for the results of the determination of which
isolates belonged to the same strains, determination of bromthymol blue reactions and
authentication of all the fast- and slow-growing isolates would be carried out for all

isolates.

bromthymol blue into il : i yybean rhizobia secreted alkali

product(s) which rendere ' “Brom ymol bj dicator blue color. The results

obtained from this experimeanE@q_f}h ‘based on the bromthymol blue reactions,
the slow-growing iselz i
isolates which secr alkali prod 7 -day incubation period while
group 2 consisted ofme slow-growing isolates which seﬂted alkali products after 5-

day incubation and acicfc duct(s) was séefeted after 10-day incubation. Figure 4.2
showed broﬁ

Al e deddil foheebtsiantelo g and sow-ronin

isolates. ¢

ARIAINTUNNIINYIAL
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STB 8

Figure 4.2 Bromthymol blue reactions of some_;ejpresentative of fast- (STB 97) and slow-
growing isolates which secreted alkaline produ'ét(s‘) throughout the 10-day incubation
period (STB8) and secreted alkali p‘F‘deuct(s) after 5-day incubation and acidic

product(s) was seoreteci;a._ﬁer 10-day incgbation (STB.30).

\

4.4 Authentication test yfcterlal |solates from root nodules of soybeans
4.4

Figures 4.3 an howed represéntatwe results of authentication test of fast-

growing (STB 23, STB B 87 STB 1 O 'STB 191, STB 192, STB240 ) and slow-
growing (STB 1, STB 5 STB 8, STB 272 STB’3‘10) bacterial isolates from root nodules of
5 soybean cultivars grown |n soHs f'r’dm 16 suécﬁstrlcts of Phitsanulok province.

-,—a...,

ST1 ST2 .SJ5 CM2 CM60




1 g ) f

ST1 ST2 SJ5 CM2 CM60




45

ST1 ST2 SJ5 CM2  CMG60

Negative Control:

ST _snd sJ5 cM2 CM60

Positive Control:
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Figures 4.3 Representative authentication test results of fast-growing bacterial isolates
(STB 23, STB 83, STB 87, STB 170, STB 191, STB 192, and STB240 ) grown in Leonard
jars with two germinating seeds per jar. Five ml of each bacterial suspension in yeast
extract mannnitol broth were added to each germinating seed of soybean cultivars ST1,
ST2, SJ5, CM2, and CM60 in Leonard jars which were placed in a 28°Cc- 32°C

temperature-controlled greenhouse for 28 days before the observation of roots.

Negative and positive control soybean plantswere found to contain no root nodules.
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ST1 ST2 SJ5 CM2 CM60

Negative Control: i —

ST1 ST2 $J5 CM2 CM60

Positive Control:

ST1 ST2 SJ5 CM2 CM60
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Figure 4.4 Representative authentication test results of slow-growing bacterial isolates
(STB1, STB5, STB 8, STB 272, and STB 310) grown in Leonard jars with two germinating
seeds per jar. Five ml of each bacterial suspension in yeast extract mannnitol broth
were added to each germinating seed of soybean cultivars ST1, ST2, SJ5, CM2, and
CM60 in Leonard jars which were placed in a 28°c- 32°C temperature-controlled
greenhouse for 28 days before the observation of root nodules. Negative and positive

control soybean plants were found to.containno root nodules.

Figures 4.3 and 4.4 showed theJrepresentative fast-growing bacterial isolates
did not cause root nodulesformation while the representative slow-growing isolates
formed root nodules in alifthe S5'soybean qultivars used inthe experiments. The rationale
behind the use of 5 soybean cultivarsiin the authentication test, especially in the
authentication test of fast=growing isb.-lates’:\;{./as because fast-growing soybean rhizobia
had been shown to be relatively more soyb‘?an‘ host-specific than slow-growing soybean
rhizobia. For examplé, in=1998 Py@appké:@lt al. reported that fast-growing soybean
rhizobium, Sinorhizobium' fredii étéi_ri USDA?5!7 could nodulate soybean Glycine max
cv. Peking but not cv. McCall vv_’hilé-S/norhizo"'iiJL;’@fr fredli strain USDA191 could nodulate

both soybean cultivars. Thg.r_r(_esearch(—_:}rléz-‘.’gmployed reverse-phase HPLC and

electrospray mass__éQgctrophotometry to determine types and quantities of flavonoids
secreted by roots of’—g""e_rminating seeds of each soybean cu;tt“\"/ar. The results indicated
root exudates of boih' soybean cultivars contained thewsame flavonoids genistein,
daidzein, and , coumestrol-swith soybean "edltivar Peking secreted relatively high
concentration of daidzein (average[1371 pmal. seedling'1). The authors suggested that
different environments regarding different flavonoid.evels in the rhizasphere of soybean
cultivars McCall and Reking, and possibly the differential ‘ability to uptake|the flavonoid
signal ‘molecules could explain different host-specificity in soybean and S. fredii
system. Therefore, in the authentication experiments, 5 soybean cultivars which had
been recommended to soybean growers by the Department of Agricultural Extension,
Ministry of Agriculture and Cooperatives, were used to take into account possible

specific host requirements of fast-growing soybean rhizobia.
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Authentication test results indicated the 138 fast-growing root nodule bacteria

did not cause nodule formation in roots of the 5 soybean cultivars. They were found not
to be fast-growing soybean rhizobia. On the other hand, all the 202 slow-growing
isolates were found to cause nodule formation on roots of all the 5 soybean cultivars
grown in Leonard jars in a 28°c-32°¢C temperature-controlled greenhouse. The 202

bacterial root nodule isolates were authenticated to be slow-growing soybean rhizobia.

4.5 PCR-DNA fingerprints of 7 ean rhizobia
Figures 4.5-4.16 DNA ints of 202 slow-growing soybean

anulok province. The results

rhizobium isolates obtai

strain’s code number. STB30 had identical DNA

fingerprints when eith primer. Therefore the two
isolates were regarded ble 4.4 showed isolates with

identical DNA fingerprints strains with a total of 43 strains.

Figure 4.17 showed 33 strains@?

isolates. Therefore -.=_._.. ..... ins constitute distinctive str. aiins

S o ot of 121 .y
fingerprints revealed & o 0 /bea

erprints from each other and from other

All together, PCR-DNA

rhizobium strains were

obtained in this resea |' .

AUEINENINYINT
RINNINANINYAY
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RPO1 CRL-7

Figure 4.5 PCR-DNA f S of slo -growing soybean rhizobium isolates obtained
from Ban Pa and Hua.Ro 'dlstncts h|tsanulok province. The results showed the

e;-stralns §TB1 = ST1B5 = STB9, STB3 = STB21, STB4 =

following isolates were t

STB30, STB8 = STB10 = STBZ9 %TBEO STB22, STB14 = STB15.

Figure 4.6 PCR-DNA fingerprints of slow-growing soybean rhizobium isolates obtained
from Wat Phrik and Wang Ithok subdistricts, Phitsanulok province. The results showed
the following isolates were the same strains: STB46 = STB50 = STB51 = STB52 = STB53
= STB57 = STB58 = STB59 = STB60 = STB61 = STB62, STB63 = STB64, STB67 =
STB68 = STB69 = STB70.
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RPO1 CRL-7

g—

Figure 4.7 PCR-DNA i ger ts of slow=growing saybean rhizobium isolates obtained

from Wang Ithok, Matheng d S Phlrom subd|str|cts Phitsanulok province. The results

showed the following i W re thg sam.e strains: STB71= STB95 = STB96 = STB98
= STB99 = STB104 = SIB105 S"TBHGB,ST'BWO = ST1B106 = STB107 = STB108 =

STB109.
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Figure 4.8 PCR-DNA fingerprints of slow-growing soybean rhizobium isolates obtained
from Sri Phirom and Tha Chang subdistricts, Phitsanulok province. The results showed
the following isolates were the same strains: STB118 = STB135 = STB136 = STB137,
STB131 = STB133, STB132 = STB134, STB138 = STB141.
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RPO1 CRL-7

_fc‘iistri'ctgj Phitsanulok province. The results showed
¥ -

e.s_trai_us: STB150 = §TB151 = STB156, STB154 =

Figure 4.10 PCR-DNA fingerprints of slow-growing soybean rhizobium isolates obtained

from Ban Dong, Ban Phrao and Nakhon Chum subdistricts, Phitsanulok province. The
results showed the following isolates were the same strains: STB180 = STB182, STB189
= STB190 = STB198 = STB200, STB183 = STB184, STB186 = STB187 = STB204.
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RPO1 CRL-7

e the same strains: STB214 = STB218 , STB220 =

o 4
STB221, STB222 = STB223, 26 iﬂ"ST _ ,.27 = STB228, STB231 = STB232, STB233 =

¥y

b ol ok -'}-”“_*

&

STB235.

Figure 4.12 PCR-DNA fingerprints of slow-growing soybean rhizobium isolates
obtained from Nong Kathao and Chaiyanam subdistricts, Phitsanulok province. The
results showed the following isolates were the same strains: STB248 = STB251, STB252
= STB253, STB242 = STB245 = STB246, STB252 = STB253 = STB 324.
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RPO1 CRL-7

Figure 4.13 PCR-DNA fiagerprinis of slom;_Lgrowing soybean rhizobium isolates obtained

from Chaiyanam and Kang Sopha’r subdfétricts, Phitsanulok province. The results

showed the following isolates were the sé}me: strains: STB259 = STB260, STB264 =
STB265 = STB280, STB266,& STB269, STB271 = STB272.
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Figure 4.14 PCR-DNA fingerprints of slow-growing soybean rhizobium isolates obtained
from Kang Sopha and Nong Phra subdistricts, Phitsanulok province. The results showed

the following isolates were the same strains: STB299 = STB331, STB286 = STB287.
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RPO1 CRL-7

Figure 4.15 PCR-DNAsfingegprinis of slo r—growing soybean rhizobium isolates obtained

from Nong Phra andgTha Mugh /Ram subdistricts, Phitsanulok province. The results

showed the following isolates Ie Lﬁe game strains: STB300 = STB308, STB302 =

STB306, STB310 = STB345 # STB316.~ 8&553*‘17 = S1B388, STB333 = STB334, STB336
ad -1"'1

= STB337 = STB339. sy ¥

‘. -

STB323
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Figure 4.16 PCR-DNA fingerprints of slow-growing soybean rhizobium isolates obtained

from Tha Muen Ram subdistrict, Phitsanulok province.

RPO1



56

BEEELS
Teedls
IEEHLS
STedls
PTEELS
0TEdlS
66THLS
P6THLS
88THILS
18741S
897HILS
SSTHLS
1¥Tdls
6ETHLS
8ETHLS
LETHLS
1zzdals
€17dLs
€0ZHLS
T0TELs
S8IELS
6EIEHLS
6IT€LS
90THLS
881€LS
691€LS
79141S
Trlgls
LTI4lLS
9TIHLS
STIELS
IveLS
8EHLS
=

CRL-7

5

SEEELS
TEEHLS
[EEHLS
STEHLS
vTELLS
0TedLs
66THLS
t6THLS
88ZHLS
18ZHLS
8974I1S
SETHLS
1¥Zd1S
6ETHLS
8€ZHLS
LEZHLS
AzedLs

T i neiaes

£0Z6.LS
Z00ELS
SRILS
6GIgLS

611418,

90zZ9LS
gerELs
6916.LS
T16LS
Tr1gLs
LTIEIS
9T16LS
911€LS
1v41S
8€4LS
=

Figure 4.17 PCR-DNA fingerprints of slow-growing soybean rhizobium isolates obtained

subdistricts of Phitsanulok province which have distinct individual

from several

fingerprints.



Table 4.4 Slow-growing soybean

rhizobium isolates with

fingerprints were grouped into the same strains.

57
identical RAPD-PCR

Strains Isolates Sources
Soil sample subdistricts Root nodules of
soybean cultivars
STB1 STB1 Ban Pa STA1
STB5S Ban Pa ST2
STB9 BapiPa SJ5
STB3 STB3 Ban'Pa ST
S Hua Ro STA1
STB4 STB4 Ban Pa ST
STB30 . Hua Ro SJ5
STB6 STBG Ban Pa ST2
STB8 SIB8 Ban Pa SJ5
STBAO Ban Pa SJ5
STB14 STB14 Ban Pa CM60
STB15 Ban Pa CM60
STB16 STB16 Ban Pa CM60
STB20 STB20 Ban Pa CM60
STB22 Hua Ro ST1
STB28 STB28 Hua Ro ST2
STB29 Hua Ro ST2
STB38 STB38 Hua Ro CM2
ST1B41 STB41 Hua Ro CM2
STB46 STB46 Wat Phrik ST
STB50 Wat Phrik ST2
STB51 Wat Phrik ST2
STB52 Wat Phrik ST2
STB53 Wat Phrik ST2
STB57 Wat Phrik SJ5
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Strains Isolates
Soil sample subdistricts Root nodules of
soybean cultivars
STB58 Wat Phrik SJ5
STB59 Wat Phrik SJ5
STB60 Wat Phrik CM2
STB61 Wat Phrik CM2
STB62 WelPhrik CM2
STB54 STB54 WatPhrik ST2
STB63 SBOS Wat Phrik CM2
STB64 Wat Phrik CM2
STB67 STBGI Wang Ithok ST
sTB68 SWang lthok ST1
SJB69 Wang Ithok ST1
STBIO Wang Ithok ST
STB71 STB71 Waing Ithok ST2
STBY5 Mathong SJ5
STBY96 “Mathong CM2
STB98 Mathong SJ5
STB99 Mathong ST2
STB104 Mathong CM2
STB105 Mathong CM2
STB115 Sri Phirom ST1
ST1B89 STB89 Wang IthioK 372
STB100 STB100 Mathong SJ5
STB106 Mathong CM2
STB107 Mathong CM2
STB108 Mathong CM60
STB109 Mathong SJ5
STB113 STB113 Sri Phirom CM60
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Strains Isolates Sources
Soil sample subdistricts Root nodules of
soybean cultivars
STB114 STB114 Sri Phirom CM2
STB116 STB116 Mathong ST2
STB117 STB117 Sri Phirom ST2
STB118 STB118 Sri Phirom SJ5
STB135 Tha Ghang SJ5
STB136 Tha*Chang CM60
SNBSS Tha €hang CM2
STB119 STB119 Mathong ST2
STB120 STB120 Sri Phirom SJ5
STB121 STB121 : Sri Phirom SJ5
STB124 STB124 Sri Phirom CM2
STB126 STBA26 SriPhirom CM2
STB127 STB127 Sri-Phirom CM2
STB131 STB131 Sri Pﬁirom ST2
STB133 Sri Phirom ST2
STB132 STB132 Sri Phirom CM60
STB134 Sri Phirom CM60
STB138 STB138 Tha Chang SJ5
STB141 Tha Chang CM2
STB139 STB139 Tha Chang ST2
8TB140 STB140 Tha'Chang CM2
STB142 STB142 Tha Chang ST2
STB147 STB147 Tha Chang CM2
STB150 STB150 Tha Chang CM60
STB151 Tha Chang CM60
STB156 Ban Dong ST1
STB154 STB154 Ban Dong CM2
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Strains Isolates Sources
Soil sample subdistricts Root nodules of
soybean cultivars
STB157 Ban Dong CM2
STB158 Ban Dong ST2
STB162 STB162 Ban Dong ST2
STB163 STB163 Ban Dong ST1
STB168 STB168 BanJ/dong CM2
STB169 STB169 Ban'Dong CM2
STB171 STET| Ban-Dong CM2
STB1.46 Ban Dong CM2
STB1#7 Ban Dong CM2
STB173 STB1743 : Ban Dong CM2
STB178 STB178 Ban Dong CM60
STB179 STBA79 Ban Dong CM60
STB180 STB180 Ban Dong CM60
STB182 Ban Dong CM60
STB181 STB181 Ban:Dong CM60
STB183 STB183 Ban Dong CM60
SIB184 Ban Dong CM60
STB185 STB185 Ban Dong CM60
STB186 STB186 Ban Rhrao ST1
STB187 Ban Phrao ST1
STB204 Nakhon Chufh ST1
STB188 STB188 Ban Dong ST2
STB189 STB189 Ban Phrao ST2
STB190 Ban Phrao ST 2
STB198 Ban Phrao CM2
STB200 Ban Phrao CM2
STB201 STB201 Ban Phrao CM60
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Strains Isolates Sources
Soil sample subdistricts Root nodules of
soybean cultivars
STB202 STB202 Ban Dong CM60
STB203 STB203 Ban Dong CM60
STB206 STB206 Nakhon Chum ST2
STB209 STB209 Nakhon Chum ST2
STB213 STB213 Nelkhon*Chum ST2
STB214 STB214 Nakhon Chum ST2
STB218 Nakhon. Chum SJ5
STB220 STB220 Nakhon Chum CM2
STB221 Na Khon . Chum CM2
STB222 STB222 Na Khon Chum ST1
STB228 Na Korn Chum ST2
STB224 STB224 Nakhon Chum CM60
STB226 STB226 Ndng Kathao ST1
STB227 Nong Kathao ST1
STB228 Nong Kathao ST1
STB231 STB231 Nong Kathao ST2
STB232 Nong Kathao ST2
STB233 STB233 Nong Kathao SJ5
STB235 Nang Kathao ST2
STB234 STB234 Nong Kathao SJ5
STB2386 STB236 Nong'Kathao 3J5
STB237 STB237 Nong Kathao SJ5
STB238 STB238 Nong Kathao SJ5
STB241 STB241 Nong Kathao CM2
STB242 STB242 Nong Kathao CM2
STB245 Nong Kathao ST1
STB246 Nong Kathao ST1
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Strains Isolates Sources
Soil sample subdistricts Root nodules of
soybean cultivars
STB243 STB243 Nong Kathao CM2
STB248 STB248 Nong Kathao CM2
STB251 Chaiyanam CM2
STB250 STB250 Ban Dong CM2
STB252 STB252 Chajyanam CM60
STB253 Chaiyanam ST2
STB324 Chaiyanam SJ5
STB254 STB254 Chaiyanam ST2
STB255 STB285 Chaiyanam CM2
STB256 STB256 : Chaiyanam CM2
STB259 STB259 Chalyanam CM60
STB260 Chalyanam CM60
STB264 STB264 Kéﬁg Sopha ST1
STB265 Kang Sopha ST
STB280 Kang Sopha CM60
STB261 STB261 Chaiyanam CM60
STB266 STB266 Kang Sopha ST2
STB269 Kang Sopha ST2
STB268 STB268 Kang/Sopha ST2
STB270 STB270 Kang Sopha SJ5
STB2m STB2y1 KangiSopha 3J5
STB272 Kang Sopha SJ5
STB273 STB273 Kang Sopha CM2
STB274 STB274 Kang Sopha CM2
STB275 STB275 Kang Sopha CM2
STB276 STB276 Kang Sopha CM60
STB281 STB281 Mae Raka ST
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Strains Isolates Sources
Soil sample subdistricts Root nodules of
soybean cultivars
STB282 STB282 Mae Raka ST12
STB284 STB284 Mae Raka CM2
STB285 STB285 Mae Raka ST2
STB286 STB286 Mae Raka ST2
STB287 MaeRaka ST2
STB288 STB288 Mae"Raka ST2
STB292 STB292 Mae Raka CM2
STB294 STB294 Mae Raka CM60
STB295 STB295 Nong Phra SJ5
STB296 STB296 : Nong Phra CM2
STB298 STB298 Nong Phra ST1
STB299 STB299 N‘on’g Phra ST1
STB331 Nong Phra ST2
STB300 STB300 Nrongrj; Phra SJ5
STB308 Nong Phra CM60
STB302 STB302 Nong Phra SJ5
STB306 Nong Phra CM60
STB310 STB310 Ta Muen Ram ST1
STB315 TayMuen Ram ST2
STB316 Ta Muen Ram ST2
STB3y 7 TaMUenRam 372
STB338 Ta Muen Ram SJ5
STB318 STB318 Ta Muen Ram ST2
STB319 STB319 Ta Muen Ram ST2
STB320 STB320 Tha Muen Ram CM60
STB321 STB321 Ban Dong ST1
STB323 STB323 Ta Muen Ram CM60
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Strains Isolates Sources
Soil sample subdistricts Root nodules of
soybean cultivars
STB325 STB325 Chaiyanam SJ5
STB326 STB326 Chaiyanam SJ5
STB327 STB327 Mae Raka CM2
STB328 STB328 ae Raka ST1
STB329 STB320 \\\“//’ Raka ST
STB330 STB m-_i? ,.’ ongPhra ST2
STB332 S ST2
STB333 CM2
CM2
STB336 CM60
SJ5
SJ5
STB335 CM2
STB340 CM2

<
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4.6 Polyphasic characterization of slow-growing soybean rhizobia

4.6.1 Colony morphology

Figure 4.18 showed representative colony morphology of 4 slow-growing

soybean rhizobium strains. The results indicated Type | colonies were irregular and

“ ﬂ red medium. Type Il colonies were

e@ shiny with very small colonies

(diameter less than 0.01 m ( re.round and slimy. All the slow-
growing soybean rhizobj resfo y )3 ed.

slimy after 10- day incubation on

round and pearly. Type

STB336

Type | colo - : " Type lll colony

1UE|
RIANN°

STB264

Type IV colony

Figure 4.18 Colony morphology of representative slow-growing soybean rhizobia

isolated from soils from 16 subdistricts in Phitsanulok province. Type | colonies
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appeared irregular and slimy. Type Il colonies appeared round and pearly. Type Il
colonies were round and shiny with very small colonies (diameter less than 0.01 mm).
Type IV colonies were round and slimy.
4.6.2 Bromthymol blue reactions
Table 4.5 showed colony morphology and Bromthymol blue (BTB) reactions of
the 121 slow-growing soybean rhizobium strains. The results of BTB reactions showed
most of the soybean rhizobia with Type licolonies secreted alkali product(s) throughout
the 10-day incubation period except STB1, STBA17; STB209, STB274, STB319, STB328,
STB330, and STB335. Soybean rhizobiaJwith Type-dlseolonies secreted alkali product(s)
after 5-day incubation and.secreted acidic produet(s) after 10-day incubation except
STB285, STB286, and S#B295¢ All soybean rhizobia of Type Il colony with the smallest
colonies which were less than 0.01 /mm i-ln diameter (STB28, STB41, STB116, STB139,
STB162, STB163, STB186, 8TBB21, STBEZG STB336, and STB340) except STB168
were found to secrete alkali produet(s) thr'gughout the 10-day incubation period. Type
IV colonies (STB264 and $TB302) were fdig_r_].drto secrete alkali product(s) after 5-day
incubation and secrete acidic prodggt(s) aft,éJr-{lO—day incubation.

Table 4.5 Colony morphology and BTB reaotiq;)s'_g)fj% strains of slow-growing soybean

+

rhizobia isolated from-soils from 16 subdistricts“of Phitsanulok province. (+=H

secretion; - = OH sécretion).

Strain no. Code Subdistrict Type of colony Bromthymol blue
reactions after

incubation for

5 days 10 days

1 STB1 Ban Pa I - +

STB3 Ban Pa | - -

STB4 Ban Pa Il - +

STB6 Ban Pa [l - +

STB8 Ban Pa | - -

(o) @2 I I SN B GO R BN\

STB14 Ban Pa Il - +
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7 STB16 Ban Pa Il
8 STB20 Ban Pa Il
9 STB28 Hua Ro [
10 STB38 Hua Ro Il
11 STB41 Hua Ro [
12 STB46 | Wat Phrik Il
13 STB54 | Wat Phrik Il
14 STB63 | Wat Phrik I
15 STB67 Wang Ithok i
16 STB71 Wangrlthok [l
17 STB89 \Wangdlthok Il
18 STB100™ | Mathong I
19 STB113¢| Sri Phirom Il
20 STB114 4| SriPhirom [l
21 STB116 | Sri Phirorm 1
22 STB117 | Spi Phircm I
23 STB118 | Sri Phirom Il
24 STB449 | Sri Phirom I
25 STB120 | Sri-Phirom I
26 STB121 « | Sri Phirom I
27 STB124 | Sri Phirom Il
28 STB126. || 'Sri Phirom I
29 STB127 | Sri Phirom Il
30 STE1310 4=SritPhirom I
31 STB132 | Sri Phirom I
32 STB138 | Tha Chang Il
33 STB139 | Tha Chang 1l
34 STB140 | Tha Chang Il
35 STB142 | Tha Chang Il
36 STB147 | Tha Chang I
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37 STB150 | Tha Chang Il
38 STB154 | Ban Dong I
39 STB162 | Ban Dong I
40 STB163 | Ban Dong 1l
41 STB168 | Ban Dong [
42 STB169 | Ban Dong I
43 STB171 Ban Dong I
44 STB173 | Ban Dong I
45 STB178 _| Ban Dong I
46 STB179"%"Ban.bong I
47 STB180™ | Ban Dong I
48 STB164 Ban,Dong I
49 STB183¢" | Ban Dong |
50 STB185 4| Ban Dong I
51 STB186 | Ban Phraé |
52 STB188 | Ban Phrao I
53 STB189 | Ban Phrao I
54 STB201 Ban Phrao I
55 STB202 | Ban Phrao I
56 STB203 | | Ban Phrao I
57 STB206 _} Nakhon Chum Il
58 STB209. || Nakhon Chum I
59 STB213 | Nakhon Chum Il
60 STB214% 4ENakhor Chufh I
61 STB220 | Nakhon Chum I
62 STB222 | Nakhon Chum Il
63 STB224 | Nakhon Chum Il
64 STB226 | Nong Kathao I
65 STB231 | Nong Kathao Il
66 STB233 | Nong Kathao Il
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67 STB234 | Nong Kathao Il
68 STB236 | Nong Kathao I
69 STB237 | Nong Kathao I
70 STB238 | Nong Kathao I
71 STB241 | Nong Kathao I
72 STB242 | Nong Kathao I
73 STB243 | Nong Kathao I
74 STB248 | Nong Kathao Il
75 STB250 | Nong Kathao i
76 STB252+#"Chaiyanam I
77 STB254™ | Chaiyanam I
78 STB256" | Ghajyanam I
79 STB256¢ | Chajyapam [
80 STB259 4| Chaiyanam I
81 STB259 | Chalyaham |
82 STB264 | Kaeng-Sopha IV
83 STB266 | Kaeng-Sopha Il
84 STB268 | Kaeng Sopha I
85 STB270 | Kaeng Sopha I
86 STB271 | | Kang Sopha I
87 STB273 | Kang Sopha Il
88 STB2r4. || ' Kang/Sopha I
89 STB275 | Kang Sopha Il
90 STB276. {"Kanhg Sopha I
91 STB281 | Mae Raka I
92 STB282 | Mae Raka I
93 STB284 | Mae Raka Il
94 STB285 | Mae Raka Il
95 STB286 | Mae Raka Il
96 STB288 | Mae Raka Il
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97 STB292 | Mae Raka I - -
98 STB294 | Mae Raka I - -
99 STB295 | Nong Phra Il - -
100 STB296 | Nong Phra Il - +
101 STB298 | Nong Phra I - -
102 STB299 | Nong Phra Il - +
103 STB300 | Nong Phra [l - +
104 STB302 | Nong Phra \V/ - +
105 STB310 | Tha Muen Ram [l - +
106 STB318* Tha Mden Ram (] - +
107 STB319™ | TafMuen Ram I - +
108 STB320" | Tha Muen Ram. | I - -
109 STB321¢ | Tha Muen Ram il - -
110 STB323 4| TatMuen Ram - [l - +
111 STB325 |/Chalyahat D4\ - -
112 STB326 | Chaiyanam . - -
113 STB327 | Mae Raka & . .
114 STB328 | Mae Raka | . T
115 STBB29 | Mae Raka I - -
116 STB330 | | Nong Phra I - +
117 STB332 | Nong Phra I - -
118 STB333. || Nong Phra I - -
119 STB335 | Nong Phra I - +
120 STE336" {~Tha-Mden Ram M 2 -
121 STB340 | Tha Muen Ram (Ml - -

The observed ability of B. elkanii strain NA7, B. japonicum strain S76, B. liaoningense
strain SK3 and B. yuanmingense strain STB264 to secrete either acidic or alkali

product(s) in response to surrounding pHs were shown in Tables 4.6- 4.13.
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Table 4.6 Responses of B. elkanii strain NA7 and B. japonicum strain S76 grown in
yeast extract mannitol broth (YMB) with and without 30 mM NEDA buffer at the initial pH
of 4.0, 30°C , 200 rpm, for 5 days.

pH in YMB buffered with pH in YMB without 30mM

Strains Days \ EDA NEDA
Srage 1 2 average
B.elkanii NA7 1 3.9 94 5.57 5.52 5.55

5.74 5.72 5.73

5.32 5.34 5.33

4.50 4.63 4.57

4.31 4.27 4.29

B. japonicum 5.55 5.61 5.58

S76 2 5.91 5.90 5.91

5.82 5.83 5.83

4 5.60 5.95 5.78

A 5 .5'52 4.70 5.11

The results as shown_- Ta resénce of 30 mM NEDA buffer,

n

pH of YMB medium was maintained close to the initial pH of 4.0. However, when there

was no buffe e i ™ f lﬁ‘/" [ ‘japonicum strain S76
AR

were found to secrete alkali product(s) to inCrease medium to a less acidic

¢

"ARIANTUANINEGA Y
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Table 4.7 Responses of B. liaoningense strain SK3 and B. yuanmingense strain
STB264 grown in yeast extract mannitol broth (YMB) with and without 30 mM NEDA
buffer at the initial pH of 4.0, 30°C , 200 rpm, for 5 days.

pH in YMB buffered with pH in YMB without 30mM
Strains Days 30mM NEDA NEDA
average 1 2 average
B. liaoningense oy e 398 4.80 5.40 5.10
SK3 . .99 5.39 5.19 5.29
—
0| 400 "“400| 543| 552| 548
- O 5.67 5.49 5.58
9 f-% ) \\ 4.62 5.55 5.09
FHLN
B. yuanmingense 98| 3.9 \ 4.54 4.61 4.58
STB264 3.98 | 398 447 | 460 454
4398 |- 9| 536| 506 521
P

4§ 889 99| 566| 461 514

L B gt R
5 | ™380 3.99 5.40 5.55 5.48

T o

= 7

|
The results as shown: e of 30 mM NEDA buffer,

pH of YMB medium V|I intai -of 4.0. However, when there

was no buffer in the me?um, cells of B. liaoningense strém SK3 and B. yuanmingense
strain STB26 eﬂoﬁ ;3Sf]eirlﬂ %HW(ETﬂTﬂS?HS of the medium to
aless acidicﬂg .
AN IUNRIINYINY
8 ,
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Table 4.8 Responses of B. elkanii strain NA7 and B. japonicum strain S76 grown in
yeast extract mannitol broth (YMB) with and without 30 mM NEDA buffer at the initial pH
of 5.0, 30°C , 200 rpm, for 5 days.

pH in YMB buffered with pH in YMB without 30mM
Strains Days 30mM NEDA NEDA
| average 1 2 average
B.elkanii NA7 6.30 6.30
6.31 6.32
6.12 6.12
575 5.79
5.50 5.51
B. japonicum 6.25 6.25
S76 6.38 6.39
6.35 6.35
6.28 6.33
6.20 6.18
The results as sho *{ZE.“‘.’YZ‘E‘ETTF‘I‘.F:ET‘:!:{“ Ore -a- e of 30 mM NEDA buffer,

pH of YMB medium l—EfS.O. However, when there

was no buffer in the medlum cells of B. e/kan// strain NA7 and B. japonicum strain S76

tﬁeﬁeﬁr??‘fﬁf’ﬂ e 111 R

range.

amaﬂnim UAIINYA Y
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Table 4.9 Responses of B. liaoningense strain SK3 and B. yuanmingense strain

STB264 grown in yeast extract mannitol broth (YMB) with and without 30 mM NEDA

buffer at the initial pH of 5.0, 30°C , 200 rpm, for 5 days.

pH in YMB buffered with pH in YMB without 30mM
Strains Days 30mM NEDA NEDA
1 average 1 2 average
B. liaoningense 1 - 5.03 6.37 6.43 6.40
SK3 2 5.0 .04 6.33 6.26 6.30
r —|
504 504 621 6.21 6.21
-1 (e
- NN 6.27 6.04 6.16
}ﬁ \ \k‘ﬁ‘\
'Tg \ \ 5.98 5.97 5.98
L k W)
B. yuanmingense n .0 Y 6.27 6.25 6.26
STB264 B 637| 635| 636
3 5,084 - 503| 627| 621 6.24
! R e
5087 03| 620 612 616
L o
5 S - 5.02 6.25 6.13 6.19
D = e
PO

|
The results as sho

pH of YMB medium v |

e of 30 mM NEDA buffer,

-of 5.0. However, when there

was no buffer in the me?um, cells of B. liaoningense strém SK3 and B. yuanmingense
strain STB26 eﬂoﬁ ;3Sf]eirlﬂ E%HW(ET&TTIS?HS of the medium to
aless acidicﬂg .
AN IUNRIINYINY
8 ,




75
Table 4.10 Responses of B. elkanii strain NA7 and B. japonicum strain S76 grown in
yeast extract mannitol broth (YMB) with and without 30 mM MES buffer at the initial pH of
6.0, 30°C , 200 rpm, for 5 days.

pH in YMB buffered with pH in YMB without 30mM
Strains Days 30mM MES MES

1 - 2 average 1 2 average
B.elkanii NA7 6.03 | A 03 . 6.46 |  6.49
o C o . 6.61 6.62
6.0 ) 6.53 6.51
6.47 6.38
3 +- ~ \
0.95 0.0 3 Y 6.29 6.28
AR
B. japonicum 6.47 6.47
S76 6.55 6.58
6.57 6.58
6.56 6.50
6.52 6.53
\ :
The results as showniin-Fable-4-10-indicated-that-in-the-presence of 30 mM MES buffer,

¢

"

was no buffer in the medium, cells of B. elkanii strain NA7 and B. japonicum strain S76

tﬂeﬂeﬁf’?ﬁ“ﬁm‘%&ﬁ 31 { i

range.

AN TUNNINGA Y

pH of YMB medium aint: 0

l—EfG.O. However, when there
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Table 4.11 Responses of B. liaoningense strain SK3 and B. yuanmingense strain

STB264 grown in yeast extract mannitol broth (YMB) with and without 30 mM MES buffer

at the initial pH of 6.0, 30°C , 200 rpm, for 5 days.

pH in YMB buffered with

pH in YMB without 30mM

Strains Days 30mM MES MES
1 o average 1 2 average
B. liaoningense 1 6.70 6.68 6.69
SK3 2 6.61 6.61 6.61
6.57 6.54 6.56
6.62 6.66 6.64
6.65 6.65 6.65
B. yuanmingense 6.69 6.67 6.68
STB264 6.64 6.61 6.63
3 6.62 6.55 6.59
&or ) 6.52 6.52 6.52
5 | 605 - 6.06| 660 660| 660

|
The results as sho

pH of YMB medium "l

nce of 30 mM MES buffer,

intai -of 6.0. However, when there

was no buffer in the medium, cells of B. liaoningense strém SK3 and B. yuanmingense
. fa Y, . .
strain STB26 eﬂoﬁ ?Sﬁzrlﬂ ?W(ETMTTT?HS of the medium to
aless acidicﬂg . .
ARANIU U INGAY
H ,
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Table 4.12 Responses of B. elkanii strain NA7 and B. japonicum strain S76 grown in
yeast extract mannitol broth (YMB) with and without 30 mM HEPES buffer at the initial pH
of 7.0, 30°C , 200 rpm, for 5 days.

pH in YMB buffered with pH in YMB without 30mM
Strains Days 30mM HEPES HEPES
1 2 average 1 2 average
B.elkanii NA7 | 1 7:08 7.08 f w033 7.12 743 713"
2 704 705|705 74| 74| 744
3 7.04 7103 Jowe. 0% 7.11 710 | 7417
4 704 701 7.01° 7.13 7.00 | 7.07°°%
5 £ 2 N 7.12 741 7.12%
B. japonicum | 1 7.09 7.09.| 7.09°°% 7.12 712 | 7.12%
S76 2 708 " 4709/ 709" | 71| 73| 72"
3 A1 4 703 A7 02" 7.1 7.01 | 7.06™%
4 7.02.444 7_02-,.'{{__:7_.02&9 7.00 7.05 | 7.03%°
5 702 r04AL #05°°| 698| 700| 699

| o el

The results as showasin=fable4-2-indicated-that-in-the: presence of 30 mM HEPES
buffer, pH of YMB rr{edium was not maintained close to the ihitial pH of 7.0. However,
when there was no bufi‘ér in the medium, cells of B. elkanii strain NA7 and B. japonicum
strain S76 wefe founditd secréte) alkaliiproduct(s)! térinecrease, pHs of the medium to a
slightly alkali to;neutral range. The same letter superscripts indicated there were no

significant differences at p.< 0.05.as determined.by.the Duncan’s.Multiple Range Test.



78
Table 4.13 Responses of B. liaoningense strain SK3 and B. yuanmingense strain
STB264 grown in yeast extract mannitol broth (YMB) with and without 30 mM HEPES
buffer at the initial pH of 7.0, 30°C , 200 rpm, for 5 days.

pH in YMB buffered with pH in YMB without 30mM
Strains Days 30mM HEPES HEPES
1.4 ' average 1 2 average
B. liaoningense 1 T - 712 7.60 7.59 7.60
SK3 2 A7 7.52 7.47 7.50

l

7.63 7.58 7.61

7.64 7.63 7.64

7.67 7.70 7.69

A
t\

B. yuanmingense 7.60 7.56 7.58

STB264 7.62 7.63 7.63
3 A Y 7.59 7.51 7.55
A2 7.58 7.64 7.61
5 7.13 7.69 7.68 7.69
-y -
The results as shown : résence of 30 mM HEPES

buffer, pH of YMB me I' nitial pH of 7.0. However, when

there was no buffer ln the medium, cells of B. liaoningense strain SK3 and B.

;“Sllﬁii”@uifﬂffﬂﬂwmﬂ“ﬁ s
’Q“maﬁﬂim umqwma ¢
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Table 4.14 Responses of B. elkanii strain NA7 and B. japonicum strain S76 grown in

yeast extract mannitol broth (YMB) with and without 30 mM HEPES buffer at the initial pH

of 8.0, 30°C , 200 rpm, for 5 days.

pH in YMB buffered with

pH in YMB without 30mM

Strains Days 30mM HEPES HEPES
1 | %4 average 1 2 average
B.elkanii NA7 | 1 8.03 8.04 4 #8.04° 8.05 8.07 | 8.06™"
2 809 807 | 508*| 799| 800| 800°
3 8.10 8,10 8.10% 8.01 8.01 8.01°
4 8110 840 8.10° 8.03 8.02 | 8.03"
5 6090/ B0l 809" “Wgoo| 811 810
B. japonicum | 1 805/ _504| 804%| n801| 803| 802°
S76 2 808 | vo00) 606" |\ 750 | 787| 784
3 8032« & 6,084 805 7.90 7.92 7.91"
4 8064 5061806 | 790| 791| 791
5 N == i@fﬁ“ 793 797| 795"

The results as showasin=fable4-i4=indicated-that-in-the: presence of 30 mM HEPES

buffer, pH of YMB médium was not maintained close to the }nitial pH of 8.0. However,

the results showed that when there was no buffer in the meaium, cells of B. elkanii strain

NA7 and B. japohicum strain §76 Wereifound to lsecrete acidic4product(s) to decrease

pHs of YMB medium to a lesser alkali range. The same letter superscripts indicated

there.were.no_significant differences at.p <,0.05.as'determined by the Duncan’s Multiple

Range'Test!
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Table 4.15 Responses of B. liaoningense strain SK3 and B. yuanmingense strain
STB264 grown in yeast extract mannitol broth (YMB) with and without 30 mM HEPES
buffer at the initial pH of 8.0, 30°C , 200 rpm, for 5 days.

pH in YMB buffered with pH in YMB without 30mM
Strains Days 30mM HEPES HEPES
1 2 average 1 2 average
B. liaoningense 1 8.01 7409 8.00° 7.74 7.74 7.74°
SK3 2 8:02 | y 8.00+p=801" 7.83 776 | 7.80°
3 801 799 "8100° 7.87 7.83 | 7.85™
4 7890 \ 199 | N9 7.83 788 | 7.86%
5 802 | = 8,02\ 802" 7.77 792 | 7.85°
B. yuanmingense | 41 8.01 8.01 8.01° 7.73 7.75 7.74°
STB264 2 801 8.01 8.01° 7.87 787 | 787
3 8.00 708 709" 7.79 777 | 7.78%
4 798 ?ée_&, 798| 787| 7.86| 787"
5 501 800° sor| 78| 794| 790°

The results|as=shown=in=fable=4-t5=indicated=that.in the presence of 30 mM
HEPES buffer, pH 61‘ YMB medium was maintained close to the initial pH of 8.0.
However, when there was no buffer in the medium, cells of B. liaoningense strain SK3
and B. yuanmingénseistrain STB264/ wefefound to’secteteacidic product(s) to lower
pHs of the medium to a lesser alkali range. The same letter superscripts indicated there
were.no .significant differences at, p, <, 0.05.as.determined by.the.Duncan’s Multiple
RangeTest!

The results on the maintenance of pHs when each of the three buffers was used
were satisfactory in all experiments except when 30mM HEPES was used to maintain the
medium pH for B. liaoningense strain SK3 and B. yuanmingense strain STB264 at pH7.0
where the pHs were slightly above 7.0 as shown in Table 4.13 and when the buffer was

used to maintain the medium pH for B. elkanii strain NA7 and B. japonicum strain S76 at
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the initial pH of 8.0 as shown in Table 4.14 where the buffered medium was slightly

above pH 8.0.

The three buffers were chosen for their effective buffering capacity as reported
by Good et al. (1966). The responses of B. elkanii strain NA7, B. japonicum strain S76,
B. liaoningense strain SK3 and B. yuanmingense strain STB264 to changes in pHs of
YMB medium when no buffer was used as shown in Tables 4.6 — 4.15 showed clearly
that when pHs of the medium were in the'acidic range, the slow-growing soybean
rhizobium cells secreted alkali product(j) toincrease the pH values to a less acidic
range. On the other handywhen-the medium pHS were in the neutral range, the cells
were found to secrete alkalri product(s) to increase the medium pHs to a slightly alkali
range. However, whenathe -medium pHs were 8.0, the cells were found to secrete acidic
products to lower pHs 9f—‘thre medium:‘@ a i;e*;sfser alkali range. Thus, the results obtained
showed an ability of thé slow—grow’ihg_soyéﬁa‘h rhizobia to secrete either acidic or alkali
products to change pHs of the sq[ropindingifn;ed,i‘.um.

o

b £
dld’ il

4.6.3 RAPD-PCR fingerprints /of 25 randomly-selected STB slow-growing soybean

rhizobium isolates ST [ R

P -

Since there was a high cost involved in the sequenc_‘ihg service (5,400 baht per

one sequence of 16§';rDNA and 1,200 baht per one sequénce of nodY), in the use of
the Transmission Equﬁ_on Microscope to determine the number and type of flagella by
negative staining (appreximately 5,000 bahtyuntil a reportable picture of a strain was
obtained), and' a high cost of the Biolog'| test kit'(1,200 baht! pef one GN2 MicroPlate
and inoculation“fluid, and approximately 3 plates were used to obtain 3 replicates of
results per strain) =it was nat‘pessible ta carry out polyphasic taxonomly for all the of 121
slow-growing soybean rhizobium strains. Therefore, 25 slow-growing STB isolates were
randomly selected for further use in polyphasic taxonomy. In order to find out if the
randomly-selected 25 STB strains were different strains, RAPD-PCR fingerprints of the

25 randomly-selected isolates were obtained as shown in Figures 4.19 (a,b).
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A
U
<

CRL-7

£
STB%
STB119
STB120
STB147
STB327
STB173
STB176
STB179
STB185
STB238
STB220
STB245
STB252

2

ES
STB%
STB119
STB179
STB185
STB238
STB147
STB327
STB173
STB176
STB120
STB220
STB245
STB252
g

—
—
-
—
-

Figure 4.19 PCR-DNA fingerprints using either RPO1 or CRL-7 as the primer of (a) 13
randomly-selected isolates and (b) 12 randomly-selected isolates. DNA fingerprints
indicated the following isolates were the same strains : STB245 = STB 252 (results
obtained from Figure 4.19a); STB30 = STB38 = STB269 = STB286; and STB54 =
STB235 (results obtained from Figure 4.19b).
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DNA fingerprints as shown in Figure 4.19 (a,b) indicated that, in fact, the 25
randomly-selected isolates consisted of 20 strains because some isolates were found to
have identical DNA fingerprints so they were the same strains . Thus, the 20 strains
chosen for further polyphasic taxonomy tests including 16S rDNA and nodY isolation
and sequencing were: STB8, STB119, STB120, STB147, STB173, STB176, STB179,
STB185, STB220, STB238, STB245, and STB327 (results obtained from Figure 4.19a);
and STB30, STB54, STB67, STB96, STB250, STB310, STB169, STB264, (results
obtained from Figure 4.19b). The observed RAPD-PCR DNA fingerprints with CRL-7 as
the primer as shown in Figure 4.19 inslricated less variations in the DNA fingerprint
banding patterns. Furtherranalysis of the DNA banding patterns in Figure 4.19a
revealed the presencesof natural variant$ which had near identical fingerprints except
for differences either inghe presence or th]é absence of some DNA bands. For example,
RPO1 fingerprints in Figure 4.19a shovved that only strains STB8, STB119, STB173 and
STB185 had the 2,400 bp bands while on"l-,y STB8, STB119, STB179, and STB238 had
the 2,600 bp DNA bands ; only the §TB stra_{ms1 20 and 245 had the 1,600 bands; only
STB173, STB176 and STB2456 had the 700’;bp_ DNA bands while only STB179 had the
250 bp band. Similarly, the CREZ fingerprﬁﬁs‘%ﬁé shown in Figure 4.19a showed only
the STB147 and STB327 strains had the 5Ogj-1éb-bands but did not have the 700 bp

bands. Figure 4.19b’§howed that all the 6 STB strains-30; 5!}‘r 67, 96, 250, and 310 were
natural variants . R'P'bﬂ fingerprints showed only STB96 ZRd STB310 had 1,450 bp
bands. In addition, only strains STB 54, 67, 96, 250, and~310 had the 700 bp bands.
The CRL-7 fingerprints, as‘shown. in. Figure 4.19b, showed, STB96, 250, and 310 had an
extra 1,260 bp band.

4.6.4 ldentification of slow-growing saybean rhizobia by using 16S rDNA and nodY

sequences
4.6.4.1 |dentification by 16S rDNA sequences

Table 4.16 showed identification of the selected 20 strains of slow-growing soybean

rhizobia by using the Blast program to compare the obtained 16S rDNA sequences with those

sequences deposited in the GenBank database. The Blast program indicated the following

identification of the 20 STB strains:
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STB8 (determined length 1452 bp) could be related to Bradyrhizobium sp. SEMIA 6118
or Bradyrhizobium elkanii strain SEMIA 5002 or Bradyrhizobium elkanii strain SEMIA
6096 or Bradyrhizobium elkanii strain SEMIA 6414 or Bradyrhizobium elkanii strain
SEMIA 6405 or Bradyrhizobium elkanii strain SEMIA 6416 or Bradyrhizobium elkanii
strain S127 . All the compared sequences had the following homology: Identities =
1451/1454 (99%), gaps = 3/1454,
STB30 (determined length 1453 bp) could be related to Bradyrhizobium japonicum
strain HMS-02 with identities =1451/1455 (99%), gaps = 4/1455.
STB54 (determined length™ 1451 bp) cguld be.related to Bradyrhizobium japonicum
strain HMS-02 with identities™="1446/1454 (99%), gaps = 4/1454.
STB67(determined length 1465 bp) ‘could be related to Bradyrhizobium japonicum
strain HMS-02 with identities= 1446/1454 -599%), gaps = 4/1454.
STB96 (determined length 1454 bp'j-_couilq".be related to. Bradyrhizobium japonicum
strain HMS-02 with identities = 1451/1453 @9%), gaps = 2/1415.
STB119 (determined length 1451 bp) couft;j Q_e related to Bradyrhizobium sp. SEMIA
6118 or Bradyrhizobium' elkanii strain SE-1.\'-/I_;I:A_J _5002 or Bradyrhizobium elkanii strain
SEMIA 6096 or Bradyrhizobiurﬁiékan// str@ SEMIA 6414 or Bradyrhizobium elkanii
strain SEMIA 6405 or Bradyrhizeblum e/ka}'}?j‘fsj.;ram SEMIA 6416 or Bradyrhizobium

elkanii strain 8127._0’E;:Bradyrhizob/um elkanii strain GZ1. A_II the compared sequences
had the following hS'rﬁlz)Jogy: Identities = 1451/1452 (99%), gaps = 0/1452.

STB120 (determined“length 1451 bp) could be related to Bradyrhizobium sp. SEMIA
6118 with identities = 1451/1451 (100%),.Gaps,=. 0/1451_or Bradyrhizobium elkanii
strain SEMIA 5002 with.identities = 14560/1452/(99%),.gaps = 2/1452.

STB147 (determined length 1451 BBp) could be related to Bradyrhizobium sp. SEMIA
6118%ar Bradyrhizobiym| elkanii \strain. SEMIA 5002! or ‘Bradyrhizebium/|elkanii strain
SEMIA'6096 or Bradyrhizobium elkanii strain SEMIA 6414 or Bradyrhizobium elkanii
strain SEMIA 6405 or Bradyrhizobium elkanii strain SEMIA 6416 or Bradyrhizobium
elkanii strain S127or Bradyrhizobium elkanii strain GZ1. All the compared sequences
had the following homology: Identities = 1448/1454 (99%), gaps = 5/1454.

STB169 (determined length 1449 bp) could be related to Bradyrhizobium sp. GX5 or
Bradyrhizobium liaoningense strain LYG2 with identities = 1449/1454 (99%), Gaps =
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4/1454 or Bradyrhizobium yuanmingense strain TTC4 with identities = 1447/1452 (99%),
gaps = 4/1452.
STB173 (determined length 1452 bp) could be related to Bradyrhizobium sp. SEMIA
6118 or Bradyrhizobium elkanii strain SEMIA 5002 or Bradyrhizobium elkanii strain
SEMIA 6096 or Bradyrhizobium elkanii strain SEMIA 6414 or Bradyrhizobium elkanii
strain SEMIA 6405 or Bradyrhizobium elkanii strain SEMIA 6416 or Bradyrhizobium
elkanii strain S 127 or Bradyrhizobium elkanii strain GZ1. All the compared sequences
had the following homology: Identities = 1450/4454 (99%), gaps = 3/1454.
STB176 (determined length 14562 bp) cogld be related to Bradyrhizobium sp. SEMIA
6118 with identities = 1449/4455 (99%), gaps = 5/1455 o Bradyrhizobium elkanii strain
SEMIA 5002 with identities = 1449/14565 (99%), gaps = 5/1455.
STB179 (determined length 4454 bp) cou}d be related to Bradyrhizobium sp. SEMIA
6118 or Bradyrhizobiumelkanii stram SEWA 5002 or Bradyrhizobium elkanii strain
SEMIA 6096 or Bradyrhizobium e/kén(i stra}n SEMIA 6414 or Bradyrhizobium elkanii
strain SEMIA 6405 or Bradyrh/zot?jumi e/kaﬁ}f@,trgin SEMIA 6416 or Bradyrhizobium
elkanii strain S127 or Bradyrh/zob/;um e/kaﬁf);@;rtain GZ1.All the compared sequences
had the following homology? IdeRiitiés = 1451/1484 (100%).
STB185 (determined length 1452 Bp) coukﬁaé;peiated to Bradyrhizobium sp. SEMIA

6118 or Bradyrh/'z.o@/m elkanii_strain _SEMIA 5002 or B.c:%zdyrh/zobium elkanii strain
SEMIA 6096 or Br.‘éfc'?;/rhizobium elkanii strain SEMIA 6414_"'W"'ith identities = 1450/1455
(99%), gaps = 3/1455+ -

STB220 (determined length:1451. bp) could be related Bradyrhizobium sp. SEMIA 6118
or Bradyrhizobium-élkanii sttain' SEMIA 5002 0r Bradyrhizobium elkanii strain SEMIA
6096 or Bradyrhizobium elkanii strainflSEMIA 6414 arsBradyrhizobiumielkanii strain
SEMIA 6405 or Bradyrhizobium elkanii strain'SEMIA 6416 or; Bradyrhizobium elkanii
strain S'127 or Bradyrhizobium elkanii strain GZ1 with identities = 1448/1451 (99%) and
there was no gap.

STB238 (determined length 1451 bp) could be related to Bradyrhizobium sp. SEMIA
6118 or Bradyrhizobium elkanii strain SEMIA 5002 or Bradyrhizobium elkanii strain
SEMIA 6096 or Bradyrhizobium elkanii strain SEMIA 6414 or Bradyrhizobium elkanii
strain SEMIA 6405 or Bradyrhizobium elkanii strain SEMIA 6416 or Bradyrhizobium
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elkanii strain S127 or Bradyrhizobium elkanii strain GZ1 with identities = 1450/1454
(99%), gaps = 4/1454.
STB245 (determined length 1450 bp) could be related to Bradyrhizobium sp. SEMIA
6118 or Bradyrhizobium elkanii strain SEMIA 5002 or Bradyrhizobium elkanii strain
SEMIA 6096 or Bradyrhizobium elkanii strain SEMIA 6405 or Bradyrhizobium elkanii
strain SEMIA 6416 or Bradyrhizobium elkanii strain S 127 or Bradyrhizobium elkanii
strain GZ1 with identities = 1449/1454 (99%),.9aps = 5/1454.
STB250 (determined length 1451 bp) could e selated to Bradyrhizobium japonicum
strain HMS-02 with identities = 1449/1465;(99%), gaps = 2/1453.
STB264 (determined length1450.bp) could be relatedto Bradyrhizobium sp. GX5 or

Bradyrhizobium yuanmingense sirain TTG4 with identities = 1444/1453 (99%), gaps =
|

5/1453. _

STB310 (determined lengths1449 bp) code be related to Bradyrhizobium japonicum
strain HMS-02 with identities = 1449/1452 ('99%), gaps = 2/1452.

STB327(determined length 1454_:b:p) coufa'_:__be; related to Bradyrhizobium sp. SEMIA
6118 with identities = 1451/1455 (99%), ga-ég-f_ 3/1485 or Bradyrhizobium elkanii strain

SEMIA 5002 with identities = 1450/1455 (99%), gaps = 5/1455.

Table 4.16 showed identification of thgéi_z’éd; slow-growing soybean rhizobium STB

strains based on hemology of 165 rDNA sequences as obtained by the Blast program of

the National Center for-Biotechnology Information (NCBI).

Table 4.16 Summary, of identification of .20 slow-growing soybean.rhizobium STB strains

based on 163 rDNAseguences.

Strain Size| ofy16S,1DNA Percent hamology with [dentification
(bp) sequences in GenBank
STB8 1452 1451/1454 (99%) with 3 gaps | Bradyrhizobium elkanii
STB30 1453 1451/1455 (99%) with 4 gaps | B. japonicum
STB54 | 1451 1446/1454 (99%) with 4 gaps | B. japonicum
STB67 | 1455 1449/1451 (99%) with no gap | B. japonicum
STB96 | 1451 1451/1453 (99%) with 2 gaps | B. japonicum
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STB119 | 1451 1451/1452 (99%) with no gap | B. elkanii
STB120 | 1451 1450/1452 (99%) with 2 gaps | B. elkanii
STB147 | 1451 1448/1454 (99%) with 5 gaps | B. elkanii
STB169 | 1449 1449/1454 (99%) with 4 gaps | B. liaoningense
1447/1452 (99%) with 4 gaps | B. yuanmingense
STB173 | 1452 1450/1454 (99%) with 3 gaps | B. elkanii
STB176 | 1452 1449/44865 with 5 gaps B. elkanii
STB179 | 1451 1451/1451(100%,)sWith no gap | B. elkanii
STB185 | 1452 1450/1455 (99%) with 3 gaps | B. elkanii
STB220 | 1451 1448/1451 (99%) with no'gap | B. elkanii
STB238 | 1451 1450/1454I (99%) with 4 gaps | B. elkanii
STB245 | 1450 1449/1 454;. (99%) with 5.gaps | B. elkanii
STB250 | 1451 1449/1453_499%) with gaps B. japonicum
STB264 | 1450 1444/ 1453 @9%) with 5 gaps | B. yuanmingense
STB310 | 1449 1449/1452 ('?9%‘)’ with 2 gaps | B. japonicum
STB327 | 1454 145014455 (99%) with'® gaps | B. elkanii

Table 4.16 indicated that-thié 20 STB sifaing Gonsistekof 12 B. elkanii strains (STBS,
STB119, STB120, |StB147, STB173; STB176;, STB179, 'STB186, STB220, STB238,
STB245, and STBS2%) . 6 B. japonicum strains (STB30, STB54, STB67, STB96, STB250,
and STB310; one B. yuanmingense strain (STB264) , and one B.
liaoningensefyuanmingense ‘strain (STB169)-

Figuresi4.20 (a-c) showed dendrograms constructed with sequences of 16S

rDNA-ef thesslew-growingssoybeansrhizebium,STB strains;
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Figure 4.20a Dendrogram obtained from 16S rDNA sequences of 20 slow-growing

soybean rhizobium STB strains as well as some reference strains. The Maximum

Likelihood Method was used in the dendrogram construction.
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Figure 4.20b Dendrogram obtained from 16S rDNA sequences of 20 slow-growing
soybean rhizobium STB strains as well as some reference strains. The Maximum

Parsimony Method was used in the dendrogram construction.
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Figure 4.20c Dendrogram obtained from 16S rDNA sequences of 20 slow-growing
soybean STB strains as well as some reference strains. The Neighbor-Joining Method

was used in the dendrogram construction.
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Figures 4.20 (a-c) showed dendrograms obtained from 16S rDNA sequences of

20 slow-growing STB strains as well as some reference strains when the Maximum
Likelihood method, the Maximum Parsimony method, and the Neighbor-Joining method
were used in the dendrogram construction, respectively. The results showed minor
discrepancies when the three methods were used in the dendrogram construction. All
the three dendrograms showed the 20 STB strains and the reference strains were
grouped into 5 clusters with a minor discrepancy in Cluster | where the Maximum
Likelihood dendrogram grouped the following 41.8TB strains: STB173, STB8, STB147,
STB119, STB185, STB120, STB238, STB_%45, STB327,STB176, and STB220 in the same
cluster as the referencesstrains..B. elkanii SEMIA 6002 and USDA 76 with STB179
grouped with B. elkaniisS§12 which had peen reported as a natural variant of B. elkanii
SEMIA 566 (Barcellos et'al., 2007): Howe\]iier, the Maximum Parsimony method grouped
STB179 into the same cluster as the'.-1‘1 StB".strains to yield a total of 12 STB strains of
B. elkanii (Figure 4.20b)sand the 'rNe@ghbér—Jbining method separated STB8 from the
other STB B. elkanii strains (Figurgz 4_.200). f‘ne gisorepancies observed in the three 16S
rDNA dendrograms probably reflected the ﬂﬁgence of natural variants in the B. elkanii

STB strains. S L 'i_’:‘

All the three methods-used- in the.fgﬂéﬁdpogram construction from 16S rDNA

sequences revealed’gluster Il consisted of the following 6 SxTB strains: STB310, STB30,
STB250, STB96, and ‘STB54 which were grouped with B’.”}'apon/cum SEMIA5064/B.
liaoningense SEMIA5003 with STB67 occupying a separate branch. The finding that B.
japonicum SEMIA5064 and "B. liaoningense "SEMIA5003 were_grouped in the same
cluster probably reflected ‘a close.phylogeneticrelationship between the two slow-
growing soybean rhizobia species.® Cluster Il revealed STB169 and STB264 were
closely related [to, B."uanmingense TILC4.' | In addition, jall thelthree dendrograms
showed Cluster IV consisted of the reference strains B. japonicum SEMIA5079, USDAG,
and SEMIA566. Cluster V consisted of the reference strains B. japonicum SEMIA5080
and SEMIAS86.

4.6.4.2 |dentification of slow-growing soybean rhizobia by using nodY sequences

Table 4.17 showed identification of the 20 slow-growing soybean rhizobium STB

strains by using the Blast program to compare the obtained nodY sequences with those



92
sequences in the GenBank database. The Blast program indicated the following results for
nodY of STB strains:

STB8 (determined length 363 bp) could be Bradyrhizobium elkanii USDA 76 nodY with
identities = 359/361 (99%), gap = 1/361 or Bradyrhizobium elkanii USDA94 nodK with
Identities = 359/361 (99%), gap = 1/361.

STB30 (determined length 363 bp) could be Bradyrhizobium sp. TARC112 nodY with
identities = 341/342 (99%) with 1 gap.

STB54 (determined length 364 bp) could befBradyrhizobium sp. TARC 112 nodY with
identities = 362/364 (99%), 0aps — 1/3641}

STB67(determined length«860 bp) eould be Bradyrhizebium sp. TARC 112 nodY with
identities = 350/353 (99%), gaps .= 3/353.

STB96 (determined leagth 383 bp) couldll' be Bradyrh/zob/um sp. TARC 112 nodY with
identities = 353/357 (98%), gaps — 2/357

STB119 (determined length 354" bp) rcoulgi be Bradyrhizobium elkanii strain USDA 76
nodY or Bradyrhizobium elkanii USDA94 ngqt( ,\_Nith identities = 325/329 with no gap.
STB120 (determined length 860 bip)fcouId-',:-bfe!fBradyrh/zobium elkanii USDA 76 nodY
with identities = 347/352 (98%),‘58@@ = 2/35?_‘8E_’:Bradyrh/zobium elkanii USDA94 nodK
with identities = 347/352 (98%)/gaps = 2/ V.

STB147 (determmed_length 351 bp) could be Bradyrh/zob/um elkanii strain USDA 76

nodY with |dent|t|es _ 342/346 (98%), gaps = s
STB169 (determinedlength 362 bp) could be Bradyrhizobium elkanii USDA 31 nodY
with identities ,329/367 (89%), gaps =,9/367.

STB173 (determined length!361 lbp). could be Bradyrhizobium €lkanii strain USDA 76
nodY or Bradyrhizobium elkanii USDA94 nodK withzidentities = 349/3562, gaps = 3.
STB176 (determinedlength 357 bp) could be Bradyrhizobium elkanii USDA 76 nodY
with identities = 354/361 (98%), gaps = 3/361 or Bradyrhizobium elkanii USDA94 nodK
with identities = 354/361 (98%), gaps = 3/361.

STB179 (determined length 359 bp) could be Bradyrhizobium elkanii strain USDA 76
nodY or Bradyrhizobium elkanii USDA94 nodK with identities = 341/345 (98%), gap =
1.
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STB185 (determined length 360 bp) could be Bradyrhizobium elkanii USDA 76 nodY
with identities = 358/361 (99%), gaps = 2/361 or Bradyrhizobium elkanii USDA94 nodK
with identities = 358/361 (99%), gaps = 2/361.
STB220 (determined length 359 bp) could be Bradyrhizobium elkanii USDA 76 nodY
with identities = 329/345 (95%), gaps = 3/345 or Bradyrhizobium elkanii USDA94 nodK
with identities = 334/352 (94%), gaps = 3/352.

Bradyrhizobium elkanii USDA 76 nodY
3// dyrhizobium elkanii USDA94 nodK

izobium elkanii USDA 76 nodY

STB238 (determined length 359 b
with identities = 341/353 (96‘V -
with identities = 341/353 (
STB245 (determined |
with identities = 328/ adyrhizobium elkanii USDA94

nodK with identities =

with identities = 344734 rhizobium elkanii USDA94 nodK

o 417 o uﬂ.ﬂgmm 'mm@ rdhizoium T3 steins

based on homology of nodY sequénces as obtained by the Blast/program of the

NatizQ; %tﬁﬁlﬁﬂo@mralgﬂ@ﬂ w EI r] a E]
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Table 4.17 Identification of 20 slow-growing soybean rhizobium STB strains based on

sequences of nodY.

Strains | Size of nodY | Percent homology with Identification

(bp) sequences in GenBank
STB8 363 359/361 (99%) with 1gap | B.elkanii strains USDA76, USDA94
STB30 363 341/342 (99%) with 1 gap | Bradyrhizobium sp. TARC112
STB54 364 362/364 (99%) with 1 gap | Bradyrhizobium sp. TARC112
STB67 360 350/353(99%) with'38:gaps | Bradyrhizobium sp. TARC112
STB96 363 353/357(98%) with 2.gaps | Bradyrhizobium sp. TARC112
STB119 354 825/329(98%) with no gap | B.elkanii strains USDA76, USDA94
STB120 360 34if1352(98%) \A{ith 2 gaps | B. elkanii strains USDA76, USDA94
STB147 351 399/361(99%) with 1. gap. | B. elkanii strains USDA76, USDA94
STB169 362 329/367(89%) wi},h 9 gaps | B. elkanii strain USDA 31
STB173 361 349/356(98%) Wit;h é'gaps B. elkanii strains USDA76, USDA94
STB176 357 354/861(98%) with 8 gaps | strains USDA76, USDA94
STB179 359 344/345498%) Wiﬂ:’f:i]jga_p B. elkanii strains USDA76, USDA94
STB185 360 | 358/364(99%) with 2gaps | strains USDA76, USDAO4
STB220 359 329/345(95%) with'é’é‘afbs‘ B. elkanii strains USDA76, USDA94
STB238 359 = [341/353(96%) With 3-gaps | B: elkanii strains USDA76, USDAY4
STB245 358 7 328/330 (99%) with 1 gap | B. elkanii strains USDA76, USDA94
STB250 363 361/363(99%) with no gap | Bradyrhizobium sp. TARC112
STB264 363 868/364(99%) with*1 gap | B. e/kanii“strain USDA31
STB310 360 357/365 (97%) with 6 gap | Bradyrhizobium sp. TARC112
STB32¢ 347 3441347(99%) withrl .gap™| B.relkaniistrains USDA76, USDA94

It is interesting to note that when homology of nodY sequences of the 20 slow-growing

soybean rhizobium STB strains and those of the strains deposited in the GenBank

database were used to identify the 20 STB strains, 12 of the STB strains were found to

be related to B. elkanii strains USDA76, USDA94, 6 STB strains were found to be related

to Bradyrhizobium sp. TARC112, and two strains (STB 169 and STB 264) were found to

be related to B. elkanii strain USDA31.
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Figure 4.21a Dendrogram obtained from nodY sequences of 20 selected slow-growing

strains as well as some reference strains. The Maximum Likelihood Method was used in

the dendrogram construction.
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Figure 4.21b Dendrogram obtained from nodY sequences of 20 selected slow-growing
strains as well as some reference strains. The Maximum Parsimony Method was used in

the dendrogram construction.
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Figure 4.21c Dendrogram obtained from nodY sequences of 20 selected slow-growing
strains as well as some reference strains. The Neighbor-Joining Method was used in the

dendrogram construction.



98

Identification of slow-growing soybean rhizobia by using nodY sequences
The dendrograms constructed with nodY sequences of 20 STB strains and 19
reference strains as shown in Figures 4.21 (a-c) indicated a minor discrepancy when
the Maximum Likelihood, Maximum Parsimony, and Neighbor-Joining methods were
used in the dendrogram construction. The dendrogram constructed with the Maximum
Likelihood method showed strain STB 220 as closely related to B. japonicum strain
USDA 110 while the other methods oft dendrogram construction showed the strain as
closely related to all the B. elkanii STB strains. .Apart from the discrepancy, all the three
dendrograms showed the 39 strains weﬁa grouped.into 5 clusters. Cluster 1 consisted
of 11 or 12 B. elkanii STB_sirains (deper;ding on whether strain STB220 was regareded
as closely related to B.selkaniior not): STB8, 119, 120,147, 173, 176, 179, 185, 220,
238, 245, and 327). Cluster 2 consisted (lf the 6 B. japonicum STB strains: STB 30, 54,
67, 96, 250, and 310. Cluster8 consiéted siii.ane B. yuanmingense strain STB 169 which
was found to be related fo B. japon/pum)?. ‘elkanii strains S127 and USDA94 series.
Cluster 4 showed B. ytanmingense Strain'!i__SrIB‘2164 as related to B.elkanii strain USDA
31. Cluster 5 contained the rest dqlf_ the 1§'ﬁerenoe strains. The results showed the
same phylogenetic relationships as ebtained ','Wi.t%:yfthe 16S rDNA dendrograms except for

the fact that STB strains 169.-and 264 We_T‘éi-‘hﬂQI_shown to be closely related to B.

yuanmingense bec,_a-q'_se there were no nodY sequences of é._yuanmingense deposited
in the GenBank daték;é_se for downloading. ;"

Since 16S rBNA sequences are relatively longer (1500 bp) than nodY
sequences (approximately=850 bp) and there are not many sequences of nodY
deposited inthe Genbank ¢ database, the identification and phylogenetic relationship
determination of slow-growing soybg€an rhizobia were more reliable when 16S rDNA
sequénces were used, in(the identification and phylogenetic relationship~determination.
Therefore, the 20 slow-growing soybean rhizobium strains were identified as 12 B.
elkanii strains, 6 B. japonicum strains, and 2 B. yuanmingense strains. This research
provided the first record of the presence of B. yuanmingense in Thailand. Appendix D
showed 16S rDNA and nodY sequences of 20 slow-growing soybean rhizobium STB

strains. Figure 4.22 showed the distribution of the 20 STB strains according to the

isolation sites of 16 subdistricts in Phitsanulok province.
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STB220, STB169, STB185, STB54,
STB179, STB176, STB250 (

STB245,
STB250,
| sTB238

STB220, STB30,
STB8, STB54
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ST8327 6 Bradyrhizobium japonicum STB strains (STB30, STB54, STB67, STB96,

STB250 and STB310), and 2 Bradyrhizobium yuanmingense (STB169 and STB264) in
16 subdistricts in Phitsanulok province, Thailand.
The distribution of the 20 slow-growing soybean rhizobium STB strains as shown

in Figure 4.22 showed the presence of B. elkanii in almost all of the 16 subdistricts.
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4.6.5 Number and type of flagella as determined by negative staining
Five strains of slow-growing soybean rhizobia were selected for negative
staining of flagella. The results in Figure 4.23 showed each of the 5 selected strains had
one sub-polar flagellum as expected. Elkan and Bunn (1992) reported slow-growing
soybean rhizobia had one sub-polar flagellum. The length of flagella may play a role in
the competitive ability of soybean rhizobia in the root nodulation process (Vlassak and

Vanderleyden, 1997). However, other. f including soybean cultivars also play a role

in the competitive ability in the root nodulation process

(Payakapong et al., 2004).

B japonicyn &STB% o B. elkanii STB120
AU INENITN G
¢ - T W
QRN IUNNIINEA Y
B. elkanii STB220 B. yuanmingense STB264

Figure 4.23 Transmission electron micrographs of 5 slow-growing soybean rhizobium

STB strains.



4.6.6 Determination of growth at different temperatures
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Figures 4.24 showed growth at different temperatures in terms of CFU/ml of 5

selected strains of isolated slow-growing soybean rhizobia.

calculated specific growth rates.

Table 4.18 showed the
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Figures 4.24 Growth at different temperatures in terms of CFU/ml of 5 selected strains of

isolated slow-growing soybean rhizo




Table 4.18 Specific growth rates of 5 slow-growing STB strains.
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Strains Specific growth rates at different temperatures (days’1)
25°C 30°C 37°Cc 40°C
B. japonicum STB 30 1.99 2.54 1.69 1.26
B. japonicum STB 96 2.07 1.74 1.89 1.99
B. elkanii STB 120 188 1.13 Cells died Cells died
B. elkanii STB 220 1924 148906 Cells died Cells died
B.yuanmingense STB264 a3 214 2.30 0.74

The growth an@'spegific growth rates of the 5 selected STB strains as shown in

Figure 4.24 and Table 418 indicated the é ja,oonicum and the B.yuanmingense strains

grew better at the relatively low temberatu:r_es at 25°C and 30°C. The B. elkanii strains

were found to be heat-sénsitivel The res'j;ulté; showed different intrinsic abilities of the

slow-growing soybean rhizebiato.grow at di_ff_ere_nt temperatures.

4.6.7 Ability/Inability to utilize different kinds of earbon and nitrogen sources

4
* i

Table 4.19 showed results-on the 'aE_iJ_iMinability of the 20 slow-growing soybean

rhizobium STB strains and three reference strains of sIow—Qr_owing soybean rhizobia to use

different kinds of cardon and nitrogen sources as determinedby the BiologTM test Kit.

Table 4.19 Abjlity/Inability*te utilize 95 carbon and nitrogen sources as determined by the

BiologTM test Kit of.the 20 sfowrgrowing soybean rhizobium STBgstrains and three reference

strains. + indicates the strains could use the carbon and nitrogen sources. — indicates the

straing could nat Gse“the[carboniand nitrogen sources. ' Numbers indicate the total numbers

out of the 20 test strains that could use the carbon and nitrogen sources.

Carbon/Nitrogen sources B. elkanii B. japonicum | B. liaoningense| Numbers of
NBRC 14791 | NBRC 14783 | NBRC 100396 | strains

O-Cyclodextrin - - 4

Dextrin + + 15
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Glycogen 1
Tween 40 20
Tween 80 20
N-Acetyl-D-Galactosamine -
N-Acetyl-D-Glucosamine -
Adonitol 2
L-Arabinose 20
D-Arabitol 18
D-Cellobiose 2
i-Erythritol -
D-Fructose 16
L-Fucose 10
D-Galactose 20
Gentiobiose -
Qa-D-Glucose 20
m-Inositol -
O-D-Lactose -
Lactulose -
Maltose -
D-Mannitol 20
D-Mannose 20
D-Melibiose -
B-Methyl-D-Gludbside -
D-Psicose 9
D-Raffinose -
L-Rhamnose 8
D-Sorbitol 9
Sucrose -
D-Trehalose -

Turanose
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Xylitol

Pyruvic Acid Methyl Ester 20
Succinic Acid Mono-Methyl-Ester 20
Acetic Acid 20
Cis-Aconitic Acid -
Citric Acid 9
Formic Acid 15
D-Galactonic Acid Lactone 15
D-Galacturonic Acid 11
D-Gluconic Acid 20
D-Glucosaminic Acid 11
D-Glucuronic Acid 2
A-Hydroxybutyric Acid 8
B—Hydroxybutyric Acid 20
Y-Hydroxybutyric Acid 20
p-Hydroxy Phenylacetic Acid 3
Itaconic acid 8
O-Keto Butyric Acid 5
O-Keto Glutaric Acid 15
QO-Keto Valeric Acid 11
D,L-Lactic Acid 20
Malonic Acid 3
Propionic Acid 20
Quinig Acid 2
D-Saccharic Acid 18
Sebacic Acid 14
Succinic Acid 20
Bromosuccinic Acid 20
Succinamic Acid 20

Glucuronamide
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L-Alaninamide 14
D-Alanine 11
L-Alanine 5
L-Alanyl-glycine 3
L-Asparagine 8
L-Aspartic Acid 11
L-Glutamic Acid 12
Glycyl-L-Aspartic Acid 3
Glycyl-L-Glutamic Acid 5
L-Histidine -
Hydroxy-L-Proline -
L-Leucine 20
L-Ornithine 1
L-Phenylalanine 20
L-Proline 13
L-Pyroglutamic Acid 18
D-Serine 10
L-Serine 2
L-Threonine 5
D,L-Carnitine -
Y-Amino Butyric Acid 5
Urocanic Acid -
Inosine -
Uridine -
Thymidine -
Phenyethyl-amine -
Putrescine -
2-Aminoethanol -
2,3-Butanediol 1
Glycerol 18
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D,L-A-Glycerol Phosphate + - - 3

(-D-Glucose-1-Phosphate - - - -

D-Glucose-6-Phosphate - - - -

The results indicated all the 20 slow-growing soybean rhizobium STB strains could utilize
Tween 40, Tween 80, L-Arabinose , D-Galactose, O-D-Glucose, D-Mannitol, D-Mannose ,
Pyruvic Acid Methyl Ester, Succinic Acid Mono-Methyl-Ester, Acetic Acid, D-Gluconic Acid,
B—Hydroxybutyric Acid , Y-Hydroxybutyric AgicD L-Lactic Acid, Propionic Acid, Succinic
Acid , Bromosuccinic Acid , Sueeinamic Acid , =Ifeucine , and L-Phenylalanine. The 20 slow-
growing soybean rhizobium STBsirains | could not utilize-many carbon and nitrogen sources
as shown in Table 4.497" The'results indi?ated that there were variations in the ability to use
different kinds of carben and nitrogep soa.rges even within the strains that were identified as
belonging to the samesgenus and épecie;.. The results confirmed the existence of genetic
variations as observed inghe different R/—\PD PCR fingerprints of strains belonging to the same
genera and species. Appendix: E shc;wed a summary of representative results of
ability/inability to use 95 carbon/nitrogen soun‘ces by three reference strains and by B. elkanii
strain STB327, B. japonicum str’aln STB310 a_d_é yuanmingense strain STB264.
4.7 Genetic diversity of 121 slow-growing soybean rhizobium STB strains

Figure 4.25 (a,b) showed dendrograms constructe’él: from DNA fingerprints of 121
slow-growing soybean‘rhizobium STB strains when either"RPO1 or CRL-7 was used as the
primer. The dendrograms-showed. two .main” groups,of.slow-growing soybean rhizobia as
follows:
Group 1 consisted of 2 subgroups : Subgroups 1.1.@nd 1.2.

Subgroup 4.1 contained three clusters :

Cluster 1.1.1 consisted of 2 subclusters, the first subcluster 1.1.1.1

consisted of 11 STB strains (STB209, STB220, STB226 , STB236 , STB231 , STB234 ,
STB233 , STB222 , STB214 , STB224 ,and STB213) which were found to be closely
related to B. elkanii STB220. The second subcluster 1.1.1.2 consisted of 12 strains
(8TB171, STB173, STB179, STB150 , STB162 , STB142 , STB168, STB169 , STB147 ,
STB178 , STB154 , and STB163) which were found to be closely related to B. elkanii
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STB147, B. elkanii STB173, B. elkanii STB176, and B. elkanii STB179/ B.
yuanmingense STB169.
Cluster 1.1.2 consisted of 2 subclusters: subcluster 1.1.2.1 consisted of
7 strains (STB116, STB117, STB100, STB113, STB96, STB114, and STB89) which were
found to be closely related to B. japonicum STB96. Subcluster 1.1.2.2 contains 16
strains (STB295, STB299, STB288, STB328, STB281, STB282, STB292, STB327,
STB328, STB330, STB294, STB298, STB284, STB286, STB285, and STB296) which
were found to be closely related to B. elkanii /STB327.
Cluster 1.1.3 consisted 01;12 strains«(STB261, STB270, STB268, STB271,
STB274, STB276, STB259,8TB256, 8TB266, STB264,STB273, and STB275) which were
found to be closely related to.8. yuanminqense STB264.
Subgroup 1.2 censisted of 2 clust(—%rs:
Cluster 142.1 Consiste'éi‘of Z:Fstjbolusters. The first subcluster 1.2.1.1
consisted of 8 strains (SFB250, STB255, %TB'-'248, STB243, STB254, STB237, STB238,
and STB252) which were found to, bl_e'closelll__r!el,gted to B. elkanii STB238/B. japonicum
STB250. The second subcluster 1.2.1.2 igﬂnﬂsisted of 4 strains (STB325 , STB326 |,
STB245 , and STB241) which wete faund 16 bﬁﬁ‘_{&say related to B. elkanii STB245. The
third subcluster 1.2.1.3 consisted: of 9 str.'e];)ég(STB%& STB335, STB332, STB318,

STB319, STB300, ST’B'_7336, STB302, and STB310) which Wer'el__ found to be closely related

to B. japonicum sTB310.
Cluster 1.2.2 eonsisted of 4 strains (STB46, STB56, STB67, and STB63) which

were found to be closely related to B. japonictim STB54 and B. japonicum STB67.

Group 2 consisted of 2 subgroups: subgroup 2.1 and, subgroup 2.2. (Subgroup 2.1 was
divided into three clusters:

Cluster 2.1.1 consisted of 12 strains (STB321, STB340, STB131, STB120,
STB121, STB126, STB132, STB28, STB8, STB3, STB1 and STB201) which were found to
be closely related to B. elkanii STB8 and B. elkanii STB120.

Cluster 2.1.2 consisted of 10 strains (STB180, STB320, STB189, STB203,
STB202, STB183, STB185, STB119, STB181 and STB139) which were found to be
closely related to B. elkanii STB185 and B. elkanii STB119.
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Cluster 2.1.3 consisted of 4 strains (STB188, STB41, STB38, and STB4) which

were found to be closely related to B. japonicum STB30.

Subgroup 2.2. contained 12 strains whose identities could not be obtained from the
experimental results because no previously-identified soybean rhizobia were grouped

in the same subgroup 2.2.

Dendrograms obtained from RPO1 .and CRL-7 DNA fingerprints showed
identical clustering of the 421 slow—gjowing soybean rhizobia strains used in this
research. The strains wererdiVided.into two groups, namely, Groups 1 and 2. Group 1
was divided into two.stbgretps. ‘Subgroup 1.1 contained 3 clusters. Cluster 1.1.1
contained two subclusters 141141 @and 1.};1.2. Cluster 1.1.2 contained two subclusters
1.1.2.1 and 1.1.2.2. Cluster 14.3 fé-)_rmeiﬂé.)ne cluster. Subgroup 1.2 contained two
clusters. Cluster 1.2.1 contaipedithree sub,lé;luéters 1.21.1,1.2.1.2, and 1.2.1.3. Cluster
1.2.2 formed one cluster. Group,:__2 gbntain;q_,t\g\fo subgroups. Subgroup 2.1 contained
three clusters 2.1.1, 2.1.2, and 2:1.3. Sﬁﬁgroup 2.2 contained one cluster. The
clustering was summarized in "i‘igq[e 4.25(@&e results as shown in Figure 4.25(b)

showed 73 strains of slow-growing '_soybean?}‘ﬁi’z.ébia constituted seven types of strains

which were found..to_i’::be closely related to B. elkanii. Th:é__ first type consisted of 11
strains in subcluster el Tel which were foundtolbe closely rélated to B. elkanii STB220.
The second type contained 12 strains in subcluster 1.1%.2 which were found to be
closely related.to. B, elkani 'SIB147, B. elkanii STB173,. B..elkanii STB176, B. elkanii
STB179/ B. yuanmingenhse ,STB169.' The thirditype.of slow-growing soybean rhizobia
contained 16 strains in subcluster 1.4.2.2 which were found to be closely related to B.
elkanihSTBB27./The fourth typg of. slow-growing soybean rhizabia censisted of 8 strains
in subcluster 1.2.1.1 which were found to be closely related to B. elkanii STB328 / B.
japonicum STB250. The fifth type of slow-growing soybean rhizobia consisted of 4
strains in subcluster 1.2.1.2 which were found to be closely related to B. elkanii STB245.
The sixth type of slow-growing soybean rhizobia consisted of 12 strains in cluster 2.1.1
which were found to be closely related to B. elkanii STB8 and B. elkanii STB120. The

seventh type of slow-growing soybean rhizobia consisted of 10 strains in cluster 2.1.2
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which were found to be closely related to B. elkanii STB185 and B. elkanii STB119. In
addition, 24 strains of isolated slow-growing soybean rhizobia in subclusters 1.1.2.1,
1.2.1.3 and in clusers 1.2.2, and 2.1.3 were found to be closely related to B. japonicum
STB96, B. japonicum STB310, and B. japonicum STB54, B. japonicum STB67, and B.
Japonicum STB30 repectively. Moreover, 12 strains of slow-growing soybean rhizobia in
cluster 1.1.3 were found to be closely related to B. yuanmingense STB264. With the

twelve strains of unidentified slow-gro spybean rhizobia, the total number of slow-

onsisting of 73 B. elkanii strains, 24 B.

Japonicum strains, 12 B. yua " 70 i édentified strains.
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CHAPTER V

DISCUSSION

5.1 Colony morphology and Bromthymol blue reactions in slow-growing soybean
rhizobia

The results obtained for colony morpholegy; Bromthymol blue reactions and the
identification of slow-growing soybean rhizobia-as shewn in Figures 4.1, 4.2 and Tables
4.5 and 4.16 showed that in.meost cases,JiIt is possible to predict the type of Bromthymol
blue reactions from the_celony morphology. Almost allof the identified Bradyrhizobium
elkanii strains and B. ylanmingense strl.‘ain STB169 with Type | colony morphology
(irregular and slimy celonies) seéretei’élkali produet(s) throughout the 10-day
incubation period while the s|ow—'_gro_wingj} Bi japonicum with Type Il colony and B.
yuanmingense strain STB264 seg__ret_e"d alka'f:lf;!prg_duct(s) in‘the first 5-day incubation and
secreted acidic product(s) in thé Iia_ls_t 5-day¢'éf!i;10ubation. According to Somasegaran
and Hoben (1994), the indicator dye Bromthﬂzﬁbi_@lue is green in YMA with pH 6.8. Fast-

growing soybean rhizobia secrete: acidic _Eg_q*y_c_t(s), therefore, Bromthymol blue is

changed to yellow__églor. Slow-growing soybean rhizobia tgm the color of Bromthymol
blue to blue due to"'t—h':e secretion of alkali product(s). Othe:;‘ﬁesearchers also reported
that fast-growing soybean rhizobia showed an acid Bramthymol blue reaction while
slow-growing soybean rhizébia showed an alkali Bromthymol blue reaction (Alberton et
al., 2006; Chen et al.,12002; Chen et al., 2004; Hungria et al.; 2001). However, in this
research , it is demonstrated for thie first time that two types of, Bromthymol blue
reactiohs were| found, in" slow-grawing saybean rhizobia -as described above. The
experimental results showed that during growth on YMA with Bromthymol blue at the
initial pH of 6.8, strains of B. elkanii and B. liaoningense as well as B. yuanmingense
strain STB169 secreted alkali product(s) which turned the medium blue throughout the
10-day incubation time while strains of B. japonicum and B. yuanmingense strain
STB264 were found to secrete acidic product(s) during the first 5-day incubation and

secrete acidic product(s) during the last 5-day incubation. The results could be
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interpreted as B. elkanii, B. liaoningense as well as B. yuanmingense strain STB169
could survive under alkali condition with no need for an adaptation to changes of pHs in
the surroundings while B. japonicum and B. yuanmingense strain STB264 preferred an
acidic condition. Therefore, when pHs of the surroundings were in the alkali range, B.
japonicum secreted acidic product(s) to adjust the surrounding pHs to the acidic range.

The findings that slow-growing soybean rhizobia could secrete either acidic or
alkali products to change pHs of the surfoundings were confirmed by the experimental
results on responses of B. elkanii strain NAZ, B. japonicum strain S76, B. liaoningense
strain SK3, and B. yuanmingense strair_} STB264+to the pHs of the medium with and
without buffer as shown.inslables.4.6 to 4.15. The resulis showed that in the absence of
buffer, when the initialHs oifthe medqun were acidic (pH 4.0, 5.0, and 6.0), the four
slow-growing soybeangrhizobium strains %ecreted alkali'product(s) to turn the values of
pHs of the supernatant io mere than'.-t‘hos-e;;f the initial pHs. On the other hand, when
initial pHs of the medium were 7.0 or, 8.01'; cells of B. liaoningense strain SK3 and B.
yuanmingense strain STB264 were fl_o'und tc';_:sd___,ec,gete acidic product(s) to turn pHs of the
supernatant to the values of pHs_ in-an aéi_gii_g: range. In terms of an adaptation for
growth and survival in soils viith“different iF{éf:‘it would be advantageous for slow-

growing soybean rhizobia to-be-able to cﬁ'a;)gé-pHs of the surrounding soils to the

optimum pH for grdi_(\/th and survival by secreting either."__ acidic or alkali products,

depending on pHs Sfthe surroundings.
5.2 Predominance of«slow-growing soybean rhizobia in 16 subdistricts of Phitsanulok
province and the prevaleneerof natural variants

The authentication test results on isolated bacteria from root nodules obtained in
the experiments indicated that only slow-growing soybean rhizobia were obtained. One
reason! for,the predominance of slow-growing saybean/rhizebia was' the acidity of the
soil samples which were in the range of 4.5-6.5. Suzuki et al. (2008) reported that
soybean rhizobia on the Okinawa Islands in Japan were mainly fast-growing soybean
rhizobia due to the alkalinity of the soils. In addition, Han et al. (2008) also reported the
presence of fast-growing soybean rhizobia as well as the slow-growing B. liaoningense
in saline alkali soils in Xinjiang, People’s Republic of China. The first report on the

isolation of fast-growing soybean rhizobium, Rhizobium fredii was carried out by Keyser
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et al. in 1982. Since then other researchers have isolated fast-growing soybean rhizobia
from Hubei province in mainland China (Camacho et al., 2002; Dowdle and Bohlool,

1985; Stephen and Bohlool, 1985), and in Brazil (Hungria et al., 2001).

This dissertation is the first report on the record of B. yuanmingense in Thailand.
Previously there were two published papers on the isolation and characterization of B.
yuanmingense strain that nodulated 'soybean (Appunu et al.,, 2009) and B.
yuanmingense strain that did-not nodulate soybean but nodulated legume species of
the genus Lespedeza (Yao et al., 2Q5)2). Inthis dissertation, two strains of B.
yuanmingense, namely,.sirains_STB169 and STB264 were isolated. The two strains
were found to have different.eoleny morphology and BTB reactions and shown in the
Appendices C and Dg Futdre taxonomr; work on all"the 76 slow-growing soybean
rhizobium STB strains will be Carrie;el_ ouigy Multilocus Sequencing Analysis (MLSA)
(Gevers et. al., 2005). In addition,'-"this disliseFiation presented two lines of evidence for
the detection of natural variantg__ofl_élow—dfgwigg soybean rhizobia for the first time in
Thailand. The first evidence was 16S rDNAth‘i!endrograms (Figures 4.20, a-c) grouped
the 12 STB strains (STBS, S‘.iFBﬁjQ, STB@_’:‘STBM?, STB173, STB176, STB179,
STB185, STB220, STB245, STB283, and STBEQ_?)_}and the 6 STB strains (STB30, STB54,

STB67, STB96, ST.B_Q;SO, and STB310) into the same spéci—es of B. elkanii and B.
japonicum, respecﬁV’ély. The second line of evidence shcj’V‘v’éd the STB strains which
were grouped into the=same species had different DNA fingerprints as shown in Figure
4.19a for the 12 STB strains of B. elkanii.and the 6 STB strains of B. japonicum (Figure
4.19b). Figure (449 showéd the labove-mentioned..STB Istraifis had different DNA
fingerprints.  Previously, natural variants in slow-growing soybean rhizobia were
reporied from Brazil where natural variants/of B. japonicum SEMIAS66 strain used in
Brazilian commercial inoculants from 1966 to 1978 were found (Barcellos et al., 2007).
In fact, all the reference strains used in the construction of nodY dendrograms were
quoted from the paper by Barcellos et al. (2007) with the expectation that some of the
Thai natural variants might have close phylogenetic relationship with the Brazilian
natural variants. However, the nodY dendrograms showed all the Brazilian natural

variants were found in the same cluster. It was not surprising to find the Brazilian natural
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variants in the same cluster because they were all arose from genetic adaptations to the
soil environments in Brazil and by possibly by lateral gene transfer (Boucher et al.,2003;
Wright, 2004).

5.3 Multilocus Sequencing Analysis (MLSA) in the identification and determination of
phylogenetic relationship in natural variants of slow-growing soybean rhizobia STB
strains

The average size of isolated 16S,rDNAs of the 20 slow-growing STB strains
around 1450 bp were in the same range as those reported by Binde et al. (2009) and
Menna et al. (2006). The dendrograms constfueted with sequences of nodY of the 20
slow-growing soybean rhizobium-STB sf‘rrains yielded less satisfactory results because
the two B. yuanmingensesstrains STB169 and STB264 could not be identified by nodY
sequences. The results_ agreed with othér researchers who reported the limitations of
using homology to sequéhceé deposited- in GenBank database for the identification
purpose. If less numbers of seque‘nces:ot;genes of interest are deposited in the
GenBank database, the' chance of beihg at‘;’h_e to identify a particular species is reduced.
In addition, sequences .of only'-.orse geng-;,i:jdés rDNA, cannot be used to resolve

o 4 [

differences amongst natural var__'ra:n,ts of.the 12,8 elkanii and 6 B. japonicum STB strains

observed in PCR-DNA fingerp_rint_s (Figure 4?’[%).'!_Moreover, phenotypic differences in

the ability to use/notiuse 95 carbon and nitrogen sources determined by the BiologTM

tests of the 20 STBV“-si:trains could not be used to resolve :ajfferences in the 12 and 6
natural variants of B. elkanii and B." japonicum. Therefore, there is a trend towards
identification and phylogenetic relationship determination by the Multilocas Sequence
Analysis (MLSA) which*was_first introduced by Gevers|et all (2005) .In 2008 Vinuesa et

al. employed Multilocus Sequence Analysis to identify soybean rhizobia,

5.4 Further research on the collection of soybean rhizobia obtained

The genetic diversity of the 121 strains of slow-growing soybean rhizobia as
shown in Figures 4.25 (a,b) is an example to indicate that Thailand has a vast collection
of soybean rhizobium strains which could be tested for their suitability for use in the
production of inoculants for field trials. In 2009, Chansa-ngavej applied for a Thai patent

on the selection method for soybean rhizobia that could be used to produce soybean
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rhizobium biofertilizers which could be kept at room temperature. The method required
the selection of strains that grew well at 25°C and 30°C which were used to represent
soil temperatures in the northern, upper central, and some parts of the north-eastern
part of Thailand where soybeans are grown. The selected strains should not increase in
numbers when grown at 37°C and 40°C which were chosen as representation of room
temperatures where soybean rhizobium biofertilizers are kept during storage and
transportation. The results of growth curves obtained when cells of the 5 selected
strains of slow-growing soybean rhizobia weresgrown at 25°C, 30°C, 37°C, and 40°C as
shown in Figure 4.24 showed- the strainsJSTB3O, STB96, STB120, STB220, and STB264
did not meet the criteria.setup forthe selection of soybean rhizobia that could be used
in the production and field testings of soybean rhizobium biofertilizers that could be kept
at room temperature. Jhe rationale of majntaining no growth when grown at 37°C and
40°C is to keep the numbeps of oel'rl.-s_ co-riwg,"éant at the original minimum10° CFU/mI as
stipulated in the Royal Gazette for 'therstanlﬁsiafd quality of biofertilizers. If the number of
rhizobium cells in the biofertilize(_s 1s more'i__sthi_arg_. 10° CEU/ml, there may be inhibition of
nodulation gene expression by theiqy:orum §'§p§ing mechanism (Loh et al., 2001, 20023,

o

b, 2003, Sharma et al., 2003). /=4 22

o e =
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The remaining 116 straiﬁ_s of slow—gf(')viling rhizobia gbtained in this dissertation

could be further use?_:i in the determination of growth at d_[%férent temperatures to find
desirable strains for ’ﬁ_he production of inoculants for fiéld trials.  Other desirable
properties of soybeani rhizobium strains that.need to be determine for the selection for
use in the [production| of biofertilizers | include| competitive ability to outcompete
indigenous soyibean rhizobia in root nodulation, nitrogen fixation ability and survival in
the figldsias well esiformulations (ViassaklandiVandereyden, 1997) Thefresults on slow-
growing soybean rhizobia in 16 subdistricts in Phitsanulok province presented in this
dissertation are thus a contribution to the study of soybean rhizobium diversity which
has a far-reaching effect on the development of soybean rhizobium biofertilizers which
would increase income of soybean growers and would contribute to the preservation of
the soil environments for sustainable agriculture in some parts of Thailand. However, a

lot more research in terms of basic and applied sciences in soybean rhizobium
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technology still needs to be carried out in Thailand before we reach the same advanced
stage of research and applications in soybean rhizobium technology as found in
developed countries where the whole genome of B. japonicum has been sequenced
(Kaneko et al., 2002) and approximately 51% of the whole genome of B. japonicum
CPAC 15 have been sequenced (Goday et al., 2008). Finally, a lot of efforts are still
needed in the popularization of the use of soybean rhizobium biofertilizers in Thailand
(Chanaseni and Kongngoen, 1992) when compared with the use of soybean rhizobium
inoculants in other countries (Abaidoo et al. ;#2007 Aguilar al., 2001; Brutti et al., 1998;
Chen et al, 2000, 2004; Hungria. et aI.,%901; de-densen et al, 2004; Judd et al, 1993;
Minamisawa et al, 1999, Thomas- Qates ét al., 2003 and Yanni, 2004).

5.5 Significance of discovering fast-growirig bacteria in soybean rhizosphere

- a8

Soybean roots sécrete ﬂavoﬁ-gids-:s*dch as genistein which creates a gradient
along which soybean rhizobia move towar'l}is‘?the roots to form nodules (Kosslak et al,
1987). Other bacterial populatior)__s |n soyb'éje%_n f__hizosphere have been known to break
down these signal flavonoid imolectiles. Thé;p;esence of various bacterial populations
capable of breaking down the ff‘éi/drjpid mole@ie’é could contribute to reduced extent of

nodulation of soybeans resulting:in lower soy}:;e’emyields. In this research, isolation and

identification by 168_;";rDNA sequences were obtained fori§everal fast-growing, acid-
secreting bacteria E‘é'ionging to Agrobacterium tumefacien"’s""(STBWO, Ban Dong) and
Rhizobium tropici (STB23, Hua Ro and STB97, Mathong). “Fhe collection of fast-growing
bacteria from_the rhizosphere of soybeans“provide, sets of soybean rhizobia and
bacteria in the soybean/rhizosphere.which form base-line data for further research on
dynamics of bacterial populations in soybean rhizosphere as wellas study on the
impaét of rhizosphericybacterial populations on soybean root' nodule,formation (Taboran
and Chansa-ngavej, 2009). In 2010, Udomchotphruet and Chansa-ngavej reported on
reversed-phase HPLC conditions which could be used to determine concentrations of
genistein. The aim of the research is to detect if fast-growing bacteria isolated from

rhizosphere of soybeans could in vitro break down genistien, the signal molecule for

soybean root nodulation.



CHAPTER VI

CONCLUSION

Polyphasic taxonomy was employed in the Identification of slow-growing soybean rhizobia
obtained from the host trapping method using 5 soybean cultivars grown in soils from 16 subdistricts

in Phitsanulok province, Thailand. A total of 340 isolates were purified and categorized into fast-

and slow-growers based on their visible ¢ ( ast extract mannitol with 0.25 pg.ml'1 Congo
red agar plates. lIdentical RAPD-PC 1S 2 202 slow-growing isolates consisted of
121 strains. Authentication test s owers did not nodulate soybean roots.
Thus, they were not fast- 7 , all the 121 slow-growing strains
were found to nodulate ow-growing soybean rhizobia.
Comparisons of 16S rDN ins with corresponding sequences
deposited with GenBank rev, an rhizobia consisted of Bradyrhizobium
Jjaponicum and Bradyrhi. search is the first report on the

presence of B. yuanminge
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APPENDIX A

BACTERIAL GROWTH MEDIA AND PLANT NUTRIENT SOLUTIONS

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

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

W

K,HPO, 7 057"

MgSO0,.7H,0 0.2g

NaCl / = ) \\
ZP\

Yeast Extract Mannitol Broth (Y

Mannitol

Yeast extract
Deionized water “
pH of mediu N\' NaOH. The medium was

autoclaved at 121°C for

Yeast Extract Mannitol Agar (YMA) ™~~~

-

YMB

Agar

Agar was added‘to 1 liter of YMB. The solution was shaken to suspend the agar

then autocla &J(fgﬂﬂ Hﬂ? ﬁ n§] ﬁdlum was shaken to
of melted agar with medium be

ensure even r‘q}mg ore pourlng onto petr| dishes and

'ef”ﬁgﬁﬂﬂﬂﬂim UA1AINYAY

YMA W|th Congo Red

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

15 min.
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YMA with Bromthymol Blue (BTB)

Bromthymol Blue stock solution: 0.5 g of Bromthymol Blue were dissolved in 100
ml of ethanol. 5 ml of Bromthymol Blue stock solution were added to 1 liter of YMA. The
final Bromthymol Blue concentration was 25 ug.ml’1. The medium was autoclaved at
121°C for 15 min.

N-free Nutrient Solution

Stock Solutions

glliter

2941

136.1

6.7
123.3
87.0
0.338

0.247
0.288
0.100
0.056

—_——e—r—= 0.048

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

Solution..Teﬂﬂ;gj\iviﬁﬁ:nj:h S zﬁ:ﬂtﬂrj:iared as follows:
RESH TS Inenan

Tryptone-Yeast extract (TY) Medium

Tryptone 50 ¢
Yeast extract 30 g
CaCl,'H,0 0.87 g

Deionized water 1000 ml
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pH of medium was adjusted to 6.8 with 0.1 N NaOH. The medium was

autoclaved at 121°C for 15 min.
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APPENDIX B

CHEMICALS AND SOLUTIONS

1. Solutions for DNA extraction

Saline-EDTA solution
15 mM NaCl, 10 m

DNAzol
DNAZzol solution (

manufacturer's instructi

2. Electrophoresis Buffer

50X Tris Acetate B

Tris base’

glacial acet' acio
i

0.5MEDTApPH 8.0 100 ml

were addedﬂﬂﬁﬁ%ﬂ V’I %fﬁmtﬁjil pH to 8.0. The final

volume was

ARIANTAUNNIING A Y
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APPENDIX C

RAPD-PCR FINGERPRINTS OF 202 SLOW-GROWING
SOYBEAN RHIZOBIUM ISOLATES GROUPED AS THE SAME STRAINS

RPO1 CRL-7 RPO1 CRLs7, RPO1 CRL-7 RPO1  CRL-7

=

g 2

R Mz
bp bp
12,000 12,000
5,000 5,000
2,000 2,000
1,650 1,650
1,000 1,000
850 850
&0 650
E] 308
300 300
200 200
100 100

CRL-7 RPO1  CRL-7

& M7 7 M55
bp bp
12,000 12,000
5,000 5,000
2,000 2,000
1,650 1,650
1,000 1,000
850 850
650 620
3 380
i i
100 it
RPO1 CRL-7 RPO1 €RL-7 RPOQY¥  CRL-7
g & - @ - -
g =2 e 5 g
Mz » Mann M M 7 Mz M7
bp bp bp bp bp bp
12,000 12,000 12,000 12,000 12,000 12,000
5,000 5,000 5,000 5,000 5,000 5,000
2,000 2,000 2,000 2,000 2,000 2,000
1,650 1,650 1,650 1,650 1,650 1,650
1,000 1,000 1,000 1,000 1,000 1,000
850 850
650 g5 &% 650 650 680
3 i 308 300 30 300
k! 30 300 300 300 300
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bp

12,000

5,000

bp

12,000

2,000
1,650
1,000
850
i
300
200
100
= ke & a
e = = =
M A M 7 M M ;
bp bp bp bp bp
12,000 12,000 12,000 12,000
5,000 5,000 5,000 5,000 5,000
2,000 2,000 2,000 2,000 2,000
1,650 1,650 1,650 1,650 1,650
1,000 1,000 1,000 1,000 1,000
850 850 850
250 650 250 250 650
38 308 30 38 308
300 300 300 300 300
200 200 283 200 200
100 100 1 100 100




RPO1 CRL-7 RPO1
a a
2 2
Mx M=
bp bp
12,000 12,000 12,000
5,000 5,000 5,000

2,000
1,650

1,000
0

CRL-7wRPO1

bp bp
12,000 12,000
5,000 5,000
2,000 2,000
1,650

bp bp
12,000 12,000
5,000 5,000
2,000 2,000
1,650 1,650
1,000 1,000
850 850
i W
300 300
200 200
100 100

O
X
~
\‘

STBI26

2

STBI138
STB141

bp
12,000

5,000

bp
12,000

5,000

2,000
1,650

1,000
850

650

36

300
200
100

bp

12,000

5,000

1

bp
12,000

5,000

2,000
1,650

1,000
850

650

SE8s2
oo oS

139
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RPO1 CRL-7 RPO1 CRL-7 RPO1 CRL-7 RPO1 CRL-7
8 i g ®
g 8 = a8
Mz A ] M & Min M 7
bp bp bp bp bp bp
12,000 12,000 12,000 12,000 12,000 12,000
5,000 5,000 5,000 5,000 5,000 5,000
2,000 2,000 2,000 2,000
1,650 1,650 1,650 1,650
1,000 1,000 1,000 1,000
850 850 850 850
650 630 630 650
300 308 308 368
o a e B
igg 100 100 100
RPO1  CRL-7
22 23
2 ==
MZ & MZ 7
bp bp
12,000 12,000
5,000 5,000
2,000 2,000
1,650 1,650

RPO1.. CRL:7 RPO1 CRL-Z
o
= = = =
M M # M M #
bp bp bp bp
12,000 12,000 12,000 12,000 12,000
5,000 5,000 5,000 5,000 5,000
2,000 2,000 2,000 2,000 2,000
1,650 1,650 1,650 1,650 1,650
1,000 1,000 1,000 1,000 1,000
850 850 850
650 650 650 650 650
30 308 30 300 308
300 300 300 300 300
200 200 200 200 200

bp
12,000

5,000

2,000
1,650
1,000
350
650

it

300
2

RPO1
H
=

Mz
bp
12,000
5,000
2,000
1,650
1,000

850

650

318

300

200

100

M

O
X
-
\‘

o
*
=

STB190
STB198
STB200

CRL-7



RPO1 CRL-7 RPO1 RPO1 CRL-7 RPO1
bp bp bp

12,000 12,000 12,000

5,000 5,000 5,000

12,000

12,000
5,000 5,000

2,000
1,650

1,000
850
650

300
200
100

Ly

&

3

=

M~
bp
12,000
5,000
2,000
1,650
1,000
850
s
i

=

a

=

M=
bp
12,000 12,000 12,000
5,000 5,000 5,000 5,000
2,000 2,000 2,000 2,000
1,650 1,650 1,650 1,650
1,000 1,000 1,000 1,000
50 850 850 850
650 650 650 650
il . i

300

200 200 200
100 108 10 it




RPO1 CRL-7 RPO1 CRL-7 RPO1 CRL-7
&7 Z 2Ea
HE & HEd
M& & @ Mz »»
bp
12,000
5,000
2,000
1,650
1,000
850
650
308
300
200
100
RPO1
e
2
M
bp
12,000 |4 12,000 12,000
5,000 5,000 5,000
2,000 40 2,000 2,000
1,650 U 16s0 1,650
1,000 1,000 1,000
350 350 850
630 i 650 650
308 + 308 118
300 f 300 300
200 4 200 200
100 1 . 100 1
' T

"{CRED,  RROT

STB268

12,000

5,000

2,000 2,000
1,650 1,650
1,000 1,000
850 850
g0 650
308 308
300 300
200 200
100 100

RPO1 CRL-7 RPO1 CRL-7 RPO1
- 3 -
3% A MR 5 M5 M&
bp bp bp bp bp
121600 12,000 12,000 12,000 12,000
5,000 5,000 5,000 5,000 5,000
2,000 2,000 2,000 2,000 2,000
1,650 1,650 1,650 1,650 1,650
1,000 1,000 1,000 1,000 1,000
850 B 50
650 650 650 650 650
500 30 88 EHh
300 300 300 300 300
200 200 200 200 200
100 100 100 0 100

CRL-7

2
SPB274

bp
12,000

5,000

RPO1

STB254

STB275

=

lip
12,000

5,000
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O
X
-
\‘

STB254

a

bp
12,000

5,000

2,000
1,650

STB270

bp
12,000

5,000



- = - o I -+ -
b4 *® e e k] *® o
= = 2 = 2 2 =

M7 Min M5 Mz M 7 Mz M7
bp bp bp bp bp bp bp
12,000 12,000 12,000 12,000 12,000 12,000 12,000
5,000 5,000 5,000 5,000 5,000 5,000 5,000
2,000 2,000 2,000 2,000 2,000 2,000 2,000
1,650 1,650 1,650 1,650 1,650 1,650 1,650
1,000 1,000 1,000 1,18}23 1,000 1,000 1,000
6s0 650 650 géo 650 650 650
308 300 30 50 308 308 518
i - - i " i
100 100 10 100 188 100 e
r
F 4
w o o
a : =
2 £ g
Mz MZ M #
bp bp bp
12,000 12,000 12,000
5,000 5,000 5,000
2,000 2,000 2,000
1,650 1,650 1,650
1,000 1,000 1,000
850 85
630 650 680
Ei ) i 300
i o i
100 100 100
2 ES ES
L= o o~
g =) g
M# M M7
bp bp bp

12,000 12,000 12,000

5,000 5,000 5,000

2,000 2,000 2,000

1,650 1,650 1,650
1,000 1,000 1,000
85 50 8.
650 650 650
308 308 §00
i i
100 100 100
e
o292
LBl
2=
k M #n#n
bp bp bp
12,000 12,000 12,000
5,000 5,000 5,000
2,000 2,000 2,000
1,650 1,650 1,650
1,000 1,000 1,000
850 50 850
60 650 650
308 308 308
300 300 300
200 200 200
100 100 100
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RPO1 CRL-7 RPO1 CRL-7
-t = 4
2 2 2
ME b Mz
bp bp
12,000 12,000 12,000
5,000 5,000 8 5,000
2,000 = 2,000 B 2,000
1,650 - 1,650 |8 1,650
1,000 1,000 1,000
850 ; 850 850
650
0
300
200
100
RPO1 CRL-7 RPO1. CRL-7 “6R7 RPO1CRL-7 RPOf
- - ° ~
] g g
MZ 7 M M =
bp bp bp
12,000 12,000 12,000
5,000 5,000 5,000
2,000 2,000 2,000
1,650 1,650 1,650
1,000 1,000 1,000
850 50 850
650 650 6%
30 38 308
300 300 ann
108 106 160
. |
RPO1 PO14 ‘CRL—ZfJ.: RRO1 CRL-7
Y o Y
-
&
M7
bp bp
12,000 12,000
5,000 5,000
2,000 2,000
1,650 1,650
1,000 1,000
850 850
680 650
38 308
%83 333
100 100
R CRL-7

bp

bp bp

12,000 12,000 12,000
5,000 5,000 5,000
2,000 2,000 2,000
1,650 1,650 1,650
1,000 1,000 1,000
850 850 850
650 650 g%
300 388 308
i e
100 100 100
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APPENDIX D

16S rDNA AND nodY SEQUENCES

30 40 50 &0 70 80 20 loo

.- B R R L e L IR [ I [ [P |

STBS TGGT ﬁcsccccm TCGCTGACCC TACCGTGHCE GOCTGCCCCE TTTCGGTTAG COCACCGTCT TCAGGTAAAA CCAACTCCCA
14921‘ 110 1zo 130 140 150 led 170 120 130 Zoo

el e T T L o e B R B B T T
STBS TGETGTGACG G G GGRACGTATT CACCGTGGCG TGCTGATCCA CGATTACTAG CGATTCCARC TTCATGGGCT CGAGTTGUAG
Z10 11851’ ZZU Z30 240 z50 Ze0 270 ZEU ZSU 300

S o I Sy o | ks Sy
STB8 RGCCCAATCE GAACTGAGAC GGCTTTTTGA GATTTGCGAR GGGTCGECCC TTAGCATCCC ATTGTCACCG CHINURGVEN mc CCCAGCECGT

310 azo 330 340 380 360 370 1241f 280 330 400

T T T T e . = 0 0 T T e L e L P
STBS LAGGGCCATG AGGACTTGAC GTCATCCCCE COTTCCTCGE GECTTATCAC EGCCAGTCTS CTTAGAGTGC TCAACTAAAT GGTAGCAACT AAGGACCEEE

4z0 480 440 450 480 470 480 430 s00
B T R O . N T L R e T R

STBS NECGGGACT TAACCCRACE TCTCACGACAE COAGCTGACGE RCAGCCLTGE AGCACCTGTC TCCGGTCCAG CCGAACTGAA GLACTCCGTC
Ez0 530 540 L0 Ee0 570 580 &30 &00

el Sl T — Wi | |- e P e R | |

STB8 TETGGAGTCE GOGACCGGGA TGTCAAGGRE TGETAAGGTT CTGGGCGTTG GOTEGAATTA AACCACATGC TCCACCECTT GTGCSGEECE

620 €30 £40 £50 g0 §70 €30 eso 907r 700

B T e L e e O L L L e

STB8 TARTCTTGCG ACCGTAGTEC CCAGGEGGLL TGOTTAAAGC GTTAGCTGEG CCACTAGTGE GTALACCCAC TRACGGCTGG CATTCATCGT

710

730 740 750 ) 770 780 790 a00
- | I -1 I- - -1 - -1 -1 -1 -1 Sl - Sl -

STBS TTACGGCGTG G C LTI CTGTTTGCTC CCCACGCTTT CGTGCCTCAG CGTCAGTATC GGGCCAGTGA GCCGCCTTCG CCACTGGTGT

alo 787 azo 830 840 250 a50 870 880 as0 s00

T N T A R e T e T R e R R P

STBS TCTTGCGAAT ATCTACGAAT TrCABBTCTs e G AT TcoABTCAGE TCTCOEGAAC MEANGATCTT CAGTATCAAR GGCAGTTCTG GAGTTGAGCT
510 szg S50 540 250 260 570 580 250 1000

NN A y yriEs B s AT - T . .

STBS CCAGGATTTC ACCCCTGHET ThirGdECCo JECTACCEACC CTTTACGCOC AGTGATTCCG ABCAACGOTA GCCCCCTT

1010 Loz0 180 1840 1p50 loso 1070 oo 5191‘ 1090 1100

-l - BN - -l - - 1E -1 R | RN B I I Y - BN -

STBS CGAAGTTAGE COGGGCTTATGIETTGCGHT: JEGTEATTAT CTTCCEGCAC ALMAGAGCTT MIACARCCGTA GGGCCTTCAT CACTCACGCG GCATGGCTGE

1110 Lizo llzg 119 1150 1160 1170 1lls0 1180 lzoo
a.. al

TN e e o» LR LT T T T e
STBS LTCAGGCTTG CGCCCATTGT CORATATTGE O GG UAGTTTGGGCE GTGTETCAGT CCCRATGTGE CTGATCATCS TCTCAGACCA
lZlEI lZZEI 1220 1 ‘I 1240 lZED lZEEI lZ'?D 1z80 IZBD 1300

= = -1 Ar -l My T ALY ik R e | == = =
STBG GCTRCTGBTC GTCGCCTTGG TGRGCCATTA CCTCRCCAAC TAGCTARTCA G.\CGCGGGCC GATCTTTCGG CGATA.“.ATCT TTCCCCGTAA GGGCTTATCC

1210 1220 1330 1340 1850 1z=0 1370 1330 1330 1400
Sl - Sl - - -l a - A1 =1y e <1 - - - - B L -1 Sl - Sl
STBS GGTATTAGCT GRBGTTTCCC TCAGTTGTTC CGABCCBAJ}A GGTACGTTCC CACGCGTTAC TCACCCGTCT GCCGCTGACB TATTGCTATG CCCGCTCGAC
1410 1420 1420 1440 1450

T hr B
STBS TTGCATGTGT TARGCCTGEC GCCAGCGTTC GCT

27E
Figure G.1 16S rDNA sequence of B. elkanit STB8 with sequences of primers in boxes.

30 40 50, &0 70 g0 a0 100

. . L g . L L e I

STB30 ECACCCCAG TCGCTGECCC TACCGTGGCT GGCTGCCTCC CTTGCGGGTT AGCGCACCGT CTTCAGGTAA AACCAACTCC
130 140 150 1le0 178 180 130 Zo0

SR S e eao ol oo oo oo (1 o R L L I

STB30 COAACGTE TTCACCGTES COTGOTCATS CRACGATTACEH AGECATTCCA ACTTCATGGG CTCGAGTTGC

z40 ze0 Zen 270 280 z90 200
A S ey P

AEEERS P BT B BEEEE EEEEN -l T
STB30 AGAGCCCAAT CCGAACTGAG ACGGCTTTTT GAGATTTGCG AAGGGTCGCC CCTTAGCATC CCATTGTCAC CGC EGCCCAGCCC

310 az0 330 240 250 360 a70 1241f za0 330 400

NI (N R R 1 L T
STB30 GTRAGGGCCA TGRGGACTTG ACGTCATCCC CACCTTCCTC GOGGCTTATC ACCGGCAGTC TCCTTAGRGT GCTCALACTAL ATGGTAGCAL CTRAGGACGG
410 420 430 440 450 460 470 480 430 s00
T T T L T T T T L T e T B
SEPWNEC GGG CTTARCCCAL CATCTCACGA CACGAGCTGL CGACAGCCAT GCAGCACCTG TGTTCCRGGC TCCGLAGLGA AGGTCACATC
11001‘ 510 szn 530 540 580 £60 570 580 ssn €00

- -l - -1 B N - - - L |
STB30 TCTGCGACCG GTCCTGGACA TGTCAAGGGC TGGTRBGGTT CTGCGCGTTG CGTCGAATT.“. AACCACATGC TCCACCGCTT GTGCGGGCCC

T
) &z0 &30 &40 &80 £60 &70 £80 asn 907r 700

STB30

AP EAHFE 220 I A N E B IS I e e
STB30  CHie | TLATOTTGEG ACCGTAOTCC |CCAGGCGGAE TSCTTARAGE GTTAGCTGCG CORCTAGTGL GTARACCOAC TAACGGCTGG CATTCATCGT
710 720 730 740 7E0 7e0 770 780 750 |00

1 B T P e B R P e e

STB30 TTACGGCGTG Gm MCC TGTTTGCTCE CEACGCTTTC GTGCCTCAGE GTCAGTATCG GGCCAGTGAG COGCCTTCGE CACTGGCTGT

alo 787

az0 &30 840 as50 S50, 870 880 &30 00
ol ol - ol - P P L BT A - ol - | 2y B -1 -l B! Sl
STHE30 TCTTGCGAAT ATCTACGAAT TTCACCTCTA CACTCGCAGT TCCACTCACC TCTCCCGARC TCAAGATCTT CAGTATCAAA GGCAGTTCTG GAGTTGAGCT

910 920 930 940 950 960 970 ag0 280 1000
i I

STE30 CCAGGATTTC ACCCCTGACT TAAAGACCCG CCTACGCACC CTTTACGCCC AGTGATTCCG AGCAACGCTA GCCCCCTT CA

lolo lozo 1030 1040 1050 loso 1070 lo8d 5191‘ 1030 1100
B e B e P e R P B L B R T N
STB30  CGAAGTTAGC CGGGGCTTAT TCTTGCGGTA CCGTCATTAT CTTCCOGCAC RAAAGAGCTT TACAMCCCTA GGGCCTTCAT CACTCACGCG GCATGGCTGE
1110 11zo 1130 1140 1150 l1le0 1170 1llad 1130 1zoo
N N P e e . B T L e B L T L B R P
STB30  ATCAGGGTTG CCCCCATTGT CCARTATTCC cCil BRRRSWGE LGTTTGOGCC GTGTCTCAGT CCCARTGTGE CTGATCATCC TCTCAGACCA
lzlo0 lzzo lzz0 343]' lz40 1250 lzen lz70 lzso 1z30 1300
P T L L L L o L L L T L B L P e e
STB30  GCTACTGATC GTCGCCTTSG TGAGCCATTA CCTCACCARC TAGCTAATCA GACGCGGGCC GATCTTICGG CGATRAATCT TTCCCCGTAA GGGCTTATCS
1310 1320 1330 1340 1350 1380 1370 1380 1330 1400
N Sl Sl e e el R T R P N R
STB30  GGTATTAGCA CARGTTTCCC TGTGTTGTTC CGAACCAARA GGTACGTTCC CACGCGTTAC TCACCSGTCT GCCGCTGACG TATTGETACG CCCGCTCGAC
1410 1420 1430 1440 1450

R o o L P
STB30  TTGCATGTGT TRAGCCTGCC GCCAGCGTTC GCTH

27f
Figure G.2 16S rDNA sequence of B. japonicum STB30. Primer sequences in boxes.
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a0 an 50 60 0 80 L0 100
R F e e R N R N R
CRCCCCAGTC GCTGACCCTA CCGTGGCCGG CTGCCTCCCT TGCGGGTTAG CGCACCGTCT TCAGGTAAAR CCAACTCCCA

S5TB54
1z0 140 150 1e0 170 130 130 z00
- | B - - - PR | - - - - PR |
STB54 Cleg GGAACGTATT CACCGTGGCG TGCTGRTCCA CGATTACTAG CGATTCCARC TTCATGGGCT CGAGTTGCAG

210 13851, zz0 230 240 zs0 260 270 zs0 290 200
e T ey ooy ooy R sy | o P S| | [ p—
SIB54  AGCCCAATGO GAACTGAGAC GGGTTTITGA GATTTGCGAR GGGTCGECCC TTAGCATCCC ATTGTCAGCG T G CCCAGUCCGT
210 220 330 240 250 aso 270 1241f 330 390 400
e N el N 1. caed o] R L
STB54 AAGGGCCATG AGGACTTGAC GTCATCCCCA CCTTCCTCGC GGCTTATCAC CGGCAGTCTC CTTAGAGTGC TCAACTAAAT GGTAGCAACT AAGGACG@
410 4z0 430 440 450 460 470 480 490 s00
. T e R e N R NEEE N N
EMECGGGACT TAACCCAACA TCTCACGACA CGAGCTGACS ACAGECATGC AGCACCTGTG TTCCAGGETC CGAAGAGARG GTCACATCTC
11(](]1' 510 520 530 540 550 560 £70 580 590
-l - - -1 - - -l -1 - -1 - -1 -l - - -1 I-
SIBSd  TGCGACCGGT CCTGGACATG TCAAGGGCTG GTAAGGTTCT GCGCGTTGCG TCGRATTAAL CCACATGCTC CACCGCTTGT GCGGGCCCE : T
510 620 630 540 50 660 570 650 san 9071 700
B P o p— ST L [ o p— S | o P . ——
QEEATA ATCTTGCGAC CGTACTCCCC AGGCGGAATG CTTARAGCGT TAGCTGCGCC ACTAGTGAGT AAACCCACTA ACGGCTGGCA TTCATCGTTT
710 730 740 750 760 770 750 790 00
el T T e [ I L I L I T B e PR
STB54 ACGGCGTGG ICCT GTTTGCTCCC CACGCTTTCSG TGCCTCAGCG TCAGTATCGG GCCAGTGAGC CGCCTTCGCC ACTGGTGTTC
eLo 830 840 850 860 a7o 880 890 00
e N el WYL RIF P - N N e N
STBSE  TTRCGANTAT ETAGAATTT chtcTeTath-coRRiRNE N NS I g . - Tl STATCA RS EASTIETRGE STTEARCTES

S5TB54

STB54

7871

aLo 92zo =le]u) 940 L0 S&0 70 E==lu) loo0
R I PO . ™ it A i N e - | o
STB54 AGGATTTCAC CCCTGACTTA AAGACCCGCD TACCCACCCT TTACGCCCLG TCARTCCOCAC CRACGCTAGC CCCCTTC SUECCLCG

1010 10z0 1030 1040 1080 1080 1070 1090 5191‘ 1090 1100
- - —— I L T o e |
STB54  AAGTTAGACG GGGCTTATTC TTOEGETHECPETEATIATCT TCCRGCACAL TRCAIGETITNERACCCTAG GGCCTTCATC ACTCACGCGG CATGGCTGGA
1110 11z0 1130 1140 1150 1160 1170 1130 1130 1z00
R AT L . e e, O T T
STB54 TCAGGGTTGC CCCCATTGTC C}U\TATTCCC Ch GGL GTTTGGGCCG TGTCTCAGTC CCAATGTGGC TGATCATCCT CTCAGLCCAG
1z10 1zz0 Tzz0 343!- 1240 1z50 1280 1270 1z80 lz90 1z00
-l - - -1 -1 - -l - -1 - | - - - -1 |
SIBS4  CTACTGATCG TCGCCTTGGTIGAGCCATTAL CTCJLCCAJLCT ACCTRATCAS ACGCGOOCEG ATCTTTEGGC GATRAATCTT TECCCGTARG GGCTTATCCG
1310 1920 1330 1340 1350 1350 1370 1330 1390 1400
el = "™ N . . ceel Sl
STB54  GTATTAGCAC MGTTTCCCT GilTTo gl Gadec dniic GTACGTTCCC ACGCGTTACT CACCCGTCTG CCGCTGACGT ATTGCTACGC CCGCTCGACT
1410 1420 1430 Lian 1450

T A1
STB54  TGCATGTGTT AAGCCTGOCG CCAGEGTTCE © B

27f

Figure G.3 16S rDNA" sequence of.B. japonicum STB54. Sequences of primers are in

boxes.

20 &0 =l &0 70 a0 20 100

I e s - - T I P N el

STB67 i ECACCCCAGT EFREiEteT AoChToA008 GEREGETCCC TTGCGGGTTA GCGCACCGTC TTCAGGTALL ACCAACTCCC
]4921. 110 1z0 a0 150 1e0 170 130 120 z00

1 F O B e R s T L N T B e

STB67 ATGGTGTGAC oINS WXIWUIIRR GG 0GTAT /T ACCETGEE, GTGETGATCC ACGATTACTA GCGATTCCAR CTTCATGGGC TCGAGTTGCA
z1o 1385r zz0 230 #40 z50 260 270 z80 230 300

e 1l -1 S1===2) ST Moo= - -l ceeded

SIB67  GAGCCCAATC CGRACTGAGR CGGCTTTTTG AGATTTGCGE AGGGTCGCCC CTTAGCATCC CATTETCAEC ool GCCCAGCCCG

310 Zz0 230 340 350 260 37 12411' 390 230 400
e o 1 T T —————— ! ememmemt = oy T R ool
STB67  TAAGGGCCAT GAGGACUTAISCGTCATCCCE ACCTTCCTCG CGGCTTATCA CCOGCAGTET CCTTAGAITG CTCMCTMA TGGTAGCARC TAAGGACGHEE
410 420 430 440 450 450 470 430 430 500
L Bl ool ccocl- PR - Ellooaal ' o N e N
CGGG}\C TTAACCCAAC ATCTCACGAC ACGAGCTGAC GACAGCCATG CAGCACCTGT GTTCCAGGCT CCGCATAGAA GGTCACATCT
510 5Z0 530 540 E50 560 570 580 59E| &00
e TR ceileea el L i N ..
STB67  CTGCGACCGG TCCTGGACAT GTCAAGGGCT GETAMGGTTC TGCGCGTTGE GTCGAATTAL ACCACATGET CEACCGCTTG TGCGGGCCCE
&10 620 630 640 G50 660 &70 &80 690 9071‘ 700
B T T o e TP S
QNIT_LATCTTGCGA CCGTACTCCE CAGGCGGAAT GCTTRARGCG TTAGCTGCGC CACTAGTGAG TAAACCCACT AACGGOTGGC ATTCATCGTT
g Bad n4p 750 260 T30 730 730 00
el =0 RR " BE N NI R
STB67  TACGGCGTGE €c T6TTIGErCd CcOBCGETTTE TR CICAdC GICAsTTEG GHCCRGIGAS CCGCCTTCGC CACTGGTGTT

STB67

STB67

787

£10, 220 240 250 2e0 870 280 890 200

P T L T o e Lo e L L E i L e

STB67  CTTGCGAATA TETACAATTT CACCTCTACA CTCGCAGTTS, CACTCACCTC TCCCGAACTC AAGATCTTCA GTATCARAGG CAGTTCTGGAL GTTGAGCTCC
10 9z0 930 940 250 960 70 1000

s e | slese | P s boas | _ | . - e (e : seelea

STB6Y M GARTTTE A" CCC TERRTTA (HLGACCEoCE TAcaEiccdT TTACECERAC) TOATICORHG CRacEETIRE BocCTTclg JReGCACG
1010 10g0 1020 1040 1050 10g0 lawa 1080 ilgr 1030 1100

-l - -0 -l - -1 A S - il -l -1 e RN -1 RN I |

STBG67 AAGTTAGCCG GGGCTTATTC TTGCGGTACC GTCRTTATCT TCCGCACAAA AGRGCTTTAC AACCCTAGGG CCTTCATCAC TCACGCGGCA TGGCTGGRTC
1110 1lzo 1120 1140 1150 1160 1170 1180 1190 lzoa

B IR BRI IR BRI IR | - - Al Al -1 A0 Al -1

STB67  AGGGGTTGCC CCCATTGTCC AATATTCCCC GGAG TTTGGGGCCG TGTCCTCAGT CCCAATGTGG CTGATCATCC TTCTCAGACC
1z10 1zz0 lZSEI 31_31. 124D 1z50 lze0 1z70 1z80 1z90 1300

e N el celee] N e N e N

STB67 AGCTACTGRT CGTCGCCTTT GGTGAGCCJU! TTACCTCACC AACTAGCTAA TCAGACGCGG GCCGATCTTT CGGCGATJUU! TCTTTCCCCG TAAGGGCTTA
1z10 13z0 1320 1z40 132E0 1380 1z70 1z80 1330 1400

P R | R R | B | P L | B | P |

STIBG67 TCCGGTATTA GCACAAGTTT CCCTGTGTTG TTCCGAACCA AAAGGTACGT TCCCACGCGT TACTCACCCG TCTGCCGCTG ACGTATTGTT ACGCCCGCTC
1410 l4z0 1420 1440

T T T e |
STB67  GAGCTGCATG TGTTALGCCT GCCGCCAGCG TTCGC TSR
27f

Figure G.4 16S rDNA sequence of B. japonicum STB67. Sequences of primers are in

boxes.
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30 40 50 &0 70 a0 a0 100
I- | B I e | LR R B | |
ECACCCCAGT CGCTG.DCCCT ACCGTGGCCG GCTGCCTCCC TTGCGGGTTA GCGCACCGTC TTCAGGTJUUI ACCAACTCCC

130 140 150 160 170 180 190 zoo

S5TB96

B T T T I L I L o L e e e R FE L I P
STB96  ATGGTGTGAC GoGRrIvete IWXWVGIems CGGLACGTAT TCACCGTGGC GTGCTGATCC ACGATTACTA GCGATTCCAL CTTCATGSGC TCGAGTTGCA
zlo Shn Zz0o 220 240 ZE0 Ze0 z70 z80 230 200

R IR R e N P e TR e L N P |

SIB9E  GAGCCCAATC CGRACTGAGL CGGCTTTTTG AGATTTGCGR AGGGTCGCCC CTTAGCATCC CATTGTCACC GO GCCCAGCCCG

zl0 3Z0 320 240 250 3e0 370 1241f 280 390 400
R B T L e e N R e B e Sl -
SIB96  TAAGGGCCAT GAGGACTTGA CGTCATCCCC ACCTTCCTCG CGGCTTATCA CCGGCAGTCT CCTTAGAGTG CTCAACTARA TGGTAGCAAC TMGGACGE

410 420 420 440 450 460 470 4380 490 £00

P - I- - - -l E | - - | |
STB96
WI'

GGGAC TTRACCCARC ATCTCACGAC ACGAGCTGAC Gm:mccnc CAGCACCTGT GTTCCAGSCT CCGAAGAGAA GGTCACATCT
510 520 530 5‘10 550 560 57‘0 590 590 600
I- .

STB96G CTGCGACCGG TCCTGGACAT GTCAAGGGCT GGTAAGGTTC TGCGCGTTGC GTCG.U.TT.U. ACCACATGCT CCACCGCTTG TGCGGGcccE W
SlD EZD 630 640 G50 660 &70 &80 630 700

- A T Sl e e e el

STB96 m'r AATCTTGCGA CCOTRCTCCC CAGGCGGAAT GETTAAAGCG TTAGCTGCSC CACTAGTGAG TAAACCCACT AACGGCTGGA TTCATCGTTT
'?lEI '?ZEI 730 740 750 760 70 780 790 eoo

e I R R = T Sl N N Sl N

STB96 ACGGCGTGGA HW PRERIWRICCT GTTTGOTCOE CACGETITCE TGCCTCAGCG TCAGTATCGS GECAGTGAGE CGCCTTCGEC ACTGGTGTTC
gl0 830 240 250 g&0 870 280 830 200

e - | A L AR LT X 4 e ] N N

SIB96  TTGCGAATAT CTACGAATTT CACCTCTACE CTCGEAGTTC CACTCACCTE TGECGIACTC AAGATCTTCA GTATCARAGG CAGTTCTGGA GTTGAGCTCC

aln 3z0 320 240 S50 380 a7 2380 330 1000

N T T OO . o IR R e [ R B e |

SIB96  AGGATTTCAC CCCTGACTTA AAGACCCGEC TACGLACCET TTACGCCCAG TGATTCCCAG CAMCGUTAGE CCCCTTCE W
lola 10z0 1020 1040 1050 10g0 1070 1080 ™~ I 1030 1100

e Clee | e o ——— Ll e s I T N N

SIB96  AAGTTAGCCG GGGCTTATIC TTGCGGTACC GICATEATCT TCOOGCACAAMMAGAGCTTTA CAACCCTAGS GCCTTCATCA CTCACGCGGC ATGGCTGGAT
1110 1lzo 1120 1140 1150 11le0 1170 1120 1120 lzoa
T S el N

STB96  CAGGGTTGCC CUCATTGTCC AATATTCCGE AW BCGAG TTTGGGCOGT GICTCAGTCC CAATGTGGCT GATCATCCTC TCAGACCAGC
1z10 1zz0 1z3g, T 1z4a0 1Z50 1za0 1z70 1z80 1z90 1300

T g o N e s, T e
STB96  TACTGATCGT CGCCTTGGTG AGCCATEACE TGRCCAAGTA GCTAATCAGA CGCGGGCCGA TETTTCGGCG ATAAATCTTT CCCCGTRAGG GCTTATCCGS
1z10 13z0 1220 1240 1380 1360 1270 1z20 1330 1400
T e e B b R e o g | o P
SIB96  TATTAGCACA AGTTTCCCTGEHBTTGTTEEE Aafculs i6G TACGTTCCCL | COEETTACTCMACCORTEIRE CGCTGACGTA TTGCTACGCC CGCTCGACTT
1410 1420 1420 440 14E0
T T oy - LI
STB96  GCATGTGTTA AGCCTGCCOGC CAGEGTTCGE

Figure G.5 16S rDNA" sequence of.B. japonictum STB96. Sequences of primers are in

boxes.

a0 a0 0 60 20 80 20 100
B - T B - - N N R N
ECACCCCAGT CGCTG.DCCCT ACCGTGGCCG GCTGCCCCCT TTCGGTTAGC GCACCGTCTT CAGGCJUUU!C CAACTCCCAT

1492r 110 1zo 130 a0 150 160 170 180 190 200

I e PO - T - REE N N N
STB119  GGTGTGACGS Cllaescavervn o

S5TB119

GG GAACGTATTC ACCGTGGCGT GCTGATCCAC GATTACTAGC GATTCC.M!CT TCATGGGCTC GAGTTGCAGA

z1io 13851 zz0 230 zd0 z50 260 270 2350 300

-l - - ol - - Sl - Sl - -l - EO I | - Sl -

SIB119  GCCCAATCCG AACTGAGACE GCTTTTTGAG ATTTGCGRAG GGTCGCCCCT TAGCATCCCA TTGTCAcCdc [P C PlGC CCAGCCCGTA
310 Zz0 230 340 350 260 37 12411' 390 230 400

R < | T ——(— et el o |

STB11S  AGGGCCATGA GGACTTGANCHTCATCCCCAC CTTCCTCOCG GCTTATCACE GGCAGTCTEC TTAGAGT ET CAACTAAATG GTAGCAACTA AGGACGM
420 430 440 450 qso 470 430 490 500
M, - B co-- Al == ol | - - —1
lCGGGACTT A}\CCCAACAT CTCACGACAC GAGCTGACG)‘. CAGCCATGCA GCACCTGTCT CCGGTCCAGC CGAACTGAAG AACTCCGTCT

1100r E£l0 £20 £20 £40 EEO £e0 E70 £30 590 £00
-l - - - b B e I EEEEEAE - -l - | BEEER! |
5TB119 CTGGAGTCCG CGACCGGGAT GTCAAGGGCT GGTAAGGTTC TGCGCGTTGC GTCGAATT.U. ACCACATGCT CCACCGCTTG TGCGGGCCCE

€10 820 620 €40 E50 660 €70 &80 es0 907r 700

5TB119

e P T I . T e L Bt - 1 O e Ly ey [y ) ) e [ ey o |
STB119 [GGRORMWWNT LA TCTTGCGA COGTACTCCC CAGGCGGAAT GCTTAAAGCS TTAGCTGCGC CACTAGTGRG TARACCCACT AACGGCTGGC ATTCATCGTT
710, 7Z0 230 740 50 60 70 780 790 800

S Hil-=1 i -1 FY 3 B I R T T N
STB119 TRCGGCGTAG

810

787 8z0 830 840 850 860 a7o 880 890 900

e N el R el el NI el e

STB119 CTTGCGRATA TCTACGAATT TCACCTCTAC ACTCSCAGTD CCACTCACCT CTCCCGAACT CAAGATCTTC AGTATCARLG GCAGTTCTGG AGTTGAGCTC
aLo 2z0 230 940 &0 3e0 70 230 230 loo0

B L e S R T R Wy el A Uy P |

STB119  GAGGATTTCA CECOTGACTT | ARAGRCCCGERETACGCACOE TITACGESCA GTGATTECGE GLAACGCTAG CoCCCTTCRD PRuvAsaeey e G  AC
1010 10Z0 1020 1040 1050 1l0g0 1070 1030 ilgr 1030 1100

Y 11897 ¥Y 751 12D O8N F 10 - B8 -1 N

STB118 BAAGTTAGCC GHGGETTATT CTTHCGOTAC BGTCATTATC TTCCOGCICA AAAGRGCTTT ACKACECTREGGCCTTCATC ACTCACGCGG CATGGCTGGA
1110 1120 1120 1140 11E0 11le0 1170 1120 1120 lzoa

e 1. Ll . Sl N el

STB119  TCAGGCTTGC GCCCATTGTC CAATATTECC C

1z10 1Zz0 1lz30 3431' 1z40 1zs50 lza0 1z70 1z80 1z90 1300

e N el N T el el N N e

STB119 CTACTGATCG TCGCCTTGGT GAGCCATTAC STCACCRACT AGCTAATCAG ACGCGGGCSG ATCTTTCGGE GATARATCTT TCCCCGTAMG GSCTTATCCG

1210 13z0 1lzz0 1240 1280 1380 1270 1280 1350 1400

B I I Tl T L ) ) P ] [ el [T g ey Py ey e |

STB119 GTATTAGCTS AAGTTTCCCT CAGTTGTTCC GARCCRAAAG GTACGTTCCC ACGCGTTACT CACCCGTCTG CCGCTGACAT ATTGCTATGC CCGOTCGACT
1410 quD 1430 1440 1450

N R

STB119  TGCATGTGTT uGcc‘chcc CCAGEGTTEG ©

Figure G.6 16S rDNA sequence of B. elkanii STB119 with sequences of primers in

boxes.
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10 Z0 a0 an 50 60 0 80 L0 100
P L e B L e L I L B L B FE Tl B P
i BICACCCCAGT CGOTGACCCT ACCGTGGOCG GOTGCCCCCT TTCGGTTAGE GCACCGTCTT CAGGTARRAC CAACTCCCAT

@TC
]4921. llD 120 1z0 140 150 1e0 170 130 130 z00

T T T T
STB120 GGTGTGACGG cm

S5TB120

GG GRACGTATTC ACCGTGGCGT GCTGATCCAC GATTACTAGC GATTCCRLACT TCATGGGCTC GAGTTGCLGL
Zlo 1385r ZzZ0 220 z40 ZE0 Ze0 z70 Z80 290 200

STB120 GUCCAATCOG AACTGAGACG GCTTTTTGAG ATTTGCGAAG GETCGUCOCT TAGUATCCCA TTGTCACCED C COAGDTCGTA
210 220 330 240 250 260 270 12411' 390 390 400

P T T T T L e I L e e | N T

STB120 AGGGCCATGA GGACTTGACG TCATCCCCAC CTTCCTCGCG GCTTATCACS GGCAGTCTCC TTAGAGTGCT CAACTAAATG GTAGCLACTA AGGACGm
410 4z0 430 440 450 460 470 480 490 500

B R T e e L I B e [ N Rt IR EEE

GGGACTT AACCCARCAT CTCACGACAC GAGCTGACGA CAGCCATGCA GCACCTGTCT CCGGTCCAGE CGRACTGARG RACTCCGTCT
1100r &0 sz0 530 540 550 560 570 520 530 g0
T T T T T T |
SIB120 CTGGAGTCCG CGACCGGGAT GTCARGGGCT GGTAAGGTTC TGCGCGTTGC GTCGAATTAA ACCACATGCT CCACCGCTTG TGCGGGCCCH
810 sz 530 €40 650 560 €70 €80 690 9071 700

Ll Sl Sl R Sl el e e - -1

STB120 TT TT T AATCTTGCGA CCGTACTCCC CAGGCGGAAT GCTTAAAGCG TTAGCTGCGC CACTAGTGAG TAAACCCACT AACGGCTGGC ATTCATCGTT
710 7z0 730 740 750 760 770 780 790 800

S5TB120

BT T e T I e [ L e [ B
CC TGTTTGCTCO CCACGETITC GTGCCTCAGC GTCAGTATCG GGCCAGTGAS COGCCTTCGC CACTGGTGTT

el
STB120 TRCGGCGTGG

&l0 7871‘ 2z0 230 40 250 260 70 230 230 500
- -1 R - -l - - B S | -l - - -1 - - -l -
SIB120 CTTGCGRATA TCTACGAATT TCACCTCTAC ACTCGCAGTT CCACTCACCT C‘TCQ.EGMCT CARGATCTTC AGTATCRAAG GCAGTTCTGG AGTTGAGCTC
alo Sz0 230 240 50 ”950 a7o QED 290 1000
N 1. b Ak g L ..
STB120 CAGGATTTCA CCCCTGACTT AAAGACCOGE ETACGCACEE TTTACGCCCA GTCAFTEOSL GCLACGOTAG CCCCCTTCE P clCTGCTE
1010 1o0zo 1020 1040 1050 1060 1070 1080 Slgr 1090 1100

B L B I e | [N N R s, ) R R e P
STB120 GARGTTAGEC GGGGCTTATT CTTGEGGTAC SGTCATTATC TTCCCGCACA ALLGAGETTT ACRACCCTAG GGCCTTCATC ACTCACGCGG CATGSCTGGE
1110 1lzo 1130 1140 1150 lle0 1170 1120 1130 lzoa

N P A - T - N N

SIB120 TCAGGCTTGC GCCCATTGTC CAATATTCCC. il g GGL GTTTGEGECCG TGTCTCAGTC CCAATGTGGC TGATCATCCT CTCAGACCAG
1z10 1zzo 1ZE0 1ze0 1z70 1z20 1290 1z00

P T TR B I o SFrE gy i Wl | e Sleaad e

STB120 CTACTGATCG TCGCCTTGGT GAGCCATT, CTCACC.U.CT HocTARTCAG ACGCBOGCCGLATGTTTO08E GATARATCTT TCOCCGTAAG GGCTTATCCG
lzl0 1zz0 1230 1240 1280 1360 1z70 1z20 1320 1400
e L ™ -1

STB120 GTATTAGCTG AAGTTTCCCT o
1410 1420

R R EE Y R

STB120 TGCATGTGTT ALGCCTGCCG COL

Fi

m zn m "ady - = &0 k] &0 30 100

e —— | o f— W] [ o | wbeiiie |

STH147 m m Elcaccc-:acr cocTEReeeT affﬁvcccg—gcmcccccr TTCGETTAGE GCACCGTCTT CAGGTARRAC CAACTCCCAT
130 - RLl ].‘?0 .1.80 190 200

1492r 10
STB147 GGTGTGACGG

[ o J
m GMCGTATTC accs’mﬁcw GCTGATCCAC wm‘ncrw GATchuc'r TC.ITGGGCTC GAGTTGCJ\G&

230 240 250 260 j'?n 280 290 200
e I B i P YRR By gl

o I S
STE147 Gccc,m‘,'pcc(; “c-mmrf Tt o s PR WM o JeTeT AW Yo eTes R -_é_; m C CCAGCCCGTA
aJ.o \ T2 330 310 aso J 1241{ 3so 39u mo
STDI47 \oioiiiiih cehcTTonbe e ATCEEEAE ETTEETEGRG GRTTATEACE oouc'rc'ncc TTAG ﬁ'fr CAAETAAATG STAGEARETA AGGACGm
420 430 440 450 450 470 480 490 500
[JRN  | — o o RE || | | [ U R EG I P
STB147 CGGGACTI_,W\CCC]H\.C.RT CTCACGACAC GAGCTGACGA CAGCCATGCA GCJ\CCTEII:T CCGGTCCAGC CGAACTGAAG AACTCCGTCT

11001 510 520 530 540 550 560 570 580 530 &00

cnnaforaal wasalessal asegfacanl sasslinaal cisanbesan] vanclemee] cnesderenl ccviliand] aman fases]

STB147 CTGGAGTCCG CGACCGGGAT GTERAGEECT GOTAAGGTTC TGCGCGTTGHE, GFCGAATTAL ACCACATGCT CCACCGCTTG "DGCGGGCCCE

10 620 630 610 SSU 660 6?n 680 690 9071- Fo0
i THE. Al .

M.TC'I‘TGCGA CCGTAC‘J.‘CCC CJ.GGCGG.MT GCTTMAG-CG TTAGCRGOE C‘JACT.&GTGM: TAM.CCCACT A.RCGGCTGGC ATTCATCGTT

STB147
o 224 720 740 70 0 70 280 790 800
STBIAT Lol R N . B L. [ 1. & EL N M B ¢ e e
TACGGCGTGG C TGTTTGCTCC CCJCGCTTTC GTGCCTCAGC GTCRGTJ\.TCG GGCCAGTGJ\G CCGCCTTCGC C).CTGGTGTT

810 ?B'h- 820 830 sw Bsn sso a70 sso 830 200
-1 Sl e fanae] - - -1 - -1 claain ]
STB147 C'T'TGCG)\ATA TCTLCGAATT 'TCACC'DCTAC ACTCGCAG'T'T CC)\C'DC.RCCT CTCCCGAACT CJ\J\GAT‘CTTC LGTATCJ\ARG GC)\GTT‘CTGG AGTTGAGCTC

10 aza 930, 440 SL0 S80 %70 55 S50 1000

i--BiRE-! -§--"- %1051 -..ul--..il-“-l---‘l----|...-I_A..-I-‘--I--‘-I-..-\---- 3 O RS PR |

STB147 |CAGGRTTTCA CECOMGASTTIARAGACOLGE LTACGCACEE TITACGCEHA GTGATTCCGA GCHARCECTAG ECCCcT TR m [ERESRE G C AC
1010 1oz 1030 1040 1080 1060 1070 1080 qlgl' 1080 1100

=1 1- =1 ot I --1 - =k I e e | == ] -1 1 e -
GAAGTTAGCC GGGGCTTATT CTTGCGGTRC CGTCATTATC TTCCCGCRCA AAAGAGCTTT J\C)U\CCCTAG GGCCTTCJ\TC RCTCACGCGG C).TGGCTGGR

1110 11z0 1130 1140 1150 1180 1170 1180 11s0 1z00

STB147

7 senafosna) sasalanaal sneifenen] saseleiiea] sacafaann] saaalanan] senafesanl saaalaann | enenfanaal sanalaaan}
STBIAT 1 AGGCTTGC GCCCATTGTC CAATATTCCC ¢ AARRREN MEREEIIGGA GTTTGG6CCG TGTCTCAGTC CCAATGTGSC TGATCATCCT CTCAGACCAG
1210 1220 1230 3431‘ 12!.0 1280 1260 1270 1280 1230 1300

£ -1 -1 - - C I B -1 == -1 - - 1= -1 - -1

$TB147 CTACTGATCG TCGCCTTGGT GAGCCATTAC cTcACCMCT RGCTARTCAG ACGCGGGCCG ATCTTTCGGC GATAAATCTT TCCCCGTAAG GGCTTATCCG
1310 1320 1330 1340 1350 1380 1370 1380 1350 1400

P e aanaloseal anasbacan] cascafsaasl sevabasan] wamslessad sssafares] essnileanif cnmalasaal cmsafecaat

STB147 GTATTAGCTG AAGTTTCCCT CAGTTGTTCC GAACCAARAAG GTACGTTCCC ACGCGTTACT CACCCTGCTG CCGCTGACAT ATTGCTATGC CCGCTCGACT

1410 1420 1430 1440 1450
sesafosan] ssaalosns| snnslanaal sosalovas . sal
STB147 TGCATGTGTT AAGCCTGCCG CCAGCGTTCG C TN ]
27f

Figure G.8 16S rDNA sequence of B.elkanii STB147 with sequences of primers in boxes.
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30 40 s0 &0 70 =0 50 100
L I H e e e [ IeTN AR IR ISP IR BRI IR BT IS IS I |
STB169 T BCACCCCAGT CGOTSACCCT ACCGTGGCCG GCTGCCTCCOC TTGCGGGTTA GCGCACCGTC TTCAGGTARL ACCARCTCCC
]4921‘ 110 1z0 130 140 150 160 170 180 130 z00
SIB169 ATGGTGTGAC b ¢ B GGGAACGTAT TCACCGTGGC GTGCTGATCC ACGATTACTA GCGATTCCAR CTTCATGGGC TCGRGTTGCA
z1o z40 z50 z60 z70 200
R . Sl e e e el cee e
STB169 GAGCCCAATC CGAACTGAGA CGGCTTTTTG AGATTTGCGA AGGGTCGCCC CTTAGCATCC CATTGTCACC GC CATTGT, GCCCAGCCCG
al0 azn 330 340 350 asn a70 12411' 380 390 4nn
e Sl e N - . e Ceel .
STB169 TLLGGGCCAT GAGGACTTGA COTCATCCCE ACCTTCETCR CGGCTTATCA CCGGCAGTCT CCTTAGAGTG CTCAACTAM TGGTAGCAAC TAAGGAC
410 420 430 440 450 460 470 480 430 500
| T T T T T T T
STB169 IRNECGGGAC TTRACCCAAC ATCTCACGAC ACGAGCTGAC GACAGCCATG CAGCACCTGT GCTCCAGGCT CCGARGAGAG GGTCACATCT
11001' 510 sz 530 540 550 560 570 530 590 500

- I e T T e Sl el e I-
STB169 CTGCGACCGG TCCTGGACAT GTCAAGGGCT GGTAAGGTTC TGCGCOTTGC GTCGRATTAA ACCACATGCT CCACCGCTTG TGCGGGcccE

&l0 620 630 640 G50 660 &70 &80 690 90?1‘ 700

Y R Y [N NS Sy DY SN Y Ly R ] S SO Y |y R Y [y Iy —

STB169 (NWNSRWWT ALATCTTGCGAL CCGTACTCCC CAGGCGGAAT GCTTAAAGCG TTAGCTGCGC CACTAGTGAG TARACCCACT AACGGCTSGC ATTCATGGTT
710 720 730 740 7EO 7e0 770 780 790 200

cee e e el Sl e e Sl e
STB169 TACGGCGTGS cc TGTTTGCTCC ReC ABGETRTC G TGCCTCAGE GTCAGTACCG GGOCAGTGAG CCACCTTCGC CACTGGTGTT

T2
cro 787 szn 830 840 =50 860 870 a80 890 900

B T B L T R A L F o O I e L e FE BT P
STB169 CTTGCGAATA TCTACGALTT TCACCTCTAC ACTCGCAGTT COASTCACET/CTGECCGAET CAAGATCTTC AGTATCRALG GCAGTTCTGG AGTTGAGCTC

10 9z0 230 940 250 960, 70 SEEI

e N IR i e T ... ceel -
STB169 CAGGATTTCA CCCCTGACTT ALAGACCCSS CTACBCACEE TTTACGCCCA GTGATTECGL GCAACGCTAG CCCCCTTCEE T
1010 1o0zo 1020 1040 1050 1080 1070 1080 qlgl‘ 1090 1100

P L i I M m— R ™ [ [ ———— T N T P

STB169 GALGTTAGEC GGGGCTTATT CTTGCGOTAC CGTCATTATC TTCCCGCACA AAACAGCTTT LCRACCCTAG GGCCTTCATC ACTCACGCGG CATGSCTGGE
1110 11lzo 1120 1140 1150 1llg0 1170 1120 1130 lzoa

N N T R | P M- o R N N

STB169 TCAGGGTTGC CCCCATTGTC CAATATTCCC@ G4 GTTTGGO0EG. TETCTCAGTC CCAATGTGGC TGATCATCCT CTCAGACCAG
lzlo 1zz0 1z20 3411“ 1z40 1zE0Q 12e0 1z70 1z20 1230 1z00

N -] e IR N T N leand N

SIB169 CTACTGATCG TCGCCTTGGT GAGCCATTAL CTCACCAACT AGCTAKTCAG ACGCGGGCCG ATCTTTCGGE GATRAATCTT TCCCCGTAAG GGCTTATCCG

1z10 13z0 1320 1240 1250 13e0 1370 1z80 1320 1400
-l - - -1 -1 -1 - -5 -1 -l A - B | Al | A - PR |

STB169 GTATTAGC}.C AAGTTTCCCT GTGTTGTTCC GAACAAAAGG TACGTTCCAC GCGTTACTCA CCCGTCTGCC GCTGACGTAT TGCTACGCCC GCTCGACTTG
1410 1420 1430 1aad

S5TB169

Figure G.9 16S rDNA sequghce of B..yuanmingense STB169 with with sequences of

primers in boxes.

20 40 0 &0 70 20 a0 100

I- I T e < g -1 R -1 - SRR R
BCACCCCAGT CGLTGACErT ArcGTEGC06 GETEECECCT TTCGGTTAGE GEACCSTCTT CAGGCARAAC CAACTCCCAT
]492,1- 110 1zo 130 140 150 160 170 1s0 130 z00

N - e — B - | . ) | o e o e

STB173 GGTGTGACGG GG G eaTATIE At GG TCoETIGLICAICEAC CATTACTAGC GATTCCAACT TCATGGGCTC GAGTTGCAGR

STB173

z10 1385y zzo zz0 240 z5o ze0 za0 z00
el e T BRI - - | . N
STB173 GCCCAATCCG AACTGAGACGIGCTTTTTGAG ATTTGCGAAG GGTCGCCCCT TAGCATCCCA TTGTCACCGE b RGC CCAGCCCGTA

aLo 3z 330 340 350 360 70 1241]‘ 380 390 400
EEERY| BT o e e e e e e | Sl R -1 -
STB173  LGGGCCATGA GOACTTGACG JFCATCCCCAC CTTCOTEGCG GETTATCACC GGCAGTCTEC TTAGAGTOCT CAACTAAATG GTAGCAACTA AGGACGM
410 470 430 240 450 450 a7 480 490 500
I- - e | P B | - s -1 - -1 R
RECGGGACTT RACCCAACAT CTCACGACAC GAGCTGACGA CAGECATGCH GCACCTGTCT CCGGTCCAGE CGAACTGARG AACTCCGTCT
11(](]1- 510 5zo 530 540 50 s&0 570 530 590
- -1 - | R -1 - R - |- e -1 - I-
STB173 CTGGAGTCCG COACCGOGAT GTCAAGGGCT GGTARGGTTC TGCGCGTTGE GTCGRATTAR ACCACATGCT CCACCGCTTG TGCGGGCCCE

5TB173

610 &z0 630 640 &50 660 670 &30 &30 9071- 700
.| P T T T e | e A ey Sl e
STB173  (WRRIYRWEIT AATCTIGCGE GGGTACTGEC ©AGGGGGAAT GCTTALAGCG. ITAGCTGGG,CACTAGTGAG JFAAACECACT AACGGCTGGC ATTCATCGTT

710 720 730 7‘10 TEO 760 770 780 790 200
e p— . = - -1 - A N - —1
STB173 TACGGCGTGS cc TGTTTGCTCC CCACGCTTTC GTGCCTCAGC GTCAGTATCG GGCCAGTGAG CCGCCTTCGC CACTGGCTGT
eLo 7871‘ 8z0 830 840 as50 860 870 880 890 900
e -1 B e e P e e e e e
STB173  TCTTGCGAAT ATCTACGART TTCACCTETA CACTCGCAGT TCCACTCACE TCTCCCGARC TCARGATCTT CAGTATCAML GGCAGTTCTG GAGTTGAGCT

10 9z0 930 940 250 960 70 80 1000
M N | | e Lo | ek Lo - DR PN N N T N 2ol
sTB173) _COAGGATTTC "AcCecTeilT, TRAAGRECEG SETACGCACC| CTITACGAEE |AGTSATTECG AGERACGC TR GCcfccTTCE, Clor)

1010 1ozo loz20 1040 1nso 1050 1070 lDED 519]‘ 1090 1100

g LY N4 8 K - - B g ny Sl L1 N

STB173 CGRAGTTAGC CGGGGCTTAT TCTTGCGGTA CGGTCATTAT CTTCCCGCAC ALAAGAGCTT TACAACCCTE GGGCCTTCAT CACTCACGCG GEATSGCTSG
1110 11lzo 1120 1140 11E0 1le0 1170 1120 1130 lzoa

N B T I P N N BT e P N N

STB173  ATCAGGCTTG CGCCCATIGT CCAATATTCC CC 66 AGTTTGGGCC GTGTCTCAGT CCCAATGTGG CTGATCATCC TCTCAGACCA
1z10 1zzo 1z30 3431' lz40 1z2E0 1zZe0 1z70 1z20 1220 1z00

R — I [o—) I — I (| T — T — I [o— I —) RT—

STB173 GCTACTGATC GTCGCCTTGG TGAGCCATTA CCTCACCAAC TAGCTAATCA GACGCGGGCC GATCTTTCGG CGATAAATCT TTOCCCGTAA GGGCTTATCC

1z10 13z0 1320 1z40 13280 1380 1z70 1z80 1320 1400
P T o T L L O e | Sl A T Sl el
STB173 GGTATTAGCT GAAGTTTCCC TCAGTTGTTC CGAACCAAAR GGTAGGTTCC CACGGGTTAC TCACCCGTCT GOCGCTGACA TATTGCTATG CCCGCTCGAC
1410 l4z0 1430 1440 14E0
| | T
STB173 TTGCATGTGT TAAGCCTGEC GCCAGEGTTC GG
27f

Figure G.10 16S rDNA sequence of B. elkanii STB173 with sequences of primers in

boxes.



150

30 40 50 &0 70 20 s0 100
B R | -l - -l -1 I T IR SIS IR |

ECACCCCAGT CGCTGACCCT ACCGTGGCCG GCTGCCCCCT TTCGGTTAGC GCACCGTCTT CAGGTAAAAC CAACTCCCAT

14921‘ 110 120 130 140 150 160 170 160 150 200

. : oo | el N N N T

STB176 GGTGTGACGG GG GRACGTATTC ATCCGTGGCG TGCTGATCCA CGATTACTAG CGATTCCAAC TTCATGGGCT CGAGTTGCAG

z10 11851‘ 220 230 z40 250 z60 270 290 300
| .

STB176 LGCCCAATCC GAACTGAGAC GGETTTTTGA GATTTGCGAL GGGTCGCCCC TTAGCATCCC ATTGTCACCS C|ERRRE JIC CCCAGECCOT
310 320 320 340 350 380 z70 1241F sz0 EEL] 400

STB176

B T T T L T I e I e o R T I L ey e B |
STB176 RAGGGCCATG AGGACTTGAC GTCATCCCCA CCTTCOTCGC GGOTTATCAC CGGCAGTCTC CTTAGAGTGC TCAACTAALT GGTAGCRACT AAGGLCGHEIEE
420 430 440 450 460 470 480 490 £00
1oeenl T R P -1 N T T R -1
WRECGGGACT TALCCCAACA TCTCACGACA CGAGCTGACG ACAGCCATGC AGCACCTGTC TCCGGTCCAG CCGAAACTGA AAGRACTCCG
s5z0 530 540 550 560 570 580 590 &00

N B T L R P e TR BT I PR . X
STB176 TCTCTGGAGT CCGCGACCGG GATGTCAAGG GCTGGTALGG TICTGCGCGT TGCGTCAATT ARACCACATG CTCCACCGCT TGTGCGGGCC d

610 620 630 540 650 660 670 680 590 9071‘ 700
. [T R B N R el el B T R B S
BTAATCTTGC GACCGTACTC CCCAGGCGGA ATGETTALAG CGTTAGCTGC GCCAGTAGTG AGTAARCCCA CTAACGGCTG GCATTCATCG

740 7EQ 7e0 770 780 780 200

STB176

S5TB176

710
R T L 1 O 1 O o e L L L R |
CCTGTTTGCT COOEACGETT TCETGCCTCA GCGTCAGTAT CGGGCCAGTG AGCCGCCTTC GCCACTGGTG
840 &0 260 870 SBD 890 200
s | -l - -
STB176 TTCTTGCGRA TRTCTD.CD.AT TTCACCTCTR CACTCGCAGT TCCACTCACC TCTCCCGARC TCAAGATCTT CAGTATCAAR GGCAGTTCTG GAGTTGAGCT
210 Sz0 930 940 Lo a0 270 EBEI 990 1000
- Al - B B B e I IR | P - -0 - leeas - | - L.

STB176 CCAGGATTTC ACCCCTGACT TDJAGACCCG GETACGCACE CTTTACGCCC AGTGRTTCCG AGCAACGCTA GCCCCCTTCE
1010 10z0 pRufciv} 1040 1050 loeg 1070 1080 5191' 1090 1100

-1 e o [ — R S— B R FE T I N

STBI76 CGAAGTTAGC CGGGGCTTAT TCTTGCGGTA CEGTEATTAT CTTCOCGCAC AAAAGAGETT TACAACCCTA GGGCCTTCAT CACTCACGCG GCATGGCTGG
1110 11z0 1120 1140 1150 1le0 1170 1180 1130 1z00

|

STB176 TTTACGGCGT GG,

B I I IR IS (R B B I I I I (N IR (SR |
STB176 ATCAGGCTTG CGCCCATTGT CCAATATTEC CC GG AGTTTEGGCT GTGTCTCAGT CCCAATGTGG CTGATCATCC TCTCAGACCA
1210 1220 1230 143!‘ 1Z40 1250 1260 1270 1280 1230 1300
- - -1 - - BRIt LT A R I T | -1 - - -1 R e LTI BRI IR
STB176 GCTACTGATC GTCGCCTTGG TGAGCCATTR CCTCACCAAC TAGCTHRATC L GACGCGGGCC GRTCTTTCGG CGATAAATCT TTCCCCGTAL GGGCTTATCC

1210 1320 1330 1340 1350 1350 1370 1380 1390 1a00
- - -1 S 2l - - A -0 - - I B I R L L |
5TB176 GGTATTRGCT GAAGTTTCCC TCAGTTGTTC CGRRCCAR LD GGTACGTTCC CACGCGTTAC TCACCCGTCT GCCGCTGACA TATTGCTATG CCCGCTCGAC
1410 l4z0 1430, 1440 1450
- B - |
STB176 TTGCATGTGT TFulGCCTGCC GCCAGCGTTC GC

27§
Figure G.11 16S rDNA sequenge of B. elkanii STB176 with sequences of primers in

boxes.

20 40 £0 &0 70 a0 20 100
| P o - - - PR | Al A - PR |
ECACCCCAGT CGCTGACCCT ACCGTGGCCG GCTGCCCCCT TTCGGTTAGC GCACCGTCTT CAGGTAAAAC CAACTCCCAT

]4921' 110 130 140 150 180 170 180 130 z00
.. P B st e L T e R |

STE179 GGTGTGACGG FINRREItG G GaCeTATTC ACCGTGGCGT GCTGATCCAC GATTACTAGC GATTCCAACT TCATGGGCTC GAGTTGCAGA
z1o 1%8:1‘ Zen 230 240 Z50 260 i) Z80 290 200
ool Tl T N S S L]

STB179  GCCCAATCCG AACTGAGACG GCTTTTTGAS ATTTGCGAAG GGTCGECCCT TAGCATCCCA TIGTCAC GC ' RGC CCAGCCCGTA
310 320 330 340 350 280 a0 1241]‘ 280 290 swu

R Sy “l----1 S . S e -1 N

SIB179  LGGGCCATGA GGACTTGACG TCATCCCCAC CTTCETCACG GETTATCACC GGCAGTCTCC TTAGAGTGET cucmum GTAGCAACTA AGGJLCGm
410 420 420 440 450 4&0 470 4380 430 £00

.. e T oo S IR R 4R e Sl N

FBCGGGACTTl MICCCAACAT CTCACGACAC GAGCTGACGA CAGCCATGCA GCACCIGTET CCGGTCCAGC CGAACTGAAG ARCTCCGTCT

11001' 510 520 530 540 550 550 570 590 590 s00

STB179

STB179

o

STB179 CTGGAGTCCG CGACCGGG}\T GTCAAGGGCT GGTAAGGTTC TGCGCGTTGC GTCGAATTAA ACCACATGCT CCACCGCTTG TGCGGGCCCE
610 szn B30 640 550, 660 670 580 g0 907r  7oo

L . | o | o T R g - - | el el

STB179 [ ETEGET AATCTTGCGA ceaTibTcge \chdoecBdhT detTibiBes TTAGATECRE CACTAGTOMG TAZMGECACT AACGGCTAGC ATTCATCGTT
o 7z0 930 740 750 q60 270 780 790 eoo
I | | | e o R I 4 L B A N : R e
STB179 TACGGCGTGG CC TGTTTGETEC CCACGETTTE GTGCCTCAGE GTCAGTATEG GGCCAGTGAG CCGCCTTCGC CACTSGTGTT
&10 7871‘ 2z0 230 &40 250 260 70 230 230 300

. N N R e R e . e N

SIB179  CTTGCGRATA TCTACGAATT TCACCTCTAC ACTCGCAGTT CCACTCACCT CTCCCGMEEE CAAGATCTTC AGTATCAAAGIGCRGTTCTGG AGTTGAGCTC
510 320 330 340 250 360 870 -~ 390 1000

i - L' E LR 'BA'Y 45 IR " ES B . ..

sTBL7d G acanlilcs cEcoTOReT T akadhcdboe dradociode THraGocCgaleTcAlTcCod GCARCECTHG CCCCCTTCE
1010 1020 1030 1040 1050 J.oso 1070 1050 519!‘ 1090 1100

S N R Nl - S Bl L
STB179 GAAGTTAGCC GGGGCTTATT CTTGCGGTAC CGTCATTATC TTCCCGCAC}‘. AAAGAGCTTT ACAACCCTAG GGCCTTCATC ACTCACGCGG CATGGCTGGA
1110 11zo0 1120 1140 1150 1160 1170 1180 1190 1lzono

e NI el . N N N N N N
STB179 TCAGGCTTGE GCCCATTGTC CAATATTCSS ©
1210 1220 1zz0 343r 1z40 1250 1260 1270 1280 1230 1300
T T T T T o

STB179 CTACTGATCG TCGCCTTGGT GAGCCATTAC CTCACCRACT AGCTRATCAG ACGUGGGCCG ATCTTTCGGC GATARATCTT TCCCCGTARG GGCTTATCCG
1310 1320 1330 1340 1350 1360 1370 1380 1330 1400

Ty N o p— ST e e | s o | R e e— |

STB178  GTATTAGCTG AAGTTTCCCT CAGTTGTTCC GAACCAARAG GTACGTTCCC ACGCGTTACT CACCCGTCTS CCGCTGACAT ATTGCTATGC CCGCTCGACT

1410 l4z0 1420 1440 14E0
. .|

R T .
STB179 TGCATGTGTT AAGCCTGOCG CCAGCGTTCG ©

Figure G.12 16S rDNA sequence of B. elkanii STB179 with sequences of primers in

boxes.



STB185
STB185
STB185
STB185
S5TB185
STB185
STB185
STB185
S5TB185
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S5TB185
STB185
STB185
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151

20 a0 L0 &0 0 20 20 100
el e celeean] e N N leeed N
ECJLCCCCAGT CGCTGACCCT JLCCGTGGCCG GCTGCCCCCT TTCGGTTJLGC GC ACCGTCTT CJLGGTJLAAAC CJULCTCCCAT

]492,1- 110 1zo 130 140 150 180 170 180 130 z00
- | [ S o P . ) | o e o e
GGTGTGACGG 66 GAACGTATTC ACCGTGGCGT GCTGATCCAC GATTACTAGC GATTCCAACT TCATGGGCTC GAGTTGCAGL

z10 1"851' zzo zz0 z40 z&0 z&n z70 za0 290 z00
R N N R R N N . . e
GCCCAATCCG AACTGAGACG GCTTTTTGAG ATTTGCGAAG GGTCGCCCCT TAGCATCCCA TTGTCACCGC ( GC CCAGCCCGTA

310 azo az0 340 350 ) 370 1241f ==0 290 400
T T T T T T T T T R
AGGGCCATGA GGACTTGACG TCATCCCCAC CTTCCTCGCG GOTTATCACS GGCAGTCTCC TTAGAGTGCT CAACTAAATG GTAGCAACTL AGGACGm

4z0 430 240 450 450 470 480 490 500
T I T T T P e T T P B
TICGGGACTT AGCCCAACAT CTCACGACAC GAGCTGACGA CAGCCATGCA GCACCTGTCT CCGGTCCAGC CGAACTGALG AACTCCGTCT

520 530 540 550 560 E70 £80 590
- R T R R R N

CTGGAGTCCG COACCGGGAT GTCAAGGGCT GGTAAGGTTC TGCGCGTTGE GTCGAATTAL ACCACATGCT CCACCGCTTG TGCGGGCCCE
610 &z0 630 640 &50 660 670 &30 590 9071- 700
- | N B B R | N N N - I

EEiT AATCTTGCGA CCGTACTOCC CAGGCGGAAT GOTTARAGCG TTAGCTGCGC CACTAGTGAG TAAAGCCACT AACGGCTGGC ATTCATCGTT

710 730 7‘10 7‘50 760 77‘0 7‘90 790 BDU
e L.
TACGGCGTGE TALT cc TGTTTGCTCC CCACGCTTTC GTGCCTCAGC GTCAGTATCG GGCCAGTGAG CCGCCTTCGC CACTGGTGTT
eLo 7871‘ 8zo 830 840 850 860 870 880 890 900

R T I . ALYy 4. e e Sl N
CTTGEGRATA TCTACGAATT TCACCTCTAC ACTCGEAGTT CrACTEAECT CTCCCCAACT CAAGATCTTC ASTATCARLG GCAGTTCTGG AGTTGAGCTC
aLo 2z0 830 940 2tg a0 70 SSU
| o ] -1 - |y |l o - I-
CAGGATTTEA CCCCTGACTT AAAGACCCGE CTACGTACEC TTTACGCCEA!GTGATTCCSL GCALCGCTAG ccccc-r'rcﬁ

1010 1o0zo 1020 1040 1050 1080 1070 1080 519" 1090 1100
el ] ] - i - | - - - - | o —— | 1o ool ]
GALGTTAGCC GGGGCTTATT CTTGCGGTAC CGTCATTATC TTCGCGCACA ALLGAGCTTT ACLLCCCTAG GGCCTTCATC ACTCACGCGG CATGGCTGGL

1110 1lzo 1120 1140 1150 1lle0 1170 1120 1130 lzoa

PP INNEE. o ™ B B, | e N N
TCAGGCTTGC GCCCATTGTC CAATATTCGENEN A GTITGOBECG TGTCTCAGTC CCAATGTGGC TGATCATCCT CTCAGACCAG

7
1z10 1zzo 1230 3431‘ 1z40 1250 1ze0 1z70 1z20 1220 1z00
T T g g TR e ., T T
CTACTGATCG TCGCCTTGGT GAGCCATTAC CTCACERACT AGCTAATCAG ACGCGGGCCG ATCTTTCGGC GATAAATCTT TCCCCGTAAG GGCTTATCCG
1z10 13z0 1zz0 12340 1380 1360 1z70 1380 13380 1400
2l | ey . o= m\ LN N, s il oza wla e | el
GTATTAGCTG AASTTTCCCTJEAGTTGTIEE CAACORALLG GTACGTTCCC ACGOGTTACT CACCOGTCTS COOCTEACAT ATTGCTATGC CCGCTCGACT

1410 14z0 1az0 ra4an 1250

T e .
TGCATGTGTT AAGCCTSCCG CCMBCGTTEE ©
27f

(.13 Sequence of 46S rDNA‘of B. elkanii STB185 with sequences of primers in

el ) 40 E0 &0 70 a0 20 100
I -l SR - - - NI | Al A - PR |
ECACCCCAGT CGCTGACCCT ACCGTGGCCG GCTGCCCCCT TTCGGTTAGC GCACCGTCTT CAGGTAAAAC CAACTCCCAT

]4921' 110 1z0 120 140 150 180 170 180 130 z00
N I R I o . - R N e e e e R
GGTGTGACGG P IRl GG GAMCETATTE  ACCGTAG0ET GETEATCCAC GATTACTAGC GATTCCAACT TCATGGGCTC GAGTTGCAGR

z10 1"851‘ 220 230 Za0 250 260 270 z80 290 aon

310 320 230 Za0 50 280 70 1241]‘ 280 290 swu
R Sl | P B N | | NEEERY' - R
AGGGCCATGA GGACTTGACG TCJLTCCCCAC CTTCCTCGCG GCTTJLTCACC GGCAGTCTCC TTAGAGTGCT CAJLCTJUULTG GTAGCJULCTJL AGGJLCGW
420 430 440 450 450 470 480 430 500
- B T - S - P | e - - PR |
Tl CGGGACTT AACCCARCAT CTCRACGRCAT GAGCTGACGA CAGCCATGCA GCACCTGTCT CCGGTCCAGC CGAACTGAAG AACTCCGTCT

520 £20 £40 EEO £e0 E70 £30 £90

I I T i R [ R B |
CTGGAGTCCG CGACCGGGAT GICAAGAGCT GGTAAGGTTC TGCGCGTTGC GTCGALTTAANACCACLTGCT CCACCGCTTG TGCGGGCCCE

610 620 630 &40 650 660 £70 680 630 Q07r
T T T L T S
SIWMIT LATCTTGCGAL CCGTACTCCC CAGGCGGAAT GCTTAAAGCG TTAGCTGCGC CACTAGTGAG TARACCCACT AACGGCTGGC ATTCATCGTT

710 7z0 730 740 750 760 70 780 790 eoo
ce e . T [y celee) N N NEE -] nE
TACGGCGTGG cC TGTTTGCTCC CCRCGCTTTC GTGCCTCAGC GTCAGTATCG GGCCAGTGAG CCGCCTTCGC CACTGGTGTT

210 78','1- 2zl 830 540 =50 &850 870 80 EEL] 200
e -1 e EYE 'l U - X e B TR e B
CTTGCGRATA TCTACGAATT TCACCTCTAC ACTCGCGTT COACTCACCT CTRECGRACT CAAGATCTTC AGTATCAAAG GCAGTTCTGG AGTTGAGCTC

210 2z0 220 940 250 260 870 990
-l -1 - -1 I B L e e L - - - PR | - - -
CAGGATTTCA CCCCTGACTT AAAGACCCGC CTACGCACCC TTTACGCCCA GTGATTCCGA GCAACGCTAG CCCCCTTCE

lolo lozo 1030 40 10E0 1060 1070 1080 5191‘ 1090 1100
e el | e N - S B -1
G L ABTTFGC g GGGGCTTATT CTTGCGGTAC CGTCATTATC TTCCCGCACA AAAGAGCTTT Acm\cccmc GGCCTTCATC ACTCACGCGG CATGGCTGGA

1110 1lgo 1130 1140 1150 1180 1170 iTan 1190 1zoo
- -l Hiny -1 4§14 e y | -0 = FIR- &) -1 ) - - R
TCAGGCTTGC GCCCATTGTC CJUITATTCCC 2

1z10 1zz0 1zz0 343y lzdo 1z50 1280 1270 1z80 1230 1300
B N B T e Sl B N N B N
CTACTGATEG TCGCCTTGGT GAGCCATTAC CTCACCAACT AGCTAATCAG ACGCGGGCCG ATCTTTCGGC GATARATCTT TCCCCGTAAG GGCTTATCCG
1310 13z0 1330 1340 13850 1380 1370 1380 1330 1400
T T P A R R B P Sl BT ceenl Sl Sl
GTATTAGCTG RAGTTTCCCT CAGTTGTTCC GAACCAAAAG GTACGTTCCC ACGCGTTACT CACCCGTCTS CCGCTGACAT ATTGCTATGC CCGCTCGACT
1410 14z0 1430 1450
T P R P
TGCATGTGTT ALGCCTGCCG CCAGCGTTCG ©

G.14 Sequence of 16S rDNA of B. elkanii STB220 with sequences of primers in



STB238

STB238

STB238

STB238

STB238

STB238

STB238

STB238

STB238

STB238

STB238

STB238

STB238

STB238

STB238

152

Z0 20 40 £0 &0 70 a0 a0 lo0
P o I e O e B [ (e ) Il IRy
i Wt MCACCCCAGT CGCTGACCCT ACCGTGGOCG GCTGCCCCCT TTCGGTTAGC GUACCGTCTT CAGGTARAAC CRACTCCCAT

14921- 110 1z0 130 140 150 160 170 180 120 zoo
-1 I T T I T I T L IR e e |

GGTGTGACGG NN G¢ GLACGTATTC ACCGTGGCGT GCTGATCCAC GATTACTAGC GATTCCAACT TCATGGGCTC GAGTTGCAGE
210 1'\851‘ zzn 230 z40 zE0 280 270 280 zan 300
-1 el e e e - A O R P

GECCRATECE AACTGAGACG GCTTTTTGAG ATTTGCGAAG GGTCGCGCCT TAGEATCCCA TTGTCACCGT GC CCAGCCCGTA
310 320 330 340 350 350 370 1241f 390 390 400

-
AGGGCCATGA GGACTTGACG TCATCCCCAC CTTCCTCGCG GCTTATCACC GGCAGTCTCC TTAGAGTGCT CAACTAAATG GTAGCAACTA AGGACGEEEE

410 420 430 440 480 460 470 480 420 £00

T T T T T T T T T L T

5 GGGACTT AACCCAACAT CTCACGACAC GAGCTGACGA CAGCCATGCA GCACCTGTCT CCGGTCCAGC CGAACTGAAG AACTCCGTCT

11(](]1- 510 520 530 540 550 560 570 580 ssn £00

IR | R R Ry e P R .

CTGGAGTCCG CGACCGGGAT GTCARGGGCT GGTAMGGTTC TGCGCGTTGC GTCGAATTAR ACCACATGCT CCACCGCTIG TGCGGGCCCE
§10 520 630 640 650 €60 570 580 590 90‘71

| - | -l - -1 - <1 -1 -1 - -1 - -l -1 -l - <1

TT vTT T AATCTTGCGA CCGTACTCCC CAGGCGGAAT GCTTAAAGCG TTAGCTGCGC CACTAGTGAG TAAACCCACT AACGGCTGGC ATTCATCGTT

710 70 730 740 750 760 70 780 720 a00
Celeee] . I T e L B L R R T I E T e
TACGGCGTGG CC TGTTTGCTCE COACGATTIE GTGCCTCAGC GTCAGTATCG GGCCAGTGAG CCGCCTTCGC CACTGGTGTT

810 73 &30 &40 8L g&0 870 880 a90 a0n

-1 - Al - A1 - -l - L =1 - -1 -l -1 Al - Al - Al
CTTGCGARTA TCTRCGJUXTT TCACCTCTRC ACTCGCAGTT CCACTCACCT CTCCCGAACT CAAGATCTTC AGTATCA}IAG GCAGTTCTGG AGTTGAGCTC

210 220 230 240 SE0 FE0 270 280 220 1000
DT e e L T I e e e e e L e e I el IS | Coe
CAGGATTTCA CCCCTGACTT ARAGRCGEGE CTACGOACCC TTTACGCCCE GTERTTCCGA GCARCGCTAG CCCCCTTCER

1010 10z0 1030 1040 1050 10e0 1070 1080 5191' 1030 1100
ol 2l ol T— I | - — " sl s wial e 2 sl s oe sl
GRAGTTAGCC GGGGCTTATT CTTGCGGTAC CGEERTTATC TTCGCGCACL MMMGAGCTTT ACALCCCTAG GGCCTTCATC ACTCACGCGG CATGGCTAGE
1110 llz0 1130 1140 1150 1160 1170 1180 1120 1z00
-1 HEE - | % | B N N N
TCAGGCTTSC GCCCATTGTC CAATATRGER cA G6A GTTTGEGECEGRTETCTCAGTC CCAATGTGEC TGATCATCCT CTCAGACCAG
1210 1220 1230 3431‘ 1z40 1Z80 1260 1270 1280 1230 1300
I T I T B B e T T L L [ e |
CTACTGATCG TCGCCTTGGT GAGCCATTAC CICRGELACT ACCTRATCAG ACGCGGGCCG ATCTTTCGGC GATAAATCTT TCCCCGTAAG GGCTTATCCG

1310 1220 1230 1240 1zE0 1360 1370 1280 12380 1400

T I B L B T e e e B T e I e BT I BRI (OO |
GTATTAGCTG RAGTTTCCOT CAGTTGTTCC GRACCALALG GTACGTTCCC ACGCGTTLCT CACCCTECTG CCGCTGACAT ATTGCTATGC CCGCTCGACT
1410 1420 1430 1440 1450
d | T L

T T T e e
TGCATGTGTT RAGCCTGCCG CEAGCGTTER

275

Figure G.15 Sequence of 16S rDNA ofs B..elkanii STB238 with sequences of primers in

boxes.

STB245

5TB245

STB245

STB245

5TB245

STB245

5TB245

STB245

STB245

5TB245

5TB245

STB245

5TB245

STB245

5TB245

z0 30 40 £ 50 70 20 30 100
BT B I e e T O L T I L I

C ACCCCAGTEE CTGACCCTAC COTGGCCGEC TGCCCCCTTT CGGTTAGCGC ACCGTCTTCA GGTARAACCE ACTCCCATGG
14921- 110 120 130 140 150 160 170 180 190 zon

TGTGACGGGE GGGA ACGTATFEME COTGHOGTGE TGATCCACGL TTACTAGCGA TTCCAACTTC ATGGGCTCGA GTTGCAGAGC

z10 11851‘ 220 z30 740 z50 z&0 270 230 230 300
- B I -1 | -l 2l | <1 - - | I - S| Ll
CCARTCCGAL CTGAGACGGC TITTTGAGAT T TOCCAIGHS TEGACCETTE 6o AT COR LT GTCACCGCE TT

210 F2g 330 340 250 360 g70 1241f =0 290

[PV N W I T e P R
GGCCATGAGG ACTTGAGETC ATCCCORCET TCOTCGCGGE TTATCACCGS CAGTETOOTT AGAGTOCICL ACTALATGGT AGCAACTAAG GAC
410 420 430 440 480 ¢&0 a70 4380 430
F O e e R T I e o = e T B R
€ CGGGACTTIE CCCRACATCT CACGACACGE GOTGACGACA GCCATGEAGE ACCTGTOTEC GGTCCAGCCG AACTGARGAR CTCCGTCTCT

1100r 10 sz 530 540 550 560 570 530
ce e e - L 1T R — R . -
GGAGTCCGCG ACCGGGATGT 'CHMAGGGCTGG TAAGGTTCTG CGUGTTGCGT CGAATTARAC CACATGCTCC ACCGCTTGTG CGGGCCCE B
s10 620 530 540 650 660 670 680 ssu 9071- 700
. [ B R R P B N E S RIS IR PR BT PR TR ISP B S
BTG T4 TCTTGCGACC GTAGTCCCCA GGOGGAATGC TTARAGCGTE AGCTGCGCCA CTAGTGAGTA ARCCCACTAAL CGGCTGGCAT TCATCGTTTA

710 730 740 TEO Te0 770 780 7a0 200
R R | i L L R LT e e e e A e I IR I IR |
falelelalchyeled] | CCTG TTTGCTCCCC ACGCTITCGT GCCTCAGCST CAGTATCGEG CCAGTGAGCC GCCTTCGCCA CTGGTSTTCT

810 850 a40 250 850 870 880 820 200

- | S - -R SR SRR | S B LR -
TGCGAATATC TACGAIA.TTTC ACCTCTACAC TCGCAGTTCC ACTCACCTCT CCCGAACTCA AGRTCTTCEG TATCAIA.AGGC AGTTCTGGRG TTGAGCTCCA

810 820 a30 a40 SE0 &0 370 380 [3a0 1000
B T T T o e T S I ey Iy R L
GGATTTCACC CCTGACTTAL AGACCCGCCT ACGCACCCTT TACGCCCAGT GATTCCGHGE! AACGCTAGCC CCCTTC
10100 1020, 1 0E0 1040 1050 10a0 1070 Thao 5191‘ 1090 1100
1 ar. I A 11 AN i B FF-T A -~ -1 -
BETTAEEGEG GoETTATTET MAEGETAGCs FeATEATCTT cobogachinlachcETTTAE AABCcdTAE0E focTTEATGLE TCACGCGGCA TGGCTGGATC

1110 11z0 1120 1140 1150 11e0 1170 1130 1130 1z00
- EEEE! -l | D e I B I I P I I B N |
GAGT TTGEGCCGTG TCTCAGTCCC AATGTGGCTG ATCATCCTCT CAGACCAGCT
1210 1220 1230 3*31. 1z40 1zE0 1ze0 1270 lz80 lza0 1200
- e BRI | B | - - -l - A -1 - -1 A
RCTGATCGTC GCCTTGGTGA GCCATTACCT CRCCAACTAG CTAATCAGAC GCGGGCCGAT CTTTCGGCGA TAARTCTTTC CCCGTAAGGG CTTATCCGGT

1310 1220 1220 1240 1zE0 1360 1370 1280 1220 1400
-1 HEE N N N N N REEE N N
ATTAGCTGAR GTTTCCCTCA GTTGTTCCGA ACCAAAAGGT ACGTTCCCAC GOGTTACTCA CCCGTCTGCC GCTGACATAT TGCTATGCCE GCTCGACTTG

1410 1420 1430 1440 1450

CATGTGTTAL GCCTSCCGET AGCGTTCGCT [Hw
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Figure G.16 Sequence of 16S rDNA of B. japonicum STB245 with sequences of primers

in boxes.



STB264

STB264

STB264

STB264

STB264

STB264

STB264

STE264

STB264

STB264

STB264

STB264

STB264

STB264

STB264

153

20 40 &0 &0 70 20 20 100
seme lisone | wrsiens | wrsient] e limsind ssusie hmseie | el misst] seimsistlis ] i s | st st
CACCCCAGTC GCTGACCCTA CCGTGGCCGG CTGCCTCCCT TGCGGGTTAG CGCACCGTCT TCAGGTAARR CCAACTCCCA

14921- 110 1z 130 140 150 160 170 1g0 150 z00
T Ity [ I Sl Sl Sl S e e
TGGTGTGACG e MG GGMCGTMT CACCOTGOCG TGUTGATCCA COATTACTAG CGATTCCAAC TTCATGGGCT COAGTTGCAG

zlo 1"851- zzn z30 z40 zs0 ze0 z70 280 230 200
-l - -1 -1 -1 - -1 - -l - -1 - - Y|

AGCCCARTCC GARCTGAGAC GGCTTTTTGA GATTTGCGAA GGGTCGCCCC TTAGCATCCC ATTGTCACCG

310 3z0 330 340 380 380 370 1241[‘ 380 320 400

- -l -1 - -1 -1 -1 -l - - < -l R -1 -e- -

AAGGGCCATG AGGACTTGAC GTCATCCCCA CCTTCCTCGC GGCTTATCAC CGGCAGTCTC CTTAGAGTGC TCAACTAAAT GGTAGCAACT AAGGACG@

4z0 430 440 450 460 470 480 430 500
T o L I e I e e e T Iy |
GGGACT TARCCCAACA TCTCACGACA CGAGCTGACG ACAGCCATGE AGCACCTGTG CTCCAGGCTC GRAGAGAGGG TCACATCTCT
£z0 520 £40 EEQ Ee&0 E70 £g0 530 &00
- -1 ] el NI N N e slon o .
GCGACCGGTC CTGGACATST CAAGGGCTGG TAAGGTTCTG CGCGTTGCGT CGAATTAAAC CACATGCTCC ACCGCTTGTG CGGGCC
a1l a20 630 640 A50 1) &70 G800 GQD 9071- 700
[ N N N el N N N - -

710 7z0 730 740 750 760 770 780 730 200
B I | - . . - D IR IR ! N IPIEIPR ISTPIPI EPIISIN IR BRI [P R B I |
CEECETCEAE CCTG TTTGCTCCCE ACCCTTTCGT GECTCAGCGT CAGTACCGGG CCAGTGAGCC GCCTTCGCCA CTGGTGTTCT
210 7371' gz0 320 340 BEQ 260 g70 g20 390 200
- - - -l -1 -l - JIE - = - - - - - -l -1 - -1
TGCGAATATC TACGAATTTC ACCTCTACAC TCGCAGTTCC ACTCACCTCT CCCGGACTCA AGATCTTCAG TATCAAAGGC AGTTCTGGAG TTGAGCTCCA
310 sz0 330 340 350 360 570 380 330 1000

GGATTTCACC COCTGACTTA RAGACGEGEC TACGERCCCT TTACGCCCAG TELTICCGAG CALCGCTAGC CCCCTTC
1010 10z0 1030 lo4a los0 loeg 1070 1080 5191‘ 1030 1100

-l - B I | Sl | b -1 S | BN I - B I -1
AAGTTAGCCG GGGCTTATTC TTGCGGTACC GTCATTATCT TCCCGCACAA AAGAGCTTTA CAACCCTAGG GCCTTCATCR CTCACGCGGC ATGGCTGGAT
1110 11z0 11zo 4140 1180 1160 1170 1180 1130 1200

CAGGGTTGCC CCCATTGTCC RATATTLEGEC Al HGGLG TTTGGGCCGT GTCTCAGTCC CAATGTGGCT GATCATCCTC TCAGACCAGC
1z10 1zzo pRgel | 1431" lZ‘lU 1ZE0 1ze0 1z70 1zg0 1zz0 1z00

T T e R e T T I L L L e P

TACTGATCGT CGCCTTGGTG AGCCLTTACC Tuccucm GCTARTCAGA €GCOGECCORNTETITCGGCG ATALATCTTT CCCCGTAAGE GCTTATCCGG
1310 13z0 1330 1340 1350 1350 1370 1380 1330 1400

T P R P G A O N B R . T T T R e e

TATTAGCACL AGTTTCCCTG! TGTTGTIECG LACCARRAGG TACGTICCGA CGCGTTACTE ACCCGTETGC CGCTGACGTA TTGCTACGCC CGCTCGACTT
1410 1420 1430 ldd0 14 B0

S T T e
GCATGTGTTA AGCCTGCCGC CAGCGTTCEE
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Figure G.17 Sequence off16S TDNA of 5. yuanmingense STB264 with sequences of

primers in boxes.

STB250

STB250

STB250

STB250

STB250

STB250

STB250

STB250

STB250

STB250

STB250

STB250

STB250

STB250

STB250

30 40 50 &0 70 20 a0 100
R T e I L e e e e R
BCRCCCCABT CGCTERCACT LCCGTGEECE GETGCCTCCD TTGCGGGTTA GCGCACCGTC TTCAGGTRAL ACCAACTCCC

14921- 110 1zo 1z0 lg@ 150 160 170 180 130 zoo
o | e e R e L L L T e

GGELACGTAT TCACCGTEEC GTECTGATCC ACGATTACTA GCGATTCCAA CTTCATGGGC TCGAGTTGCA

ATGGTGTGAC GG
z10 11851- zzn 230 o 750 260 270 z80 230 200
el SR | e SR el it il - | N P T I [
GAGCCCAATC CGMCTGAGA COGCTITTIC KGRTTFaCat - £GCTOG06E "a T THEC LT Ge, CATTGTCACS G l GCCCAGCCCG
z10 &z0 330 340 350 360 &70 1241[‘ a80 390 4nn
e Y - allaoas allanas allancel Slooc- | - F -1 N -
TAAGGGCCAT GAGGAOLTE AR CCTCATCCEE A CTTCTE o CEGETTAT A C e G AT e e LA LT CTCAACTAM TGGTAGCAAC TAAGGACGE
410 126 430 440 450 460 47g 430 430 s00
- - B e e B e B e e e e I IR IR ISR IR IR I |
GGEAC TTAACCCAAC ATCTCACGAC ACGAGCTGAC GACAGCCATG CAGCALCCTGT GTTCCAGGCT CCGAAGAGAL GGTCACATCT
11001' 510 5z0 530 540 550 560 570 580 SSD &00
b oo Slzoo- — -IEER - N I- A
CTGCGACCGG TCCTGGACATIGTCARGGGCT GGTAAGGTTC TGCGCGTTOC GTCGARTTAA ACCAGHTECT CCACCGCTTG TGCGGGCCCE
£10 sz0 530 540 &50 850 &70 &80 690 907 700
P I - | -l - - - - - -l - -l -1 -l - -l - B I -l -
[TTT vTT T AATCTTGCGA CCGTACTCCC CAGGCGGAAT GCTTAAAGCG TTAGCTGCGC CACTAGTGAG TAAACCCACT AACGGCTGGC ATTCATCGTT
710 720 930 740 750 760 770 780 790 800
B N | - | L L e e (e P N e L RIEIE IR ISR BT IS |
TACGGCGTGG CC TGTTTGCTCC CCACGCTTTE GTGCCTCAGT GTCAGTATCOG GGUCAGTGAG CCGUCTTCGC CACTGGTGTT
a1 87T eon g0 240 a0 250 270 230 230 s00
-0 e F - F-EN Y e R
CTTGCGAATA TETACGAATT TCACCTCTAC ACTCGCAGTT CCACTCACCT CTCCCGRACT CRAGATCTTC AGTATCARAG GCAGTTCTGG AGTTGAGCTC
310 320 330 540 350 260 370 330
E e T A IR B e B e e B I e L el I IRTET ISR INURIts) s
CAGGATTTCA CCCCTGACTT AAAGACCCGC CTACGCACCC TTTACGCCCAR GTGATTCOGE GCALACGCTAG CCCCCTTCE
1018 1024 1050 1840 1650 Tnea 100 Thgo 5191‘ 1090
AR - g 1 ra K ra 8 A4 F 4" 4R - 1 - -1 N
Gl1cTHIEEC GObGERTRTT W ITAEGGTAC GETEATTAIC TICCEGOREN] ARAGRGCTHT AGhACCTRG) GOCCITEATE ACTCACGCGG CATGGCTGGA
1110 11zo 1130 1140 1150 Ilen 1170 1130 1130 1z00
B I N A CICIEN ISP PP IR I - - B I I BTSN ISP I IPEIIPN P I R R |
TCAGGGTTGC CCCCATTGTC CAATATTCCC C 3L GTTTGGGCCG TGTCTCAGTC CCAATGTGGC TGATCATCCT CTCAGACCAG
lz1o 1220 1230 3431- 1240 1250 lz60 1270 1280 1230 1300
- -1 - - BN | - N | - -1 - -1 - - - - -l -
CTACTG.I‘.TCG TCGCCTTGGT GAGCCETTAC CTCECCARCT RGCTARTCEG ACGCGGGCCG ATCTTTCGGC GRTA.‘U!TCTT TCCCCGTJU!G GGCTTATCCG
1310 1320 1330 1340 1350 1360 1370 1330 1330 1400
B T T T T T e I [ e e I L o |
GTATTAGCAC AAGTTTCCCT GTGTTGTTCC GAACCAAAAG GTACGTTCCC ACGCGTTACT CACCCGTCTG CCGCTGACGT ATTGCTACGC CCGCTCGACT
1410 1420 1430 1440 1450
- -1 B | B | | -
TGCATGTGTT AAGCCTGCCG CCAGCGTTCG C E

Figure G.18 Sequence of 16S rDNA of B. japonicum STB250 with sequences of primers

in boxes.



STB310

STB310

STB310

STB310

STB310

STB310

STB310

STB310

STB310

STB310

STB310

STB310

STB310

STB310

STB310

154

a0 40 50 a0 70 an a0 100
P T T Lo L T e T e T L e L T
BCRCCCCAGT COCTGACCCT ACCGTGGCCG GOTGCCTCCC TTGCGGGTTA GCGCACCGTC TTCAGGTAAL ACCAACTCCC

1492r 110 140 150 150 170 130 130 zo00
B R O I IR I B I P I I T IICICITN RPN IR B R |
ATGGTGTGAC GG L GGEGAACGTAT TCACCGTGGC GTGCTGATCC ACGATTACTA GCGATTCCAL CTTCATGGGC TCGAGTCGCA
z10  1385r 220 230 240 250 z60 270 280 230 200
GAGCCCAATC CGAACTGAGA CGGCTTTTTG AGATTTGCGAL AGGGTCGCCC CTTAGCATCC CATTGTCACC GCWyy il GCCCAGCCCG
310 320 330 240 350 360 z70 1241f zz0 330 400

D o o T ot T e e e e e L [ L O R LT Iy Py
TLAGGGCCAT GAGGACTTGL CGTCATCCCC ACCTTCCTOG CGGCTTATCA CCGGCAGTCT CCTTAGAGTS CTCAACTARL TGGTAGCAAC TAAGGLCGHEE

410 4z0 430 440 450 460 470 480 490 500
|

I T L T T T T T T
T QWAECGGGAT TTAACCCAAC ATCTCACGAC ACGAGCTGAC GACAGCCATG CAGCACCTGT GTTCCAGGCT CCGAAGAGRL GGTCACATCT
1100r =0 520 530 540 s50 560 570 580 530 s00
P T T T o L B e L Il e e R .
CTGCGACCGG TCCTGGACAT GTCAAGGGCT GGTAAGGTTC TGCGCGTTGC GTCAATTALL CCACATGCTC CACCGCTTGT GCGGGCCC]
610 620 630 &40 50 660 670 630 €30 r 7o
T T T T T T e T T T R
EWWNT: ATCTTGCGAC CGTACTCCCC AGGCGGAATG CTTALLGCGT TALGCTGCGCC ACTAGTGAGT ARALCCCACTA ACGGCTGGCA TTCATCGTTT
710 7z0 730 740 750 760 770 780 790 aoo
G WENMVCCT GTTTGCTCCC CACGCTTTIGC TGCCTCAGCG TCAGTATCGG GCCAGTGAGC CGCCTTCGCC ACTGGTGTTC
s10  J8Tr =20 230 840 E5 260 270 280 230 500
TTGCGRATAT CTACGAATTT CACCTCTACE CTCGCAGTTC CACTCACCEC FECCEEACTC AAGATCTTCA GTATCALAGG CAGTTCTGGL GTTGAGCTCC
310 320 330 540 £ se0 370 280 330
T T T O . e | RTINS B RN B L
AGGATTTCAC CCCTGACTTA AAGACCOGCC TACGCACCCT TTACGCCCAG TGATTECGAG CLACGCTAGC CCCCTT
1010 10z0 lusu 1040 1050 1lued 1070 1080 5191‘ 1090
N T - (R S o R R L I L L P,
AAGTTAGCCG GGGCTTATTC TTGCGGTACGOGTCATTATCT TCCOGCACAR AAGAGCTTTA MLACCCTAGGG CCTTCATCAC TCACGCGGCL TGGCTGGATC
1110 11z0 11z0 1140 1180 1160 1170 1180 1190 1200

B TN R e T L I e e e Y |
AGGGTTGCCC CCATTGTCCA ATATTCEECA GAGT TTGGGCCGTE TCTCAGTCCC AATGTGGCTG ATCATCCTCT CAGACCAGCT
1z10 1zz0 1zza0 3431240 1250 1260 1270 1z80 1z30 1300
R T T T g T B R T e T I L L e I P
ACTGATCGTC GCCTTGGTGL GCCATTACCT CACCLACTAG CTLATCAGAC GCGGGCOGAT CTTTCGGCGL TLALATCTTTC CCCGTLAGGG CTTATCCGGT
1310 1zz0 1330 1340 1350 1360 1370 1380 1390 1400
EEEIEET TR R i o o XL B R . TR R e T R e
ATTAGCACAL GTTTCCCTGT GTTGTTGEGA ACCAAALGGT ACGTTECCAC GOGTTACTCA COCGTCTGCC GCTGACGTAT TGCTACGCCC GCTCGACTTG
1410 1470 1430 1440
A N T P e | e ! |
CATGTGTTAL GOCTGCCGCC LGECTTCGET [§
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Figure G.19 Sequence of 16S rDNA of.B. japonicum STB310 with sequences of primers

in boxes.

STB327

STB327

STB327

STB327

STB327

STB327

STB327

STB327

STB327

STB327

STB327

STB327

STB327

STB327

STB327

30 40 50 a0 70 &0 20 100
B I N T e L I L T I ]
[iciCCCCAG TCOETGACEE TACCGTGGEC GGETGCCCCC TTTCGGTTAG CGCACCGTCT TCAGGTARAR CCAACTCCCA

1492y 110 120 130 L40 150 160 170 180 190 zo0
P L T R I A i e e I T Tt Iy
TGGTGTGACG G TG G GGLLEGTATT CLCCGTEEE6 TEETGATCCL CGATTACTAG CGATTCCAAC TTCATGGGCT CGAGTTGCAG

z1o 1385r:zz0 230 z40 250 z60 270 230 200
B I I I IR NCIPECIN [P It G B I B (e IIEIP PP B - e |
AGCCCAATCC GRACTGAGAC GGCTTTITGA GAPTTGEGAL GGGTCGLCEC TTAGEATCCE ATTGTCACCG (| G NG CCCAGCCCGT

210 32g 330 240 250 260 g0 1241f =s0 290 100

URUDRUDETI W R e B R
AAGGGCCATG AGGACTEGAC GTCATCCCCL COTTCCTCGE GGOTTATCAC CGGCAGTOTC CTTAGAGTEC TCALCTALAT GGTAGCAACT AAGGACG@
410 420 430 440 450 460 dno 480 430 500

. [T I ) o R I e - T R L R
6T BECGGGLeT TALCCTAACL TCTCACGACE CGAGETGACG ACAGECATGE AGCACCTGTE TCCGGTCCAG CCGAACTGAA GAACTCCGTC
1100r 510 szd 530 540 550 560 570 520 530 500
ol el oo TR T ——— R o . |
TCTGGAGTCC GCGACCGGGA TGTCALGGEC TGGTALGGTT CTGCGCGTTG CGTCGAATTLE AACCACATGC TCCACCGCTT GTGCGGGCCC
&l0 &z0 630 640 650 [=1-00) &70 &80 690 907 700

L 5tcaliisitile soponsainsartatols acmidons liesainicla pomoties Hesmiartoli Binrmineliamssantll 2iasassiliarmamarle mibsarniliosmasarls midisas linsassa I s duoas lincassodi|
BE| TALTCTTGCG ACCGTACTCC CCAGGCGGAL TGCTTARAGE, GTTAGCTGCG CCACTAGTGA GTAALCCCAC TARCGGCTGG CATTCATCGT
720 730 740 750 760 770 780 730 200
L I Ol B R I P o PR e o LR T L e I B e |

¢ CTGTTTGCTC CCCACGCTTT CGTGUCTCAG CGTCAGTATC GGGCCAGTGAL GCCGCCTTCG CCACTGGTGT

TTACGECGTG Ghsyy

a10 787 8z0 820 240 as50 8c0 270 880 8920 S00
el O e N B B W N R RN
TCTTGCGAAT BTGTACGAAT TTCACCTCTA CACTCGCAGT TCCACTCACC TCTCGCGAAC TCRAGATCTT CAGTATCAAL GGCAGTTCTG GAGTTGAGCT

a10 azo 930 340 350 280 a0 az0 930 1000
B T T L T I e I e L -1
CCAGGATTTC ACCCCTGACT TARAGACCCG CCTACGCACC CTTTACGCCC AGTGATTECG! AGCAACGCTAE GCCCCCTTCR IR ch
1010 1020 1080 1040 1ofg 10 To~0 ina0 5191 1050 1100
ol MEYD -1 SIAT-F- 1 RS-l Rl i
CERAGTTAGC CGGGGGTTAT TOTTGCGGTL GOGTCATTAT CTICACGOAC |AAARGAGCTT TACAACCETL GGGCOTTEAT CACTCACGCG GCATGGOTGG
1110 11z0 11z0 1140 1150 I1en 1170 1180 1150 1z00
N T e L L o e I [ P T e e L L L P T
ATCAGGCTTG CGCCCATTGT CCAATATTCC CCipyoepyes [hys GG AGTTTGGGCC GTGTCTCAGT CCCAATGTGG CTGATCATCC TCTCAGACCH
1z10 1zz0 1230 343r 1240 1z80 1ze0 1z70 1zE0 1230 1300
B R e T o T e L L [ I L e i el e B I |
GCTACTGATC GTCGCCTTGG TGAGCCATTA CCTCACCAAC TAGCTAATCA GACGCGGGCC GATCTTTCGG CGATAAATCT TTCCCCGTAL GGGCTTATCC
1310 1320 1330 1340 1350 1360 1370 1380 1330 1400
B T T I e I L [ e T I L R
GGTATTAGCT GAAGTTTCCC TCAGTTGTTC CGRACCARAR GGTACGTTCC CACGCGTTAC TCACCCGTCT GCCGCTGACA TATTGCTATG CCCGCTCGAC
1410 1420 1430 1440 1450
P O o e e e I [P P
TTGCATGTGT TAAGCCTGCC GICAGCGTTC GCTE

27f

Figure G.20 Sequence of 16S rDNA of B. elkanii STB327 with sequences of primers in

boxes.
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zo 20 40 50 s 70 s0 20 100
T RN NI gy Y P oy [y peniy ey peae) Sy gty R gy e pusey sy s
EFIRTTL GATCAAGTCC CTTGAACCGC ATGTCGTGAG TCTATCCATC GTGTGGATGT GTTCTATCGA ARCAATCGAT TTTACCALAC
nodYr 110 1zd 130 140 150 1g0 174 180 130 z0o
P T T L T e L i T e L e [ B e P T R
STB8  TGCGGATTGT TGGATAGCAR ACATCAGTTT GGRARATGRA TTAGGTATGC CACGATGGCT ATTGGTCGTA CGCGGGCTCC GAGAAGARAT CCTGGACGTS
210 zz0 230 z40 250 z60 270 230 230 300
L L e e e ) ey DS (Y SRy [y [y sy |
STB8  CGAGGATCTG CCGRATCCGT STGCGRAGTG GCTATCTCTG CCGCACGCGE GTTGCGCCTG TTATAGGTSC GACTCTCACG CGATGCGACG CTAGGCAGGT
210 320 330 340 250 260
I R R R T E e e | |
STB8  CTCGATARLC CTTCGTATSC GCGTTCCATC CCTTTCCATE TCooC|Hmumn B

nodYf

STBS

Figure G.21 Sequence of nodY of B. elkanii STB8 with sequences of primers in boxes.

10 20 30 40 £0 &0 70 30 an 100
i T e SRR o R R e S R S L i S S e S S S A S
L L X! MTTAG ATCGAGTCCC TTGAACCGCA TGTTGTGAGT CTATCCATCG TGTGGATGTG TTCTATCGAL ACAATCGATT TTACCALATT
nodYr 1iio 1z 1

1 | | 1 1 1 1 | 1 1 1 |

dala]
STRAIN GOGGGATETT GRATAGCALL CTGAAGTTTG ARARAGTAAS CAGROACACC ACAATGOTTT ATGGTORTTT AGGTGAGOTT AGAGGAAAGT TOOTRGACGT
zlo Zz0 230 240 z80 Ze0 z70 zg80 230 300
B I e I I AT ACIRIPIFS IR ISR IS B PR P (e I IPUIRI PPN IS B I AR IR |
STB30 GCGAGCGCGC CGCCGATTCC GTTTCATGGG CGTCTACAGG CGECGTCATGC GLECCGTGTT GCGTCTCCGT GCGAAGTGCG CTCGTTTGET CGGCAAGCGG
zl0 3z0 320 340 380 360
e I T AECICICI ISIPIPIPS IIPIPIPS [T I IR B IR |
STB30 GGTCCGATAA ACCTTGGTAT GGTGACGCCAL TCCGTTTICCA TATTCGM T
nodYf

STB30

Figure G.22 Sequence of nodY.of B. japonicum STB30 with sequences of primers in

boxes.

zo 3l 40 50 &0 70 20 30 100
-l T e et T T TR o o o
TTL GATCGAGICC CETGLACCGC ATGTTGTGAG TCTATCCATC GTGTGGATGT GTTCTATCGL AACLATCGAT TTTACCLRAT
nodYr 1o 1z 130 140 150 160 170 180 130 zo0
R P Y PR ST A O e T L L L v T e L B PR |
STB54 TGCGGGATGT TGGATAGCAR AQTGAAGTIT GRALAAGTAL CCAGGCACAC CACAATGCTT TATGGTOGTT CAGGTGAGCT CAGAGGARAG CTCCTGGACG
z10 zz0 z30 240 z50 260 z70 z80 230 300
R T T e e Al A i e T L R T T PR T e e e |
STB54 TGCGAGCGCG CCGCCGATTC CGTTTEATGS (GCGTOTACAG GOGCGTOATG CGAGCOGTST TGCGTCTCCG TGCGRAGTGC GCTCGTTTGG TCGGCARGCG
310 320 230 340 350
STB54 GGGTCCGATA AACCTTGGTA TGGETGACGEE ATECGTTTCE TATTCCAES R

nod¥f

STB54

Figure G.23 Sequence of nodY of B-japonicum -STB54 with sequences of primers in

boxes.

10 Z0 30 20 £ &0 70 a0 a0 100

PGP L R e e T P
PRI TTAGA TCGAGTCCCT TGAACCGCAT GTTGTGAGTC TATCCATCGT GTGGATGTGT) TCTATCGARA CAATCGATTT TACCAAATTG
nodYr iio 120 130 140 150 160 170 180 130 z00
ce e e ] e e | o S | —— ———— S————(———————— | T - - - | -] e laoe]
STB67 CGGGATGTTG GATAGCARAC TGAAGTTTGA AAAAGTAACC AGGCACACCA CAATGCTTTA TGGTOGTTCA GGTGAGCTCA GAGGARAGCT CCTGGACGTG

zln 2z 230 240 z50 z60 270 280 230 200

STB67

R e | e e L e R I

STB67 CGAGCGCGCC GOCGATTCCG TTTEATGGGC GTCTACAGEC GUGTCATGCG AGCCGTETTG CGTCTCCGTG CGAAGTGCGC TCSTTTGGTC GUCAAGCGES
210 3z0 320 240 2E0 260

Ty

T e I e e I I |
STB67 GTCCGATALL COTTGGTATG GTGACGCCAT CCGTTTCCAT ATTCGAEERN
nodYf

Figure G.24 Sequence of nodY of B.jeponicum” SIB67 with sequences of primers in

boxes.

20 30 40 E0 &0 70 30 an 100
0 Sy BTEY 1B 100M-MYyOMN ey sy 2L

TTAG ATCGAGICCE TTGAAQCGOL TGTTGTGAGT LTATCCATCG TGTGEATETGRITICTATCGE RACALTEGAT TTTACCAAAT
nodYr 1o 120 120 140 180 160 170 180 130 z00

STB96

LEELE O R W R MR WA R W R RN e,

STB96 TGEGGGATGT TGGATAGCAAL ACTGAAGTTT GAARAAGTAL CCAGGCACAC CACRATGCTT TATGGTCGTT CAGGTGAGCT CAGAGGARAG CTCCTSGACG
Z10 ZZ0 230 240 z50 Ze0 z70 280 220 300

T R T e e T e e e e T

STB96 TGCGAGCGCG CCGCCGATTC CGTTTCATGG GCGTCTACAG GUGCGTCATG CGAGCCGTGT TGCGTCTCCG TGCGARGTGC GCTCGTTTGG TCGGCAAGLG
210 320 320 240 280 260

R T T e iy [y (P I i |

STB96 GOGGTCCGATA RACCTTGSTA TGGTGACGCC ATCCGTTTCC ATATTCGAES [N

nodYf

Figure G.25 Sequence of nodY of B. japonicum STB96 with sequences of primers in

boxes.
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20 20 40 £0 &0 70 20 20 100
TTAGATCALG TCCCTTGRAC CGCATGTCGT GAGTCTATCC ATCGTGTGGA TGTGTTCTAT CGARACAATC GATTTTACCA ARCTGCGGAT

STB119

nodYr

110 1zo 130 140 150 160 170 180 120 Zo0
T T T L I T A T e T
STB119 TGTTGGATAG CAAACATCAG TTTGGAAAART GAATTAGGTA TGCCACGATG GCTATTGGTC GTACGCGGGC TCCGAGAAGA AATCCTGGAC GTGCGAGGAT

z10 2z0 230 240 ZE0 ZE0 270 280 230 200

sl woillogeell collasell smaliomoll sl sl posilenwll ool suolliomell sl

STB119 CTGCCGARATC CGTGTGCGAA GTGGCTATCT CTGCCGCACG CGCGTTGCGC CTGTTATAGS TGCGACTCTC ACGCGATGCG ACGCTAGGCA GGCCTCGATA
310 3z0 330

STB119 LACCTTCGTA TGCGCGTTCC ATCCCTTTCC ATATCGGC

nodYf

Figure G.26 Sequence of nodY of B. elkanii STB119 with sequences of primers in

boxes.

10 Z0 30 40 B &0 70 80 S0 100
I - o A P L e L I e
BN TTAG ATCAAGTCGC TTGAACCGCA TGTCGTGAGE TCTATCCATC GOTGTGGATG TGTTCTATCG AAACAATCGA TTTTACCAAL

STB120 [
nodYr 1o 1z 130 140 150 160 170 180 130 zo0
S P P . mi, | I o mi  P  [P
STB120 CTGCGGATTG TTGGATAGCL LACATCAGTT TGGLLAATGL ATTAGGTATG CCACGATGGC TATTGGTCGT ACGCGGGCTC CGAGLAGLAL TCCTGGACGT

z1l0 2z0 220 240 ZE0 Ze0 270 Zg0 230 200
B o T R e e e [t
STB120 GCGAGGATCT GCCGAATCCG TGTIGEGAAGST GOCTATCTOT GCCGCACGCG CGTTSCGCCT GTTATAGCTG GACTCTCACG CGATGCGACG CTAGGCAGGC
210 3z0 320 240 280 260

P L P R e il B |
STB120 CTCGATALAC CTTCGTATGC GCGTE@EATC C@TTTIELTL TCGG

nodYf

Figure G.27 Sequence'of nodY of B! elkanji STB120 with sequences of primers in

boxes.

10 zo 30, an s0 =0 70 a0 90 100

TPy T 07 B A B R T T e e T [

E BN TTAG ATGARGTCGE TTGAACCGCA TGTCGTGAGT CTATCCATCG TGTGGATGTG TTCTATCGAAL ACARTCGATT TTACCARACT

nOdY!‘ 110 lzo 130 140 150 160 170 180 120 Zoo

T I e e e R T T T L e e |

STB147 GCGGATTGTT GGATAGCARAL CATCAGTTTG GAALATGAAT TAGGTATGCC ACGATGGCTA TTGGTCGTAC GCGGGCTCCG AGAAGAAATC CTGGACGTGC

z10 2zZ0 220 z44 ZE0 Z60 270 280 230 200

e e T ) R A s R A e e e

STB147 GAGGATCTGC CGRATCCGTG TGCGRAGTGE CTATCTGIGE (CCCACGCEEGI TIGCGCCTAT TATAGGTSCG ACTCTCACGE GATGCGACGE TAGGCAGGCC
210 320 320 340 360

STB147 TCGATARACC TTCGTATGCG GGTTCCATEC CTTTCEATAT -C5GO

nodYf

5TB147

Figure G.28 Sequence of nodY of B: elkanii STB14 7 with.sequences of primers in

boxes.

Z0 30 40 EQ &0 w0 20 a0 100

5 R AR T L L P I

STB169 M TTAGA TCGAGTCCTT TGAACCGCAT GTTGTCAGSTC TATCCATCGT GTGGATGTGT TCTATCGARRL CRAATCGATTT TACCAAATTG
nod¥r 1iio 1z 130 140 150 160 170 180 190 200

S i i o B e e o e e M o, o ey o v (v e e

STB169 CGGGATGTTG GATAGCLAAC TGAAGTTTGA ARAAGTAATT AGGCACACCA CAATGGTTTA TCGTCGTTTA GGTGAGCTCA GAGARAAGCG CGTAGACGTG
zlo zzo 230 Z40 Z50 ze0 z70 ZBO Z90 300

o e e i T e e T S [ L e [ I |

STB169 CGAGCGCACCOGICCORTCTG TTTCATGEGCE GTCTATAZEC GOGGIGTGEG AGCCGTSTTE CTTCTCOGTE CELAGCGIGC TCGTTTCGAC GCTAAGCGGA
310 320 330 Z40 3ED 380

Rl o TN P g o RS RN B] B RN N R .

STB169 GCCTGATAAL CGTTGGTATG CGSATTTCAT CCETTTCCLT ATTTGGm

nodYf

FigurenGi29:SequencerofinodY-of-B. yuanmingense S TB 169 with sequenees of primers

in boxes.

20 30 40 50 &0 70 30 a0 100
GO e Serleaea] seesle el ReR i) e ee i) ene e et eraied)
TTL GATCLAGTCC CTTGAACCGC ATGTCGTGAG TCTATCCATC GTGTGGATGT GTTCTATCGL AACARTCGAT TTTACCARAC

nodYr 110 1z0 130 140 150 160 170 180 190 z00
I R e S e s MR e s o s W s o W S M ol e M )

STB173 TGCGGATTGT TGGATAGCAA ACATCAGTTT GGRARATGAAL TTAGGTATGC CACGATGGCT ATTGGTCGTA CGCGGGCTCC GAGAAGRAART CCTGGRCGTG

Z10 zzo 230 240 250 Z60 z70 280 290 300

STB173

rrsilisgndd snpeihasnsd s binnd smssbnnid assibsnsid snmnilsnsd) ssneihonns] sonmihenn anse ks snsss b
STB173 CGAGGATCTG CCGAATCCGT GTGCGAAGTG GCTATCTCTG CUGCACGCGC GTTGUGCCTG TTATAGGTGC GACTCTCACG CGATGCGACG CTAGGCAGGE
210 3z0 320 240 2E0 260

B T I T L e L PPy By o |

STB173 CTCGATALAC CTTCGTATGC GCGTTCCATC CCTTTCCATA TCGGC

Figure G.30 Sequence of nodY of B. elkanii STB173 with sequences of primers in

boxes.
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z0 20 40 50 &0 70 a0 30 100
S I M I e I M M e ]
E TTAG ATCRAGTCCC TTGAACCGCA TGTCGTGAGT CTATCCATCG TGTGGATGTG TTCTATCGAA ACRATCGATT TTACCRRACT

nOdY!‘ 110 1z0 130 la0 150 160 170 180 190 Z00
B s P L P S R S N, R P, R, R . PR A P R M.
STB176 GCGGATTGTT GGATAGCAAL CATCAGTTTS GARAATGAAT TATGTATGCC ACGATGGCTA TTGGTCGTAC GCGGGCTCCSG AGAAGAAARTC CTGGACGTGC

z10 ZZ0 Z30 240 ZE0 Ze0 Z70 Z80 290 200
i L e I e

STB176 GAGGATCTGC CGLATCCGTG TGCGRAGTGE CTATCTCTGC CGCACGCGCG TTGUGCCTGT TATAGGTGCG ACTCTCACGT GATGCGACGC TAGGCAGGCC

STB176

P T e T L I Il R
STB176 TCGATAAACC TTCGTATGCG CGTCCTATCC CTTTCCATAT CGGU

Figure G.31 Sequence of nodY of B. elkanii STB176 with sequences of primers in

boxes.
z0 30 40 50 &0 70 20 a0 100
5 e e . [ [ [P e (e I R I e
STB179 K ITTAG ATCAAGTCCC TTGAACCGCA TCTCGTGAGT CTATCCATCS TGTGGATSTS TTCTATCGAA ACAATCGATT TTACCALACT
nGdY!‘ 110 1lzo 130 140 150 160 170 180 190 zoo
I

T T O . . o I o I e e B R T T |
STB179 GCGGATTGTT GGATAGCAAL CATCAGTTTG GRARATGALT TAGGTATGEC MCCATECCTL TTGGTCGTAC GCGGGCTCCG AGRAGAAATC CTGGACGTGC
z10 ZZ0 z30 240 Z80 Ze0 Z70 z80 230 300
B el I

STB179 GLGGLTCTGC CGRATCCGTG TGCGALGTGE GTATCICTGC CGCACGCGCG TTGEEEETET TATAGGTGCS ACTCTCACGC GATGCGACGC TAGGCAGGCC

210 220 330 240 3E0
| |

ceee b ] e e | ————
STB179 TCGATALACC TTCGTATGCG COTTCCATCC GRTTCCATAT CGG

nod i

Figure G.32 Sequence of nodY of B. elkanii STB179 with sequences of primers in

boxes.

10 20 30 40 £0 &0 70 a0 20 100
- I | ! I | I | | | | | | |

NTTLOGATCALGTCC CTITGLACCGC ATGTCGTGAG TCTATCCALTC GTGTGGATGT GTTCTATCGA RACAATCGAT TTTACCLAAC

sTB185 M
nodYr 1o 1z0 130 140 150 160 170 180 130 zo0
O P PR TN T A gl 5 il T T T e T P [P
STB185 TGCGGATTGT TGGATAGCLL ACATCAGTTT GGLALITGAL TTAGETATGC CACGATGGCT ATTGGTCGTL CGUGGGCTCC GAGLAGRRAT CCTGGLCGTG
Z10 Zzo 230 248 a50 Z60 270 280 290 300

T e T I O W L b W T o e I e [
STB185 CGAGGATCTG CCGAATCCGT GTGCGRAGTG GETATOTGTS (GUGCACGCGE GTTECGCCTG TTATAGGTGC GACTCTCACG CGATGCGACG CTAGGCAGGC
210 3z0 330 240 280 260

T T e T S B oY e
STB185 CTCGATRAAC CTTCGTATGC GCGTTCCATC ECTTTCCATA Tooeol

TLRCC
nod¥f

Figure G.33 Sequence of nodY ofBelkanir STB185 with sequences of primers in

boxes.

10 20 el au L0 &l 70 20 a0 100
2 | T W . | - oo
B A PR TTAGEATCRAGTCCCT TGRACCGCAT GTCGTGAGTE TATCCATEGT GTGGATGTET JCTATCGAAL CAATCGATTT TACCARACTG
nodYr 1o 120 130 140 150 160 170 180 130 200
. e e e T
STB220 CGGLAGGTTG GATAGCAAAC ATCAGTTTGG ALSATGAATT AGGTATGCCA CAATGGCTAT TGGTCGTAGE CGGGCTCCGL GRAGRAATCC TGGACGTGCG
Z10 2z0 220 240 250 ZE0 270 280 z30 200
e e Tl e ol e e e e e e, eciene e e
STB220 AGCACCTGCC GATTCCGTGT GCGAAGTGGC TATCTCTGCC GUACGCGAGT TGCGUCTCTT GTAGGTGCGA CTCTCACGCG ATGCGACGCT AGGCAGGCGC
310 3z0 330 340 350
e aee e e Vs e Wi i
STB220 CGATLAACCT TCGTATGCGT GITCCATCCC TTTCCATATC GG

S5TB220

Figure G.34 Seguence of nodY of B. elkanii STB220 with sequences of primers in

boxes:

Z0 20 40 =l &0 70 20 a0 100
B e o L T e e I L I L e L e R P
; TTAGL TCAAGTCCCT TGRACCGCAT GTCGTGAGTC TATCCATCGT GTGGATGTGT TCTATCGAAL CRATCGATTT TACCARACTG
nOdYr 110 1z0 130 140 150 le0 170 180 190 Zoo
B L T O T Rl e E I L B I [ e R [P P |
STB238 CGGATTGTTG GATAGCALAC ATCAGTTTGG ARAATGRATT AGGTATGCCA CGATGGCTAT TGGTCGTACG CGGGCTCCGR GAAGARATCC TGGACGTGCG
200
B T T T T e e I I I L B e I L B R EE I R
STB238 AGGATCTGCC GAATCCGTGT GCGAAGTGGC TATCTETGCC GCACGCGCGT TGCGCCTGTT ATAGGTGCGA CTCTCACGEG ATGCGACGCT AGGCAGGCCT
210 2Z0 220 240
B L T T T Tl T B
STB238 CGATARACCT TCGTATGCGC GTTCCATCCC TTTCCATATC GG

STB238

Figure G.35 Sequence of nodY of B. elkanii STB238 with sequences of primers in

boxes.
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zo 30 40 50 g0 70 20 30 100
L T e e L o o I e I I
M L MATTLGL TCLAGTCCCT TGLACCGCAT GTCGTGAGTC TATCCATCGT GTGGATGTGT TCTATCGLAR CLATCGATTT TACCLLACTG
nodYr 1w 1z 130 140 150 160 170 180 130 zo0
B T o T T o I T o I e L |
STR?45 CGGATTGTTG GATAGCALLC LDTCALGTTTGR RARATGLATT AGGTLTGOCL CGATGHOTAT TGETOGTLCG CGGECTOCGE GRAGLRLTOC TGGLOGTGOG
210 ZZ0 Z30 240 250 260 Z70 Z80 290 300
B o T e T O T e I o T I e I L I |
STB245 AGGATCTGCC GRATCCGTGT GCGARGTGGC TATCTCTGCC GCACGUGCGT TGCGCCTGTT ATAGGTGCGA CTCTCACGCG ATGCGACGCT AGGCAGGCCT
210 320 330 340 350
B L T e o [t Iy Iy ey Il
STB245 CGATARACCT TCGTATGCGC GTTCCATCCC TTTCCATATC GG

STB245

nodYf

Figure G.36 Sequence of nodY of B. elkanii STB245 with sequences of primers in

boxes.
10 20 30 40 £Q &0 70 g0 20 100
- I L e I B I O I 1 e I e L
STB250 i G G 3 WTTAG ATCGAGTCCC TTGRACCGCAE TGTTGETGAGT CTATCCATCG TGTGGATGTG TTCTATCGAA ACAATCGATT TTACCAMATT
nod¥r 110 1z0 130 140 150 1E0 170 180 150 zoo
PR T

. . N T I N . . LA o 7 I T e T T Ty
STB250 GCGGGATGTT GGATAGCARL CTGARGTTTG AARRAGTRAC CAGGCACACE MCLATGCTTT ATGGTCGTTC AGGTGAGCTC AGAGGRARGC TCCTGGACGT
Z10 2z0 230 Z40 zsn 260 270 Z80 Z90 300

B I e T .. o R A i L e P R F T T EEEe
STB250  GCGAGCGCGC CGCCGATTCC GTTTCATGEG CGTCTACAGS CGCGTCATGL GAGCGGTSTT GCETCTCCGT GCGAAGTGLG CTCGTTTGGT CGGCAAGCGS

sl e e - ———— TR
STB250 GGTCCGATAL ACCTTGGTAT GGTEACGCCL TEEETTTCCL TATTCGM T
nodYf

Figure G.37 Sequence of nodY of B. japonicum STB250 with sequences of primers in

boxes.
10 z0 30 40 50 &0 70 80 20 loo0
P U P I [ R T 0 R oo TEEE N L N . e e e e e |
STB264 ERIRNTTLG ATCGAGTOOT TTGLACCGCR TETTATCAGT CTATCCATEG TGTEGATGTG TTCTATCGAR ACAATCGATT TTACCAAATT
ﬂOdY]‘ 110 1z0 130, 140 150 160 170 180 1%0 zZoo
R

- RN B Y Eahm e T s B M R e T e ey
STB264 GCGGGATSTT GGATAGUARAL CTGARGTTTG AAABAGTAAC 'CAGGCACACC ACAACGGATT TTGGTCGTTC AGGTGAGCTC AGAGGAARGC TCCTGGACGT
I I T AaEy By mmee R I P e F T R R

STB264 GOGAGCGCGC CGCCGASTCC GTTTCATEEC OBTCTACAGEECEGECATEE, GAGECGTOTT GCGECTCCGT GCGARGTGCS CTCGTTTGET COGCAAGCGS
210 2Z0 320 240 2E0 360

T T T T N e TN R

STB264 CGTCCGATAL ACCTTGGTAT GGGGATGCCA TCCGTTTCCA TATTEC A Wy

nodYf

Figure G.38 Sequence of nodY of-B-yuanmingense STB264 with sequences of primers

in boxes.

10 20 Ell au L0 = 70 a0 a0 100
L | ) e e e e e Y - -
TTAGAT CCAGTCCCTT GAACCGCATS TTGTGAGTCT ATCCATCGTS TGGATGTGTT GTATCGARAC AATCGATTTT ACCARATTGC

STB310 1 E
nodYr 1io 120 130 140 150 160 170 180 130 z00
Sl - | R | R —— | S oo
STB310 GGGATGTTGG ATAGCAAACT GAAGTTTGALL RLAGTARCCA GGCACACCAC BATGCTTTAT GGTCGTTCAG GTGLGCTCAG AGGARAGCTC CTGGLCGTGC
z1n zz0 230 z40 z50 z60 270 z80 z30 200

B T L T e e L T T L L I O L I R e
STB310 GAGCGCGCCG CCGATTCCGT TTCATGGGCG TCTACAGGCG CGTCATGCGE GOCGTGTTGC GTCTCCGTGC GAAGTGCGCT CGTTTGGTCG GUAAGLGGGG
310 3z0 330 340 350 360

R R T B
STB310 TCCGATALAC CTEGGTATGG TGACGCCATC CGTTTCCATL TTCG SOy

Figure G.39 Seguence of nodY of B. japonicum STB310 with sequences of primers in

boxes:

20 20 40 £0 &l 70 20 20 100
T L e T e L L L T e I
TTAGAT CRAGTCCCTT GRACCGCATG TCGTGAGTCT ATCCATCGTG TGGATGTGTT CTATCGARAC AATCGATTTT ACCAAACTGC
110 1zo 1z0 140 150 le0 170 lg0 130 z00

B T o e e e i e I e o e [ e [
STB327 GGATTGTTGG ATAGCRAACAL TCAGTTTGGL ARATGAATTA GGTATGCCAC GATGGCTATT GGTCGTACGC GGGCTCCGRG AAGARATCCT GGACGTGCGA
Z10 ZZ0 220 240 ZE0 ZE0 270 280 z30 200
e [RERTCI | ) it | SN S| (USRS [N | OSSN O RS (U [RPRTCI| S [ SN
STB327 GGATCTGCCG AATCCGTGTG CGRAGTGGCT ATCTCTGCCG CACGCGCGTT GUGCUTGTTA TAGGTGCGAC TCTCACGCGL TGCGACGCTL GGCAGGCCTC
310 3z0 330 340
STB327 GATRLACCTT CGTATGCGCG TTCCATCCCT TTCCATATCG G

STB327

no

TT
nodYf

Figure G.40 Sequence of nodY of B. elkanii STB327 with sequences of primers in

boxes.
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SUMMARY OF ABILITY/INABILITY OF THREE REFERENCE STRAINS AND
THREE REPRESENTATIVE STB STRAINS TO USE 95 CARBON AND
NITROGEN SOURCES

Table G.1

reference strains and by Bradyrhizobium elkanii sirain STB 327.

Determination of ability/inability to utilize 95 carbon/nitrogen sources by

Summary.of results from 7 determinations

Carbon/Nitrogen B. By
Bg€lkanll Summary of
sources on Biolog japenicum | liaoningense STB327
NBRG ‘ results from 3
GN2 MicroPlate NBRE NBRC Grownon TY
1491 determinations
14783 o 100396
151 2nd Srd
[1-Cyclodextrin £ 1 - . B B}
Dextrin 4 W + - + + +
Glycogen - =~ + - - + -
Tween 40 +ak At ++ ++ | ++ | ++ T+
Tween 80 S +-+ ++ ++ |+ | ++
N-Acetyl-D-
Galactosamine
N-Acetyl-D-
Glucosamine
Adonitol + - - - + + +
L-Arabinose ++ ++ 4+ + + + +
D-Arabitol + ++ ¥ + + + +
D-Cellobiose - + - - - - -
i-Erythritol - - - - - - -
D-Fructose + + - + + + +
L-Fucose + - - + + + +
D-Galactose + + + + + + +

Gentiobiose
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Summary of results from 7 determinations

Carbon/Nitrogen B. B.
B. elkanii Summary of
sources on Biolog japonicum | liaoningense STB327
NBRC results from 3
GN2 MicroPlate NBRC NBRC Grownon TY
14791 determinations
14783 100396
151 2nd 3rd

[ 1-D-Glucose ++ ++ ++ + + + +
m-Inositol - [ - - - - _
[ ]-D-Lactose L ! . _ _ - _
Lactulose - - 3 - + +4 +
Maltose - - - - - - _
D-Mannitol +4+ ++ ++ + + + +
D-Mannose o ++ ++ - - - _
D-Melibiose - 1 " - - - _
[1-Methyl-D-Glucoside - - - . } } B}
D-Psicose ¥ - Y + + + +
D-Raffinose - A L - - - _
L-Rhamnose - + L - - + _
D-Sorbitol + = - - + + +
Sucrose - b - - - - _
D-Trehalose - = d - - + -
Turanose - = - - + - _
Xylitol - + - _
Pyruvic Acid Methyl

+++ +++ +++ + ++ | ++ ++
Ester
Succinic Acidg Mono-

+++ +++ +++ + + ++ +
Methyl-Ester
Acetic Acid B+ ++H +HF + + + +
Cis-Aconitic Acid - - - + + _ +
Citric Acid + - - + + + +
Formic Acid + + - + ++ | ++ ++
D-Galactonic Acid

++ ++ - + + ++ +

Lactone
D-Galacturonic Acid + - - - + + +
D-Gluconic Acid ++ ++ ++ + + + +
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Summary of results from 7 determinations

Carbon/Nitrogen B. B.
] B. elkanii Summary of
sources on Biolog japonicum | liaoningense STB327
NBRC results from 3
GN2 MicroPlate NBRC NBRC Grown on TY
14791 determinations
14783 100396
151 2nd 3rd
D-Glucosaminic Acid + - - + + + +
D-Glucuronic Acid + 3 - - + + +
[]-Hydroxybutyric
- +4 ++ - - - -

Acid
[]-Hydroxybutyric

++4 4+ +4% ++ | ++ | ++ ++
Acid
[]-Hydroxybutyric

T i+ ++4% + + ++ +
Acid
p-Hydroxy

3 i Y - + + +

Phenylacetic Acid
Itaconic acid - g ++ - - + -
[-Keto Butyric Acid - 4 + - - - -
[ ]-Keto Glutaric Acid + 2 + + + + "
[-Keto Valeric Acid - A + - - - -
D,L-Lactic Acid +++ +4++ 3 + 4+ | 4+ ++
Malonic Acid + - + _ + + +
Propionic Acid ++ ++ ++ + + 4 +
Quinic Acid + - - - + +4 +
D-Saccharic ACid Fi-£ iy + | 4+ |+ T+
Sebacic Acid - L + ¥ 4+ | 4+ T+
Succinic Acid +++ +++ +++ + + + +
Bromosuccinic Acid ++ -+ ++ + + + +
Succinamic Acid +++ +++ +++ ++ | ++ | ++ T+
Glucuronamide + - - + - + +
L-Alaninamide + ++ - + + + +
D-Alanine + - - + + + +
L-Alanine + - + _ + + +
L-Alanyl-glycine + + - - + + +
L-Asparagine + - - - + + +
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Summary of results from 7 determinations

Carbon/Nitrogen B. B.
B. elkanii Summary of
sources on Biolog japonicum | liaoningense STB327
NBRC results from 3
GN2 MicroPlate NBRC NBRC Grown on TY
14791 determinations
14783 100396
2™ | 3"

L-Aspartic Acid + - + - S+ | o4+ T+
L-Glutamic Acid + 4 - + | 4+ | ++ ++
Glycyl-L-Aspartic Acid + L - - + + +
Glycyl-L-Glutamic Acid - - + - + - -
L-Histidine - - = - - - -
Hydroxy-L-Proline - - - - - - -
L-Leucine + £+ ++ + + + +
L-Ornithine - - + - - - -
L-Phenylalanine Fr =P + - + + +
L-Proline ¥ £ L - + + +
L-Pyroglutamic Acid uy i ++ + + + +
D-Serine F ; L + + + +
L-Serine + = - - + + +
L-Threonine - e - - - - -
D,L-Carnitine - - - - + - -
[ ]-Amino Butyric Acid - + - - - + _
Urocanic Acid - - - + - - -
Inosine - - - - - - -
Uridine - s 4 = - - -
Thymidine - - - - - - -
Phenyethyl-amine - - - - £ + -
Putrescine - - -] 3 - - -
2-Aminoethanol - - - - - - -
2,3-Butanediol + - - - + + +
Glycerol + ++ + + + + +
D,L-L]-Glycerol

+ - - - + + +
Phosphate
[1-D-Glucose-1- - - - - . B B}
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Summary of results from 7 determinations

Carbon/Nitrogen B. B.
B. elkanii Summary of
sources on Biolog japonicum | liaoningense STB327
NBRC results from 3
GN2 MicroPlate NBRC NBRC Grown on TY
14791 determinations
14783 100396
151 2nd 3rd
Phosphate
D-Glucose-6-
- g - - + - -
Phosphate
Table G.2  Determinationsof ability/inability to utilize 95 carbon/nitrogen sources by

reference strains and bysBradyrhizobium japonicum strain STB 310.

Summary of results ffom 7 determinations

Carbon/Nitrogen B, B
B. elkanii Summary of
sources on Biolog japonieum liaoningense STB310
NBRC : results from 3
GN2 MicroPlate NBRC NBRC Grown on TY
14€91 determinations
14183 100396
151 2nd Srd
[]-Cyclodextrin £ 2 - ¥ ¥ B} n
Dextrin - ofe =+ + + + +
Glycogen - - + - - - -
Tween 40 ++ ++ ++ ++ | ++ | ++ T+
Tween 80 o+ ++ ++ ++ |+ | +++
N-Acetyl-D- ] - - -
Galactosamine
N-AcetylsD= . - - -
Glucosamine
Adonitol + - - - - - -
L-Arabinose ++ ++ ++ ++ | 4+ | 4+ T+
D-Arabitol + ++ - ++ + ++ ++
D-Cellobiose - + - ++ + - +
i-Erythritol - - - - - - -
D-Fructose + + - + + ++ +
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Summary of results from 7 determinations

Carbon/Nitrogen B. B.
B. elkanii Summary of
sources on Biolog japonicum | liaoningense STB310
NBRC results from 3
GN2 MicroPlate NBRC NBRC Grownon TY
14791 determinations
14783 100396
151 2nd 3rd

L-Fucose + - - - - - _
D-Galactose + + + + + - +
Gentiobiose - ¥ - - - - _
[1-D-Glucose -y o o+ T (U o+
m-Inositol - - - - - - _
[ ]-D-Lactose - i : _ _ - _
Lactulose o L . - - - _
Maltose - L " - - - _
D-Mannitol F- = ++ ++ + ++ T+
D-Mannose ¥ 4 ++ ++ | 4+ | 4+ T+
D-Melibiose - A L - - - _
[1-Methyl-D-Glucoside ¥ £ . . } } B}
D-Psicose + = - - - - _
D-Raffinose - L - - - - _
L-Rhamnose - + . + + - +
D-Sorbitol + = - - - - _
Sucrose - = - - - - _
D-Trehalose - - - - - - _
Turanose | L L - - - _
Xylitol - - - - - - -
Pyruvic _Acid _ Methyl

+++ +++ +++ +HHELEHE [+ +++
Ester
Succinic Acid Mono-

+++ +++ +++ +++ |+t |+ +++
Methyl-Ester
Acetic Acid +++ +++ +++ REUR RV T
Cis-Aconitic Acid - - - - - - _
Citric Acid + - - - - - _
Formic Acid + + - + + ++ +
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Summary of results from 7 determinations

Carbon/Nitrogen B. B.
] B. elkanii Summary of
sources on Biolog japonicum | liaoningense STB310
NBRC results from 3
GN2 MicroPlate NBRC NBRC Grown on TY
14791 determinations
14783 100396
151 2nd 3rd
D-Galactonic Acid + | 4+ | ++ ++
++ ++ -
Lactone
D-Galacturonic Acid + I - - + - -
D-Gluconic Acid ++ ++ 4+ 4+ | o+ 4+ .
D-Glucosaminic Acid 4 - - - - - -
D-Glucuronic Acid + = - - - - -
[]-Hydroxybutyric
¢ -+ + ++ |+t |+t ++
Acid
[]-Hydroxybutyric
+-+F +HA+ T+ +H+ |+t |+t +++
Acid
[]-Hydroxybutyric
+ -+ 155 +4+ +H+ |+t |+t +++
Acid
p-Hydroxy + + _ +
+ = +
Phenylacetic Acid
Itaconic acid - ++ ++ ++ | 4+ | 4+ T+
[1-Keto Butyric Acid = s £ | 4+ | o+
| ]-Keto Glutaric Acid + ++ + NI (U t
[1-Keto Valeric Acid - ++ + | 4+ | o+
D,L-Lactic Acid Tt £ i ++F A2 | bt | T
Malonic Acid + L + 2 - - -
Propionic Acid ++ ++ ++ 0 | .
Quinie Acid + - LS | - - -
D-Saccharic Acid +++ +++ + REUR RV T
Sebacic Acid + - + + - - -
Succinic Acid +4++ +++ +++ At | A+ | A+ e+
Bromosuccinic Acid ++ ++ ++ 4+ | ++ 4+ ++
Succinamic Acid +++ +++ +++ REUR RV T
Glucuronamide + - - - - - -
L-Alaninamide + ++ - ++ | 4+ | 4+ T+
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Summary of results from 7 determinations

Carbon/Nitrogen B. B.
B. elkanii Summary of
sources on Biolog japonicum | liaoningense STB310
NBRC results from 3
GN2 MicroPlate NBRC NBRC Grown on TY
14791 determinations
14783 100396
2 | 3
D-Alanine + - - - - - -
L-Alanine + 3 + - - - -
L-Alanyl-glycine + +- - + + - +
L-Asparagine s - 3 - - - -
L-Aspartic Acid L - iy - - ++ -
L-Glutamic Acid T v = + - - -
Glycyl-L-Aspartic Acid + L ., - + - _
Glycyl-L-Glutamic Acid - - + - - - -
L-Histidine - = - - - - -
Hydroxy-L-Proline - - % - - - -
L-Leucine o Fot ++ ++ | 4+ | 4+ T+
L-Ornithine - = + - - - -
L-Phenylalanine + +4 + 4+ |+ | A+t ++
L-Proline + A5 - ++ | ++ - ++
L-Pyroglutamic Acid b ++ ++ 4+ |+ | A+t ++
D-Serine F - = - - - -
L-Serine + _ - - - - -
L-Threonine - + - + + ++ +
D,L-Carnitine - - 4 = - - -
[1-Amino ButyrigAcid - + . L - "
Urocanic Acid - - - + £ - -
Inosine - - 4 3 - - -
Uridine - - - - - - -
Thymidine - - - - - - -
Phenyethyl-amine - - - - - - -
Putrescine - - - - - - -
2-Aminoethanol - - - - - - -
2,3-Butanediol + - - - - - -
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Summary of results from 7 determinations

Carbon/Nitrogen B. B.
B. elkanii Summary of
sources on Biolog japonicum | liaoningense STB310
NBRC results from 3
GN2 MicroPlate NBRC NBRC Grown on TY
14791 determinations
14783 100396
151 2nd 3rd
Glycerol + ++ + ++ | 4+ |+ ++
D,L-L]-Glycerol - + - -
+ | | -
Phosphate
[]-D-Glucose-1-
Phosphate
D-Glucose-6-
Phosphate

Table G.3 Determination of ability/inability to utilize 95 carbon/nitrogen sources by

reference strains and by Bradyrhizobium yuahm/‘ngense strain STB 264.

Summary.otresults-from-—¢ determinations

Carbon/Nitrogen B B.
B. elkanii Summary of
sources on Biolog Jjaponicum liaoningerise STB264
NBRC results from 3
GN2 MicroPlate NBRC NBRC Grown on TY
14791 determinations
14783 100396
151 2nd 3rd
[]-Cyclodextfin | - : + + - +
Dextrin + + + + + + +
Glycogen B < + e - - -
Tween 40 +4 ++ ++ + + ++ +
Tween 80 ++ ++ ++ + ++ | ++ ++
N-Acetyl-D-
Galactosamine
N-Acetyl-D-
Glucosamine
Adonitol + - - - - - -
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Summary of results from 7 determinations

Carbon/Nitrogen B. B.
B. elkanii Summary of
sources on Biolog japonicum | liaoningense STB264
NBRC results from 3
GN2 MicroPlate NBRC NBRC Grown on TY
14791 determinations
14783 100396
2 | 3

L-Arabinose ++ ++ ++ ++ | 4+ |+ T+
D-Arabitol + - - + + + +
D-Cellobiose - iy - - - - -
i-Erythritol - - - - - - -
D-Fructose - + . + + + +
L-Fucose o3 A = + - + +
D-Galactose + + “ + + + +
Gentiobiose - - N - - - -
[ ]-D-Glucose - = +t + + + i
m-Inositol - - 3 - - - -
[]-D-Lactose ‘ . L - . B B}
Lactulose - “ L - - - -
Maltose - X, - - - - -
D-Mannitol +# ++4 ++ + + + +
D-Mannose ++ ++ ++ + + + +
D-Melibiose - - = - - - -
[1-Methyl-D-Glucoside + < - . } } B}
D-Psicose + - - - - - -
D-Raffinose - L # = - - -
L-Rhamnose - + - - - + +
D-Sorbitol + - - - 4 - -
Sucrose - - 4 | - - -
D-Trehalose - - - - - - -
Turanose - - - - - - -
Xylitol - - - - - - -
Pyruvic Acid Methyl

+++ +++ +++ + |+t | 4+ ++
Ester
Succinic Acid Mono- +++ +++ +++ ++ | ++ | ++ T+t
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Summary of results from 7 determinations

Carbon/Nitrogen B. B.
B. elkanii Summary of
sources on Biolog japonicum | liaoningense STB264
NBRC results from 3
GN2 MicroPlate NBRC NBRC Grownon TY
14791 determinations
14783 100396
151 2nd 3rd
Methyl-Ester
Acetic Acid +++ T +++ + + ++ +
Cis-Aconitic Acid - L - - - - _
Citric Acid + - L - - - _
Formic Acid a + - + + ++ +
D-Galactonic Acid
T+ ok . + - + +
Lactone
D-Galacturonic Acid + . " - - _ -
D-Gluconic Acid I+ 4+ ++ + + + +
D-Glucosaminic Acid + . e - - - -
D-Glucuronic Acid + A L - - - -
[]-Hydroxybutyric
F ++ ++ + + + +
Acid
[]-Hydroxybutyric
+++ +++ +++ ++ | +++ | +++ +++
Acid
[]-Hydroxybutyric
+++ +++ +++ ++ | ++ | ++ ++
Acid
p-Hydroxy
+ - + + - + +
Phenylacetic ACid
Itaconic acid - ++ ++ ¥ - + +
[]-Keto Butyric Acid - ++ . n g ¥ "
[ ]-Keto Glutaric Acid - T+ & + - - -
[ ]-Keto Valeric Acid - ++ . + 4 4 4
D,L-Lactic Acid +++ +++ +++ ++ |+ |+ ++
Malonic Acid - - - - - - _
Propionic Acid ++ ++ ++ + + + +
Quinic Acid + - - - - - -
D-Saccharic Acid ++4+ +4++ + + - - -
Sebacic Acid + - + + - + +
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Summary of results from 7 determinations

Carbon/Nitrogen B. B.
B. elkanii Summary of
sources on Biolog japonicum | liaoningense STB264
NBRC results from 3
GN2 MicroPlate NBRC NBRC Grown on TY
14791 determinations
14783 100396
2 | 3
Succinic Acid +++ +++ +++ ++ | ++ | ++ ++
Bromosuccinic Acid ++ 4+ ++ ++ |+ | 4 .
Succinamic Acid +++ + 4+ F4+ 4+ | ++ 4+ ++
Glucuronamide s - J + - - -
L-Alaninamide - -+ = - - - -
D-Alanine + v = + - - -
L-Alanine + 1 o - - - -
L-Alanyl-glycine + + 3 - - - -
L-Asparagine -+ . - - - - -
L-Aspartic Acid F g + - - - -
L-Glutamic Acid + 4 L + - + +
Glycyl-L-Aspartic Acid - o L + - - -
Glycyl-L-Glutamic Acid - - + + - - -
L-Histidine - L - - - - -
Hydroxy-L-Proline - - - - - - -
L-Leucine + R SR + - + +
L-Ornithine - - + - - - -
L-Phenylalanine + ++ + + + + +
L-Proline i+ 5B 4 - + - +
L-PyroglutamiciAcid ++ ++ ++ ++ |+ | ++ ++
D-Serine + - - - 4 - -
L-Serine + - J | - - -
L-Threonine - + - + + + +
D,L-Carnitine - - - - - - -
[ l-Amino Butyric Acid - + - + - - -

Urocanic Acid

Inosine

Uridine
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Carbon/Nitrogen
sources on Biolog

GN2 MicroPlate

Summary of results from 7 determinations
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NBRC
100396

STB264

Grownon TY

Summary of
results from 3

determinations

nd

12

Thymidine

Phenyethyl-amine

Putrescine

2-Aminoethanol

2,3-Butanediol

Glycerol

D,L-L]-Glycerol

Phosphate

[ ]-D-Glucose-1-

Phosphate

D-Glucose-6-

Phosphate
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