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Strains of Mesorhizabivm huakuii,. oot nodule bacteria of Astraealus sinicus, were identified from
DMNA polymorphism amplified by the polymerase chain reaction (PCR) using some known or random prim-
ers. Five strains of M. huakuii isolated in Japan and China were examined using SPH (a random primer],
nifHDK (a part of the sequence of #if gene) and ERIC (both ends of an repetitive intergenic consensus DNA
sequence of entenc bactenia).  DNA bands amplified with primers showed distinetly different band patterns
between aroups of strins isolated in Japan and those isolated in China.  Although it was sometimes difficult
to identify straing belonging to the same group with only one primer, strains of a group could be identified by
comparison of the results obtained with different PCR primers.  Strains of M. huakuii isolated randomly

from a rice field soil were examined by PCR, and several types of strains werne found to survive at the same

site.  Thas identification method vsing PCR was also wseful o investigate the infection rate of inaculated

srains in a pot cultivation experimeant.
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Introdoction

The taxonomy of root nodule bacteria of Chinese
milk vetch (Astragalus sinicws L) remained unclear until
it was classitied as Rhizobium huakiii by Chen ef af . in
19917, It was reclassified as Mesorhizobinm huakuil
according o its physiological and phylogenetic properties
to distinguish 1t from other rhizobial bacteria.
milk wetch is a leguminous plant. being cultivated in the
temperate area of Far East Asia especially in China, and it
has not been paid attention by agricultural researchers of
The mle of
Chinese milk vetch as green manure in rice fields, how-
gver, has become lower in China with the increase of oil
erops such as ol seed rape as cash crops™.  In Japan also,
Chinese milk verch was widely grown as a winter crop on

Chinese

the western world except in a few cases™.

rice fields as preen manure, but the cultivation area of
Chinese milk vetch has rapidly decreased after World
War 11 with the spread of chemical fertilizers.  However,
the role of Chinese milk vetch is now being reassessed
sinee the soil fertility of arable land in Japan iz thought to
be continuously lower and the establishment of & sustain-
able agriculture system 15 required.

The root nodule bacteria of A. sinicus are considered
to survive as indigenous heterotrophic inhabitants of Japa-
nese soils, because Chinese milk veteh has been grown on

Theretore the nodules
of A, sinfews are usually formed by indigenous root nod-

rice fields since the 17 th century.

ule bacteria. In such cases, the effeet of the inoculation of
M k! must be evaluated by checking il the root nod-
ules are tormed by the inoculant strain: or other native
ones, It is rather ditficult to identify the straing of root
noddule bacteria by such conventional methods as intrinsic
antibiotic resistance, serological reaction, enzvme linked
immunesorbent assays (ELISA) or restriction fragment
length polymorphisms {RFELP) which require complicated
ko
(PCR} using random primers has become one of the maost

procedures.  Recently, the polymerase chain
effective methods to identity bacterial strains and it has
been used for rhizobial bacteria.  However, PCR has not
been applied to M, fkeii,  In this paper, | report the
utility and detailed conditions of PCR w identily straing
of M. freeckeedi. This method wags also applied to estimate
the infection rate of inoculated strains on the root of A.

SITfCUS 1N 8 ol experiment.

MMethods and Materials

Strainy of M. ookl
The straing uwsed in the experiment were the five
strains listed in Table 1. Three of them were isolated in

Yapan and the other two in China.  The strain 103T is the
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Tahle 1. Strains used inthe experiments

Sirains Cirigin
03T (MALDY Type stain of M. buakedi (Nanjing Agricultural University, Chinal
1 300S (ACCC) Strain used in China {Agriculiueal Caliure Collection, China)
B3 Isodate by Murooka, Hirashima Uiy, Japan.
QO (1A Isolate by Tokachi Federafion of Agr. Coop., Japan
Q12 (1AL Isolgie in this research, [shikawa Agr. Coll.. Japan

Table 2. Primers used for PCR

Svmbil Base sequence Eemark Reference

SPH I S -GACGACGACCGACGAC-3' Random primer &)

nifHIMEK SEGGTTATCGAAATCAGCAGCCACAGOGC -3 Pan of mif gene el
seoquence of enteric bacleria

ERIC 2

3 -AAGTAAGTGACTOGOGGTOAGCG -3

type strain of M. foeakel

Preparation of DNA fer PCR

The bacteria to be tested were cultured in TY liquid
medium {Bactotryptone (Difco) 5 g, yeast extract (Difco)
3 g, CaClz=6 HxO 1.3 g, distilled water 1 L, pH 7.0} at 26
Tfor about two days until the logarithmic zrowth stage.
The culured bacterial body was collected by centrifuga-
tion (10,000 e, 10 min), and washed with physiological
saline solution. The collected bacterial body was sus-
pended with an adequate amount of sterilized water and
dispensed into 1.5 mL microtubes and centrifuged again.
To the precipitant was added 200 pL of sterilized water,
and the suspension was stocked ag— 207,
sion was melted just before vse, and 10 pL of Proteinase
K solution (1 mg mL ') and 50 pL of BL buffer solution
(Tris 40 mM, Tween-20 1%, Nonidet P-40 0.5%, EDTA:
2 MNa 1 mM, pH &.0) were added and incubated at 60°C for
20 min o dissolve the bacterial body.
stopped by heating at 95°C for 10 min and the supernatant
was collected by centrifugation and wsed as crude DNA
solution, The optical density at 260 nm of the cmde
DA soluten was measured and the concentration of
DA was adjusted 1o 150 pg pl™ ' for PCR.

The suspen-

The reaction was

PCR

The reaction solution contained 10 pl of 10 bufter
(Takara Bio), 1.3mM MgCl, 02mM dNTP, 1uM
Primer{s), 2.5 units of Tag DNA polymerase (Takara Bio)
and 5 pL of the diluted crude DNA solution (750 ug as
template DMNA), the wlal volume of which was adjusted
to 100 pL.  The primers used in PCR were as listed in

Table 2. 5PH 1 was a random single primer and the oth-

ers were directed primers that are a part of a known
sequence (mfHDE) or of a consensus sequence (ERIC),
The reaction mixture was taken into a 1.5 mL microtube,
overlaid with 100 gL of mineral oil and set in a thermal
eycler {Astec PC-7000.  The temperature condition of
PCR with SPH 1 and nifHDK was as follows ; pre-run at
94°C for 1 min. 30 cycles of denaturing at 94T for 1 min,
annealing at 50T for 1 min, polymerization ot 72T for
[.5 min, and post-run at 63°C for 2min. The tempera-
ture condition of PCR with ERIC primers was as follows ;
pre-run at 95T for 5 min, 30 cycles of denature at 94°C
for min. annealing at 52T for 1 min, pelymerization at 65
T for 8 min, and post-run at 63 for 16 min.  The PCR
products were separated from mineral oil by addition of
100 ul. of chloroform iscamyl alcohol mixture (24 5 1 v
v] and electrophoresed with 2% agarose (Amplisize aga-
rose, Bio-Bad) in | X TBE (pH 8.2} under a 10}V for
about 43 min. Az DNA size markers, a 100 base-pair
ladder and Kilo base-pair ladder (Pharmacia) were elec-
trophoresed at the same time. The agarose gel was
stained with ethidivm bromide solution (2 pg L") and
DNA Fragments were detected under UV light of 260 nm.

Inoculation experinient with the strainsg of root nodule
hacieria

Air-dried soil (gray lowland soil, sandy clay loam)
was mixed with river sand at the ratio of 1: 1, and 2.5 kg
of the mixture per Wagner pot of 13,000 a was used for
the pat cultivation experiment.  MNodule bacteria shown
in Table | were cultured in TY liguid medium at 26°C for
about two days and the suspension of bacteria (392 10°
CFU mL ™", 2 mL per pot) was inoculated to the seedlings
of A, simicns {ov, Gifu-hinode-wase), which were sown at
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the density of nine per pot. Calcinm superphosphate and
petassinm chlovide were supplied as basal fertilizers at the
rate of (b5 g per pot as P:0: and K20, respectively. A
sinicus was grown in a greenhouse at about 2000 for 2
months.  The cultivation experiment was camicd out
The growth and nitrogen content
of A, sinicus were measured after harvesting, and the root
nexlules were counted and randomly sampled at the rate of
The isolated bacteria from
colonies formed on veast extract mannitol agar medium
(Y M} were subjected o PCR and examined for nodule
formation by iocolated strains or other indigenous strains
of M. heckii.

with three replicales.

ten nodules per treatment.

Results and Discussion

DMNA fragments were amplified with any primers
used in this experiment as shown in Fig. 1. Electophore-
sed DNA band patterns were similar in each group of
Chinese strains and Japanese strains, and it was easy to
determine o which group isolated strains belonged.
Within a4 group, identification with only one primer such

Freslioss Loedbisss

b

ERIC nifHDK

Fig. . DMNA band patterns of tested swaing of Mesartzobinnm
Reeradaeii by PCE |
Lefi, ERIC printars ; Right, nifHDE primer.
M IO, 1O base-pair ladder DNA size marker ; Mk, kile
base-pair ladder DMNA size marker ; NC, negative contnl.

£

«3{312345E?391ﬁ

Fig. 2. DNA band patterns of strains isolated from a field soil by
PCE with mifHDK primer.
B 100, 100 basc-pair Tadder DNA size marker ; Mk, kilo
biase-pair lndder DNA size marker : NC, negative control.

as MfHDK was sometimes difficult, but the strains could
be identified by comparison of the results obtained with
different primers.  This PCR method is considered to be
useful to investigate the infection rate of inoculated nod-
ule bacteria in A. sinicus.

The nodule bacteria isolated from nodules which
were randomly sampled from A, sinfcus grown in one rice
field showed various DNA polymorphisms by PCR.
This suggeestes that various types of indigenous sirains of
M., huakuit inhabit even in the soil of the same site.

The inoculation experiment was carried out with
Wagner pots of 1/5,000 a to confirm the effect of strains
of M. fueekuii s inoculants in 2 condition where indige-
Asg shown in Table 3, the
arivwth and nitrogen content were significantly stimulated
by the inoculation of 13003, B3 and 901 except 103T.
The mvestigation of isolates from nodules of A, sinicus
by PCR (Figs. 3 and 4) sugpested that a high percentage
of the nodules were infecled with the inoculants except
IO3T.  As summarized in Table 4, the infection rate with
LO3T, 13005 B3 and 901 was 0%, 100%, 63% and 88%.
respectively.  Although 103T is the type strain of M.
freakudl, it seemed to lack a plasmid containing mod gene

nows nodule bacteria survived,

which is related to the nodulation of leguminous plants'.
The ability of 103T to form nodules in A. siricus was not
confirmed alse in this experiment. Growth and total
nitrogen content of the plants inoculated with the strains
except 03T were significantly higher than the control
without inoculation, but there was no significant differ-
ence between the three inoculants of 13005, B3 and 901.

There was no significant difference in the number of
big nodules (=3 mm in diameter) between the treatments,
but the total number of nodules was significantly in-
creased by the inoculation treatments except 103T. I is
estimated that inoculation treatments caused the increase
of small nodules in A, siricus.

The soil used in this experiment was estimated to
have a history of growing A. sinicus.  However, as il was
used in an air-dried condition, the density of indigenaus
M. Buakuii was rather low, less than 10° CFU ' and this
might have caused the high inoculation effect in this
experiment. It may be necessary to confirm the effiect of
imoculation in fresh soil.  The inoeulation of some strains
of ML huakuii was quite effective for Chinese milk vetch
in soils which had no history of growing Chinese milk
vetch in such countries as U, 8, A, and Nepal'®. How-
ever, in China where Chinese milk vetch had been grown
tor a lomg period, the effect of inoculation was sometimes
not so clear” and it has not been confirmed whether nod-
ules of Chinese milk vetch were really formed by inocu-
lated strains of M. feeckudi.
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Fig. 3. DNA bund patterns of isolates in the pod experiment oblained by PCE with nifHDK primer,

B 10K, 100 base-poir Tudkder DN A siee marker ; bk, kilo base-pair adder DNA size macker 3 NC, negative confral. The svm
bol of each plate indicates the treatment, and aroeas indieate the meculaead soams (13005, B3, 901, 103T),
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Fig, 4. DA band paterns of isolaes in the pot experiment obtained by PCR with ERIC primers.

I 10, DOHY bavse-pane Jodder DNA size marker @ Mk, kile base-pair ladder DNA size marker ;. NC, negative control. The sym-
bal of each plate indicares the teaimen, and amows indicate the inceulated strains (13005, B3, 201, 103T).
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Table 3. Inoculation test by pot cultivation

Shoet growth N content Root nodules per plant Infection rate

Straing
D.W. () per pot g per pol big (>5mm) total infected / wotal (%)

Control 331 =018 a® 1071 u 29 B =
13T JE2E013a 153 § ab ol I8 a T
13005 290700 2dd W by 1.2 100 b L1010
ik .59 0300k =17 ¢ J:5 46 ¢ 38 {63
B3 AAE07T b 27627 ¢ 4.5 103 b 80 EE)

# Sanme letters indicate no significant difference by Duncan’s multiple range test at p=0.05 {n=3}.

Table 4. Infection rates of inoculated strains in the pot experiment

Frimer
Inoculated Infection rate
iTHIE, z:
alrain i BRIC infected f otal (%)
o Ll b= + -
0ET [ ) 2 i1 il A Wa {
1 3005 10 [k { 1 i 1] ROK1CH {10
B3 3 3 L i 1 0 558 (63
901 5 RO e 0 78 ( 58)

+. same ag the inoculated strain

+, almost the same but partly different from the ineeulated siradn

—, different from the inoculaied sirain

* pnumber of isalates (= podules)

The PCR method with adequate primers is thought o
be useful to identify the strains of M. huaekuii, but there
were some cases in which accurate identification was dif-

ficult because of low reproducibility of DNA band pattern.

[t was necessary to perform PCR amplification with stan-
dard strains under the same conditions.  To increase the
reliability of the PCR method, we must consider the cul-
ture conditions, refining procedure of DNA templates,
temperature set of PCR and so0 on.

As it is known that M. huaked casily lose plasmids
during culture'¥, the change of plasmid composition dur-
mmg the culture or in the soil may be one of the factors
causing the variation of DNA band patterns.
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