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Modulation Efficiency
 

Nodulation efficiency it defined as the ability of rhizobia to produce optimum
 

nodules with the smallest number of cells in the inoculum. During the course
 

of our studies on general aspects of plant-rhizobia interactions, we observed
 

that different strains of rhizobia differ greatly in nodulation efficiency.
 

For example, L Jaonicu strains 138, 123, and 110 were 10-50 times more
 

efficient than strains 61A76 and 83. Interestingly, the efficient strains
 

also appeared to be more competitive, particularly at lower concentrations of
 

inocula. Since a number of workers had shown that the success of a superior
 

rhizobial strain in the field depends largely on its comipetitive abilities,
 

the aspect of nodulation efficiency appeared very attractive for detailed
 

study.
 

in addition to finding differences Innodule efficiency among different
 

strains, we also found that any natural population of strain 61A76 consists of
 

at least two types of cells which produce distinct types of colonies on yeast
 

extract mannitol gluconate medium (YEMG) and that the type of cells or
 

substrains differed in nodulation efficiency. One type of cell produced
 

translucent and friable colonies while the other type of cell produced slimy
 

compact and dense colonies. We found that while the translucent type colonies
 

always bred true on subculturing, the slimy colonies always produced both
 

types of colonies on subculturing. In fact, nodules produced by inoculating
 

soybean plants with the slimy type of cells contained both types of cells, but
 

nodules produced by Inoculation with translucent type cells contained only
 

translucent cells. These observations indicated that the translucent type
 

colonies breed true, but the slimy type cells always produce both types of
 

cells.
 

Experiments were conducted to study the nodulation behavior of the two types
 

of colonies of 61A76. The inoculum dose response curve of the two
 

subpopulations on soybean roots is given in Figure 1. The results indicated
 

that the translucent type cells were highly inefficient in comparison to their
 

parent cells in nodulating soybean roots. To obtain comparable nodulation in
 

the infectible region by the translucent type cells, an inocultun of I x I0
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cells per plant was needed. The most infectible region has previously ben 

shown to be the region on the root approximately 1-2 cm above the root tip 

(Bhuvaneswari et al. 1979).
 

The results described above indicated that the translucent type cells do not
 

lose any of the genetic information needed to form nodules. In fact, our
 

preliminary results indicated that the nodules produced by translucent type
 

able to fix nitrogen. Apparently, the
cells contained leghemoglobin and were 


only trait lost in the translucent type cells was the ability to nodulate
 

Thus, these cells appeared to provide a genetically 'clean*
efficiently. 


material to identify and analyze the factors that determine the efflciency of
 

nodule formation.
 

The Role of Megaplasmid in the Regulation of Modulation 	Efficiency
 

The strain 61A76 was one of the few strains of L. Japonicum that contained 

had shown that the megaplasmidsplasmid. Although Haugland and Verma (1981) 


of 61A76 did not contain structural genes for nitrogenase, it was not known
 

whether these plasmids contained any other genes required for nodule
 

formation. Initially, therefore, experiments were conducted to determine
 

whether or not the megaplasmid is present in the true breeding translucent
 

type variant of C1A76.
 

Isolation of megaplasmids from rhizobia is not an easy tack, and difficulties
 

have been reported by a number of workers. After several attempts, however,
 

we were able to show that the megaplasuid is present in	both variants; the
 

These results
translucent type cells and the slimy cells (Figure 2). 


indicated that the loss of nodulation efficiency in the translucent type
 

vbriant cannot be attributed to the loss of megaplaseid. However, the
 

possibility that nodulation efficiency genes may still be present on this
 

plasmid could not be ruled out from these results. In the next set of
 

experiments, therefore, attempts were made to cure the strains of the
 

megaplasmids. Heat treatments and exposure to acridine orange were used to
 

remove plasmids from the parent strains.
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For heat curing, the bacterial cells were incubated at 37"C for seven days.
 

At the end of the incubation period the cells were diluted and plated on YEN
 

plates. The plates were incubated for another seven to nine days and then
 

colonies were picked at random for testing the preseiice of megaplasmid. All
 

of the colonies picked showed the presence of megaplasmids.
 

Acridine orange is routinely used to eliminate autoreplicating
 

extrachromosomal DNA in bacteria. In our experiment, we tested a range of
 

acridine orange concentrations (from 10 j/ml to 100 pg/ml) to cure the 61A76
 

strain of L Jaoonicum. The cells of the wild type of 61A76 were incubated
 

with acridine orange for six days and then plated on YEM plates. All plates
 

showed bacterial colonies. The plates containing cells treated with 50 jq/ml
 

acridine orange were selected for further tests. Colonies were randomly
 

tested for the presence of megaplasmids. Again, megaplasmid was found in all
 

of the colonies tested.
 

Interestingly, however, cells treated with acridine orange produced only the
 

slimy type of colonies. On further subculturing a number of slimy colonies
 

turned out to be true-breeding. In the past we had been unable to isolate
 

pure cultures of slimy cells. Ten such colonies were randomly selected and
 

tested for nodulLion ability. Seven out of ten colonies could not nodulate
 

soybeans. This was an interesting observation, but could not be used to
 

tinderstand the nodulation efficiency.
 

Construction of Gamic Library
 

If the loss of nodulation efficiency in translucent type cells was due to the
 

loss of nodulation efficiency genes (lef genes) during the multiplication
 

process, one could try to identify the lost genes by complementation
 

experiments. It was, therefore, decided to construct a gene bank of efficient
 

slimy type cells and then introduce the cloned DNA fragments into the
 

inefficient type cells, and select for efficient type transconjugants.
 

Initially, the broad host range cloning vector, PLAFRI, constructed by
 

Friedran et. al. (198t), was chosen for constructing a gene bank from 61A76.
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However, this vector carries tetracycline resistance as the selectable marker. 

Since 61A76 has a natural resistance to tetracycline at 25 pg/ml, a modified 

PLAFRJ which contained a kanamycin marker (constructed and supplied by Dr. J. 

Watson at the Division of Microbiology at CSIRO, Australia), was used to 

construct a gene library of 61A76. l.Japonicj 61A76 is sensitive to 

kanamycIn at 10 j/ml. 

Total DNA from the wild type 61A76 strain was extracted and purified according
 

to the procedure described by Cantrell et. al. (1983). The purified DNA was
 

partially digested with EcoRl and the fragments produced after digestion were
 

sized by centrifugation on an IaCl gradient. The NaCl gradient (0-1.5 M) was
 

prepared in iris EDIA buffer (TE buffer) at pH 8.0. Fractions from the
 

gradient were collected and small aliquots were taken from each fraction to
 

determine the size of DAN fragments by agarose gel electrophoresis. Fractions
 

containing 25-30 kb fragments were pooled and precipitated for ligation.
 

The cloning vector PLAFRI was digested with EcoRt and then ligated with the
 

pooled fractions of partially digested genomic DNA, containing 25-30 kb
 

fraqaents. in the presence of bacteriophage T4 ligase. The ligation mixture
 

was then packaged in vitro and then used to infect E. Uoi cells of strain 

S03. The transforsants were then spread on LB plates containing 30 pj/ml of 

kiamycin. Colonies obtained from a 2.5 pg of ligated DNA were pooled and
 

stored for subsequent use.
 

The gme was at -20C in DMSO. However, at the9wbik produced above stored 

time when bacterial mating and transformation experiments were to be 

We were unable to growconducted, the storage vial had very few viable cells. 


cultures by using toothpicks scratched on the surface of the frozen cultures 

as inoculum. The only way we could grow the culture of the gene bank was by 

taking very large size inoculum (2-3 ml/lO ml culture). Bzctcria from the 

fresh culture was spread on LB plates containing kanamycin. Single colonies
 

from the plates were picked randomly and then subcultured to isolate cosmids
 

and study the insert size. Cosmids from the cultures produced from single
 

colonies wert isolated by the method described by Birnbolm and Doly (1979) 
as
 

shown in Figure 3. The isolated cosmids were digested with EcoR! and then the
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fragments separated on agarose gel. From the size of the fragments it
 

appeared that the clones had large inserts. However, out of the seven clones
 

tested, two had an identical pattern of fragments and the other two had almost
 

identical patterns (Figure 4). These results led us to believe that our
 

original gene bank was far from being complete. An incomplete bank was
 

considered undesirable because it offered lesser chances of finding a
 

desirable clone. It was therefore decided to make a new gene library. This
 

time, we chose to make the library in cosmid vector PLAFR3 instead of PLAFRI.
 

The choice was based on the knowledge that inserts are usually more stable in
 

PLAFR3 versus PLAFRI. Since we did not have an access to kanamycin resistant
 

PLAFR3, we tested the resistance of cosmid Lontaining L. gkU and the wild
 

type 61A76 at higher concentration of tetracycline (tet). Our tests showed
 

that at 100-200 jg/ml concentration of tet cosmid containing bacteria survived
 

but wild type 61A76 could not survive. This test indicated that we could use
 

PLAFR3 with a tet selectable marker for our experiments if we use high
 

concentrations of tetracycline in the medium.
 

To make a new library in PLAFR3, fresh DNA were isolated from 61A76 cultures.
 

The DOA were purified and then partially digested with EcoRi. However, when
 

20-40 kb fragments were being purified from the partial digests, Dr. Verma
 

informed us that he had made a gene banh of wild type 61A76 in PLAFR3, and
 

that he was willing to give us the library. Dr. Verma had hundreds of clones
 

kept individually in the microtittr plates. These clones were transferred
 

onto replica microtiter plates. Aliquots from each well were subsequently
 

mixed and grown in LB broth contairiig 100 g/ml tet. The culture was spread
 

on ladividual plates aid individual colonies were checked for inserts.
 

Niniprtps of cosmids were mde and after digestion with EcoRI the pattern of
 

fragments was checked on agarose gel (Figure 5). The results showed that the 

cossids had good size inserts, all with different patterns indicating a more
 

complete representation rf the chromosome. This library was therefore
 

suitable for transformation experiments.
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Bacterial mating and Transformation
 

Conjugative transfer of cloned cosmids into the translucent type variant of
 

61A76 was done by the triparental mating system of Ditta at. &1. (1980). Ina 

separate set of experiments, both libraries, one made in PLAFRI and the other 

made in PLAFR3, were used for the conjugative transfer of cosmids. In 

experiments involving PLAFRI, kanamycin (30 $g/ml)was used to select
 

transformed rhizobia, and L. SkU containing cosmids were eliminated by adding 

rhizobia has a natural resistance topolymyxin at 100 A/ml in the media; 


In experiments involving PLAFR3, the selection of transconjugants
polymyxin. 


was done on LB plates containing 150 pg/ml tet and 100 jq/ml polymyxin.
 

For triparental mating, f. coj containing cosmids ahd the helper plasmid 

(PRK2013), and the translucent variant of 61A76 were grown in liquid cultures, 

containing the appropriate type and amount of antibiotic, to early log phase. 

About 1-5 ml proportions of the cultures were sequentially passed through 

sterile millipore membranes. After the addition of each culture on the
 

membrane, sterile water was passed through the membrane to remove any residual
 

After addition of the three cultures the millipore
amounts of antibiotics. 


membranes were placed on agar plates containing no antibiotics for mating.
 

Mating was allowed to continue for four days at 28"C. After four days of
 

mating, the membranes were transferred to sterile centrifuge tubes containing
 

The membranes were shaken and the bacterial suspensions were
sterile water. 


spread over agar plates containing selection media with appropriate
 

25"C. After ten days of
antibiotics. The plates were incubated at 

incubation, the plates containing transconjugants started to grow, iihile there 

were no colonies on plates where the uaconjugated translucent type variant was 

plated in the presence of high levels of antibiotics (150 g/nl tet of 50
 

Also there were no colonies on plates containing
g/ml of kanamycin). 


polywyxin over which plasmid/cosmid containing L. roll were spread.
 

individually
Transconjugant colonies from the selection media plates were 

picked with toothpicks and transferred to YEM plates tn clearly distinguish 

We were expecting that most ofbetween the translucent and slimy colonies. 

a few opaque would appearthe transconjugants would be translucent and only 
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which would be selected for testing nodulation efficiency. However, most of
 

the transconjugants were opaque looking and very few were true translucent
 

colonies. It was therefore not possible to select colonies simply based on
 

colony morphology.
 

Although the growth of transconjugants on selection media containing high
 

concentrations of antibiotics (tetracycline or kanamycin) indicated the 

presence of cosmids, we thought it useful to confirm the presence of cosmids 

in the transformed variant of 61A76. Just like megaplasaid, the isolation of 

large cosmids from rhizobia is also not easy. The cosmid isolation method we 

used for L. &9j did not work with rhizobia. A few methods were tested and 

finally a modified method of Currier and Nester (1976) gave a reasonable
 

preparation. Figure 6 shows the presence of large cosmids and megaplasmids in
 

rhizobial transconjugants confirming that during mating cosmids from the E.
 

Loi were transferred to rhizobia.
 

Selection of Efficient Clones
 

Originally it was thought that selection of efficient clones would be easily
 

made based on colony morphology. However, as indicated above the colonies to
 

transconjugants did net exhibit such a clear difference. The other
 

alternative was to screen clones by actual nodulation assay. This was a
 

formidable job. Attempts were therefore made to see if we could pick some
 

difference in the pattern of soluble proteins between efficient and
 

Inefficient variants of 61A76 wbich we could use for initial screening of
 

clones. For this purpose soluble proteins from natural variants and clones
 

were separated by SOS gel electrophoresis but no apparent differences could be 

observed (Figure 7). Single dimension SOS gel has its limitations, but
 

screitg with 7-D gel electrophoresis didn't seem an easier task either. 

Scrmning by actual nodulation assay therefore had to be done. For this
 

purpose, 100-200 clones were sent to our LDC collaborator for screening, but 

due to lack of soybean seeds and other materials, the screening at UUI could 

not be done. However, Hr. 1.P. Singh, who is a graduate student working with
 

Dr. Ahmed, visited us in August of 1989 and helped in screening clones.
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For the jn vtvo nodulation assay, soybean seedlings were grown on agar for two
 

days and then transferred to plastic growth pouches containing Jensen's
 

nutrient solution. The roots of each seedling were individually inoculated
 

with rhizobia suspended in400 j1 of sterile water and a mark was made on the
 

plastic pouch indicating the position of the root tip at the time of
 

inoculation (RT mark). After inoculation the seedlings were placed in a
 

growth chamber maintained at 29'C for a fourteen hour photoperiod. Seven to
 

nine days after inoculation, seedlings were removed from the grewth chamber
 

and the presence of nodules on the roots were determined under the microscope.
 

Usually 40-60 replicate plants were used for each clone to obtain a reasonable
 

estimate of nodulation frequency on the roots. Using this technique we
 

screened a number of clones. Table I shows representative data from the
 

screening experiments. As can be seen in this table, clone A6 appeared to
 

produce a higher number of nodules. In addition, the maximum number of plants
 

were nodulated when inoculated with clone A6. This clone was therefore
 

retested to see if it consistently produced a higher number of nodules.
 

Again, as shown in Table 2, this clone produced a higher number of nodules as
 

In addition, clone Cl also looks promising.
coapared to other clones. 


Conclusions
 

Results from our preliminary screening of transconjugants of the translucent
 

type variant of 61A76 show the presence of some promising clones. More
 

stringent testing of nodulation still needs to be done, however. In order to
 

Isolate the roodulation efficiency genes, the cloned inserts will have to be
 

Isolated and further digested, and then the smaller fragments will be recloned
 

to obtain subclones with smaller inserts.
 

RESEARCH WOM AT THE UNIVERSITY OF THE WEST INDIES 

Isolation of local strains of I. 1.ipnicsm 

It was difficult to isolate soybean nodulating rhizobia from the Jamaican 

soils because soybean (Glycine MA) is not cultivated in Jamaica. However, 

soils fror, different locations in Jamaica were collected and used for growing 
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soybeans under greenhouse conditions. A few of the plants in one type of the 

soil did nodulate. Eventually, five strains of native rhizobia were isolateo 

from the soybean nodules. The isolates were tested for nodulation efficiency 

(Table 3).and no marked differences were found between different isolates 

Isolation aMd Characterization of Local Rhizobial Strains for Cowpea 

Fifty strains of cowpea rhizobia were isolated from the Jamaican soils and 

tested for their ability to nodulate cowpea and soybean roots using plastic 

growth pouches. Nearly all of the strains nodulated cowpeas (Table 4) but 

only two of them nodulated soybean (Table 5). 

Scriing for Effectiveness 

and fixThe effectiveness of ten selected strains of cowpea to nodulate 

nitrogen In cowpea, pigeon pea, and peanut was observed. Two of these strains
 

(JRC 23. and JRC 43) showed higher nodulation counts and total biomass of the 

cowa plants (Table 6). However, the effectiveness of these two strains was 

still much lower than the rhizobial strains found in West Africt (Ahmed, et. 

al. 1981). 

Guwtic Aproaches to Improve Modulation Efficiency 

Mutation by UV irradiation
 

cowpea rhizobtal strains (JRC 30, and JRC 18) were irradiatedThe two selected 

with IN and about fifty mutints were isolated. These mutants were screened 

for nodulation efficiency. Noi e of the mutants tested showed higher 

modvlation on co4was, and three of the mutants actually lost their ability to 

nodulate cowpeas (Table 7).
 

7n 5 Mutaaenesis 

JRC 18) were mutagenized by TnThe two selected strains of cowpma (JRC 30 and 

S. Donor L. colt WA 803/p GS9 and recipient rhizobial strains were grown to 
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late log phase and mixed in 1:5 ratio on millipore membrane filters. The
 

mating was allowed to continue for forty-eight hours at 30"C. Twenty-five
 

On* of
transconjugants were selected and studied for nodulation efficiency. 


nomal
the mutants lost nodulation ability but the others displayed a 


nodulation pattern (Table 8).
 

Visit to Cattelle
 

Mr. I. P. Singh, graduate student of Dr. Ahmed, visited Battelle during July
 

and August of 1989. He had good interactions with members of the
 

Biotechnology Department ai Battelle and at The Ohio State University 
and had
 

screen transconjugants of
 a useful learning experience. He htlped .*-; 


rhizobia, and learned different molecular t3chniques. He was particularly
 

interested in learning hybridization techniques and did complete work in this
 

area.
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TABLE 1. RELATIVE ABILITY OF DIFFERENT TRANSCONJUGANTS
 
OF TRANSLUCENT TYPE 61A76 VARIANT TO NODULATE
 
SOYBEAN ROOTS
 

Average Nodule Number
 
% Plants
Transconjugant 


Below Root Tip Nodulated Above RT
Number Above Root Tip 


Al 0.35 0.08 0.57 0.14 	 29
 

53
A6 0.82 0.12 1.30 0.15 


A8 0.46 0.09 1.04 0.13 35
 

36
C45 0.48 0.09 0.57 0.10 


C45 0.36 0.08 0.72 0.11 29
 

20
C35 0.27 0.07 0.88 0.13 


38
A28 0.68 0.09 0.69 0.09 


A24 0.65 0.11 0.66 0.12 47
 

A set of 50 to 60 replicate plants was used for testing each clone.
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TABLE 2. RELATIVE ABILITY OF DIFFERENT TRANSCONJUGANTS
 
OF TRANSLUCENT TYPE 61A76 VARIANT TO NODULATE
 
SOYBEAN ROOTS
 

Ayeraae Nodule Number 
% Plants
Iransconjugate 


Nodulated ART
Number ART BRT 


A15 0.27 0.08 0.48 0.08 21
 

C17 0.52 0.12 0.68 0.14 31
 

C15 0.53 0.11 0.56 0.33 33
 

A6 0.7 0.13 1.24 0.17 42
 

C25 0.67 0.14 0.8 0.14 37
 

38
C22 0.56 0.11 0.72 0.14 


0.11 33/19
A9 0.32 0.11 0.42 


AIO 0.58 0.12 0.24 0.07 31
 

0.27 0.06 0.56 0.11 24
A7 


55
CII 1.0 0.19 0.77 0.14 


Cll 0.88 0.15 0.46 0.11 44
 

CSO 0.55 0.11 0.82 0.11 38
 

Parent .48 .12 1.2 .6 36
 

- A set of 50 to 60 replicate plants was used for testing each clone. 
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TABLE 3. 	RELATIVE NODULATION ABILITY OF BRADYRIHZOBUHR JAPONICUM
 
STRAINS ISOLATED FROM JAMAICA ON iHEIR HOSTS SOYBEAN
 

Averaae Number of Nodules
 

Below RT Mark
% Nodulation 

Above RT Mark and Lateral Root
Strain Above RI Mark 


57 	 0.77 0.14 1.21 0.22
JRS 1 


0.42
0.82 0.21 2.85
JRS 5 70 


JRS 8 52 0.61 0.13 1.50 0.32
 

71 	 0.73 0.15 2.07 0.25
JRS 13 


60 	 0.60 0.09 1.85 0.18JRS 2 

- Sets of 	30-40 replicate plants were used for each strain. 
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TABLE 4. RELAlIVE NODULATION ABILITY OF BRADYHIZOBIUM SPP. STRAINS
 
ISOLATED FROM JAMAICA ON THEIR HOSTS COWPEA 

% Hodulation 
Average Number of Nodlules 

Below RT Wlrk 
Strain Above RT Mark Above RT Mark and Lateral Root 

JRC 1 79 1.643 0.35 11.79 1.19 

JRC 3 59 0.90 0.27 14.91 2.66 

JRC 4 65 0.95 0.27 10.36 1.42 

JRC S 10 zero 10.60 1.92 

JRC 7 5 zero 9.63 2.60 

JRC 10 75 1.83 0.50 11.27 1.22 

JRC 1! 5 zero 11.69 1.12 

JRC 12 70 0.89 0.30 10.25 1.62 

JRC 14 14 zero 17.15 1.68 

JRC 18 59 0.90 0.34 17.18 1.88 

JRC 19 76 1.40 0.27 10.78 1.58 

JRC 23 92 3.11 0.31 10.63 1.99 

JRC 29 90 2.92 0.34 12.36 1.67 

JRC 30 85 2.54 0.32 9.72 2.59 

JRC 31 10 zero 10.32 2.44 

JRC 32 5 zero 10.13 0.73 

JRC 35 15 zero 13.58 0.90 

JAC 36 80 1.84 0.30 10.20 0.99 

JRC 37 10 zero 16.42 1.79 

JRC 38 79 1.22 0.32 13.22 1.64 

JRC 39 60 0.90 0.31 11.70 1.42 

*C 40 90 2.10 0.39 10.40 1.34 

JRC 41 5 zero 12.32 1.78 

JRC 43 90 3.67 0.33 18.01 1.84 

JK 44 10 zero 11.20 1.64 

JRC 45 56 0.77 0.20 12.36 1.18 

JRC 47 52 0.61 0.13 14.40 1.98 

JRC 48 10 zero 10.20 1.67 

JRC 49 5 zero 12.52 1.43 

JRC 50 10 zero 11.65 1.23 

Sets of 30-40 rkplicate plants were used per strain. 
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TABLE 5. 	RELATIVE NODULATION ABILITY OF BRADYRIHIZOBIUM JAPON[CU
 

STRAINS ON COWPEA (Y. NGUICULATA)
 

Average Huylber of Nodules
 

Below RT Mark
% Nodulation 

Strain Above RT Mark and Lateral RootAbove RI Mark 

JRS 5 60 0.84 0.16 2.56 0.38 

JRS 8 45 0.56 0.22 1.34 0.29 

Sets of 50 plants were used for each strain.
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COWKEA RMIZOBIA STRAIMS ON DIFFERENT HOSTS
TABLE 6. EFFECTIWEMPSS Of 

Thizobia Nodule 
plaeonea (C.c"ia"l 
Nodu, Shoot N D~.CX. Nodule 

Ptanut (a,hvZ22 ea) 
Nodule Shoot N (CzH 3 ) 

caa (V, unrutculata) 

Nodule Nodule Shoot N (C2 H2 

I'.nlates No. dry ",L. dry wt. No. No. dry wt. ?ixed- No. dry wt. dry wt. lixed 

,1RC 1 13.5 18.8 3,4 2.3 29.5 16.1 646 1.6 10.5 8.6 300 1.3 

JRC 3 14.2 8.9 350 4.2 15.3 11.4 520 1.4 14.5 15.0 320 5.4 

JRC 14 12.0 9.0 427 6.1 20.0 12.2 600 1.3 12.4 5.2 350 3.9 

JRC 18 15.0 6.5 153 2.9 25.0 16.5 529 1.2 15.5 11.7 400 5.9 

JRC 19 11.0 8.2 129 2.6 13.0 10.5 686 1.3 11.3 10.1 301 4.8 

JRC 23 14.0 13.7 700 4.8 14.0 10.7 840 1.3 28.0 20.0 470 9.6 

JRC 29 32.0 20.1 610 6.1 0 - 780 0 13.0 16.0 450 6.3 

JRC 30 21.6 8.0 360 3.0 22.0 18.0 670 1.4 10.2 8.7 400 9.2 

JRC 31 14.3 7.5 333 2.4 32.0 16.8 650 1.4 13.3 15.0 600 10.1 

JRC 43 22.0 7.8 465 6.3 19.5 13.3 644 2.1 30.0 11.0 210 5.2 

"mol (CHj/g nodule/hr). 
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TABLE 7. EFFECTIVENESS OF UV-IRRADIATEO MUTANTS OF tOWPEA RHIZOBIA
 
CULAA)STRAINS JRC 30 AND JRC 18 ON COWPEA (I.V GUI 


Strain Nodule Number Nodule dry wt. (mg) 

JRC 18-Ul 11.2 9.9 

JRC 18-U2 14.4 9.6 

JRC 18-U5 15.3 12.6 

JRC 18-UIO 10.0 6.4 

JRC 18-U12 10.5 79 

JRC 30-U3 8.6 6.8 

JRC 30-U6 8.9 9.1 

JRC 30-UIO 10.3 6.5 

JRC 30-U15 11.8 7.9 

JRC 30-U16 10.0 8.2 
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TABLE 8. 	 RELATIVE NOOULATION ABILITY OF Tn I MUTANTS ISOLATED 
FROM COWPEA RHIZOBIA STRAIN JRC 30 ON THEIR HOST, 
COWPEA (y. UNGUICULAIA) 

Averaae Nwuber of Nodules
 

. Nodulatton 
Above RT Mark Below RT MarkStrain Above RT Mark 


80 	 2.42 0.29 11.75 1.30

JRC 30 


70 	 1.99 0.24 10.38 1.12

JRC 30-1 


zero 12.22 0.99

JRC 30-2 	 5 


90 	 2.27 0.20 12.36 1.41

JRC 30-5 


2.30 0.21 10.12 1.20
JRC 30-6 	 80 

1.89 0.19 1K.78 1.49

JRC 30-9 	 80 

75 	 2.01 0.30 11.60 1.20

JRC 30-10 


zero 14.20 1.76

JRC 30-11 	 10 

JRC 30-15 zero zern 	 zero
 

85 	 2.20 0.41 13.21 1.50
JRC 30-17 


2.02 0.23 10.98 1.12

JRC 30-18 89 


5 zero 10.20 0.97

JRC 30-20 


77 ).00 0.11 9.66 0.90

JRC 30-21 


2.12 0.29 9.89 0.95

JRC 30-23 	 80 


12.27 1.04
2.29 0.31
JAC 30-24 	 75 


76 	 1.90 0.27 11.68 1.29

AC 30-25 


- Sets of 	40-60 plants were ised for each ,,utant. 
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INOCULUM DOSE RESPONSE of 61A9 an SOYsKAr 

.. FRIAL0 

Io / 
0 on 

Eli 

"s~ 

40 
I . 

3 5 

LOG DOW INOCULUM PLANT 

Figure 1. Nodulation Efficiency of L. japonicum Strain 61A76. 

Soybean seedlings grown in growth pouches were inoculated with increasing
 

the region of the root that was infecti1 at
 
concentration of the inoculum. 

the time of inoculation (approximately 1.5 cm above the growing tip of the
 

root) was marked on the plastic overlaying the root. 
Nodule development in
 

I week after inoculation. 
 Each datum in the
 
these marked regions was recorded 
figure represents the mean of at least 40-50 plants.
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and
Fhgre 2. Presence of mega plasmid in both slimy type cells (lane 2), 

Lane I contains
translucent type cells (lane 3) of 61A76. 


molecular weight standards from 1 kilobase DNA ladder (Life
 
Mega plasmids are indicated
lechr 'Ioges FPL, Gaithersburg, MD). 


by the arrow.
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2
1 


in pLAFRI purif '-
Covrldl fro- E colI containing gene bank 61A76
Fire 3. 
 Samples were ru
bv the method described bj Birnbolm and Doly*. 


on a 1 agarose gel. Lane - clone #7; Lane 2 - clone #S. La'- 3 

clone N9.
 

ard DoIy. N eleic Acid, Research . ':5-23 (1979).
*Birrbolr 
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2A 

in
 

digest of the cosmids isolated form E coli containing gene
 
F:e 4. EcoP 


Cosmids were purified by the Birnbolm 
and
 

bark 61A76 in pLAFRI. 

run on a 1 agarose gel. Lane,
 

,ly retro. Restricted DNA was 

3, 4, 5. 7, 8, 9, and EcoRk Lane 8 - pLAFR-I

1-7 - clone x2, 

a Hind 1I
 

Cc .P La 9 - molecular weight size marker from 

2..u' bacteriophage A DNA.w 
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6 7 8Kb 1 2 3 4 5 

2 
2)

94 

Figre 5. 	 EcoRI digests of the cosmids isolated fro, randoly selecte -
" 

cclonKe', of E coli containing gene bank 61A76 in p AFP 3. was
Restricted D!," 

were purified by the Birnbom and Doly Method. 


size markers
Lane I - molecular weight
run on a 1; agarose gel. 

- clon":
 

digestion 	of bacteriophage A DN , Lane 2 
frorr a Hind III 
 '2.uncut*1 + EcoRi: Lane 4 - clone
ll, ut,'.'. Lcdrv 3 - clone 	

-Lane 7
- clone 03 + FcoP .
 
Lane S - clone, 2 FcoPI; Lane 6 

Lane 8 - clone 5 4 EcoRI.lor, . . .. 
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F 1h. vre,.'Il.p Cf cosid.. arrow B and mega plasdds, arrc, A.,in ,g~ .
 
transcor luant',. of 6]A76. Arrow (. indicates chrornoso al DI,.'.
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Pr:tein profiles from slimy type cells and tr3nlucent tye ce'.
S.. 

..mere pre-ared by growing cultures to midlcg phase (A. 20  

0.2-0.3). harvestlng by centrifugation ar.n. ice w'.sonlcating on 


'he-nicrstip probe of a Branson sonicator. Cells were Ise., a-r
 
Lysates were run on a 5"-15' gradieent S S-
SIX 10-5elond blasts. 

-GE 'With~a 3' stack according to Fling*. The gel was stained 
Lane I and Lane 2 - Translucent type; Lane 3W2h Coc-assle Blue. 


'- ,-y '.,=e: Lane 4 - low molecular weight markers (BIO-RAD
* 

o~,, Richmond, CA).
.o~. 


SeP.Fl ing and Dale S, Gregerson, Anal Biochen.. r55 83-88 (19S6).
 

Page 27 of 27
 


