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A probability identification matrix of acidophilic Streptomyces was constructed. The phenetic data
of the strains were derived from numerical classification described by Seong et al. The minimum
number of diagnostic characters was determined using computer programs for calculation of diffe-
rent separation indices. The resulting matrix consisted of 25 clusters versus 53 characters. Theore-
tical evaluation of this matrix was achieved by estimating the cluster overlap and the identification
scores for the Hypothetical Median Organisms (HMO) and for the representatives of each cluster.
Cluster overlap was found to be relatively small. Identification scores for the HMO and the randomly
selected representatives of each cluster were satisfactory. The matrix was assessed practically by
applying the matrix to the identification of unknown isolates. Of the unknown isolates, 71.9% were
clearly identified to one of eight clusters. The numerical classification data was also used to design
a selective isolation medium for antibiotic-producing organisms. Four chemical substances including
2 antibiotics were determined by the DIACHAR program as diagnostic for the isolation of target
organisms which have antimicrobial activity against Micrococcus luteus. It was possible to detect the
increased rate of selective isolation on the synthesized medium. The results show that the numerical
phenetic data can be applied to a variety of purposes, such as construction of identification matrix
and selective isolation medium for acidophilic actinomycetes.

Key words: probability identification matrix, acidophilic Streptomyces, HMO, diagnostic, cluster over-
lap, identification score, selective medium

Conventional numerical taxonomy has been one of the
most effective modern methods used to establish rela-
tionships between actinomycetes at both sub-generic and
generic levels (2). Classifications derived using numerical
taxonomic methods have high information contents and
are polythetic, that is they are based on a complete set
. of recorded characters rather than on the presence or .
absence of single characters.

The introduction of numerical taxonomy has led to
improvements in the classification of many actinomycete
taxa (2). Numerical classification also provide an ideal
basis for the construction of identification matrices (22).
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Such matrices ideally contain the minimum number of
characte rs, selected from the data base, necessary to
discriminate between the relevant taxa.

To date, a few probabilistic identification matrices have
been designed for the identification of actinomycetes.
One of the examples of workable, polythetic identification
system is that devised by Williams et al. (27) for the
identification of Strepfomyces isolates. Using this identifi-
cation matrix, over 81% of the unknown isolates were
identified to cluster groups. Although it was theoretically
and practically sound, minor clusters and single-mem-
bered clusters were excluded in the matrix. Therefore,
separate matrices were constructed for major and minor
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clusters, and a diagnostic table for single-membered clu-
sters were also produced by Langham et al (9). The
data in those matrices was derived from previous nume-
rical classification of Streptomyces species (26). A more
comprehensive numerical survey of Streptomyces species
was carried out by Kiampfer ef al. (6), and the results
of this numerical study were used to construct a single
probability matrix for members of all major and minor
clusters (7).

Moreover, diagnostic characters derived from numeri-
cal classification data are useful for designing a selective
medium for a specific taxon (4,23). One of the ap-
proaches to the search for new metabolites is concerned
with the rare actinomycetes (5, 12).

Acidophilic Streptomyces are widely distributed in a
variety of soils and play an important role in turnover
of organic matter. A number of acidophilic strains are
known to produce important metabolites such as antifun-
gal substances and exoenzymes (3,5). Comprehensive
numerical classification of those organisms was carried
out by Lonsdale (11). In this work, representative strains
of each cluster were confirmed with the analysis of che-
mical compounds of the cell such as fatty acids, quinones
and amino acids.

For the 166 acidophilic strains, including 64 represen-
tatives from previous works (11), a wider range of phe-
netic tests were made by the authors (13,14). All of
the isolates produced an extensively branched substrate
and aerial mycelia with L,L-diaminopimelic acid, and
were supposed to belong to genus Streptomyces. The
strains were recovered as 14 major and 21 minor clus-
ters and 35 single member clusters at 86.5% SSM simi-
larity level. Each cluster was filled with strains originated
from single soil sources.

A workable identification system of acidophilic Strepto-
myces is, therefore, required in a number of fields such
as taxonomy, ecology, and biotechnology (1, 12). The pri-
mary aim of our study is to construct a probability iden-
tification matrix of acidophilic Streptomyces using numeri-
cal classification data (14). The numerical phenetic data
was assessed for its application potential in designing
a selective medium to the isolated antibiotic-producing
acidophilic strains.

Materials and Methods

Construction of probability matrix

Details of the origins, cultivation, and preservation of
strains, together with the definition and composition of
clusters, were described earlier (13, 14).

Selection of clusters: The clusters used in the con-
struction of the identification matrix were selected from
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the original classification. Of the 35 clusters, 10 minor
ones were deleted because of much overlap with each
other (13). Twenty clusters included in this matrix con-
tamed three or more strains defined at the 86.5% SSM
similarity level. Single member strains CN627 and CN
713 were grouped with cluster 16 and 17, respectively,
because of their relatedness to parent clusters. Three
minor clusters 20, 34 and 35 containing only two strains
were also included in the matrix, since they show distin-
ctiveness with low inter-cluster similarities (13, 14). Final-
ly 25 clusters encompassing 110 strains were used in
the construction of matrix.

Selection of the most diagnostic characters: To
determine the minimum number of characters necessary
for discrimination between clusters, selection was made
from 229 unit characters used in the construction of
numerical classification. As a first step, selection of redu-
ced number of characters was achieved with the CHAR-
SEP program (17), which calculates the usefulness of
different characters for separating groups. This program
provides several indices for each character. The index
which proved to be most useful was the variance sepa-
ration potential (VSP) derived from Sneath and Johnson
(21). The 55 best scoring characters out of the 229 origi-
nal ones were initially selected. These 55 characters
were next assessed by applying MOSTTYP program (19),
which determines the theoretically best identification
scores for the hypothetical median organism (HMO) of
each cluster. The DIACHAR program (18), which ranks
the diagnostic scores of each character for each cluster,
was used to determine the most diagnostic characters
for each particular cluster.

Theoretical evaluation of the identification matrix

The matrix was further evaluated using the OVER-
MAT program (20) designed to determine overlap be-
tween groups in a matrix. For each pair of groups, a
disjunction index (W) and a corresponding nominal over-
lap (V) is calculated ranging from 1 for complete overlap
to 0 for complete disjunction. The significance of the
determined overlap is assessed, using a non-central f-
statistic, against a selected critical overlap value (Vo). In
this case the chosen critical value was 5%.

The identification scores were calculated using the
MATIDEN program (16), which provides several identi-
fication scores for known and unknown strains of ¢ taxa
and m characters. Percentages in the matrix, with 0 cha-
nged to 1 and 100 changed to 99, are converted to pro-
portions Py for the ith character of taxon J. The character
states of an unknown strain («) are input and compared
with each taxon in turn. Three identification coefficients
were calculated.
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1. Willcox probability (p) (25). This is likelihood of
u against taxon J divided by the sum of the likelihoods
of u against all q taxa (Luj/ZQLU]). The nearer the score
approaches to 1.0, the better is the fit of an unknown
with a taxon in the matrix.

2. Taxon distance (d), which is given by v/ [D (ui-Py/
m]. This expresses the distance of an unknown from
the centroid of the group with which it is compared.

3. The standard error of the taxonomic distance, which
is given by the constant (¢) in the equation d=d ;+csy,
where d; is the mean distance of OUTs of taxon J
from the centroid and siJ is the standard deviation of
the distance (d). An acceptable score is less than 2.0
to 3.0, and about the half of the members of a taxon
will have negative scores, indicating a stronger relation-
ship to the centroid as the average. This program pro-
vides identification scores to the best group and the two
next best alternatives.

The MOSTTYP program (19) was used to calculate
the identification coefficients for the HMO of each taxon
in the matrix.

The next stage in the evaluation of the matrix was
achieved by the input of the results of randomly selected
members of each cluster in the matrix.

Practical evaluation of the identification matrix

This matrix was further evaluated by applying it to
the identification of 32 unknown isolates. The characters
in the matrix were determined for these isolates, using
the methods of Seong ef al. (14). The test data was
assessed against this matrix using the MATIDEN pro-
gram to determine identification scores.

Formulation of selective isolation medium

An attempt was made to design a selective isolation
medium for the strains showing antimicrobial activity
against M. [uteus. With the aid of DIACHAR program,
initial selection of the most diagnostic characters was
achieved for cluster 35 against all of the clusters defined
in the numerical classification was achieved. Workability
of the medium was determined by applying this medium
to the isolation of antibiotic-producing strains from soil
samples. The strains showing antibiosis were identified
with the probability matrix constructed in this study.
Sample treatment and isolation procedures were de-
scribed in Seong et al. (14).

Results

Construction of identification matrix
The matrix (Table 1) consisted of 25 phena versus
53 characters derived from numerical classification data.
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The characters covered a wide range of attributes, in-
cluding morphology, pigmentation, antibiosis, antibiotic
resistance, growth tolerances, and utilization of carbon
and nitrogen sources. Most characters showed VSP in-
dices < 30%, and thus exceeded the value of 25% re-
commended by Sneath (17). Some tests with high VSP
scores were excluded due to practical difficulties (e.g.
utilization of dimethylamine and aesculine, white spore
mass color). While one of characters (utilization of suc-
cinic acid) had low scores in the DIACHAR program,
it was included as it was useful for differentiating parti-
cular clusters. Finally, the VSP scores for the tests that
were included ranged from 75.73% (utilization of serine)
to 11.67% (utilization of succinic acid).

Theoretical evaluation of the identification matrix

A summary of scores obtained from the calculations
of the programs CHARSEP, MOSTTYP, DIACHAR, and
OVERMAT is given in Table 2. Sums of diagnostic
scores determined by DIACHAR program ranged from
16.07 (Cluster 29) to 2347 (Cluster 18). The OVERMAT
program showed only 12 overlaps (from 300 possibles)
taking a 5% level and a confidence interval of P=90.
The theoretically best identification score for the HMO
of each cluster was calculated using MOSTTYP program.
Willcox probabilities for all phena exceeded 0.987. Scores
for taxonomic distances ranged from 0.092 (Cluster 3)
to 0.220 (Cluster 22). Standard errors of the taxonomic
distances were negligible in all cases. The identification
scores for randomly selected cluster representatives,
provided by the MATIDEN program, were inferior to
those for the HMO. Nevertheless, all the representatives
were identified to the correct phenon with Willcox prob-
abilities <0.955, low taxonomic distance (0.145 to 0.318),
and standard errors (—2.047 to 2.104).

Practical evaluation of the identification matrix

For practical evaluation, a minimum Willcox probability
of 0.85 was selected as the prime criterion for the iden-
tification of unknown strains (9, 27). Two additional crite-
ria adopted for a successful identification were as fol-
lows: 1) first group scores substantially better than those
against the next best two alternatives; 2) ‘characters
against’ should be zero or few. Examples to illustrate
the range of scores obtained for identified and non-iden-
tified isolates are given in Table 3 and 4. The scores
for the identification coefficients generally followed the
expected pattern, with those for taxonomic distance, and
its standard errors increasing as the Willcox propabilities
decreased. Of the 32 strains isolated from a variety of
soils, 23 (71.9%) were identified to one of 8 clusters
(Table 4).
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Table 1. A percentage positive probability matrix for acidophilic Streptomyces defined in the clusters of Seong ef al. (14)
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Formulation of selective isolation medium

The most diagnostic or selective characters for cluster
35 were provided by the DIACHAR program (Table 5).
The characters were further assessed as to whether or
not the character states are common in other clusters.
The two characters (resistance to adenine, spiral spore

Table 2. A summary of scores obtained in the construction and
assesment of identification matrix.

Range of sores
1167 to 7573

Program Information

CHARSEP VSP (%)
MOSTTYP Hypothetical median organism:

Willcox probability 0987 to 1000

Taxonomic distance (d) 0.092 to 0220

Standard error of d —4423 to —2.940
DIACHAR Sum of diagnostic sores 1607 to 2347
OVERMAT Number of clusters with

5% overlap 12
MATIDEN Identification coefficients

for cluster representatives:

Willcox probability 0955 to 1000

Taxonomic distance (@) 0.145 to 0318

Standard error of d —2.047 to 2104

Table 3. Examples of identification scores for unknown isolates

Origin of Cluster Willcox  Taxonomic Standard
isolates identification probability distance (d) error of d
Pinus forest soil  Cluster 1 >0.999 0205 —1.683
Bamboo forest soil Cluster 35 >0.999 0.281 —1.385
Pinus forest soil  Cluster 27 >0.999 0264 —1284
Pinus forest soil  Cluster 24 >0.999 0.292 —0.856
Ginseng cultivate soil  Cluster 21 0.997 0424 1.968
Ginseng cultivate soil  Cluster 27 0.869 0478 2834
Coal mine waste Cluster 24 0.873 0511 2877
Coal mine waste Not identi- 0.844 0.533 3827
fied

Pinus forest soil  Not identi- 0.790 0.534 4632

fied

Table 4. Identification of unknown isolates by probability matrix
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chain) were excluded, because the positive percentage
value of 5 clusters are same as 100. The following
characters are also deleted because of practical difficul-
ties in the isolation stage: degradation of xanthine,
growth in the presence of 5% NaCl, and antimicrobial
activity against Aspergillus niger. Utilization of melibiose
was not included as a character in this experiment. The
negative selective character guanine degradation was also
discarded. Therefore, 4 characters - resistance to antibio-
tics (Rifampicin, chloramphenicol), potassium tellurite,
and thallous acetate were selected to design a selective
medium for the strains of cluster 35 (Fig. 1). Effective-
ness of each substance for the selective isolation of tar-
get strains was confirmed by detecting the resistance
of representatives to each of the chemicals (Fig. 1).
Starch casein agar (8) supplemented with Rifampicin (4
ug/ml), Chloramphenicol (4 ug/ml), potassium tellurite
(10 pg/ml), and thallous acetate (10 ug/ml) were used
to isolate antibiotic-producing strains of cluster 35.

Table 5. An example of best selective and diagnostic tests for
cluster 35 against all of the clusters

Character % positive ID score Difference
Sodium chloride (5%, w/v)* 100 0.947 0.935
Phenol (1000 wg/mly 100 0939 0919
Xanthine? 100 0.900 0.844
M. luteus* 100 0.884 0.814
Adenine® 100 0.858 0.767
Spira’ 100 0825 0.709
Melibiose’ 100 0.811 0.686
*Rifampicin (4 yg/mly 100 0801 0.669
*Potassium tellurite (10 ug/ml) 100 0.781 0.634
* Chloramphenicol (4 ug/mily 100 0.754 0.592
Oleandomycin (PO,) (32 ug/mly 100 0.754 0.591
Guanine? 0 0.732 0.558
* Thallous acetate (10 ug/mly 100 0.728 0.552

The substances marked are selected to design a medium.
¢, degradation; °, resistance; ¢, antibiosis; ¢ spore chain morphology;
¢, utilization of carbon sources.

Cluster No. of isolates Willcox probability (p)
identification in cluster $>0.995 0.995>$>0.990 0.989>p>0.850 $<0.85
Cluster 1 2 1 1
Cluster 18 2 1 1
Cluster 21 3 3
Cluster 24 4 3 1
Cluster 25 4 2 1 1
Cluster 27 6 2 4
Cluster 33 1 1
Cluster 35 1 1
Total 23 13 2 8 9
(71.9%) (40.6%) 6.2%) (25.0%) (28.1%)
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Fig. 1. Photographs showing the resistance of the target organism,
CN633 (closed triangle) to the addition of (A) Rifampicin (4 ug/ml),
(B) Chloramphenicol (4 wg/ml), (C) thallous acetate (10 wg/ml), and
(D) potassium tellurite (10 ug/ml).

Table 6. Effect of selective medium on the isolation of antibiotic-
producing strains

Non-selective ~ Selective Ratio
medium (a) medium (b) (b/a)
No. of isolates (ml ') 45X 10° 1.2X10° 003
No. of antibiotic-producing
strains 4(32) 19(32) 475
No. of strains identified
to cluster 35 1(4) 10(19) 211

*Numerals in the parentheses are the number of strains tested.

Application of the selective isolation medium

When selective isolation of organisms from various
soils was carried out using synthetic medium, the num-
ber of isolates was decreased and the growth of micro-
organisms was retarded. However, increased isolation
rate of antibiotic-producing strains was found. A large
portion (10 out of 19) of the anti-Micrococcal isolates
were identified to cluster 35 (Table 6).

Discussion

Numerical classifications result in objective groupings
based on a large number of phenetic characters. The
large data content of numerical classification is important
and can be applied to a variety of purposes. However,
a large number of characters sometimes leads to restric-
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tions in practical usefulness. To be practicable, the iden-
tification matrices are to contain the minimum number
of characters needed to discriminate between the clus-
ters (15,22). Such probabilistic matrices have been de-
signed for Streptomyces and related genera (7,9, 27). The
matrices were shown to be practically sound, and are
widely used to identify unknown isolates (28).

However, only a few taxonomic studies were con-
cerned with the acidophilic actinomycetes (5, 11, 13, 14).
Thus, construction of a sound and workable classification
and identification system is urgently required. The pri-
mary aim of this study is to construct a single probability
matrix for the identification of acidophilic Streptomyces.
The character states of clusters defined by numerical
phenetic methods were used in this approach. Selection
of clusters and ‘reduction of diagnostic characters were
achieved by using specifically designed computer pro-
grams (16, 19, 20, 25). Ten minor clusters containing only
2 strains were excluded in the matrix because of signifi-
cant overlap using 5% as the critical value. Finally, fifty-
three characters against 25 clusters encompassing 110
strains were included in the probability matrix.

The matrix was evaluated theoretically and found to
be relatively sound. The identification scores of HMO
and representatives of each cluster in this matrix were
superior to those of previous matrices designed by La-
ngham ef al. (9) and Kiamper and Kropepenstedt (7).
It may be thought that the clusters of this matrix are
defined at the high similarity level of 86.5% with Ssy
in numerical classification (14), while the clusters of pre-
vious analyses are recognized at 77.5% (26) and 81.5%
(6) SSM similarity level, respectively. The overlaps
(4.0%) between clusters were similar or inferior to those
of Kamper and Kropepenstedt (7) and Langham et al.
(9). For the major cluster (cluster 25), significant overlaps
with minor clusters (cluster 27, 28, 29, 30) were observed.
The large overlaps may be due to high inter-cluster si-
milarity more than 84.3% between those clusters (13).
The practical evaluation of the matrix against soil isolates
was a relatively limited exercise. The overall identifica-
tion rate for 32 strains, (71.9%) at a Willcox probability
level of 0.85, was inferior to those of previous works
(7,9, 27). Despite this identification rate was comparable
with other probabilistic systems, such as 70.8% for
Gram-negative non-fermentative rods (10) and 47% for
slowly-growing mycobacteria (24). One of the reasons
for the low identification rate depicted is that the matrix
contained insufficient data, since 56 strains from the nu-
merical analysis are excluded in the probability matrix.
Otherwise, the clusters included in the matrix could be
illustrated to be defined more tightly.

Some problems remained in the identification of aci;
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dophilic Streptomyces. The determination of spore chain
morphology is not easy, and is inadequate for identifica-
tion. Basically, large numbers of strains from a wider
range of sources should be included in the original clas-
sification. Moreover, nomenclature of the defined strains
are ought to be carried out urgently. With the aid of
polyphasic classification methods such as chemotaxonomy
and molecular phylogenetic analysis (1).

A broad range of numerical phenetic data can be ac-
cessed for a variety of purposes in addition to construc-
tion of an identification matrix (23). An attempt was
carried out in this study to design a selective medium
for the isolation of antibiotic-producing strains. Detection
of increased rates of selective isolation on a designed
medium will help to improve practicable methods for
screening of useful strains. But, problems still remain
in formulating a selective medium. Combination of 4
chemicals inhibited the growth and sporulation not only
of unrecommended but also of target strains. It brought
about difficulties in recognizing the colony as a target
strain in the initial selection stage. To resolve these pro-
blems, it is advisable to design a selective medium with
a variety of carbon sources.

It must be emphasized that, for the acidophilic actino-
mycetes, more comprehensive and comparative taxono-
mic studies derived by various methods are needed. De-
spite this discrepancy, numerical classification data was
found to be useful in constructing the probability identi-
fication matrix and in designing a selective medium.
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