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Eight strains of Serpula lacrymans were compared in relation to their previously determined factors (5
physiological and 10 toxicometrical). A numerical clustering analysis was used along with, as coefficient
of similarity, “cos Q™ after standardization of all results.
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INTRODUCTION

Computer-assisted numerical analysis is widely applied in microbiology for the
classification, identification and characterization of bacteria and yeasts (Sneath and
Sokal 1973, Szulga and Gnot 1977, Malashenko et al. 1980). More recently, there have
been attempts to use this method in the taxonomy of filamentous fungi belonging to the
subdivisions of Ascomycotina and Deuteromycotina (Bridge 1988). Some experi-
ments were also carried out on the scope of application of the numerical method to Ba-
sidiomycotina. Wood-destroying fungi belonging mainly to this subdivision often
occur only in the form of mycelium with little evidence of individual morphological
characters and in the absence of fructification. For these reasons they create serious
*
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problems for the identification of particular species - and especially for their strains.
The identification methods for pure cultures which are very useful for this purpose
(Long and Harsch 1918, Nobles 1965, Stalpers 1978) have not been prepared in mathe-
matical form. However, numerical analysis for Basidiomycetes has been applied by
Proctor and Kendrick 1963 (Haplobasidion sp.), Kendrick and Weresub 1966 (differ-
ent species) and Boisselier-Dubayle 1983, Kulkarni et al. 1986 and May and Royse
1988 (Pleurotus sp.).

The present document constitutes an attempt to apply the numerical analysis for
comparison of 8 strains of the dry rot fungus Serpula lacrymans on the basis of the re-
sults of our previous investigations on physiological and toxicometric properties of
their pure cultures (Thornton and Wazny 1986, Wazny and Thornton 1986, 1989a,b).

EXPERIMENTS

The numerical analysis applied for comparison of 8 strains of Serpula lacrymans
(Wulfen:Fr.)Schroeter apud Cohn (see Pegler 1991 for current taxonomy) originating
from England (FPRL 12C), Germany (FPRL 12E - Eberswalde 315), Poland (Warsaw
[11), Japan (HFP 7802) and Australia (DFP 16508, 16509, 16521 and 16522) applied in
these countries as test organisms in investigations on the biology and the fungicidal
value of wood preservatives.

Growth rates and dry mass of mycelium, decay capacity and final moisture content,
- reduction of the compression strength, toxic value for CCA and NaPCP preservatives
in the agar-plate and agar-block tests by using both mass loss reduction and compres-
sion strength reduction criteria, were each taken into consideration. In total the effect
of 15 factors, comprising 5 physiological and 10 toxicometrical, were investigated. In
order to produce a numerical classification the first step was to choose a suitable coef-
ficient which would describe similarity between strains. Among some coefficients
available the “cos Q” coefficient was used, where Q is the angle between two vectors,
each representing one strain (Sneath and Sokal 1973). Chosen coefficients of similar-
ity between two strains “i” and “j” were described in the following formula:

where: x; - represents the value of the k™ factor in the i" strain,

Xjk - the k™ factor in the j”‘ strain.
Before calculation of coefficients of similarity, numerical data should be standard-
ized in order to avoid problems with the different units in which factors were originally
measured. The standardization is done by subtracting the mean value from each data
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and dividing the result by the standard deviation. The standardizations are performed
in the form of non-unit measurements with mean equal to zero and standard deviation
equal to one.

After the standardization (Fig. 1-3), the matrix of similarity values for the “cos Q”
coefficient was calculated and weighted where the pair grouping average method
(Davis 1973) was used. Finally, three dendrograms (Fig. 4.) produced sets of data con-
taining all measurements, and sets with physiological and toxicometric factors taken
separately. The threshold level of similarity was an angle of 45°, which gives a coeffi-
cient value of 0.714.
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Fig. 1. Standardised values of physiological factors of various strains of 5. lacrymans:
1. FPRL 12C; 2. FPRL 12E; 3. Warsaw III; 4. HFP 7802; 5. DFP 16508; 6. DFP 16509;
7.DFP 16521; 8. DFP 16522;
(a - growth rate, b - mycelium dry mass, ¢ - decay capacity, d - final moisture content,
e - reduction of the compression strength
Rys. 1. Wartosci standaryzowane czynnikéw fizjologicznych dla réznych szczepow S. lacrymans:
1. FPRL 12C; 2. FPRL 12E; 3. Warsaw III; 4. HFP 7802; 5. DFP 16508; 6. DFP 16509;
7.DFP 16521; 8. DFP 16522;
(a - szybkosé wzrostu, b - sucha masa grzybni, ¢ - szybkos¢ rozktadu, d - wilgotnosc¢ koncowa drewna,
¢ - redukcja wytrzymatosci na $ciskanie)
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Fig. 2. Standardised values of toxicometric factors of various strains of S. lacrymans:
1. FPRL 12C; 2. FPRL 12E; 3. Warsaw III; 4. HFP 7802; 5. DFP 16508; 6. DFP 16509,
7.DFP 16521; 8. DFP 16522;
(a - toxic value of CCA in agar /EDsy/, b - toxic value of CCA in agar /ED, g/, ¢ - toxic value of CCA
in agar /LD/, d - toxic value of NaPCP in agar /EDs(/, ¢ - toxic value of NaPCP in agar /ED,q/,
f - toxic value of NaPCP /LD/, g - toxic value of CCA in agar-block /mass loss/, h - toxic value
of NaPCP in agar-block /mass loss/, i - toxic value of CCA in agar-block /red. of strength/,
j - toxic value of NaPCP in agar-block /red. of strength/
Rys. 2. Wartoéci standaryzowane czynnikéw toksykometrycznych dla roznych szczepow S. lacrymans:
1. FPRL 12C; 2. FPRL 12E; 3. Warsaw III; 4. HFP 7802; 5. DFP 16508; 6. DFP 16509;
7.DFP 16521; 8. DFP 16522;

(a - warto$¢ toksyczna EDs, dla CCA metoda agarowa, b - wartos¢ toksyczna EDygo dla CCA metoda
agarowa, c - warto$¢ letalna LD dla CCA metoda agarowa, d - wartos¢ toksyczna EDsg dla NaPCP
metoda agarowa, e - warto$¢ toksyczna ED, g dla NaPCP metoda agarowa, f - warto$¢ letalna LD

dla NaPCP metoda agarowa, g - wartos$¢ toksyczna dla CCA metoda agarowo-klockowa na podstawie

ubytku masy, h - wartosé toksyczna dla NaPCP metoda agarowo-klockowa na podstawie ubytku masy,
i - warto$¢ toksyczna dla CCA metoda agarowo-klockowa na podstawie redukcji wytrzymatoscei,
j - wartos¢ toksyczna NaPCP metoda agarowo-klockowa na podstawie redukeji wytrzymalosci)
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RESULTS

Results of comparative investigations of different factors of 8 Serpula lacrymans
strains following the standardization of each factor have been presented graphically. In
Fig. 1 the variability of particular physiological factors and in Fig. 2 the variability of
particular toxicometric factors are presented. Fig. 3 illustrates separately the average
of the standardized factors of the first and second group and the average for all the fac-
tors. These variabilities differ somewhat from the variability presented in per cent
form (Wazny and Thornton 1991). In the scope of physiological factors (Fig. 1) the
widest differentiation was shown by the growth rate, decay capacity and then myce-
lium dry mass and reduction of compression strength, the narrowest one was shown by
the final moisture content.

Which regard to the toxicometric factors (Fig. 2) the widest differentiation was
shown by the toxic value in relation to NaPCP determined by the agar-block method
(mass loss criterion) and of CCA (strength reduction criterion). The further succession
of differentiation comprised LD for NaPCP, EDs; of CCA and LD of CCA all in agar.
A lack of any differentiation occurred for EDjgo of CCA.

The complex differentiation of physiological factors (Fig. 3,a) was much lower
than the differentiation of toxicometric factors (Fig. 3,b). The differentiation of stan-
dardized values for all the factors under study was relatively the narrowest (Fig. 3,¢)
for all under study.
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Fig. 3. Standardised values of complex factors of various strains of 8. lacrymans:
1. FPRL 12C; 2. FPRL 12E; 3. Warsaw I11; 4. HFP 7802; 5. DFP 16508; 6. DFP 16509;
7.DFP 16521; 8. DFP 16522;
(a - physiological factors, b - toxicometric factors, c - final complex factors)

Rys. 3. Wartosci standaryzowane kompleksu czynnikéw dla roinych szczepow S. lacrymans:
1. FPRL 12C; 2. FPRL 12E; 3. Warsaw II[; 4. HFP 7802; 5. DFP 16508; 6. DFP 16509;
7.DFP 16521; 8. DFP 16522;

(a - czynniki fizjologiczne, b - czynniki toksykometryczne, ¢ - wszystkie czynniki lacznie)
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The numerical value of physiological factors of 8 S. lacrymans strains investigated
(Fig. 4,a) has shown that they connect in three groups. The groups are decided accord-
ing to whether or not the individual horizontal lines (each representing one strain) on
Fig. 4, are connected at the precise position of the value of 0.714 on the scale of coeffi-
cient of similarity (see Materials and Methods for the reason why such a point repre-
sents the threshold level). The first group (Fig. 4,a) comprises the HFP 7802, DFP
16509, 16521 and 16522 strains, the second group FPRL 12E, Warsaw 1II and DFP
16508 strains, while the third constitutes the FPRL 12C strain only.

_
1 a
4
(T |
]
b E—
2 ]
a I
5
b
e 1
ac |s
o - 2
N 3
o ©® 6
N o 7
o _ |a
8|
w
[+3
.
3
2
5
4
8
=
7
10 09 08 07 06 05

Coefficient of similarity
Wspdtczynnik podobienstwa

Fig. 4. Dendrograms of similarity of 8 strains of S. lacrymans:
1. FPRL 12C; 2. FPRL 12E; 3. Warsaw III; 4. HFP 7802; 5. DFP 16508; 6. DFP 16509;
7.DFP 16521; 8. DFP 16522;
(a - for physiological factors, b - for toxicometric factors, c - for the complex of all factors)
Rys. 4. Dendrogramy podobienstwa 8 szczepow S. lacrymans:
1. FPRL 12C: 2. FPRL 12E; 3. Warsaw III; 4. HFP 7802; 5. DFP 16508; 6. DFP 16509;
7. DFP 16521; 8. DFP 16522,
(a - dla czynnikéw fizjologicznych, b - dla czynnikéw toksykometrycznych,
¢ - dla wszystkich czynnikow tacznie)
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The analysis of toxicometrical factors of the above strains (Fig. 4,b) discerns two
groups. The first consists of the FPRL 12E, FPRL 12C and DFP 16508 strains, while
the remaining strains belong to the second group.

Analysis of all complex factors (Fig. 4.¢) resulted in division of the investigated
strains into four groups. The first group comprised the strains FPRL 12C and Warsaw
111, the second group strains FPRL 12E and DFP 16508, the third HFP 7802, DFP
16509 and 16522. The fourth contained only the one strain DFP 16521.

Based upon the numerical analysis one can state that the investigated strains of S.
lacrymans show in relation to a total of 15 physiological and toxicological factors a
mutual similarity in 4 groups (Fig. 4,c). The first group comprises the English plus Pol-
ish strains, the second comprises the German plus one of the Australian strains, the
third the Japanese plus two Australian strains and the fourth the remaining Australian
strain. Incidentally, this separation indicates that real differences exist among the
group of four strains that were isolated from widely separated buildings within the
Australian state of Victoria (see Thornton 1989 for locations).

With respect to the physiological factors, the strains under study show similarity in
three groups. Toxicometric factors, being of importance with regard to research on
preservatives carried out in various countries, differentiated the S. lacrymans strains
into two groups: the first of them comprises the English FPRL 12C, German FPRL
12E and Australian DFP 16508 strains, the second group containing the remaining five
strains. The first group is interesting in that the German strain is included, although the
data shows (Fig. 4,b) that the coefficient of similarity with the other two strains form-
ing the group of three is only just higher than the threshold value 0f0.714. The original
data had led the authors to previously conclude that the German strain was more sensi-
tive to preservatives than the other 7 strains (Wazny and Thornton 1986, 1989a,b).

RECAPITULATION

In conclusion, the numerical analysis has enabled the estimation of similarities and
differences of the 8 S. lacrymans strains investigated on the basis of the 15 different,
experimentally-determined factors.

Received in May 1998
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KOMPUTEROWA ANALIZA NUMERYCZNA ROZNYCH SZCZEPOW Serpula
lacrymans (Wulfen:Fr.) Schroeter apud Cohn

Streszczenie

W oparciu o wyniki badan 15 cech fizjologicznych i toksykometrycznych przeprowadzono analizg nu-
meryczna § szczepow grzyba testowego Serpula lacrymans stosowanych w badaniach wartosci grzybob6j-
czych srodkéw ochrony drewna.

Po standaryzacji uzyskanych danych okrelono matryce podobicnstwa tych wartosci. Jako wspdtezyn-
nik korelacji zastosowano wartosé “cos Q”, gdzie Q stanowi kat pomigdzy dwoma wektorami. Opracowa-
no dendrogramy dla badanych wszystkich czynnikéw facznie oraz oddzielnie dla czynnikow
fizjologicznych i toksykologicznych.
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