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Schizophyllum commune is a common wood-rotting mushroom and belongs
to the family Schizophyllaceae of Basidiomycetes. It is world-wide in dis-
tribution. The fungus is tetrapolar where the heterothallism or self-incom-
patibility is genetically controlled by two incompatibility factors, A and B.

The first indication of differential control of the mating reaction by these
two factors in this fungus was found by Papazian (1950). He recognized four
distinct reactions by inter-mating of monosporous progeny from single fruit
body. The four interactions may be designated as follows:

“+7 differet-AB (A% B=#) heterokaryon, the dikaryon leading to fruiti-

fication.

“E”, common—~A (A= Bs) heterokaryon leading to formation of “flat”

reaction which is a reduced development of aerial hyphae.

“B”, common-B (A% B=) heterokaryon leading to formation of “barrage”

mycelial reaction which is limited to the line of confrontation.
—”, common-AB (A= B=) heterokaryon showing no gross morpholo-
gically distinct reaction.

Review of the available data (Kniep 1922, 1923; Miles ef al., 1966) revealed
that the frequencies of parental (A,B,, A,B,) and non-parental (A,B,, A,B,)
progenies .derived from a single fruit body (A.B.+A,;B,) were almost the
same and that the segregation of A and B factors insignificantly deviated from
1:1 ratio. This means that the A and B factors assort and segregate inde-
pendently. ,

The occurrence of new incompatibility factors in low frequency in addition
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to those four mating types among the progenies of fruit bodies collected from
nature or grown in the laboratory was first observed by Kniep (1923), who
attributed the new factors to mutations at the loci of the “sex factors”.
However, Whitehouse (1949) found that the mutations of incompatibility factors
were rare events which generally occurred at fréquéncies compérable to spon-
taneous mutations. Furthermore, Pap'avzian (1950, 1951) found that two new
factors appeared in crosses between the two parental strains. These two new
factors were then mated with each other, and both the parental factors as well
_as the two new factors in the same tetrads were recovered. The recovery of
the two original factors in -a cross between the two new factors constituted
conclusive . evidence that recombination by crossing over between components
of a compound locus rather than mutation appeared to be the most reasonable
explanation for the occurrence of the new incompatibility factors. Based on
the fact that the two new factors simultaneously resulted in a single cross,
Papazian (1951) presented a two-locus model for the A factor and concluded
that “The A incompatibility factor which functions as a unit‘physiologically
is controlled by at least two closely linked genes”. Owing to the large number
of different A factors in natural population, he suggested that each distinct A
factor is characterized by a specific combination of the multiple allelic series
of the two loci. All of these were subsequently confirmed (Raper and Baxter
et al., 1958, 1960) and the two loci were designated as A« and AR.

The B factor was once postulated as a three-locus factor (Raper and
Baxter ef al., 1958, Raper 1966), and -has 'subsequently been shown to exist in
two types, “recombining” and “non-recombining” (Koltin and Raper 1967; Koltin
et al.,, 1967). The “recombining” factors were designated to be a two-locus
model, Ba and B, similar to that of A factor for the fact that only two types
of recombinants were recovered in a single cross. The ‘“non-recombining”
factors were not due to a general supression of recombination in both A and
B factors nor -to the effect of temperature (Koltin - and Raper 1967). The
explanation based on chromosomal aberration was also discounted bf Koltin
and Raper (1967) due to the faet of high viability of the progeney in all the
crosses involving non-recombining factors. Therefore, it is likely that the B
factor can be distinguished into two major groups because of the physical
relation between the loci comprising the factor. The non-recombining group
might have its two loci so-tightly linked as to be inseparable.

Since the materials studied by other workers (Raper and Krongelb ef al.,
1958; Miles efal., 1966) so far were mostly obtained from temperate zone, it
was thought of interest to analyze the incompatibility factors concerning the
mating types, frequencies of recombination, distribution and the number of the
factors of this fungus collected in nature of this subtropic area (Hong Keng).




8

i

July, ’1969 Chang & Lui—Mating Types of Schizophylium Commune 77

Matel;ials and Methods

Collectionkof Fruit Bodies: ,

The fruit bodies (Fig. 1) used in this study were collected from three
locations (Table 1). For convenience, we employed a system of classification
as follow. ’

Table 1. The fruit bodies collected in nature from three different
~ locations at various dates.

Location‘ Clgﬁf::ti%fn Code number of fruit body
A) New Territories:
Chung Chi Campus June - 1968 HK; (AeBy+A1Bi)
Chung Chi Campus June 1968 HK, (AgsBeo +ABy)
Lam Tsung ’ : Aug. 1968 HKz;  (AzosBeog 1-As10Bato)
Lam Tsung ; Aug. 1968 HKoe (AsseBase-t AzeoBas)
Tai Po ' Aug. 1968 HKz6 (AgsoBesy+ AszgoBaso)
Tai Po Aug. ~ 1968 HKey (AcseBasot AzroBar)
Tai Po Aug. . 1968 HKss (AgreBars + AzgoBaso)
B) Hong Kong Isalnd:
H. K. University. Campus . Aug. 1968 KHzo (AzooBaso+ AsooBsoo)
H. K. University Campus Aug. ' 1968 HKs; (AsesBsos+Asi0Bs10)
‘H. K. University Campts Aug. 1968 HXKj;s (AseeBsze+ AszeBaso)
Tsai Wan Area | Sept: 1968 | HKsi (AssoBuss+AgoBasy)
Tsai Tam Took Rd. Sept. - 1968 HEK3s (AgoBaso + AgsoBase)
Tsai Wan Area Sept. 1968 HEKsq (AgsoBaso+ AsgeBaso)
Tsai Wan Area Sept. 1968 HKyr (AssBsso -+ AsroBaro)
Tai Tam Took Reservoir Sept. . 1968 HXyq - (AseeBs o+ AsocBigo )
Repulse Bay Road - ‘ ‘ Sept. - 1968 HEy. (AgoBits FAoBiso)
Repulse Bay Road ) Sept. 1968 HK,;s (AzoBizo FA430Byg0)
C) Kowloon Peninsula
Kau Lung Peak . Oct. 1958 HEKy (AgoBise '*“A440B44oj
Kau Lung Peak o1Oct. : 1968 | v HKys (AusBis+ AwoBuso),
Kau Lung Peak ) Oct, 1968 HEKyg (AsoBuso+ AgsoBuso)
" Kau Lung Peak ' Oct. 1968 HEKyr (AgeBigo-+ AsroBio)
Kau Lung Peak Oct. 1968 HKis (AssBro+AssoBiso)
Kau Lung Peak Oct. 1968 HKy (AssoBise +As00Baso)

The first fruit body was given a code number HK; and the mating type
designation 9-10 (A¢By+A;Bic); the second one HK,, the mating type designa-
“tion 19-20 (A1sBio+AgBg); etc. Each of them would produce four parental
types; AoBs, A1oBio, AgBio and A4By for HK; and Ai4Big, AzoBao, A1sBgo and Age
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B19 for HK2- The COdingS like .A.'n, -Am..‘. . Blly Bu...., and A21, Agg...., B21,
By;.... are their non-parental types which are the results produced by recom-
bination in A factor and B factor respectively.

Collection of Spores:

The mature fruit bodies obtained from tissue culture technique reported by
Yanal (1968) as well as those collected directly in nature were inverted over
an agar plate for a desired period of time under room temperature (ca 25°C).
The agar plate was prepared by dissolving MgSQ,, 0.5 g, KH,PO, 0.46 g, K,HPO,
1g, peptone 2 g, destrose 20 g, agar 20 g, yeast extract 2 g, and thiamin-HCI in
one liter of distilled water. The spores where spread over the medium surface

with a bent glass rod. After about 18 hours, the spores usually germinated

and each of them was cut out from the medium under a microscope by a spore-
cutter described by Raper (1963). Isolation of the spores was accomplished
by a needle with its point blunted but sharpened uniformly on opposite sides
by rubbing it against an oilstone. A small cylindrical block of agz(r containing
a germinating spore could then be moved out. Four such small agar blocks
were then placed on a plate for further growth.

Selection of Testers:

Any one of the isolates (monosporous progenies) could be chosen as the
preliminary tester and used as a standardized one and mated with about 40
others. Those having different A and B factors crossed with the chosen one

would show a “4” reaction; those with different A factor but with same B
‘factor would show “B” reaction; those with same A but different B factors
would only show “F” reaction; and those carrying the same A and B factors

£ »”

would show “—” reaction. The mycelial appearances as well as the hyphal
features of the mating reactions are shown in Figures 2 and 3 respectively.
One from each of the four reaction groups was then chosen as the four testers
for mating type analysis.

Occassionally the original isolate selected was a recombinant at a mating
type locus. This would be detected by showing the relative frequencies of
mating reactions that were “F”, “4” and “—”. HK;; (AzssBaes+AgroBare) for
example:

Tested isolates AsgoBag Aszz0Baro Aszs9Bano AgyoBass

Mating reactions with selected
isolate, AggoBagy - ‘

Frequencies E 10 14 i 1 4

&
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£

Figure 1. The ature fruit bodies of Sclizophyllum commune

are shown growing naturally on the dead twig.

X ca 20.
The high proportion of “+” and “—” compared to a low proportion of “F”
would indicate that a recombinant in A factor had been selected and that
further testing would be required. If the distribution of the four mating types
is quite close to 1:1:1:1 ratio, this is good evidence that one of the parental
types has been chosen and those selected from this cross is of significant value
on mating type analysis. Take stock HKys (Ag7sBarst AsgoBaso) for example:

Tested isolates Asr9Baro AszgoBase AgroBeso AggoBare
- 1 F B
28-90 28-89 28-85 28-13
28-86 28-43 28-87 28-14
28-5 28-92 28-88 28-91
Mating reactions with selected
isolate AgqoBar@—1 (28-1) 28-2 28-11 28-17
28-3 (28-96) (28-4) 28-7
28-93 28-78 (28-10)
. 28-94 28~3 28-12
¥
28-15 28-95
28-9
§ . P
Frequencies 9 7 5 8

The circulated isolates, 21-1, 28-96, 28-4 and 28-10 were chosen as the four testers for
futher analysis.

Determination of Mating Types:

Matings were made by placing two small agar blocks containing mycelia
of the appropriate mating types about 2-3mm apart on agar plates. Four
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Figure 2. Mycelial appearences of the four mating reactions: A) different-AB;
B) common-A; C) commom-B: and D) common-AB. X ca 4/5.

Figure 3. Hyphal fectures of the mating reactions between two homokaryotic
strains: A) simple septa charzcteristics for both common-AB and
common-B reactions; B) the presence of ciamp connections for
different-AB interaction; C) the presence of short branches and
blobs of protoplasm for common-A reaction. X ca 800
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matings were made per plate, The mating type of each strain can be de-
termined by the four basic reactions between different A and B factors. Since
the mating types of the four testers have been determined when mated with
the preliminary tester designated as A,B,, those isolates giving no reactions
with any one of these four testers would have similar mating type as that of
the particular tester because bnly the mating types with identical incompatibility
factors would give a “—7” reaction in a crossing. In this way, the other three
parental types can easily be sorted out if the pattern of interactions of mating
type analysis (Table 2) is followed. Those isolates showing two “+” reactions
in the testing sequence indicate that a recombination has taken place in either
of the two factors A and B. If only “-+” and “B” reactions appeared in
crosses between isolates and the four selected testers, this means that a recom-
bination in A factor must have taken place. Those isolates with only “-+”
and “F” reactions would indicate that crossing over has taken place in'the B
factor. If all four mating tests showed “-” reactions, this means that the
crossing over might have occurred in both A and B factors.

‘Table 2. The pattern of interactions of mating type dnalysis.

Selected testers

(1) (2) (3) (4) :
ALB, ALB, ALB, A,B, Mating types

- - . r B A:B:

4~ — B F AyB, tal t

. arenta e

- B B . AsB, P ypes

B F + = AyB;

B + + B aBx recombinant A types

- B B + aBy

F + F + Axb recombinant B types

e F + F Ajsb ’

+ . -+ 4 |- +- ab recombinant AB type
F/E* +/F F/F -/ F B

/ / / +/ AxBum } suspected B mutations
+/F F/F +/F F/F AyBn

* Symbols to left and right of the diagonal indicate reactions of testers at above and
mating types at right respectively.

Those isolates showing “—” reactions on only one side of all four mating

tests would indicate that a modifier mutation (Raper and Raper 1966) might

have occured because a strain carrying this kind of mutants would show
unilateral reaction which means they only donate but not receive nuclei. There
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is another type of isolates which reacted unilaterally and showed a “flat”
appearance that was ‘different from their parents. It is suspected - that a
primary mutation in B factors might have occurred in these “Flat” isolates
(Raper et al., 1965) or a heterokaryon resulted from a mixture of two strains
which are common in A factors.

Results

21 samples out of 49 fruit bodies collected from various hosts in nature
of Hong Kong (Table I) were examined in this study. Each sample consisted
of approximately 100 isolates. The 28 missing fruit numbers (Table 3) were
due either to contamination or to the failure of fruiting from tissue culture
even after a few months. The deviation of the sample size was entirely due
to contamination. '

Table 3. The mating type analysis and the percemtage of recombination
in the 21 stocks collected in Hong Kimg

Stock I\/Ita;li)gg Sample Parents Recombinants f:;geg;
Name | designa- | size |ABe| AsBy |A:By | A,By| 2B | aBy | Adb | A | [oComD-

x v : a b
HK 1| 9 10 80 18 | 18 | 17 | 22 | o | 3| 2| 1| 38 38
HK 7| 69 70 8L | 17 | 24 | 16 | 20 0 | 2| 1| 1| 25 25
HK 21| 209 210 8 | 25 | 10 | 18 | 27| 3| 2| 0| 0| 59 00
HK 24| 239 240 8 |21 |19 | 2319 2| 0| 0| 0| 24 o0
HK 26| 259 260 84 | 19 | 19 | 24 | 24 | 4| 1| o] 0| 60 o0
HK 27| 269 270 72 13 15 | 14 { 16| 5| 5, 0] 0 139 00
HK 28| 279 280 98 | 24 | 28 | 21| 19| 4| 4| 2| 1| 82 31
HK 30 200 300 | 104 | 32 | 24 | 22 | 22| 3| 0! o 1] 20 o9
HK 33| 320 330 80 | 13 | 21 | 26 | 6| 3| 1| 0! 0! 50 o0
HK 34 339 340 | 1056 | 30 | 24 | 26 [ 25 | o | o] 0| 0| 00 00
HK 35| 349 350 60 (12 | 13 | 11 | 19 1] 3| 0| 0| 66 00
HK 36| 359 360 | 112 | 28 | 24 | 24 | 25 | 3| 7 | 0| o0 | 88 00
HK 37| 369 870 | 127 | 38 | 22 | 25 | 37 | 4| 1] 0| o | 39 o0
HK 42| 419 420 | 100 | 22 | 30 | 26 | 21 | 0 | 0| 1| 0 | 00 10
HK 43| 429 430 1051 30 | 32 | 20 |21 0 0 2.0 1 00 29
HK 44| 439 440 84 17 15 16 25 3 7 (1] 0 11.9 0.0
HK 45| 449 450 66 | 130 14 | 10 | 19| 3| 4| 3| 0 106 46
HK 46| 459 460 690120 15| 12| 8| 2| 2 0! 0] 57 00
HK 47| 469 470 50 | 13 | 13| 8 16| 2| 0| o o/l 40 00
HK 48| 479 480 73 14| 17| 11| 27 1 1 0 0| 28 00
HK 49| 489 490 5 | 11 | 15 | 10 | 14| 1| 4 0| 0| 61 00
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The number of parental and non-parental types as well as the percéntages
of recombinations are listed in Table 3. The percentages of recombination
within the two loci of A factor range from 24 to 13.9 with a mean equal to
6.3. These figures were calculated from 18 out of 21 crosses which had recom-
binant A factors while in the remaining 3 the recombinations were not obtained.
The recombination percentages occufring whithin the B factor range from 0.9
to 4.6, with a mean value of 2.7. However out of 21 stocks 13 showed no
recombination. ; )

From the analysis in inter-stock matings, the identical mating type factors
among the 42 parental strains of the 21 stocks were sorted out in Table 4.
The frequency distribution of specific factors of the A and B series is stated
in Table 5. There are 36 distinguishing A factors and 35 specific B factors.
The results show that the majority of A and B factors appeared once while
only a few of them showed a slightly higher number of repeats. The data
reveal no significant departure from the expected frequency distribution of
specific factors in a sample taken from a population which all factors of each
- series are'equally frequent. '

“Table 4. Identical mating type factors among the 42 parental strains
' collected in Hong Kong. ‘

A factors B factors
Ay == Bgze=Agro By =Baso =Bass
Agrg=Asgro Bio =Bgso=Bags
A350=Ass§ ‘ . Bso =Bugs
Agio=Ago Biag=Byso
Agro=:Asno ) Bigo=DBuso

Table 5. The frequency distribution of spécz'ﬁc Jfactors of the A
and B series in the samples.

Times of occurrence of specific factors .
No. of strains Factor - Total
1 B | 3
42 A 31 4 1 36
B ‘ 30 3 2 35

The frequency of repeats of each factor A and B collected in different’
areas is visualized in Table 6. They did not show significant deviation from
one another. Thus the specific factors of both incompatibility series are
randomly distributed in respect to geographical locations (Raper and Krongelb
et al., 1958; Whitehouse 1949). ‘
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Table 6. The frequency of factor repeats in different areas of Hong Kong.

Areas where samples Strains' Crosses A repeats B repeats
were collected J no. | freq. no. ! freq.
Hong Kong 42 1,764 6 0.0034 7 0.0040
New Territories 14 ) 196 1 0.0051 2 0.0102
Hong Kong Island 16 256 2 0.0079 2 0.0079
Kowloon Pennisula 12 144 1 0.0069 1 0.0069
Discussion

Schizophyllum commune is an obligative saprophytic fungus growing on
dead twigs and barks of various kinds of tree hosts (Table 1). It can grow
well -and fruit in a chemically defined medium with an optimum pH of 6.8 at
32°C. )

All of the 21 stocks from this investigation show no significant deviation
from 1:1:1:1 ratio (Table 3) for the four mating types, indicating that the A
and B factors of the parental fruit body segregate and assort independently
during the formation of spores.

The results from this study are quite similar to those of Raper and Baxter
etal. (1958), Raper ef al. (1960), Miles ef al..(1966) and Koltin and Raper (1967)
in that the recombination percentage of the A factor is higher than that of
the B factor. It was explained by Raper efal. (1960) and Koltin and Raper
(1967) that the distance between the two loci in the B factor is so closely .
linked that crossing over could occur only infrequently. The recombination
percentages between the two loci in both A and B factors obtained by different
investigators at different temperatures are listed in Table 7 for comparison.
As reported by Raper and Baxter ef al. (1958 and 1960) that the temperature
is an important factor in governing crossing over. The higher the temperature
is, the higher the recombination percentage will be. However after making a
comparison among the data, it seems that this statement holds true only for
the A factor but not for the B factor. Because the mean percentage of recom-
bination in B factor was about 2 regardless of the temperature level whereas
in A factor 4.8 and 6.3 for temperatures at 23 and 25°C as well as 10.1 and
12.3 for temperatures at 33 and.34°C respectively. So further exploration on
the effect of temperature on the recombination percentage 6f B factor is
needed. : , '

In both A and B factors lew frequency of recombination was found to be
dominant (Stamber and Raper 1966; Simchen 1967; Koltin and Raper 1967).
The genetic suppression of recombination can be expressed only in a dikaryon
whether the reduced frequency of recombination was dominant or the interac-
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Table 7. Comparison of the percentage of recombinants for A and B
factors incubated at different temperatures.

percentage of

Investigator and Date .Tcerr];p;.of recombinants
mcubation | a factor B factor

avérage { %gog 1821; -

Raper, Boxter and Middleton (1958) §

23°C 0.9-14.5 —

range { 33°C 3.9-159 —
Miles, Takeémanue énd Kimura (1966) f:ﬁ;ige giog 1%‘3_21 0 %’8_20
Koltin, Raper and Simchen (1967) average 30 ~ 23 o
Chang average and Lui (this report) ?Zgzg'zége ggog 3'2_139 gg_ 46

ting strains possessed the gene for low recombination. The data cited in
Table 7 were also revealed that the percentages of recombination of both ‘A
and B factors were not constant. Recently, it was reported by Koltin and
Raper (1967) that the various frequencies of recombination are probably con-
trolled by the different physical relation of the multiple series of the two loci
in the recombining B factors. Those with two loci farther from each other
would cross more readily than those which are combined in close linkage

relationship. Furthermore, the 13 non-recombining B factor stocks in our

samples also agree with the postulation of Koitin and Raper (1967) that half
of the B factors are non-recombining. Those of non-recombining strains would
have « and B closely linked together and inseparable by crossing over. There- °
fore this gives difficulties in mapping the « and 8 loci in reference with
those of the A factors because no significant evidence has been reported that

" a non-recombining group exists in A factors.

The result of 36 A factors and 35 B factors out of 42 strains (Table 5) is

_expected because the number of alternate factors of each series was found to

be quite large in the total natural population of the species (Kneip 1922;
Whitehouse 1949). The data (Table 6) obtained from this study plus the
results (Table 8) reported by other investigators for the frequency of factor
repeats in regions with different climatic conditions indicate random distribu-
tion of the incompatibility factors with respect to climatic condition. Miles
et al. (1966) collected the fruit bodies from the same trees within a small area;
those collected by Raper and Krongelb efal. (1958) came from regions widely
separate and even from different countries; those of ours were collected neither
from the same trees nor from different countries. From the comparative
results, it appears that the closer the distance between two districts, the highef
is the possibility of factor repeats in the A factor but not so in B factor.
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Conclusively, our data plus other available information, agree with the asum-
ption that the number of alternate factors are egual in frequency and random
in distribution among the natural population.

Summary

We analyzed the mating types of one of our local materials, Schizophyllum
commune, and compared it with what had been done by other investigators
who dealt mainly with the fungus collected in temperate zones. The results
from our study resembled those of others in that the recombination percentage
" of "A factor is higher than that of the B factor and that the non-recombining
factor does exist in the B factor. Our data also showed that the number of
both factors A and B is very large and that all the factors in each series
occurred equally. They are also random in distribution with respect to geogra-
phical location and climatic condition. \

Table 8. Comparison of the frequency of factor vepeats among the
different climatic conditions

A repeats B repeats
Data Climate Strains | Crosses
no. ] freq. no. | freq.
Raper, Krongelb, & temperate 84 3,584 7 0.0019 | 60 0.0167
Baxter (1958) tropic 30 425 2 0.0046 5 0.0120

Miles, Takemaru, & o o i :
Kimura (1966) temperate 30 900 6 0.0066 | . 5 0.0055

Chang & Lui
(this report)

subtropic 42 1,764 6 | 00034 7 | 0.0040

As reported by other investigators that the temperature is an important
factor governing the recombination, it was observed that the higher the tem-
perature is, the higher the recombination percentage will be. However, after
making a comparison of this study with the results obtained by other workers,
an unpredictable information was found that increasing in temperature did
increase the' crossing over in A factor but not in B-factor. It is suggested
that the effect of temperature on the recombination in the B factor should be
cleared up by further investigation.
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