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SUMMARY

Plasmodial formation in the Myxomycete Physarum polycephalum is
controlled by a mating type {mt) locus. There are a number of different
heterothallic mt alleles; and also a variant, mth, that allows plasmodial
formation in pure clones. This paper reports an analysis of this differentia-
tion system. The strain CL (mth) forms plasmodia in pure clones (i.e. it
selfs). GL was mutagenized with NMG and 21 mutants unable to differen-
tiate into amoebae were isolated. The mutants, together with CLd, fell
into two complementation groups, twelve in difA and ten in difB. Both
complementation groups are closely linked or allelic to the mt locus.
difA represents a gene essential for plasmodial formation, but it is
suggested that difB represents a class of revertants to the mt2 hetero-
thallic state. A model of the control of plasmodial formation is proposed
in which the mt locus is suggested to code for the repressor of the difA
gene. Genetic control is explained in terms of the dilution of allele-specific
repressors.

1. INTRODUCTION

The Myxomycete Physarum polycephalum is a good model eukaryote system
that is amenable to genetic analysis (Anderson & Dee, 1977; Dee, 1975; Wheals,
1970). There are two distinct vegetative phases in the life cycle of P. polycephalum:
microscopic, uninucleate amoebae and macroscopic, syncytial, multinucleate
plasmodia. The development of amoebae into plasmodia has aroused considerable
interest and much work has been done on the system.

Before 1970 only heterothallic strains of amoebae were known. In these strains
only haploid amoebae possessing different alleles of the mating type (mt) locus are
able to combine to form diploid plasmodia. A large series of alleles is known at this
locus (Dee, 1973). Wheals (1970) characterized the Colonia isolate of P.
polycephalum, which forms plasmodia in pure clones. Wheals concluded that
plasmodial formation is controlled by an allele, mth, of the mt locus and he described
the isolate as homothallic (i.e. syngamy and karyogamy occurs between two mth

amoebae to form diploid plasmodia). Subsequent evidence, however, indicated
that Colonia amoebae and plasmodia are both haploid and plasmodial formation
probably occurs by an apogamic mechanism (i.e. amoebal differentiation occurs
with neither syngamy nor karyogamy taking place) (Anderson, Cooke & Dee,
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1976; Cooke & Dee, 1974; Mohberg, 1977). Although the apogamic mechanism is
probably predominant, appropriate selection procedures can select for homo-
thallic plasmodial formation (Poulter & Honey, 1977). Because Colonia is neither
exclusively apogamic nor exclusively homothallic, it is simply referred to in this
paper as a 'selfing' isolate.

Cooke & Dee (1975) isolated two derivative strains of Colonia, CL (rapid
selfing) and CLd (delayed selfing). All subsequent work with Colonia has involved
the use of these strains. Both the original Colonia isolate and CLd have a partial
mt2 specificity. That is, they only cross slowly on a rare basis with mt2 heterothallic
strains, but cross readily with other heterothallic amoebae (Cooke & Dee, 1974;
Wheals, 1970).

Once it was found that two Colonia strains could be crossed to form a diploid
plasmodium it was meaningful to attempt the analysis of mutants of Colonia by
complementation and recombination tests. Wheals (1973) isolated from a rapid
selfing strain of Colonia four mutants (designated apt~) unable to differentiate
from amoebae into plasmodia. They all crossed with each other and one was
analysed further and the mutation found to be unlinked to the mt locus. Anderson
& Dee (1977) isolated thirteen similar differentiation mutants from CL (designated
npf~). They formed three complementation groups: v/pfB and npfC closely linked
to the mt locus and npfA unlinked to the mt locus. Davidow & Holt (1977) isolated
a number of apt* mutants from various selfing strains, but did not completely
group them into complementation groups.

We report the isolation of 21 differentiation mutants (designated dif~) from CL
by NMG mutagenesis. CLd was considered to be a mutant of the same type and
was included in the analysis (Poulter & Honey, 1977). A preliminary report of
some aspects of the analysis of eleven of the dif~ mutants has been made by
Honey, Poulter & Teale (1976). The results were similar to those reported by
Anderson & Dee (1977). The data were used to propose a model of the genetic
control of amoebal differentiation. This model is based on the concept of allele-
specific repression.

2. MATERIALS AND METHODS

(i) Strains. The origins of the heterothallic strains LU648, LU688, and i (Cooke
& Dee, 1975; Dee, 1966), the selfing strains CL and CLd (Cooke & Dee, 1975), and
the mutant strains ATP1, LU909, LU877, CL6129, and CL6136 (Anderson &
Dee, 1977; Wheals, 1973) have all been described previously. The heterothallic
strains OUA9, 0UD1, 0UD3, 0UD7, and OUG3 are progeny clones from the
cross LU648xi (Poulter & Honey, 1977). The selfing strain 0UH3 is a progeny
clone from the cross OUG3x CLd (Poulter & Honey, 1977).

(ii) Loci, mt, mating type. Heterothallic alleles mt1 mt2 (Dee, 1966) and selfing
allele mth (Wheals, 1970). fusA,fusB, plasmodial fusion type. Identity of fusA and
fv^B phenotype is a prerequisite for plasmodial fusion. The two alleles fusAx and
fusA2 are codominant, while the allele fusB2 is dominant over fusBx (Dee, 1973;
Poulter, 1969). Thus six fusion phenotypes (known as fusion groups I—VI) result
from the possible diploid combinations of alleles at these loci.
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(iii) Genotypes of amoebal strains. LU648: mtx fusA1 fusBx. LU688: mt2 fusAx

fusBx. i: mt2fusA2fusB2. CL: mthfusA2fusB1. CLd: mthd fusA2fusB1. APT1: mth

aptl~ fusA2 fusBv LU909: mth npfA~ fusA2 fusBx. LU877: mth npfB~ fusA2

fusBv CL6129: mthnpfB~ JusA2fusBx. CL6136:mthnpfC-fusA2fusB1. 0UA9: mt2

fusA2fusB1. 0UD1: mt2 fusA1 fusB2. 0VD3: mtx fusA2 fusB2. 0UD7: mtxfusAx

fusB2. 0 UG3: mtx fusAx fusB2. 0TJH3: mthd fusA1 fusB2.
(iv) Culture conditions. Plasmodia were maintained at 26 °C on semi-defined

medium at pH 4-6 (Dee & Poulter, 1970). Amoebae were maintained in two
membered culture with Escherichia coli at 26 °C on 5% SDM at pH 7. Production
of spores, spore germination, and the isolation of amoebal progeny clones were
carried out as previously described (Wheals, 1970).

(v) Plasmodial formation. Plasmodia were formed by crossing the amoebal
clones on 5 % SDM, pH 7 already spread with E. coli; or by crossing the amoebae
on SDM then placing a drop of E. coli suspension on top and allowing it to sink
into the agar. The second procedure results in a high density of amoebae and was
necessary to isolate rare crosses. When plasmodia formed, a block of agar con-
taining the plasmodia was transferred onto 50 % SDM, pH 4-6.

(vi) Plasmodial fusion tests. The fusion genotypes of plasmodia not yet classified
were determined using the method of Poulter & Dee (1968). The standard plasmodia
of known fusion genotype (fusion testers) used in this work were: LU648 x LJJ688
(fusion group I, fusA1/fusA1 fusBx/fusBx), OUD7xLU688 (fusion group II ,
fusAx/fusAx fusBJfusB2), LU648xCLd (fusion group III, fusAx/fusA2

fusBx/fusBx), LU648xi (fusion group IV, fusA1/fusA2fusB1/fusB2), CLd (selfed)
(fusion group V,fusA2fusB1), 0VD3 x i (fusiongroup VI,fusA2/fusA2fusB2/fusB2).
A haploid plasmodium will resemble the corresponding diploid homozygote. For
example, a haploid plasmodium with genotype fusAxfusB2 will fuse with a diploid
plasmodium fusAx/fusAxfusB2/fusB2 (and thus also with fusA1/fusA1fusB1/fusB2.

(vii) Mutagenesis. CL amoebae were mutagenized with iV-methyl iV'-nitro
iV^-nitrosoguanidine (NMG). A number of plates of CL were subcultured from,
stock plates with a wire loop and the plates incubated overnight. A 200 ju,g/ml
solution of NMG in sterile distilled water was made and 0-05 ml placed in the
centre of each plate of CL. The NMG solution was allowed to sink into the agar
and the plates were incubated at 26 °C.

(viii) Selection for dif~~ mutants. The non-selfing dif~ mutants were selected for
from the cultures of CL using a modification of the method employed by Anderson
& Dee (1977). Each mutagenized culture was allowed to form plasmodia before
suspensions of the remaining amoebae were made. Each suspension was divided
and replated onto two fresh plates to form duplicate sublines. This duplication
was performed as a precaution against bacterial or fungal contamination. The
sublines were incubated at 26 °C and the plasmodial formation/washing pro-
cedures repeated (up to 10 times) until large plaques that did not form plasmodia
were observed. The mutant amoebae (designated dif~) were isolated and purified,
with no more than one clone being isolated from any pair of duplicate sublines.
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3. RESULTS

(i) Preliminary observations on CL

Adler & Holt (1974) found that if CL amoebae were incubated at 30 °C the
formation of plasmodia was greatly inhibited. CL selfs too rapidly at 26 °C to be
able to cross with heterothallic amoebae, but at 30 °C selfing is sufficiently delayed
that crossing readily occurs. This property was used to investigate whether CL
has a partial mtz specificity. This knowledge was of importance at a later stage of
the analysis when the origin of Colonia was considered. CL amoebae were crossed

Table 1. Crosses between CL and heterothallic strains at 30 °C:
number of days for plasmodia to form

(C: crossed plasmodia detected. S: only selfed plasmodia (fusion class V) detected. X: crossed
or selfed nature of plasmodia not determined. - : no plasmodia formed at 7 days. 0 = cross
not performed.)

SDM, pH 7 SDM, acid pH

Days for Nature of Days for Nature of
Strain Genotype plasmodia plasmodia plasmodia plasmodia

CL self mthfiosA2fusB1 4—5 S — —
LU648 mt^fu8A1f'>iJiB1 4 S 0 —
0UD3 mt^jvsA^jusB^ 3 C 0 —
0UD7 mt-LfusAifusBi 3 C 3 C
LU688 mtzfusAifusB! 4 S 0 —
OUD1 mt2fusA1fusB2 4 S 4 C
0UA9 mtzfusAzfusB-L 4-5 X 3 X

5 S 3 C

with a range of heterothallic strains and any resulting plasmodia were analysed
for their fusion genotypes, when appropriate fusion alleles were available. Selfing
remained a problem and the optimum conditions (with the least selfing) were
found to occur when the 5 % SDM was kept at an acid pH (between 4-6 and 5-5).
The results are summarized in Table 1. They show that CL will cross with mtz, but
at a lower frequency and rate than with mtx. CL has a partial mt% specificity, similar
to CLd and the original Colonia isolate.

(ii) Isolation of mutants

A total of 115 plates of CL were mutagenized as described above; 51 clones
showing delayed plasmodial formation were isolated and characterized for their
selfing phenotypes. Most formed plasmodia after 4-14 days incubation and some
never selfed. Eleven mutants selfed only rarely after seven days or more (similar
to CLd) and were selected as suitable for further analysis. The other mutants
selfed too rapidly to be readily analysed and were discarded. A second series of
plates of CL were mutagenized and similar results obtained. Ten mutants were
isolated, giving a total of 21 suitable dif~ mutants.
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(iii) Incorporation of fusion markers

The mutant strains RP1V, BP2V, RP3V, RP4V, RP5V, RP6V, RP7V,RP8V,
RP9V and RP10V (all fusA2 fusBx) were crossed with D7 (fusA1 fusB2) to form
fusion group IV plasmodia and a number of amoebal progeny clones were isolated
from each plasmodium. The reason for this was two-fold. Firstly, a range of fusion
genotypes was generated for each mutant that was suitable for future analysis.
Secondly, it could be determined whether each mutant carried a single nuclear
mutation and whether this was linked to the mt locus. The analysis of five rep-
resentative crosses is given in Table 2. Each progeny clone was crossed with LU648
(mt)), LU688 (mt2), and the parental dif~ mutant. The mtx progeny only crossed
with LU688 and the parental dif~, whereas the mth dif~ progeny crossed with
LU648 and sometimes with LU688. The crosses with LU648 were fusion tested and
scored for their fusion genotypes. No mth dif+ or mtx dif~ recombinants were
observed.

Table 2. Analysis of progeny from crosses between dif~ mutants and D7:
number of progeny clones of each genotype

m<x dif+

mtk dif~

Total no.

Progeny genotypes

Fusion class not tested
fusA1 fuaB^
ftisA1 fusB2
fusA2 jusBx
fusA2 fuaB2
Not tested

progeny clones

RP1V

5

2
1
1
3
0

12

Parental dif~
A

RP2V

18

6
2
1
1
0

28

RP3V

13

1
1
2
1

16
34

RP7V

16

1
4
3
2
4

30

RP9V

15

1
1
3
5
0

25

The analysis of the ten mutants showed that they all had single mutations closely
linked to the mt locus and they had all crossed to form diploid plasmodia. Progeny
clones with differing fusion genotypes were selected from each mutant and
designated by adding appropriate suffixes that indicated the fusion genotypes.
For example, RP1V (fusA2 fusBx) was used to prepare three derivatives, RP1I
{fusAJusBJ, RP1II (fusAxfusB2), and RP1VI (fusAJusB2). The suffix designates
the fusion group of a selfed plasmodium from that clone. The fusA1fusB2 derivative
of CLd, OJJH3, was also included for further analysis.

(iv) Complementation tests

Complementation tests were made between the dif~ mutants by combining
derivatives with suitable fusion markers in pairs, any crossed plasmodia being
fusion group IV. The complementation tests were incubated for 21 days and
checked daily for the formation of plasmodia before being discarded. Plasmodia
usually formed in 5-10 days or not at all. The mutants were also crossed with
mtx and mt2 heterothallic amoebae. The mutants, RP13V, RP14V, RP16V,
RP22V, RP23V, RP24V, RP25V, RP26V, RP27V, RP28V, and RP29V were
only available with the fusion genotype fusA2 fusBv
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The plasmodia arising from tests between these mutants could not, therefore,
be checked by fusion tests. The results of the complementation tests are summarized
in Table 3. Two distinct complementation groups were observed, designated as
difA and difB. CLd is a member of difA, supporting the belief that it is a dif~
mutant. The failure of some combinations to complement where expected (e.g.
RP1 x RP13) is probably due to inappropriate combinations of alleles of secondary
loci affecting crossing, similar to the roc gene effect reported by Dee (1978).
Aston (1978) found evidence supporting the belief that a similar system existed in
this analysis.

Twelve mutants fell into the difA complementation group. They crossed readily
with D3 (mtj) and significantly less readily with i (mt2). These mutants therefore
retain the partial mt2 specificity displayed by GL. Ten mutants were designated
difB~. They crossed readily with D3 but never with i. These mutants had therefore
gained an apparent full mt2 specificity and were indistinguishable from mt2 hetero-
thallic strains.

(v) Studies of dif~ mutants

Six complementing plasmodia were chosen and sporulated. A number of amoebal
progeny clones were isolated from each spore mass and each clone crossed with
RP9I (difA~) and RP5I (difB~). The progeny could thus be analysed for their
dif, fusA, and fusB genotypes, as is summarized in Table 4. The six plasmodia
had all been diploid and no recombinants between difA and difB were observed,
indicating that they are closely linked.

Table 4. Analysis of progeny from difA~ x difB~ crosses. Number of clones

Progeny genotypes

difA ~ fusA^ fusBx

ftisA1 fusB2
fuaA^ fuaBx
fuaA2 fusB2

dijB-fusAlfusB1

fusAx fusB2
fusA2 fvisB-^
fu8A2 fusB2

Total No. of clones

of

RP1II
xRP3V

3
5
4
3

1
1
6
4

27

each genotype

RP1V
x RP7II

3
1
6
4

2
3
2
3

24

Parental plasmodium
A

RP4V
XRP7II

2
6
3
3

5
0
2
3

24

RP9V
x RP3II

3
4
2
8

5
5
1
0

28

RP9VI
xRP6I

3
4
4
0

6
5
0
5

27

RPh
xRI

4
5
5
4

2
3
3
2

28

As no recombinants between the mt, difA and difB loci had been detected we
decided to investigate this linkage effect in greater detail. The cross 0UG3 (m^
difA+ difB+ fusAx fusB2) x CLd (mth difA~ difB+ fusA2 fusBx) was made and a
fusion group TV plasmodium isolated. A large number of amoebal progeny clones
were isolated from this cross. Two types of recombinant genotypes were expected:
mtx difA~ and mth difA+ (rapid selfing). 6911 progeny clones were analysed to
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determine their selfing phenotypes. A single rapid selfing clone (i.e. mth difA+) was
observed. 363 progeny clones were crossed with LU648 (mtx), LU688 (mt2),
RP7V (difB~), and RP9V (difA~). Any mt^ difA~ recombinants would be expected
to cross only with LU688 and RP7V, but none were observed. 174 of these clones
were mt-^ difA+ and 189 were mth difA~. The mt and difA loci are therefore tightly
linked.

Table 5. Characterization of APTl and npf- mutants with dif- mutants
(Number of days for crossed plasmodia to form. —: no plasmodia at 14 days.)

Days to xD3 xi xRP9VI xRP5VI
self m<! mt2 difA~ difB~

4 5 5 5
5 4 9 5 7

4 - 7 -
4 - 7

- 4 7 - 7

A similar analysis was performed with the crossed plasmodium 0UD7 (mt1

difB+) x RP3V {mth difB~). No rapid selfing recombinant clones were observed
amongst the 925 progeny clones screened. No mtx difB~ recombinants were detected
amongst the 448 progeny clones analysed as described above. 232 of these clones
were mtx difB+ and 216 were mth difB~. The mt and difB loci are therefore closely
linked.

Dr Dee supplied representative npf~ mutants belonging to the three com-
plementation groups npf A, npfB, and npfC. The mutants were analysed to
investigate the possible equivalence of npf~ and dif~ mutants. The mutants were
crossed with 0UD3, i, RP9VI and RP5VI and the number of days taken for
plasmodia to form noted. APTl was included in this analysis (Table 5). All crossed
plasmodia were checked by fusion tests. The data suggest that the difA and npfC
complementation groups are equivalent, and similarly for the difB and npfB
complementation groups.

4. DISCUSSION

The origin of Colonia is uncertain, but there is an increasing body of evidence
that suggests that Colonia was originally derived from the Wisconsin isolate.
Colonia has a partial mt2 specificity, the mt2 allele being unique to the Wisconsin
isolate (Cooke & Dee, 1974; Dee, 1973; Wheals, 1970). Colonia has the fus alleles
fusA2fusB1, which are specific to the Wisconsin isolate (Collins & Haskins, 1972;
Poulter & Dee, 1968). CL and the Wisconsin isolate also have common alleles at
the genes controlling the killing reaction that sometimes occurs following the
fusion of two plasmodia (unpublished results). If Wisconsin and Indiana strains
are crossed to form hybrid progeny clones, significant numbers of aneuploid clones
may be formed (e.g. Adler & Holt, 1975). No such problem has been observed in
crosses between Colonia and Wisconsin strains (e.g. Cooke & Dee, 1975). There are,
therefore, considerable genetic similarities between the Colonia and Wisconsin
isolates, suggesting that they are closely related.
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The data reported in this paper indicate the existence of two complementation
groups, designated difA and difB. A complementation group normally indicates
the presence of a gene and it was provisionally assumed that difA and difB
represented two differentiation genes. A preliminary report to this effect was made
by Honey et al. (1976). There are, however, some observations on difB that suggest
an alternative explanation. Both CL and the difA~ mutants have a partial mt2

specificity, but the difB~ mutants have gained a full mt2 specificity. These mutants
now resemble mt2 heterothallic strains in their crossing behaviour, and we suggest
that all of the difB~ mutants represent revertants to the mt2 heterothallic state.
Subsequent work in our laboratory supports this conclusion (manuscript in
preparation), and we shall at present, therefore, assume that a single differentiation
gene, difA, has been identified in this work.

The data described in this paper were used to propose a hypothesis describing
the differentiation of amoebae into plasmodia in P. polycephalum. A preliminary
description of some aspects of this model has been given by Honey et al. (1976).
Many heterothallic mt alleles have been identified from different geographical
isolates, with amoebae of any two mating types being able to cross. It seems
unlikely that crossing involves a specific interaction between mt alleles. CL selfs
by an apogamic mechanism without either syngamy or karyogamy taking place.
Neither event seems to be an essential requirement for plasmodial formation.
No plasmodia are formed in pure heterothallic clones, thus the genes required for
plasmodial formation are not expressed. CL selfs rapidly, implying that the genes
needed are expressed constitutively. The difA~ mutants are defective in a gene
essential for plasmodial formation that is closely linked to the mt locus. There is
only one such gene required to initiate plasmodial formation. The mt locus is
evidently intimately involved in the control of plasmodial formation.

The hypothesis proposes that the mt gene codes for a repressor molecule that in
heterothallic amoebae binds to an operator site, preventing transcription of the
adjacent gene, difA. The model further suggests that this interaction is allele-
specific. That is, the mtx gene product specifically binds to the ox receptor site, the
mt2 gene product specifically binds to the o2 receptor site, etc. A mtx repressor
cannot bind to an o2 receptor or to any other allele-specific site, and so on. It is
suggested that amoebal cells of any mating type are able to fuse to form transient
binucleate cells. If two amoebae of the same mating type fuse there is no effect on
the concentration of the allele-specific repressor and plasmodial formation is not
initiated. Such a binucleate cell would divide to reform two amoebae of the same
mating type. When a mtx amoeba fuses with a mt2 amoeba the concentrations of
both the m^-specific and m£2-specific repressors are halved. This is considered
sufficient to relieve repression of the transcription of difA and so karyogamy and
plasmodial formation is initiated. Such an interaction between mt alleles would be
non-specific, as is required.

The model provides an explanation of the tight linkage between the mt and
difA loci. If recombination between the mt and o loci occurred, an inappropriate
combination of mt and o alleles would be formed. Repression would become
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ineffective and the recombinant clones would self rapidly. Assuming the organism
derives some benefit from the heterothallic sexual cycle, close linkage between the
mi and o loci would be expected in order to reduce the frequency of recombination.

CL selfs rapidly in pure clones, suggesting that there is constitutive expression
of difA. This could occur by a defect in the repressor system. We suggest that CL
was originally derived from a mt2 heterothallic clone by a mutation in the mt2 gene.
This relieved repression of difA, but the mutant repressor is suggested to retain
some degree of resemblance to the mt2 repressor. Thus CL and its derivatives have
a partial mt2 specificity. Non-selfing derivatives of CL can be isolated in either of
two ways - by a mutation of the difA gene, or by reversion of the defective ml
gene to the mt% heterothallic state.

This model has the clear expectation that it should be possible to mutate
heterothallic amoebae and isolate mutants that can form plasmodia in pure clones
(i.e. self rapidly, similar to CL). A preliminary report confirming this prediction
has been made by Poulter, Honey & Teale (1977). These mutants were designated
as het~. Adler & Holt (1977) isolated similar selfing mutants from a number of
heterothallic strains. These results support our model and provide a strong
indication that plasmodial formation in heterothallic amoebae is under repressor
control,

Only a single differentiation gene, difA, was identified in this work although a
number are likely to be necessary for plasmodial formation. The selection pro-
cedure used probably selected for mutants affected only in the initial step of
differentiation, and thus still able to multiply as amoebae. Anderson & Dee (1977)
isolated a single mutation in the gene npfA, which possibly represents a secondary
differentiation gene. The npfA~ mutant CL6111 selfs relatively rapidly after about
five days growth. We isolated a number of dif~ mutants that resembled CL6111,
but discarded them as being leaky and unsuitable for genetic analysis. Some of
these mutants may have been defective ha npfA or similar genes.

The concept of allele-specific repressor dilution has some precedent in the
prokaryotes. The regulation of the initiation of DNA synthesis during the cell
cycle of E. coli has been interpreted as involving the dilution during cell growth of
a repressor of initiation (Pritchard, Barth & Collins, 1969). DNA synthesis is
initiated when the repressor concentration is reduced by 50%. This hypothesis
has been extended to cover the phenomenon of plasmid incompatibility in bacteria,
and to explain the behaviour of mutant plasmids with altered copy numbers
(Cabello, Timmis & Cohen, 1976; Novick & Hoppensteadt, 1978; Uhlin &
Nordstrom, 1975). There are more than twenty plasmid incompatibility groups,
each with a group-specific form of the replication repressor. This system therefore
involves the concept of control by a repressor that exists in various (allelic) forms.

In conclusion, a model has been proposed to explain the control of the differentia-
tion of amoebae into plasmodia. This hypothesis provides a good explanation of
the data described in this paper, and of previously reported observations on mating
in P. polycephalum. The value of the model is that it can be used to make firm
predictions that can readily be tested. In order to test the model, further work
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needs to be performed on the control of amoebal differentiation in P. polycephalum.
A number of het~ mutants need to be isolated and analysed, and dif~ mutant
derivatives need to be isolated from them. This would then provide an analysis
independent of GL that might result in further insight into the system. Further
reports on this work are currently in preparation.

REFERENCES
ADLER, P. N. & HOLT, C. E. (1974). Genetic analysis in the Colonia strain of Physarum

polycephalum: heterothallic strains that mate with and are partially isogenic to the Colonia
strain. Genetics 78, 1051-1062.

ABLER, P. N. & HOLT, C. E. (1975). Mating type and the differentiated state in Physarum
polycephalum. Developmental Biology 43, 240-253.

ADLER, P. N. & HOLT, C. E. (19 77). Mutations increasing asexual plasmodium formation in
Physarum polycephalum. Genetics 87, 401-420.

ANDERSON, R. W., COOKE, D. J. & DEE, J. (1976). Apogamic development of plasmodia in
the Myxomycete Physarum polycephalum: a cinematographic analysis. Protoplasma 89,
29-40.

ANDERSON, R. W. & DEE, J. (1977). Isolation and analysis of amoebal-plasmodial transition
mutants in the Myxomycete Physarum polycephalum. Genetical Research 29, 21-34.

ASTON, R. J. (1978). Genetic Analysis of a Mycetozoan: Physarum polycephalum. B.Sc.(Hons)
thesis, University of Otago.

CABELLO, F., TIMMIS, K. & COHEN, S. N. (1976). Replication control in a composite plasmid
constructed by in vitro linkage of two distinct replicons. Nature 259, 285-290.

COLLINS, O. R. &HASKINS,E. F. (1972). Genetics of somatic fusion in Physarum polycephalum:
the PpII strain. Genetics 71, 63-71.

COOKE, D. J. & DEE, J. (1974). Plasmodium formation without change in nuclear DNA
content in Physarum po lycephalum. Genetical Research 23, 307-317.

COOKE, D. J. & DEE, J. (1975). Methods for the isolation and analysis of plasmodial mutants
in Physarum polycephalum. Genetical Research 24, 175-187.

DAVTDOW, L. S. & HOLT, C. E. (1977). Mutants with decreased differentiation to plasmodia in
Physarum polycephalum. Molecular and General Genetics 155, 291—300.

DEE, J. (1966). Multiple alleles and other factors affecting plasmodium formation in the true
slime mould, Physarum polycephalum. Schw. Journal of Protozoology 13, 610-616.

DEE, J. (1973). Aims and techniques of genetic analysis in Physarum polycephalum. Berichte
der Deutschen Botanischen Gesellschajt 86, 93-121.

DEE, J. (1975). Slime moulds in biological research. Science Progress 62, 523-542.
DEE, J. (1978). A gene unlinked to mating-type affecting crossing between strains of Physarum

polycephalum. Genetical Research 31, 85-92.
DEE, J. & POULTEB, R. T.M. (1970). A gene conferring actidione resistance and abnormal

morphology on Physarum polycephalum plasmodia. Genetical Research 15, 35-41.
HONEY, N. K., POULTER, R. T. M. & TEALE, D. M. (1976). Evidence for an operon controlling

differentiation in the eukaryotic slime-mould, Physarum polycephalum. Proceedings of the
University of Otago Medical School 54, 18-19.

MOHBERG, J. (1977). Nuclear DNA content and chromosome numbers throughout the life
cycle of the Colonia strain of the Myxomycete, Physarum polycephalum. Journal of Cell
Science 24, 95-108.

NOVICK, R. P. & HOPPENSTEADT, F. C. (1978). On plasmid incompatibility. Plasmid 1,
421-434.

POULTER, R. T. M. (1969). Senescence in the myxomycete Physarum polycephalum. Ph.D.
thesis, University of Leicester.

POULTEB, R. T. M. & DEE, J. (1968). Segregation of factors controlling fusion between
plasmodia of the true slime mould Physarum polycephalum. Genetical Research 12, 71-79.

POULTER, R. T. M. & HONEY, N. K. (1977). Genetic analysis of a cross between two homo-
thallic strains of Physarum polycephalum. Genetical Research 29, 55-63.

POULTEB, R. T. M., HONEY, N. K. & TEALE, D. M. (1977). The role of the self-sterile mating

https://doi.org/10.1017/S0016672300019376 Published online by Cambridge University Press

https://doi.org/10.1017/S0016672300019376


142 N. K. HONEY, R. T. M. POUI/TER AND D. M. TEALE

locus in the repressor-regulated control of differentiation of Physarum polycephalum.
Heredity 39, 185. Abstract.

PBITCHARD, R. H., BABTH, P. T. & Coixrsrs, J. (1969). Control of DNA synthesis in bacteria.
Symposia of the Society for General Microbiology 19, 263-297.

UHLIN, B. E. & NOBDSTSOM, K. (1975). Plasmid incompatibility and control of replication:
copy mutants of the R-factor Rl in Escherichia coli K12. Journal of Bacteriology 124,
641-649.

WHEAIS, A. E. (1970). A homothallic strain of the Myxomycete Physarum polycephalum.
Genetics 66, 623-633.

WHEAIS, A. E. (1973). Developmental mutants in a homothallic strain of Physarum
polycephalum. Genetical Research 21, 79—86.

https://doi.org/10.1017/S0016672300019376 Published online by Cambridge University Press

https://doi.org/10.1017/S0016672300019376

