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ABSTRACT

A quantitative technique for constructing sexual cysts

(macrocysts), in D. discoideum is described. This technique was used

to show that macrocysts can be formed with a single zygote and that sex

hormone activity in D. discoideum is more complex than the simple one

way system previously proposed.

Mating in D. discoideum was shown to be controlled by 2

alleles at a single locus (matA and mata). A system of vegetative

incompatibility has been discovered in D. discoideum and was also shown

to be controlled by only the mating-type locus. Amoebae of opposite

mating-type (matA and mata) will form macrocysts but not parasexual

(vegetative) diploids, whereas amoebae of the same mating-type (matA +

matA or mata + mata) will form parasexual diploids but not macrocysts.

This phenomenon was examined in a series of sexual and parasexual crosses

between independent wild isolates of either mating-type and tester
strains of NC4 (matA) and Vi2 (mata) origin. This finding was further
supported by genetic analysis of three rare parasexual diploids
("illegitimate" diploids) which were formed between amoebae of opposite

mating-type. These diploids were shown to be homozygous for vegetative

incompatibility and mating-type.

The literature on vegetative incompatibility in the fungi,
cspecially helerokaryon incompatibility in Neurospora crassa, 1s
rcviewed. Ways of overcoming vegetative incompatibility are discussed
and suggestions are made towards constructing a system in which sexual
and parasexual genetic analysis can be performed using strains derived

from a single wild isolate.
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GENERAL INTRODUCTION

The cellular slime mould Dictyostelium discoideum has become a

popular organism for studies of differentiation because of its well
defined, yet simple, ascxual cycle of development (Fig. 1). The short
life-span and naked amoeboid state have made this lower eukaryote
amenable to biochemical studies (Loomis, 1975). However, the sequence
of biochemical events underlying developmental processes must always
begin at the gene. A workable parasexual cycle has already provided a

good foundation for genetic analysis in D. discoideum (Fig. 2) , but

sexual genetic analysis is not yet possible on a routine basis
(Jacobson & Lodish, 1975). Access to both parasexual and sexual genetic

analysis in D. discoideum would make this organism an even more attractive

model system for the study of basic problems in cell biology.

D. discoideum has a haploid chromosome number -of seven (Brody &

Williams, 1974; Robson & Williams, 1977) and in the wild 1is

predominantly a haploid organism. However, rare diploids are spontaneously
formed at low frequency and in the laboratory can be selected and
maintained indefinitely as stable diploid cultures (Loomis, 1969; Katz

& Sussman, 1972; Welker & Deering, 1976; Newell et al., 1977; Williams,
1978) . In a diploid population, haploids arise spontaneously at a low
frequency (Brody & Williams, 1974) and these can be purified using

selective methods (Katz & Sussman, 1972; Williams et al., 1974a) .

Alternatively haploidisation can be induced using the fungicide ben late
(Williams & Barrand, 1978). This conversion from haploid to diploid and
back again, plus mitotic crossing-over, represents a complete parasexual
cycle (Fig. 2) (Pontecorvo, 1956). Since the haploid and diploid phases

of the parasexual cycle of D. discoideum are both stable and can proceed

through the whole asexual life cycle (Fig. 1), the allelism of mutations

can be determined by complementation analysis (Williams & Newell, 1976).
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Mitotic crossing-over is a rare event (10 3 to 10 in D. discoideum,

Mosses et al., 1975) and therefore in the parasexual cycle genetic
markers oﬁ the same linkage group are rarely recombined. Since
chromosomes assort randomly during haploidisation of the diploid,
mutations can be readily assigned to a linkage group (Pontecorvo &
Kafer, 1958). In other organisms meiotic crossing-over 1is a frequent
event so that during the sexual cycle genetic markers on the same
chromosome arc frequently rcecombined. This fecature of meiosis cnables
genetic markers on the same chromosome to be readily assigned positions
with respect to each other and to the centromere (e.g. in the fungi;
Kafer, 1977). Hence with an integrated system of parasexual and sexual
genetics, mutations could be readily mapped and the genetic regulation
of biochemical events controlling morphogenesis or other fundamental

processes of cell biology could be greatly facilitated.

The parasexual system of D. discoideum has been established

using the wild isolate NC4. Since this strain is now well marked
genetically it would be advantageous to construct the sexual genetic
system around it. There are other advantages in working with only one
basie isolate as illustrated in the fungi (Kafer, 1977). .Problems,
such as inconsistent map distances, have been encountered in sexual

analysis of the heterothallic fungus Neurospora crassa through working

with strains of different origin (Fincham & Day, 1971). Strain NC4 is

a heterothallic strain of D. discoideum and therefore requires a partner
of opposite mating-type (2.1.) before a sexual reaction will proceed

(Fig. 3). At this stage we are faced with the possibility of establishing
a sexual system between the well marked strain NC4 and another, perhaps
unrelated, strain of opposite mating-type. In view of the problems

associated with basing a sexual system on crosses between different wild

i1solates (as in N. crassa) this situation would be .best avoided. Indeed,
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past attempts to cross strain NC4 sexually with a strain of opposite
mating-type but of different origin (V12) have presented problems. The
sexual cyst (macrocyst) can be germinated at only low frequency and
after a long dormant period (Nickerson & Raper, 1973b; wWallace, 1977).
Poor macrocyst germination may be, in part,a result of the genetic

background differences between matA and mata strains.

One way of minimising the genetic differences between opposite
mating-type strains may be to isolate two new strains on the same day
and from the same soil sample. Such strains would almost certainly
be closcly related. TFor this reason attempts were made to isolate

Australian D. discoideum (see Appendix A) .

Another way to obtain strains of similar background ('isogenic')
for use in sexual genetic analysis is to physiologically manipulate
NC4 and V12 themselves. As a result of recent reports of sex hormone

activity in D. discoideum (O'Day & Lewis, 1975 & 1977; MacHac &

Bonner, 1975) it was thought that meiosis could be induced in 'isogenic’
strains of the same mating type (e.g. derivatives of NC4) by
application of sex hormone. Indeed, genetic evidence has shown that

‘Selfing'can be induced in heterothallic strains of Neurospora by

application of sex hormone (Vigfusson & Cano, 1974). Such an approach

in D. discoideum is discussed in Chapter 1.

Eventually it became apparent that a third approach using

] ’

parasexual genctics offered the most potential for obtaining isogenic

strains of opposite mating-type. It was reasoned that if parasexual

diploids could be constructed between NC4 and V12, the mating-type

locus could be mapped using parasexual genetics. By manipulating the
segregation of the diploid, one could then construct an NC4 haploid of
V12 mating-type. This approach is described in Chapter 2 and a way of

integrating sexual and parasexual genetic analysis based on the well

marked strain, NC4, is presented.




CHAPTER 1 QUANTITATIVE ANALYSIS OF MACROCYST FORMATION

] INTRODUCTION

Conditions favouring macrocyst formation in the cellular slime
moulds were first established for 'self-crossing' (i.e. homothallic)

strains of Dictyostelium mucoroides and Dictyostelium minutum

(Blaskovics & Raper, 1957). Erdos et al. (1972) reported presumptive
evidence for meiosis in the developing macrocyst of a homothallic strain

of Polysphondylium violaceum. A search for mating-types (Clark et al.,

1973; Erdos et al.; 1973b) has since then shown that many strains and
species of dictyostelid slime moulds are heterothallic. Therefore the
macrocyst is now known as the sexual structure of cellular slime moulds

and is commonly formed between amoebae of opposite mating-type.

Before any method‘for increasing the frequency of macrocyst
germination can be explored, the process of macrocyst formation must be
understood. To this end it would be desirable to establish a quantitative
technique for making macrocysts. Various modifications to three basic
methods for making macrocysts are currently used in other laboratories.
Two of these involve growing strains of opposite mating-type together in
the dark, on 0.1% LP-agar pre-spread with bacteria: One 1is a wet method
(1.e. agar plates flooded with water : Nickerson & Raper, 1973a) and

the other a dry method (Polysphondylium pallidum forms macrocysts more

frequently when the plates are not flooded : Francis, 1975). The amoebae
are left to eat the bacteria, starve and develop into macrocysts without
being perturbed. A third method involves growing the amoebae in liquid
culture, washing the amoebae by centrifugation, suspending them in

saline and shaking on a reciprocal shaker (Filosa & Dengler, 1972).

None of these techniques have been used to quantify macrocyst




formation. In this chapter, I describe attempts to establish a

quantitative technique of macrocyst formation in D. discoideum following

upon the earlier study by Powell (1974) in this laboratory. With such

a technique it may be possible to answer such guestions as : 'Are all
cells capable of zygote formation?' 'How many zygotes are redquired to
make one macrocyst?' and 'What role if any do sex hormones (O'Day &

Lewis, 1975 & 1977; MacHac & Bonner, 1975) play in D. discoideum?'

e MAiWU?PApS j@ﬂzﬁﬂﬁ@jgﬂ%ﬁ

T e i Materials

All media and chemicals are described in Appendix B.

1.2.B Maintenance of stocks

(1) Bacteria

Klebsiella aerogenes is used as a food source for growth of

. . : o
D. discoideum. It 1s grown for 2 days at 21°C and then stored at 4 C

clonally on SM-agar or in bulk supply as mass plates on SM-agar.

K. aerogenes is scraped from a mass plate (stored in the cold for less

than 3 weeks) into S.S. and 0.1 ml aliquots are used as inocula for

nutrient agar plates.

fia) D. discoildeum

All strains are described in Appendix B.

Current stocks of D. discoideum are maintained as streak clones

. O, % : "
at 21*1 C on SM-agar, prespread with K. aerogenes; they are restreaked

weekly. The stocks are stored in opaque plastic boxes loosely covered
with aluminium foil in a lighted room (.. semi-light). For long term

storage of D. discoideum, ~3 X Pees appe clonally derived spores are

suspended in approximately 0.2 ml of normal horse serum (CSL Australia)
and then dried on to washed, dry-sterilised, silica gel (6-20 mesh).

B % o ; :
When these silica gel stocks are stored at 4 C the. spores remain viable




for several years.

w2 . c 'Quantitative-technique' of macrocyst formation

Amoebae of the strains to be crossed were grown separately on

either LP-agar or SM-agar together with K. acrogenes; and were incubated

in the dark (petri plates were wrapped in a double layer of aluminium
foil) or in the light (unwrapped petri-plates were placed upside down
about 2 feet beneath a daylight fluorescent light). The plates were
inoculated with the required number of amoebae (10" - 4 x 108 depending
on the strain) to produce 'clearing' plates in 48*lhr. Plates are said
to be 'clearing' when the amoebae have almost completely eaten the

available bacteria but are not yet aggregation competent.

The 'clearing' amoebae were harvested from the agar by dis-
lodging them with a sterile bent glass rod spreader into 20 ml ice.celd
sterile distilled water. They were washed 3 times by centrifugation
(Sorvall SS34 head) at 1.5K for 2 minutes in sterile distilled water.
The final pellet was resuspended at 5 X 107 amoebae/ml in sterile
distilled water. The amoebal density was determined by haemacytometer

COURES -

Clear plastic, flat bottomed, Linbro tissue culture dishes
(FB-16-24-TC) were prepared in advance with sterile 20mM CaCl; (final
coﬁcentration in 1 ml). The washed amoebae were added to the wells at
the required concentration; either 5 x 10® amoebae of each strain per
well (e.g. Table 8 - Chapter 2) or a series of dilutions ranging from

5'%'10° to 5 x 10" 'amoebae of each strain (e.g. Table 1 - Chapter 1).

The viability of the washed amoebae was tested at this stage

by plating them clonally on to SM-agar with K. aerogenes and incubating

(@)
at 21t1 °C. The number of colonies could be counted after 4 or 5 days

and hence the percentage viability calculated.




The culture dishes were wrapped in a double layer of foil
and incubated, without shaking, at 2141°¢. After 7 days of incubation,
the dishes were unwrapped and the number of macrocysts were counted

using an Olympus CK inverted microscope at 40 x magnification.

.8 RESULTS
1.3.A Quantitative analysis of macrocyst formation in D. discoldeum
(i) Characterisation of macrocysts

A macrocyst is a spherical structure with a loose multi-layered
primary wall, a more compact rigid secondary wall .and a triple layered
pliable tertiary wall (Erdos et al., 1972). In this work macrocysts of

D. discoideum have been classified as either fully developed (in which

all three walls are clearly visible) or poorly developed (in which only
the primary or primary and secondary walls are visible); they vary in
size from 20U - 80U (Fig.4). The poorly developed macrocysts include
both immature macrocysts that have the potential to become fully developed,
and under-developed macrocysts that never proceed past the development of
the secondary wall. The number of under-developed macrocysts produced
after 7 days impa cross varies .from 0% to 95% of the total number of
macrocysts present, depending to some extent on the strain used. For
example in tests performed in 2.3.A, homothallic strain AC4 consistently
formed about 90% fully developed macrocysts, whereas homothallic strain
Za-3a, when ‘selfed', consistently formed less than 10% fully developed
macrocysts. Heterothallic crosses invariably fall between these two
extremes. No attempt has been made to determine why poorly developed

macrocysts are so commonly formed.

(11) Effect of amoebal growth conditions on macrocyst formation
The 'quantitative-technique' (1.2.C) separates macrocyst
formation into two stages: growth of amoebae and incubation of amoebae

under conditions favouring macrocyst formation. In previous attempts to
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quantify macrocyst formation, Powell (1974) established that incubation
of amoebae in the dark in 20mM CaCl; resulted in good macrocyst production.

These incubation conditions have been used in all of the studies reported

here.

I have investigated the effect of different growth conditions
on subscquent macrocyst formation. In four experiments I crossed strains

of opposite mating-type, TS12 (matAl) and V12 (mata2), in various pairwise

combinations Lo determine Lhe eoffect of light vs dark or of different

growth media on macrocyst formation.

(a) The effect on macrocyst production of using different growth

media prior to macrocyst formation

Amoebae of TS12 (matAl) and V12 (mata2Z) were grown separately in
the dark on either SM-agar or LP-agar. SM-agar is the rich nutrient
medium normally used for maintenance of stocks (l1.2.B(ii)). LP-agar is
a low nutrient medium which is unbuffered and therefore low in phosphate.
Amoebae were harvested separately and incubated together in the dark in
20mM CaCl, (1.2.C). The effect of prior growth medium on macrocyst
production is shown in Fig. 5. Qualitatively all four experiments gave
the same results and these were consistent with the findings of Nickerson &
Raper (1973a); i.e. a medium low in phosphate (LP) favours macrocyst

production. Quantitatively there was considerable variation from one

experiment to the next (see error bars : Fig. 5).

(b) The effect on macrocyst production of growth in the light

vs [1(\ dark i»r‘i or to macrocyst formation

Amoebae were grown separately on LP-agar in either the light or
the dark (l1.2.C) prior to harvesting for macrocyst formation. The effect
of 'prior' light conditions is shown in Fig. 6. The four experiments all

gave the same qualitative results, and these agreed with the findings of
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Nickerson & Raper (1973a) and Erdos EE,EEJ' (1976); 1.e. growth of

amoebae in the dark favours macrocyst production.

By performing this experiment quantitatively, the effect of
light was shown to be partially dependent upon the relative concentration
of each strain. For instance when 5 X 10® TS12 amoebae were combined
with 5 x 10° V12 amoebae, the macrocyst production was high regardless
of whether the amoebae were grown in the light or the dark. However,
when 5 x 10° amoebac of one strain (TS12 or V12) grown in the light were
combined with 5 x 10° amoebac of the other strain, there were almost
no macrocysts formed regardless of whether the diluted strain was grown

in the light or the dark (Fig. 6).

Cla) The significance of the quantitative-technique in determining

the relative importance of matA and mata strains on macrocyst

formation

By varying the concentration of one strain in relation to the
other (e.qg. as described in Table 1) information can be obtained of a
kind not available using a qualitative approach. TIrom Fig. 5 alone it
has been shown that within the environmental conditions tested (i.e.
growth in the dark on either SM-agar or LP-agar), a constant supply of
excess TS12 amoebae favoured macrocyst formation more so than a constant
supply of excess V12 amoebae. This effect was shown to be related to
the mating-type of the strain rather than to the strain itself in a
series of experiments outlined in Table 2. The conclusion from these
experiments is that the matAl strain plays an important role in macrocyst

R 2 .6 :
formation and that when excess matAl amoebae (5 x 10°) are available, any

individual mata2 amoeba can form a macrocyst. The reverse is not true

(see Table 2). 1In fact no macrocysts were formed until about 100 matAl

- 6 ~
amoebae were added to a large excess (5 x 10°) of mata2 amoebae (Table 1).

However, that the mata2 amoebae are not passive during macrocyst formation




TABLE 1

Quantitative analysis of macrocyst formation under favourable conditions

between gstrains Tsl2 and V%%

Number of Number of Total number Number of

amoebae of amoebae of of amoebae fully

strain TS12 strain V12 in Cross developed
(EEEél) (mata?2) macrocysts

formed (f SE) *

5 x 10° 1 % 10 174 % 34

5 x 10° 5.5 x 10° 144 *+ 83
5 x 10° 5 x 10" 5.05 x 10° 107 = 72

5 x 10° 5.01 x 10° 87 * 64

s Lo 5.00 x 10° 34 * 87

5 x 10! 5.00 x 10° 18w 2
5 x 10° 5.5 x 10° 106 * 56
5 x 10" 5.05 x 10° J2.5 46
5 x 10° 5 x 10° 5.01 x 10° 27 * 16
5 x 102 i 5.00 x 10° 3t 6
5 x 10! 5.00 x 10° 0

These results are the average of 4 experiments in which TS12 and V12 were

grown on LP-agar in the dark (Fig. 5) and then crossed using the

'quantitative-technique' of macrocyst formation (1.2.C).

Only fully developed macrocysts were scored in these experiments.

SE = SiEandard lerreor, of mean




TABLE 2

The relative importance of matA and mata on macrocyst formation

Numbers of amoebae Crosses* Average number of
macrocysts formed
5 x 10° 5 x 10
HUl X NP158 7
matAl X mata2 X9 > NP158 20
TS1Z X V2 24
NP158 x HU1L 0
mata2 x matAl NP158 x X9 0
V12 X TS12 0

or the mata?2

Strains derived from the matAl strain NC4 (HUl, X9 and TS12)

strain V12 (NP158 and V12) were crossed ('quantitative-technique' 1.2.C)

se that 5 = 106 amoebae of one strain were combined with 5 x lO1 amoebae

of the other strain in the combinations shown.

* Two types of crosses were performed: (1) 5 " 10" matAl amoebae +

mata2 amoebae OR S lOl matAl

5 x 10! (11} 5 x 10° mata2 amoebae +

amoebae .
The HUl x NP158 crosses were performed twice. HUl and NP158 were

grown on SM-agar in semi-light. They were harvested, washed and diluted

as for the 'quantitative-technique' (1.2.C). The X9 x NP158 crosses
were performed 3 times. X9 and NP158 were grown on SM-agar in semi-light
and then used as for the 'quantitative-technique'. The TS12 x V12 crosses
were performed 4 times. TS12 and V12 were grown on LP-agar in the dark and
were then used as for the 'quantitative-techniqgue'.

The number of macrocysts includes poorly developed macrocysts as
well as fully developed macrocysts.
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mata?2 were each

is apparent from experiments in which amoebae of matAl or

grown under different environmental conditions (e.g. in the light vs the

dark) . The key experiments illustrating this point are shown in FPig. 6.

Consider the experiments where excess amoebae of the mata2 strain, V12,

were combined with dilutions of the matAl strain,.  TS12. When both strains

0 ) almost no macrocysts were

were grown in the light (

formed. However, when V12 was grown in the dark and TS12 in the light

( O ) a high number of macrocysts were formed. This

shows that the dark grown mata2 strain is contributing to macrocyst
formation.

Thus, both the matAl strain and the mata2 strain play anactive

role in macrocyst formation.
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1.4 DISCUSSION

1.4.A Quantitative analysis of macrocyst formation

By quantifying macrocyst formation in D. discoideum, I have

sought to increase the understanding of macrocyst formation beyond the
limitations of qualitative studies. The 'quantitative-technique'
described herein (1.2.C), separates the growth phase of amoebae from the
phase of macrocyst development. (The amoebae of each strain are grown
separately before thcy-are combined for macrocyst development). Therefore
one can examine separately the effect on macrocyst production of altering
the growth conditions of amoebae or the environmental conditions of
macrocyst development. In this Chapter, I describe experiments in which
only the growth phase was varied. Qualitatively my results support
previous reports in which LP-agar and the absence of light were shown to
favour macrocyst production (Nickerson & Raper, 1973a; Erdos et al., 1976),
The reports of Nickerson & Raper (1973a) and Erdos et al. (1976) did not
distinguish between the growth of amoebae vs. macrocyst development.
Powell (1974) showed that the absence of light and phosphate were

essential during macrocyst development. My results show that a low

phosphate medium and darkness are also critical during the growth of

amoebae prior to macrocyst development.

(1) Are the progeny of one macrocyst the product of one meiosis?

At germination, over one hundred amoebae can emerge from a
single macrocyst (Wallace, 1977). Therefore a macrocyst could conceivably
have more than one meiosis. Either a single zygote could divide
mitotically prior to mitosis (thus producing in effect several zygotes)
or scveral zygotes could be trapped in the same macrocyst at the time of

1ts formation. For reasons outlined imn 2.4.D and 2.4.F{iii), mitotic

division of a zygote (i.e. a diploid containing both mating-types) is
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unlikely. Wallace (1977) has presented genetic evidence that in some
circumstances more than one zygote 1s present in macrocysts of

D. discoideum. However, since he formed macrocysts after growing high

numbers of amoebae of each mating-type together, it was to be expected
that, by chance, some macrocysts would include more than one zygote. I

have shown that by mixing 50 mata2 amoebae with excess matAl amoebae,

an average of 18 fully developed macrocysts were formed (Table 1).

Assuming a random distribution of the 50 mata2 amoebae it is unlikely

that more than one zygote would be included in any macrocyst. This 1is

an important advantage for future sexual genetic analysis in D. discoideun,

since it means that we have the potential to analyse the products of

a single meiosis.

{did:) A suggested improvement to the quantitative-technique

A major problem with the 'quantitative-technique' of macrocyst
formation was the high degree of quantitative variation from one
experiment to the next, even when environmental parameters were controlled
(Figs.5 & 6). It is possible to exclude cell viability as a cause of
the fluctuation, since in all of the four experiments reported in Fig.6,
the cell viability was consistently high. The greatest variable factor
of the guantitative technique was the growth stage of the amoebae when
harvested. The growth of amoebae was not uniform on a clearing plate
and varied depending on how well the amoebae had been spread on to the
agar. Therefore it is possible that the high degree of quantitative
variation encountered in these experiments was due to differences of

! 1

amoebal 'age

A change of approach is needed. It is suggested that amoebae
be grown in liquid culture in the future so that a synchronous population
of amoebae can be harvested at a precise stage of amoebal growth or

starvation.
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1.4.B The role of sex hormone activity in D. discoideum

From the experiments described in this Chapter certain
conclusions can be made about the mechanisms involved in macrocyst

formaltion. [t was shown in 1.3.A(iii) that the matAl strain is

actively involved in macrocyst formation (when excess mata2 amoebae

were available, no macrocysts were formed until about 100 matAl amocbae

were present). This result indicated that a system of recognition was
operating between the amocbae of opposite mating-type during macrocyst
formation. Since the mata2 strain also played an active role during
macrocyst formation (l.3.A(iii)), any recognition system operating
between the two strains must be a feedback system rather than a simple
one way recognition system. This is contrary to current reports in the
literature in which a simple one way system of sex hormone activity in

D. discoideum has been proposed (0O'Day & Lewis, 1975 & 1977; MacHac &

Bonner, 1975). These authors described a system in which NC4 was the
secreter of hormone and V12 the responder. However, recent attempts
to repeat the findings of O'Day & Lewis (1975) using the same isolates

and techniques have been unsuccessful (Wallace, 1977).

In carly experiments I attempted to demonstrate a one way
system of sex hormone activity by adding Supernatant'from washed
amoebae of one strain back to amoebae of a strain of opposite mating-
type. This approach was also unsuccessful. However, in view of my
evidence for a more complex system of recognition, the failure of these
experiments is perhaps understandable. It is helpful to note that
similar problems were encountered during initial attempts to demonstrate
sex hormonce gl('lvi\/it y in the fungi. 3anbury (1954) was unable to induce
zygophore production in the Phycomycete, Mucor mucedo by exposing the

myeceliuwm of one strain bo a filtrate of thé other. [lowever, when a

filtrate of a combined (+) and (-) culture was added back to the (+)
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strain, zygophores were produced. Hence, Banbury (1954) indicated the
requirement for two sequential steps in the initial sexual expression

of Mucor mucedo. Sequential feedback systems have now been shown to

initiate and regulate sexual interaction in many different fungi

(e.g. the most thoroughly researched are Ascobolus, Achlya, Mucor and

and Neurospora: Machlis, 1966; Raper, 1967; Barksdale, 1969;

Vigfusson & Cano, 1974). Therefore it is possible that by searching

for a sequential system of sex hormone activity in D. discoideum, a

more reproducible system will be demonstrated.

Before sex hormones can be used to induce 'selfing' between
strains derived from the same basic isolate (General Introduction) 1t
will be necessary firstly to develop a more reliable technique for
quantitative analysis and secondly to establish the balance of hormones

required to induce macrocyst formation.
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CHAPTER 2 VEGETATIVE INCOMPATIBILITY AT THE MATING-TYPE LOCUS

IN D. DISCOIDEUM

2Wis INTRODUCTION

Attempts to form parasexual diploids between strains of

opposite mating-type in D. discoideum have generally been unsuccessful

(Williams unpublished). Only one such diploid, DP72, has been reported

it Ehe” literature (Mosses - et al., 1975} . This lack of

opposite mating-type diploids suggests that a system of 'self' 'not-

self' incompatibility is operating in D. discoideum as it does in a wide

range of organisms from fungi through to man (2.4.H). It was therefore
\ /
considered likely that an attempt to construct isogenic strains of

opposite mating-type using a parasexual genetic approach (General

Introduction) would present problems.

The literature on incompatibility systems in the lower eukaryotes
has been examined in the hope of exposing the nature of these problems.
There are two well documented systems of incompatibility operating in the
lower eukaryotes: sexual and asexual. To avoid confusion, the former
will be referred to in the context of mating and mating-types, and the

latter will be referred to as vegetative incompatibility.

2.1.A Mating-type systems 1in the lower eukaryotes

In the fungi and other lower eukaryotes, mating is controlled by
mating-type genes, which operate regardless of whether or not there are
any morphological sex structures (Raper, 1964; Bergman, et al. 1969;
Carlile 1973). Heterothallism, in which successful mating occurs only
between strains of different mating-type, is a common system
of sexual reproduction for these organisms. Homothallism, in which mating

occurs between genetically identical organisms is also widespread through-
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out the lower eukaryotes (Carlile, 1973).

The genetic basis of mating has been well documented in the
fungi. It ranges in complexity from a simple one locus-2 allele system

to a highly cvolved two factor-multi allelic gsystem (c.q. Two mating

type alleles at a single locus, in .the Phycomycetes and

Ascomycetes: for general reviews sce Whitehouse, 1949 ; Raper, 1966;

Fincham & Day, 1971; Lsser & Blaich, 1973. A number of alleles at

lwo dilferent complex loci, in the Basidiomyccelesg: see IMincham & Day,

1971; Papazian, 1951). In the Myxomycetes (acellular slime moulds)
two amoebac fuse to form a plasmodium, the first step in the sexual
cycle. This is governed by a one locus-multiple allele mating system
(i.e. a number of alleles at a single locus; e.g. in Physarum: Henney

& Henney, 1968; Dee, 1966; and in Didymium iridis: Collins, 1963).

IFew details of mating in the cellular slime moulds are yet known.
Mating-types were first recognised in the cellular slime moulds by
Clark et al. (19273) and Erdes et al. (1973b) and since then the mating-
type systems of a number of species have been examined. It has been
shown, however, that in the eight species examined for mating competence

(macrocyst formation), both heterothallism and homothallism are found.

Two mating-types have been defined in Polysphondylium pallidum (Francis,

1975; Eisenberg & Francis, 1977), although non-mating and homothallic

strains were also reported (Eisenberg & Francis, 1977). Clark (1974)

proposcd, from a study in which forty nine wild isolates of Polysphondylium

viclaceum wexe tested for macrocyst formation, that P. violaceum has two
syngens cach with two mating-types. She reports some overlap of the two
groups however, and so it is possible that there arec in fact only two
mating-types in Lhis species. Ten of the forty-nince strains tested in

this study were apparently asexual (Clark, 1974). In a study on mating i

the specices Diclyostelium giganteum, Erdos ct al. (1975) claim that there

n
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are four mating-types expressed. Of the forty isolates tested, seventeen
expressed one or another of the proposed four mating types, sixteen
produced no macrocysts in any of the tests performed and seven of the
isolates gave inconsistent mating reactions. No homothallic strains

have been reported for D. giganteum. A report on mating in Dictyostelium.

purpureum (Clark et al. 1973), indicates that of the eight isolates tested,
four express one of two mating-types and four are apparently asexual.

Dictyostelium rosarium expresses three mating-types (Chang, 1976) and

only homothallic strains of Dictyostelium mucoroides and Dictyostelium

minutum have so far been reported (Clark et al. 1973; Nickerson & Raper,
1973a) . Of particular importance to this thesis are the mating reactions
in the cellular slime mould Dictyostelium discoideum. Erdos et al. (1973b)

and Clark et al. (1973) define a system with two mating-types in this
species, although both groups also describe some apparently asexual
strains., In addition, Erdos et al. (1973 describe one homothallic

strain (selfer) and two bisexual strains (i.e. non selfing, but
successfully make macrocysts when paired with strains of each mating-type).

Erdos et al. (1973b) and Wallace (1977) suggest that these bisexual strains

are expressing a third mating-type allele in D. discoideum.

While the literature on mating in the cellular slime moulds 1is,
as yet, essentially restricted to the discovery of mating-types, it 1is
plausible that many of the species operate on a simple one locus-2 allele
genetic basis. In particular the evidence for a one locus-2 allele mating

system in D. discoideum is quite strong, since most isolates express one

of two mating-types. Strains which do not fit this simple scheme (e.qg.
asexual, homothallic and bisexual strains) are re-examined here. The
evidence for a third mating-type allele (Erdos et al., 1973b; Wallace,

1977) 1is thus reassessed critically (2.4.C).
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2508 Vegetative Incompatibility

In the fungi, vegetative fusion in the form of hyphal anastomosis,
results in heterokaryon formation. Failure to form stable heterokaryons
is a common phenomenon, but details of the genectic control are in general
unknown (Carlile, 1973). An exception is found in the

Ascomycetes, Aspergillus and Neurospora in which extensive studies on

vegetative incompatibility reveal that stable heterokaryon formation
depends upon identity at a number of different heterokaryon
incompatibility (het) loci (Garnjobst & Wilson, 1956; Jinks & Grindle,

1963; " "Kwon' & Raper, '1967; Mylyk, 1975} .

In N."crassa one of the het loci is shown to be coincident with

or very closely linked to the mating-type locus, which is a single locus
with 2 alleles (Newmeyer, 1970). Hence strains of opposite mating-

type, that are identical at all other het loci, will still not make stable

heterokaryons.

A similar system of intra-specific somatic fusion has also been
reported for the Myxomycetes. Stable plasmodial fusion only occurs
between plasmodia with identical 'f' factors (Carlile, 1973). As in
N. crassa the vegetative incompatibility system of the Myxomycctes is

polygenic (e.g. in Physarum polycephalum and Didymium iridis: see

€arlile, 1973; <Clark & Collins, 1973 ; Physarum cinereum: see

Ellaxk , 1977 .

Cytotoxic reactions have been observed to occur in both N. crassa
and the Myxomycetes as a result of vegetative incompatibility. Such
reactions are often lethal and generally follow after plasmogamy (Garnjobst
& Wilson, 1956; Clark & Collins, 1973). Pre-plasmogamy blocks to
stable heterokaryon formation have not been ruled out as alternative

responses to vegetative incompatibility (Carlile, 1973).
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Systems of vegetative incompatibility have not been reported
for any of the cellular slime moulds, even though vegetative fusion
of amoebae (the first step in parasexual diploid formation) is

extensively used for parasexual genetic analysis of D. discoideunm.

However, the studies on D. discoideum have almost exclusively employed

parasexual diploid formation in strains derived from a single wild

ITsoelate (NE4A).

Parasexuality is not well documented in the heterothallic fungi,
even though it may be prevalent (Van Tuyl, 1977). Only in the homothallic

species Aspergillus nidulans and species lacking a sexual cycle (e.g.

Penicillium chrysogenum and Aspergillus niger) has it been described in

any detail (Pontecorvo, 1956; Fincham & Day, 1971). While N. crassa has

a similar mating system to the cellular slime mould, D. discoideum, it has

no stable diploid phase (pPerkins & Barry, 1977 and so a complete parasexual
cycle involving diploid formation and haploidisation via aneuploidy has
not been described. For these reasons, direct parallels concerning
vegetative incompatibility in parasexual systems cannot be made between

the fungi and D. discoideum. However, in the light of the studies on

control of heterokaryosis in N. crassa it is perhaps likely that

parasexual diploid formation in D. discoideum is controlled by a system

of vegetative incompatibility. This chapter describes a detailed
investigation of the genetic control on parasexual diploid formation

in D. discoideum and looks for possible links between vegetative

incompatibility (i.e. failure to form vegetative diploids between two

haploid strains) and the mating-type locus.
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2o MATERIALS AND METHODS

2.2.A Materials

All media and chemicals are described in Appendix B.

e Maintenance of stocks

All strains are described in Appendix B. Details of strain

maintenance are described in 1.2.B.

SN €@ qurppys@rfpymgyjpp

(1) Quantitative technigque
See 1.2.C.

(1d) « Toothpick technique

This technique was used for routine mating-type tests. One ml
of sterile 20mM CaCl; was dispensed into each of 24 flat bottomed clear
plastic wells ‘(capacity ~3.2ml) 'of a sterile Linbro FB-16-24TC multi-
well dish. Amoebae of two strains, one of known mating-type, were picked
into each well from stock streak clones on SM-agar using a sterilised
conically pointed wooden toothpick. 1In 'selfing' experiments, only one
strain was picked into each well. For good macrocyst production large
picks of cells were required (approximately 10° to 2x10° amoebae per pick).
The multi-well dish was swirled briefly and gently before covering with
foil for dark incubation. The dish was not shaken during incubation
and was stored at 21+1°C for seven days. The multi-well dish was then un-
wrapped and scored for macrocysts, using an Olympus CK inverted microscope
at 40 x magnification. Several attempts to use the 96 well Linbro tissue
culture dish FB-96-TC or Falcon 3040 with 1id 3041 (O0.1lml 20mM CaCl; per
well) proved unsuccessful since macrocysts were rarely formed even 1n
mating-type tests between sexually competent strains. Each well in these
dishes has a capacity of only 0.35ml and so perhaps the failure was

related to the smaller size of the well.
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2. 2D Parasexual diploid formation

(1) Co-aggregation of amoebae

Vegetative amoebae of the same mating-type, taken from clearing
plates and co-aggregated on filters (Loomis, 1969) or in liquid (Williams
unpublished) for less than 2 hours, form parasexual diploids at a
frequency of approximately 100 7 . However, when they are co-aggregated
for more than 15 hours, the frequency of parasexual diploid formation
plateaus at approximately 10" ° (Williams unpublished). Therefore, to

increase the frequency of parasexual diploid formation, the amoebae to

be crossed were always co-aggregated.

(a) Washed cell technique

This technique is a quantitative technique for parasexual
diploid formation (Williams et al., 1974b). Linbro FB-16-24-TC multi-
well dishes were prepared in advance with sterile incubation solutions:
distilled H,0, 20mM K/K phosphate pH7.5, 20mM K/K phosphate pH6.5,
20mM CaCl,.2H,0, 30% Bonners salt solution (30% S.S.) and 20mM KCl
(final concentration in 1 ml). The strains to be crossed were harvested
in sterile distilled water, from 'semi-light' grown clearing SM-agar
plates as for the 'quantitative-technique' of macrocyst production (1.2.C)
and diluted to a concentration of 5 x 10’ amoebae per ml. 5 x 10° amoebae
of each of the two strains to be crossed were added to each well and the
volume adjusted to 1 ml (i.e. 107 amoebae per ml final concentration).
The tissuce culturce dish was shaken at ZJJIOC on an orbital shaker at 150
cycles per minute for 17-18 hours. The shaken suspensions of amoebae
were transferred, using sterile pastecur pipettes, into sterile test tubes
and whirlimixed. The starving amocbae often aggregate into 'balls’
characteristic of the strain (Powell, 1974) and whirlimixing is generally

required to disrupt them. A known volume of cach suspension and an 0.1 ml
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suspension of K. aerogenes were plated on to SM-agar using a sterile

bent glass rod spreader.

(b) Multi-well pick technique

This technique is used for routine parasexual diploid formation
(Williams & Newell, 1976). 0.1 ml of sterile 20mM CaCl,; was dispensed
into each of 96 flat bottomed clear plastic wells (capacity ~0.35ml) of
a sterile Linbro tissue culture dish FB-96-TC. Experiments using this
96 well tissue culture dish gave good results and so it was used in
preference to the tissue culture dish Falcon FB-16-24TC in which only

twenty four crosses can be performed per dish.

Amoebae of the strains to be crossed were picked using a sterile
toothpick from the growing edge of streak clonal plates and swirled
ibte ‘Ehe designated.well. Small picks were used (about 5 X 10° amoebae
per pick). The multi-well dish was shaken at 150 cycles/min at 21+1°C
on an orbital shaker for 17-18 hours. The contents of each well were
sucked up and down several times using a 100ul Oxford sampler with
sterile tip to disaggregate the amoebae. The entire contents of the
well were then plated onto either SM-agar or SM-agar containing cobaltous

chillexrade (2. 2000 13) ).

(11) Parasexual diploid selection

. . . . — 5 .
Parasexual diploid formation is a rare event (about 10 2 in

co-aggregated amoebae of the same mating-type) and so techniques have been

developed o setectively kill the parental haploids, whilst allowing the
dipleids Lo grow (Loomis, 1969 ; Kalkz & Sussman 19722 « Welkexr & Deering,
L9776 ; Newelbiet al., 1977; W Llliams, 1978). 1Two selective techniques
have been used in this study and are referred to as the 'complementing ts

Lechnique' and 'ts dominant cobalt technique’.
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(a) Complementing ts technique

This technique can only be used between strains each carrying
recessive complementing growth temperature sensitive (ts) mutations.
After incubation, the co-aggregated amoebae (2.2.D(1)) were transferred

to a growth environment (SM-agar spread with K. aerogenes) at the restrictive

o)
temperature, 26.8X0.3 C.

The diploids were heterozygous at both ts loci and therefore grew

at 2b.80 (Loomis, 1969; Williams et al., 1974b) . If the ts mutations 1in

the parental haploids are at all leaky they can cause problems of leaky
growth at the restrictive temperature. However, diploids are usually
'punchy' whereas leaky growth i1s diffuse and therefore diploids can be
easlly distinguished in most cases. Since diploids have a larger spore
size than haploids (Sussman & Sussman, 1962; Sinha & Ashworth, 1969;
Katz & Sussman, 1972), 'punchy' haploids caused by reversion of the ts
mutation were excluded by examining the spore size of all colonies that
grew at the restrictive temperature. All diploids were then checked for
parental markers (e.g. spore shape, fruiting body pigment, drug markers)
to exclude rare 1sogenic diploids. Diploids heterozygous for parental
markers were purified by clonal passage at the permissive temperature on

SM-agar and dried on to silica gel for storage (1.2.B(ii)).

(b) Ts dominant cobalt technique

The 'complementing ts technique' has the disadvantage that both
parental haploids must carry recessive, non allelic, ts mutations. The
'ts dominant cobalt technique' provides a means of selecting parasexual
diploids in which only one parental haploid has to be genetically marked
(Williams, 1978). This enabled selection of parasexual diploids between

genetically marked haploids and unmarked wild isolates (2.3.B).

A straln carrying a ts mutation and a dominant mutation which




allows growth on SM-agar containing cobaltous chloride was co-aggregated
with a wild type strain in the usual way (2.2.D(i)). The amoebae were
then transferred to SM-CoClj,-6H,0 (300 or 350 ug/ml) agar spread with a
cobalt resistant strain of K. aerogenes and incubated at the restrictive
temperature, QG.R‘O.QOC. The wild type parent is sensitive to cobaltous
chloride and the cobalt resistant parent is ts. The diploid, however,
e (s /- aiidd ls resistant to cobaltous chloride (e.g. cob-354/+

cob=354 is dominant). Therefore Lhe parental haploids die and the

where
hybrid diploids survive under these selective conditions. Diploid
colonies were checked for genotype and dried on to silica gel as described

in (a) above.

2:2.E Haploidisation of parasexual diploids

(i) Selection of haploid segregants using recessive drug resistance

mutations

In most experiments haploids bearing a recessive drug resistance
mutation were selected from diploids heterozygous for that drug resistance
mutation by plating the diploid on SM-agar containing the drug (Katz &
Sussman, 1972). Between 5 x 10% and 5 x 10" diploid amoebae (depending
on the diploid) were plated on to SM-agar containing either methanol 2%
(v/v), cycloheximide (500 ug/ml) or cobaltous chloride (350 pg/ml).

Drug resistant haploids and diploids homozygous for the mutation began

to appear between 4 and 7 days. Haploid segregants were used for further
genetic analysis only if they were of independent origin. To avoid
selecting multiples of the same haploidisation event (multiplication of
haploids in a diploid population could occur before exposure to the drug),
haploids were assumed to be of independent origin only if they were
genotypilcally different or if they were derived from separate platings

of different diploid clones. Haploid and diploid colonies were

distinguished on the basis of spore size (Sussman & Sussman, 1962;
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Sinha & Ashworth, 1969; Katz & Sussman, 1972). Haploid colonies were
purified by clonal passage on SM-agar before checking the genotype,
except when a large number of haploids was to be characterised (e.g.
analysis of crossing-over on linkage group I1T of DU260 - 2.3.D(iii)).
In this casce amocbace from the desired clone were picked on to the
appropriate tester plates (drug plates, SM-agar at 210 and SM-agar

at 20.80) directly from the original selective plate. Haploids were
always purilicd by clonal passayge before drying on Lo silica gel for

Sitorage .

The same principle of haploidisation applies to selection of
haploids in liquid axenic medium (Williams et al., 1974b). Axenic
growth in NC4 derived strains 1s a recessive character. Therefore
diploids heterozygous for axenic growth can be selectively haploidised
in axenic medium, since only the axenic haploids will grow. Axenic
medium was used to select haploids from diploid DU260 (2.3.D(i)). Strain
NP158, the mata2 parent of DU260 is an axenic grower but the other
parent, HUl, 1s non-axenic and so the diploid was expected to be
heterozygous for axenic growth. Hence eight individual 125ml sterile
flasks cach with 25ml axcnic medium were incubated with between 10" and
e amoebae/ml from separate clones of DU260. The flasks were shaken
at 21+1°C on an orbital shaker at 150 cycles/min. Amoebae and spores
were counted periodically. Representative haploid segregants of the
different phenotypes from each flask were purified by clonal passage
on SM-agar. They were characterised for parental markers and dried on

to silica gel for storage.

(11) Selection of haploid segregants using 201g/ml ben late -

SM-agar

Recently a technique for haploidisation of diploids has been

described in which selective markers are not required (Williams &
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Barrand, 1978). When diploids are plated clonally on nutrient agar
containing low levels (between 20 pg/ml and 50 uUg/ml) of the fungicide
pen late, essentially pure haploid segregants of one genotype arise from
each clone. The advantage of this technique is that many haploids of

independent clonal origin can be obtained from one 20 ug/ml ben late -

SM-—agar plate. This technique is used for some of the more recent work
described in this thesis (e.g. haploidisation of diploid DU454; see

2.3 F)

2.2.F Chromosome staining

Amoebae were washed in distilled H,0, fixed in methanol
acetic acid (3:1 v/v) and air dried on to clean slides. They were

stained with 10% Gurr's improved R66 Giemsa stain in M/15 Sorensen's

phosphate buffer, pH6.8. (Brody & Williams, 1974; Robson & Williams,
1977) .
2.2.G Photography

Spores on a haemacytometer slide were photographed using an
Olympus BHT microscope with Polaroid Large Format Camera Back: PM-10-

Moty 84" x(4%" .Polaroid Back. Colenies of D. discoideunm ‘on SM-agar

plates were photographed using a Polaroid MP-4 Land Camera. Polaroid

Type 665 negative/positive land film, 8.3 x 10.3 cm was used.
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i RESULTS

To transfer the mating-type locus (mat) into another genetic
background firstly requires a knowledge of its position in the genome.
n the parasexual cycle there ig a low frequency of recombination so
cach chromosome seogregates ags a single linkage group (Pontecorvo &

Kafer, 1958). Therefore using a diploid heterozygous for mating-type,

one should be able to assign mat to a linkage group using parasexual

genelics.  Allempls Lo cross strains of opposile malting-types NC4 (matAl)
and V12 (mata2) have been largely unsuccessful (Williams unpublished),

either because of a vegetative incompatibility at the mating-type locus,

(as in Neurospora: Newmeyer et al., 1973; Griffiths & Delange, 1978)

or because of problems peculiar to that cross. To investigate the
nature of the incompatibility, parasexual crosses were performed on a
number of independent wild isolates, each belonging to one of four mating

classes; heterothallic, homothallic, asexual or bisexual. D. discoideum

has not been isolated in Australia (see Appendix A) and so a range of
American wild isolates of known mating competence were used (received
from Professor K.B. Raper, sce: Erdos et al., 1973b). All strains

were tested for both mating competence and parasexual diploid formation

in crosses with tester strains of each mating-type.

2.3 .4 Mating competence of independent wild 1isolates of

D. discoideum

A quick and reliable technique for making macrocysts, referred
to as the 'toothpick technique', was devised to simplify mating-type
tests (see Methods 2.2.C(ii)). The reliability of this technique was
determined by using it to check the mating competence of the strains
obtained from Professor Raper. The results (Table 3) show that all

strains, except WS380b, comply to the mating classification of Erdos




TABLE 3

Mating competence of independent wild-isolates of D. discoideum

Mating class¥* Wild isolate Mating-type of tester-strain
matA mata
wsS472 - +
~ WS195-6 = +
WS205-4 = +
WwsS583 5 +
Heterothallic WwS5-1 = +
THU188 (WS10) = +
THU182 (WS585) - (+)
WS655 =~ +
WS7 5 =
ws582 + -
WS656 + -
Homothallic B ¢ . 4
Za—3a F +
WS57-6 ‘ - .
WS269a 3 =
Asexual WS380b - (+)
WS584 - =
WS526 - -
Bisexual Mo dihm - £
wWS1l12b + +

Independent wild isolates were tested for their ability to make macrocysts
when paired with tester strains of either mating-type, using the 'toothpick

technique' (2.2.C(ii)). The tester strains used were : matA,WS583, HU235,
HUl or TS12; mata, WS582, HU89. +; macrocysts formed: -; no
macrocysts formed: (+); poorly developed macrocysts formed infrequently.
*

The wild isolates are grouped into mating classes according to the
classification by Erdos et al. (1973b). Exceptions are strains WS655, WS656

& Za-3a, which have not been classified in the literature.

i Strains WS10 and WS585 were diploids when received from Professor
Raper; they were haploidised by plating clonally on ben late (20 ug/ml) -
SM-agar (Williams & Barrand, 1978).
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et al., (1973h) . Strain WS380b formed poorly developed macrocysts 1n one

out of three tests with strains of mata mating-type. Therefore, this

strain could tentatively be called a heterothallic strain of low matA

mating competence, rather than an asexual strain, as classified by
Erdos et al. (1973b). Further evidence presented in section 2.3.B supports

this reclassification. Strains WS655, WS656 and Za-3a have not yet been

referred to in the literature. Strain WS655 was matA and WS656 was mata

(confirming Professor Raper's unpublished observations). Using the
'toothpick technique' Za-3a was found to 'self' and is therefore

homothallic.

The 'toothpick technique' was used in a study of comparative
mating strengths of homothallic and bisexual strains (Table 4). These
strains were tested for their capacity to 'self' and their ability to
make macrocysts when crossed with tester strains of either mating-type.
AC4 has a strong mating reaction in all combinations. Strain Za-3a is
a weak 'selfer' and expresses the matA mating-type more strongly than
the mata mating-type. Strains WS1ll2b and WS216-2 do not self, but

express the mata mating-type more strongly than the matA mating-type.

243 .B Parasexual diploid formation between independent wild isolates

of D. discoideum and tester strains of either mating-type

A quick technique for routinely making parasexual diploids was
devised by Williams & Newell (1976) and in this thesis is termed the
'multi-well pick technique' (see Methods 2.2.D(i)b). The same independent
wild isolates used in 2.3.A were tested for parasexual diploid
formation in crosses with tester strains of either mating-type (Table 5).
Since wild isolates grow at the restrictive temperature, 1t was necessary

to use a fusion technique other than the commonly used 'complementing ts

technique' (see Methods 2.2.D(ii)a). The 'ts dominant cobalt technique'




TABLE 4

Mating strengths of homothallic and bisexual wild isolates

when 'selfed' and when paired with tester strains of either

mating-type

wild 'Selfing' reaction Mating-type of tester strain
e ahe matAl mataz
AC4 +++ +++ +++
Za-3a + ++ et
WS1ll2b = SR +
WS216-2 - ++ +

Homothallic and bisexual wild isolates were 'selfed' or paired with

tester strains of each mating-type using the 'toothpick technique'

(see Methods 2.2.C(ii)). Three experiments gave the same results.

Tester strains were: matAl @ HU235 ox' TS512; mata2 : HU89 or WS582.

+++: Strong mating reaction (more than 50 fully developed macrocysts
formed) ;

++: Moderately strong mating reaction (10-50 fully developed macrocysts
formed) ;

4 Weak mating reaction (less than 10 fully developed macrocysts
formed) ;

= No mating reaction (no macrocysts formed).




TABLE 5 (legend)

Independent wild isolates were tested in 2 experiments for their
ability to make parasexﬁal diploids when crossed with tester
strains of each mating-type. The 'multi-well pick technique' (see
Methods 2.2.D(i)b) was combined with the 'ts dominant cobalt

technique' (see Methods 2.2.D(1ii)b) .
Tester strains were: matAl : HU32; - mata?2 : HUl56 or HU184.

cal at lcast one parasexual diploid obtained (all diploids were
‘shown to be heterozygous for parental genetic markers) ;

- no diploids obtained in either experiment;
(-): no diploids obtained, but inconclusive because WS584 and

WS526 are somewhat resistant to cobaltous chloride.

* Wild isolates are grouped into mating classes according to

the classification of Erdos et al. (1973b) and Table 1.




TABLE 5

Parasexual diploid formation between ihdependent wild isolates of

D. discoideum and tester strains of each mating-type

Parasexual Diploid formation

Mating class¥* Wild isolate Mating-type of tester strain
matAl mata?2
WS472 # -
WS195-6 + -
WS205-4 + -
math Ws583 + =
- ) . )
Heterothallic Hes=1
" HU188 + -
% HU182 # -
WS655 + -
WS7 - : +
mata WS582 - +
WS656 - ’ 4
\z'

Homothallic e N . -
' Za-3a - -
WS57-6 + -
WS269a + ' -
Asexual ) WS 380b ‘ + ' -
WS584 (-) . (-)
WS526 - (=) : (=)

; WS216-2 & =
Bisexual ’

WS112b - e -
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(see Methods 2.2.D(ii)b) was therefore used. The results (presented in

Table 5) are as follows:

(i) Heterothallic wild isolates

wild tsolateu‘of mating=type Eﬁ&ﬁ_mnkc stable parascxual
diploids when crossed with the matAl tester strains, HU32, but not when
crossed with the mata2 tester strain, HUL56 or HU184. Coﬁversoly wild
isolates of mata mating-type make parasexual diploids when crossed with
Lthe mata? Lester straing, HULS6 or HULB4 but not when crossed with the
matAl tester strain, HU32. Hcﬁce paréscxual diploids are only detected
at an appreciable frequency in crosses between strains of the same
mating-type. It is significant that all heterdthallié strains formed

parasexual diploids with haploids of the same mating-type.,

(i1) Homothallic and bisexual wild isolates

Repeated attempts were made to form parasexual diploids in
crosses (additional to those shown in Table 5) between homothallic
or bisexual strains and testers of either mating-type. No diploids

were detected in any of the tests.

(iii) Ascxual wild isolates

Three of the asexual haploids WS57-6, WS2069a, and WS380b made
parasexual diploids. successfully when crossed with the matAl tester
’ strain, U32, but not when crossed with the mata2 tester strains, HUL56
or 1U184. ‘Thc other two asexual wild isolates received from Professor
Raper, WSH84 and WSH26, were bolh resisLanL Lo cobaltous chloride.
Therefore, Lhe ‘.(.:ro.';::c.‘:'; employing these strains were hindered by 'leaky!

growth on the cobaltous chloride SM-agar 'fusion' plate. .

2.3.C Illegitimate diploid formation in D. discoideum

The tests performed on independent wild isolates (see 2.3.B)

suggested that vegetative incompatibility in D. discoideum is common

I
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and may be controlled by 2 alleles at a single locus associated with
the mating-type locus. With the knowledge that the diploid, D§72, was
formed‘"ilLegitimately" between two strains of opposite mating-type
(Mosseé et al., 1975), attempts were made to construct another
illegitimate diploid with better genetic markers than DP72. It was
hoped that in so doing,vegetative incompatibility and its mating-type
association could be investigated still further. The matAl strains
HUL and X9 were each crossed with mata2 strain NP158 (Table 6). In
three experiments of fhis kind a total of approximately 10® amoebae
were plated on to growth medium. Two illegitimate diploids were
detected in crosses between HUl and NP158 but none in crosses between
strainé X9 and NP158. Therefore from these experiments, the estimated
frequency of illegitimate diploid formation between strainsiof opposite

mating-type was 2 x 10 8.

The first diploid detected was not isolated successfully, but
a haploid sector, HU89, which was recombinant for genetic markers of
the parents HUl and NP158, was isolated and purified. A second diploid, ' Y
DU260, was detected as a small spotty-edged colony 12 days after plating

the amoebae on to growth plates. Controls were performed in crosses

between strains of the same mating-type, i.e. mata x mata: HU89 x HM3;

matA x matA: M28 x TS12. Parasexual diploids were detected at a

frequency of approximately 7 x 10" %, with séme variation depending upon
the incubation solution (Table 6). ‘This frequency is close to the

average ffequency (approximately‘lo_s) of a good croés between strains
of the same mating-type (Table 15). The results of the control crosses

(Table 6) support the finding by Powell (1974) that 20mM CaCl, is the

most favourable incubation solution.

A third illegitimate diploid, DU454, has been constructed

recently between the mata2 - V12/NC4 recombinant haploid, HU89 and the
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arasexual diploid formation between strains of opposite mating-type and between strains of the same mating-type in D

TABLE 6

discoideum

.

rosses Total number ‘Number of diploids detected Total Total Frequency
of amoebae ) number of number of of
crossed Incubation solutions amoebae diploids parasexual
* =5 :
20mM 20mM 20mM  30% 20mM plated Heseceed wm%ﬂmw%o:
H,0 K/K Phos K/K Phos CaCl, S.S. KC1l
PH 7.5 PH 6.5
pposite mating
types
%9 x NP158 g o
natil)  (mata®) 2.4 x 10% 0 0 0 0 0 0 6 x 10 0 #
: { 2 x 10 8
HUL x NP158 5 _ . ;
mEEAT) (ataz) 1.8 x 10 0 0 0 1 1 6] 4.8 x 10 2
Same mating
types
M3 © HUB9 . , =
g % 6 x 10’ 4 3 6 20 4 3 6 x 10° 40 6.6 x 10 ©
mataz) (mata?2)
M28  x  TS12 ) ~
nataAl) (matAl) 5 x 107 6 8 3 7 12 N.D. 5 x 10° 36 7Tx lo ®
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well marked matAl - ﬁCA derived haploid, HU227. DU454 was formed using
the 'multi-well pick technique' (see Methods 2.2.D(i)b). Sixty crosses_
were performed between HUB89 and five well marked haploids: HU227, HU226,
225, nu23s5 and nu234.  Tn this experiment more cella wore picked than
usual (~'l()r’/:;l'rui,n instead of ~5 x ].()5/:;t:r:n1'n - see Mcethods 2.2.D(i)b).

Approximately 10° amocbae were examined and thus, at the estimated

frequoncy of illegitimate diploid formation (~2 x 107 %) two diploids were

expected.  In facl, one diploid named DUALA way delected in the cross
between HUB9 and HU227. Therefore, when this result is taken into

accounl Lhe approximate [requency of illegitimate diploid formation is

8 8

in the range of 10 " to 2 x 10 °.

From this low frequencv of diploidisation thé questions arise:
"How is it that illegitimate diploids‘can be formed at all? Do they
escape from vegetative incompatibility? Is the mating-type locus
involved?" Haploid segregants of the thrée illegitimate diploids were

characterised to help answer these questions.

2:3:D Mnalysis of illegitimate diploid DU260 by characterisation

of haploid segrcgants

Diploid DU260 was haploidised on meth 2% - SM-agar. The haploid

segregants were characterised into phenotypic groups (Table 7 and
Appendix B) and were tested for mating-type using the 'toothpick’

technique'.

(1) Mating-type analysis of haploid segregants

The haploids expressed phenotypic characteristics of both
parents, HUl and NP158, but were found to express only one functional
mating-type, matAl (Table 7). DU260 is heterozygous for linkage

group II;
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TABLE 7

Mating-type haploid segregants from diploid DU260

Phenotypic group of DU260 haploid Parental Tester
segregants* Strain Strain
A B C D E F G H HUL NP158 TS12 Ws582
(matAl) (mata2) (matal) (mata351)
No. of independently derived
isolates tested 35 5 35 12 4 1 6 2
Tester strain
TS12 _ _ _ B - N .
(matAl)
Tester strain
Ws582 +

(mata351)

+  (+)

(+) + +
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whiA acrA (tsgD + ) +

i | I | |

HUL o T 1 | 1 1
NP158 0 : | | | }
+ + ( + sprB) axe

and so, by haploidising the diploid on meth 2% - SM-agar, the HUl linkage
group IT (acrd) was selected (phenotypic groups A,B,C,D: Table 7). The
mata2 allele was conceivably on the NP158 linkage group II. Therefore

it was necessary to select haploids with this linkage group. Since strain
NP158 is an axenic grower, (Williams, 1976), haploid segregants were
selected'by haploidising DU260 in axenic medium. When this approach

was taken the diploid DU260 haploidised, but the haploid segregants grew
poorly if at all in axenic medium. Nevertheless all haploids selected

in this way were yellow (whiA+), methanol sensitive (EEEQ}) and had thin
elliptical spores (sprB) thus indicating that the NP158 linkage group II
had been selected. Mating-type tests showed that these haploids‘were
competent matAl stfains and so DU260 still appeéred to possess only one

: functional mating-type. This suggested that there was a change at the
ma?ing—type locus which was involved with vegetative incompatibility.
However if, during haploidisation of DU260, there was non random
segregation of some of the chromosomes, the mata2 allele could still be

present in the diploid but undetected, since only three or possibly

four of the seven linkage groups in DU260 are marked. In a search for
this possibly 'unexposed' allele, DU260 was haploidised more extensively.
The results (shown colléctivelybwith those of the initial experiment iﬁ
Table 7) are entirely consis£ent with the first findings.' Of 100 haploid
segregants of indepepdent origin (i.e. derived from independent
haploidisation events) tested for mating-type, no mata2 haploids were

detected.

'Impotent' haploid segregants of phenotypic groups C and D

were effectively matAl strains of very low mating competence (Table 7),

___"-.____________________________;____________.‘w44,ﬁAﬁggf,
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since macrocysts were sometihes formed when representative strains

HU101, HU1l78 and HUl04 were repeatedly paired with a mata tester strain.
Alternatively, impotence could have been a reflection of genetic back-
ground clashes between the tester strain, WS582 and strains of phenotypic
groups Cand D. To test this, representative haploidé of phenotypic groups
A,B,C and D were crossed, using the quantitative technique (2.2.C(1)) to
three different tester strains of each mating-type (see Table 8) .

Tester strains WS582 and WS583 are wild isolates and are totally

unrelated to the haploid segregants; strains NP158 and HUl are the parental
strains of DU260 from which the haploid segregan£s were derived; strains
HU89 and HUl67 are themselves héploids, recombinant for HUl and NP158

chromosomes. Of all the tester strains the last two are considered to

be the most closely related to the haploid segregants.

A genetic background effect on macrocyst production was shown
to occur in phenotypic groups A and to some‘extent B in which better
mating occurred with HU8B9, the partially isogenic strain (Table 8).
However, 'impotent' strains did not become sexually competent even when

paired with strain HU89.

(ii) Parasexual diploid formation between haploid segregants of

DU260 and tester strains of each mating-type

Haploid segregants of DU260 were showﬁ to express only one
mating-type (matAl). If vegetative incompatibility is associated with
the mating=type locus as proedicted from the study on indfipondcnt wild
isolatés (2.3.B), onc would expect these haploid segregants, of matAl
mating-type, to form stable parasexual diploids with a matAl téster
strain and not with a mata?2 testcr-strqin. Representative haploids of
phenotypic groups A,B,C,D,E,F,G and H (see Appendix B) were therefore
tested for their ability to make parasexual diploids when crossed with

tester strains of cach mating-type, HU180 (matAl) and HM3 (mata2).




TABLE 8

‘Mating competence of haploid segregants of DU260 when

paired with related or unrelated tester strains

Number of macrocysts formed
Phenotypic group of DU260 haploid segregants
A B ‘ “ D
Haploid segregants HU97 HUl67 HU107 HUl04 HUl68 HU101l HU178
Tester Relationship
Strain of tester
strain to
DU260
segregants
mata
WS582 unrelated -(10) 1(e) 2(5) - - - -
NP158 parent of
DU260 26 13 3 - = - -
HU89 partially
'isogenic' 42 36 8 - - = -
matAl
Ws583 unrelated = = - = - - -
HUL parent of
. DU260 - - - - - .- -
HUl67 partially
'isogenic' = =5 = = - - -
Results of a single experiment, using the "quantitative-technique" of
macrocyst formation (1.2.C). Amoebae were pregrown in the dark on LP
agar. The number of macrocysts were scored after 7 days (poorly
developed macrocysts are shown in parenthesis) .
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When crossed parasexually with tester strain HU180 (ggEél) the haploid
segregants of DU260 fell into two classes (Table 9). Class (1)
includes all haploids of phenotypic groﬁps C and D apd haploid HU193

of phenotypic gioup E;, In these crosses parasexual diploids were
detected within 4 days after plating and at the expected frequency of
approximately 16 °. Class (2) includes haploid segregants of phenotypic
groups A,B,I",G,H and strain HU195 from phenotypic group E. 1In these
crosses parasexual diploidsiwere detected within 14 days after platiﬁg,
at a frequency of about 10 °. wWhen diploids formed betwegn strains
HU167, HU169, HUl73 or HUl71 (i.e. of phenotypic groups A & B) and

HUlBO; were purified and tested for growth at 26.810.30C they were found

to be slow growers.

This, suggests that haploid segregants of class (2) when crossed
parasexually with strain HU180, form partially ts diploids. Another

possible explanation for poor parasexual diploid formation is that

class (2) haploid segregants, when crossed with HU180, may exhibit
“another vegetative incompatibility locus which is unlinked to the matigg—
type loéus. In view of the apparent single locus mating-type associated
control of vegetative incompatibility shown by the wild isolates (Table

5), this alternative seemed unlikely. However, to test it, an

; ’ experiment was performed in which the haploid segregants were paired with
another strain, HU77, of NC4 origin, but of different lineage to HUlBO
(Appendix B). In addition, to test whether or not the failure to form
parasexual diploids was an inherited trait, the matAl parental strain

of DU260 (HUl) was crossed with both HU180 and.HU77. If a second
vegetative incompatibility locus was pfesent in the haploid segregants,
parasexual diploid formation with HU180 would be inhibited in attempted

crosses with all NC4 derivatives. The results (Table 10) show that the

failure to form parasexual diploids is inherited from the parental strain

L——— i




TABLE 9 (legend)

Haploid segregahts of DU260 were crossed (multi-well pick technique:
2.2.D(i)b) with tester strains HU180 (matAl) and HM3 (mata2) and the

presence or absence of parasexual diploids were scored.

+: parasexual diploids detected within 7 days;

(=) no parasexual diploids detected within 7 days, bﬁt slow
growing diploids dctected at low frequency (NlO—G) within 14
'days;

e H no parasexual diploids detected within 14 days. Crosses
between haploids of phenotypic groups A,B,C or D and the
two tester strains were repcated five times.  Crosses between
haploids of phenotypic groups L,I",G or I and the two tester

strains were repeated four times. The results of these

experiments were the same each time.

* Haploids of phenotypic groups A,B,E,I",G and H express a matal
mating-type. Haploids of groups C and D are essentially impotent
(Table 7). BAll of the haploids are derived from independent

haploidisation events.

+ In the cross HU193 x HU180 parasexual diploids were formed

within 7 days in ecach of the four experiments, but in each case the
diploids were fewer and slower growing than diploids formed in the
crosses of phenotype C strains x HUL80 and phenotype D strains Xx
1Hul80.

F Strain HU197 made one slow growing diploid within 7 days in one

cross with HU180. In the other 3 experiments no diploids were

detected.

*ok Inconclusive evidence for the formation of one diploid in the

cross HU177 x HM3 was obtained in one experiment (see text).




TABLE 9

Parasexual diploid formation between haploid segregants of DU260 and

tester strains HU180 (matAl) and HM3 (mataZ2)

Parasexual diploid formation

Tester strains

Phenotypic Strain HU180 HM3
group tested* (Qggﬁl) (mataz2)
HU167 (=) -
A HU169 (=) -
HU173 (=) -
B HU171 (=) -
HU1l68 + -
C HU170 + -
HIa3 %2 + =
HU177 -+ —~ k%
HU174 1 =
D HU175 + -
HU176 + -
HU178 t -
HU193 b s
E
HU195 (=) £
P HU197 -+ =
HUL96 (=~} 2
G
U202 (=) =
HU192 =) 5
[l
U199 (=) =




TABLE 10

Parasexual diploid formation between haploid segregants of diploid DU260

and tester strains of each mating-type

Parasexual diploid formation

Tester stralns

Phenotypic Strain ‘ HU77 HU180 : HM3
group tested (matAl) (matAl) (mata2)
HUlo67 £ (=) =
. HU97 + (=) =
B HU107 + (=) =
HU168 + + -
: HUl04 + + -
HU101 = + -
D
HU178 + + -
7 HU193 + + -
HU195 + (=) -
F HU197 + (-) -
HU196 + (=) -
G
HU202 + (=) -
L HU192 + (= =
HU199 + o -

matAl parent
of DU260 HU1 - =) -

Haploid segregants of diploid DU260, and HUl the matAl parent, were crossed
(multi-well pick technique 2.2.D(i)b) with tester strains HU77 (matAl),
HU180 (matAl) and HM3 (mata2) and the presence or absence of parasexual

diploids was scored; +: parasexual diploids detected within 7 days;
(-): no parasexual diploids detected within 7 days, but slow growing

: o -6 : ‘ !
diploids detected at low frequency (~10 ") within 14 days; -: no

parasexual diploids detected within 14 days.
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HUl, since crosses between HUl and HU180 produced partially ts diploids.
However, since HU77 forms parasexual diploids readily with all DU260
haploid segregants and also with the parental strain HUI, evidence for

another vegetative incompatibility locus in D. discoideum is not

sustained. A similar problem to that of HUl x HUl80 crosses has been
observed previously with other mutant strains of NC4 (Williams & Newell,

1976},

As would be expected from the postulated involvement of mating-
type with vegetative incompatibility, the crosses between all haploid

segregants and the mata2 tester strain, HM3, were unsuccessful (Tables

9 & 10). However, 1in one experiment, inconclusive evidence for
parasexual dipioid formation between strains HUl77 and HM3 was obtained
(see Table 9 ). The colony had round spores (§E£§) of diploid size,
(spr& inherited from strain HUl177, see Appendix B). Since the diploid

was lost during attempts to purify it, a definitive investigation of

1ts genotype by checking for other markers could not be made. Diploids

are normally characterised by checking spore size and shape, fruiting

body colour, morphological characteristics, drug markers and if there

is still doubt chromosome number (2.2.D(ii)a). The diploid could have

been an isogenic diploid of HUl77 or a hybrid between HM3 and HU177

(sprA is a dominant spore shape marker). During the experiments described

in Tables 9 and 10 approximately 4 x 107 amoebae were plated 1n crosses 9 & 10
between strains of opposite mating-type (i.c. between 1IM3 and haploid
segreganlts of DU260O) .

Therefore, on the basis of the estimated frequency of

8 8

illegitimate diploid formation (10 ° to 2 x 10 " see 2.3.C) one would
not have expected to detect an 1illegitimate diploid during these

experiments. However, when these results are combined with the results

of other such crosses (Table 15) the detection of an illegitimate diploid
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was statistically likely.

In summary therefore it appears that diploid DU260 expresses

only one mating-type allele and only one vegetative incompatibility

{1ai) Analysis of crossing-over in linkage group II of DU260

When diploid DU260 was initially haploidised on meth 2% -
SM-agar (2.3.D) the frequency of haploid segregants detected which
resulted from cross-over diploids, (i.e. yellow methanol resistant, ts
haploids: Fig. 7) appeared to be higher than normally expected.

Normally one expects white, methanol resistant ts, haploids,

whiA acrA tsgD
| : II )

(O and white or yellow, methanol resistant,

ke, diploids

whiA acrh (tsgh +) whiA acrA (Esgh )
i SEa T ik L B [ S
o | I l 1 c ] r { |
or
l | | | | | l
0 [ I 1 ( o ] l ! 1
wh il acrh (tsgDh +) + acrh (tsgDh +)
but very rarely, yellow, methanol resistant, ts haploids
i acrh  tsgb
(@ % { { % s This could only be analysed accurately by

scoring the ploidy and spore colour of every colony that appeared during
haploidisation of DU260 on methanol 2% - SM-agar. Such an analysis was
made 1in conjunction with isolating a large number of haploid

segregants of independent origin for mating-type analysis (2.3.D(1)).
Approximately 2 x 10" amoebae of DU260 were plated on to each of eighty
meth 2% - SM-agar plates together with K. aerogenes. The amoebae for

each plate were taken from a different clone of DU260 on SM-agar to ensure
that haploid segregants on each plate were of independent origin. With

2 x 10" amochbae per plate, only between two and five haploids were
expected to appear on cach plate, thus allowing colonies late to appear

(e.g. slow growers) to be detected. The fast growing colonlies were
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'i1g. 7

HUl derived
homo logue

NP158 derived
homologue

after selection
on meth 2% -
SM-agar

acrA

A graphical demonstration of haploidisation on meth 2%

whiA acrA (tsgD et )
—Jiﬁ- v_l—-— l—ﬂ |
e i 1, [
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Yellow, methanol
qens itwe, tr,
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+- S ( -+ glnji) 2
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I | 1 ]
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1 1 3 : resistant, ts
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Equal numbers of yellow
and white meth 2% resistant,
ts, haploids

SM-agar after a cross-over distal to whiA and proximal

to acrAl on linkage-group II of diploid DU260.
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picked after 6 days and the slow growers after 8 days of incubation on
meth 2% - SM-agar. The colonies were picked on to sM21° (SM-agar at
ZlilOC), sM26.8° (SM-agar at 26.8i0.30C) and meth 2% - SM-agar for
further characterisation. Of the eighty plates only seventy seven could
be used in this analysis, since three were overgrown with large numbers
of fast growing haploids within six days after plating. These large
numbers of fast growing haploids, were probably the products of
multiplication of haploids derived from a single haploidisation event

several generations before the time of plating.

The following results are based on analysis of 136 haploid
clones and 102 diploid clones obtained on these 77 meth 2% - SM-agar

plates:

Total number of cells plated = (2 x lOu) e

Total number of methanol resistant, ts, haploids
scored = 136

’ 136 2 a
1 o » IFre NC f i 1 1 sat 1 = e . . 5]
(1) requency of haploidisation 154 % 10° 8.8 x 10

Total number of methanol resistant, ts, diploids

= 102 (12 white + 90 yellow)

(20 ) Frequency of cross-over 90 -5
: = e o e e R SR
between whiA and acrA bab54ixeil
(3) i Expected frequency of cross-over + haploidisation

(assuming these events to be unrelated)

Total number of yellow, methanol resistant, ts haploids

= 7

Total number of haploids derived from cross-over diploids
= 14 (i.e. yellow + equal number of white) (Fig. 7)

(This assumes that only one haploid arises from the haploid-
isation of a diploid; see Williams & Barrand, 1978.)
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(4) ' Observed frequency of cross-over + haploidisation

14
1.54 x 10°

9.1 % 1o °

Il

Frequency of cross-over diploids which haploidise

(4)

(2)

(S0 iN©)

S
.8 x 10° 5

= 1y6 i 1 L

i.e. approximately 16% of cross-over diploids, haploidise.

These results indicate that the frequency of cross-over between the

spore colour marker (whiA) and the methanol resistance marker (acrA) on

linkage group II of DU260 is similar to that found in matAl/matAl diploids

and DP72 which, 1like DU260, is another diploid formed between strains of

opposite mating type (Williams unpublished) .

It has been shown previously that when diploids are haploidised, the
ratio of haploids to cross-over diploids varies markedly depending on
the strains used (Mosses g&_g&,, 1975) . Ffom this result 1t was
postulated that haploidisation and mitotic crossing-over are independent
events. However, the results detailed above show that these two events
are not entirely unrelated as previously thought. Approximately 16%
of cross-over diploids haploidise, compared to approximately 0,01% (see
(1) above) 1n normal diplbids. Such a result has now been observed
in a diploid formed between strains of the same mating-type (Williams
unpublished) . Therefore this phenomenon is not related only to

illegitimate diploids, and is not considered further.
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2.3.E Analysis of DP72 by characterisation of haploid segregants

Diploid DP72 was not analysed as extensively as DU260. Haploid
segregants were obtained by haploidisation of DP72 on meth 2% - SM-agar
and on cobaltous chloride 350 pg/ml - SM-agar. The haploids were
characterised into pbenotypic groups (Table 11 and Appendix B) and were

tested for mating-type using the 'toothpick technique'.

(1) Mating=-type analysis of haploid scgregants

All segregants were sexually competent, and all expressed the

mata malting-type (Table 11). Hence this preliminary investigation

suggests that illegitimate diploid, DP72, has only one mating-type

allele.

(11) Parasexual diploid formation between haploid segregants of

DP72 and tester strains of each mating-type

Representative haploid segregants of each phenotypic group
(A, B and C) of DP72 were tested for their ability to make parasexual
diploids when crossed with a mata2 tester strain (HM3 or HUl56) and a

matAl tester strain, (HUl28, HUl1l80 or HUl54) (Table 12). Parasexual

diploids were detected when haploid segregants were crossed with the

mata2 tester strain but not when crossed with the mathAl tester strain.

Therefore it appears that DP72 has only one vegetative incompatibility

allele and that it is of the matal parental type.

2 i F Analysis of DU454 by characterisation of haploid segregants

The mating-type analysis of haploid segregants of 1illegitimate
diploids DU260 and DP72shows that only one mating-type 1s expressed

(DU260 haploid segregants = matAl; DP72 haploid segregants = mata2).

One could hypothesise that illegitimate diploids can be formed between
haploids of opposite mating-type only when one of the mating-type

alleles is excluded (either functionally or physically). A way of




TABLE 11

Mating-type of haploid segregants from DP72

Macrocyst formation

Phenotypic group of DP72 haploid Parental
segregants* strains
A B C

Haploid X37 X49 X39 X42 X44 x23 NP84
segregants (matAl) (mata2)
Tester

strain

RSEIN) } +- 4 + + - -
(matAl)

wWs582 - = - - - + N.D.

(maE@BSl)

Representative independent haploid segregants of diploid DP72 were paired
with tester strains of each mating-type and after 7 days were scored for
macrocysts ('toothpick technique' 2.2.C(1i1)).

+: macrocysts formed;

-: no macrocysts formed;

N = not determined.

The haploid segregants are classified into groups according to their

phenotype (Appendix RB) .




TABLE 12

Parasexual diploid formation between haploid segregants of DP72 and

tester strains of either mating-type

Parasexual diploid formation

Phenotypic group of DP72 . Parental

haploid segregants strains

A B (&
Haploid X37 X39 X42 X23 NP84
segregants (EgtAl) (mata?2)
Mating type
of tester
strain
matAl - - - + -
mata?2 I- - + - +

Representative independent haploid segregants of diploid DP72 were paired

with testexr strains of matAl (HU128, HU180 or HUl54) and mata? (HM3 or

HU156) . Each cross was performed in at least two experiments using the
'multi-well pick technique' (2.2.D(i)b) in combination with the

"complementing ts technique' (2.2.D(11)a).

o Parasexual diplolds detected in at lecast one experiment;

= No parasexual diploids detected in any experiment.
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definitively testing this hypothesis would be to search for the mating-
type locus on each of the seven linkage groups. To do this one would
need to construct an illegitimate diploid in which all of the linkage
groups are recognisable i.e., a diploid with a marker on each of the
seven linkage groups. To this end, the diploid DU454 was constructed
recently (2.3.C). Strain DU454 has six of the seven linkage groups
marked (linkage group V is still uncharacterised genetically in D.
discoideum) and is heterozygous for all parental markers (Appendix B).
This was determined during a preliminary investigation of seventeen
independent haploid segregants of DU454. The diploid was haploidised

on SM-agar containing either 2% methanol, 350ug/ml cobaltous chloride,

500 ug/ml cycloheximide or 20 ug/ml ben late.

(a) Mating-type analysis of haploid segregants

The seventeen haploids are sexually competent, but all express
the same mating-type; matAl (Table 13). However, an analysis of the
genotype of these haploids showed that some of the chromosomes of
DU454 did not segregate randomly during haploidisation. All of the
haploids are cycloheximide resistant, - mannosidase negative and all
but two have white spore colour even though the diploid is clearly
sensitive to cycloheximide (.. gzgﬁ]/+), - mannosidase positive
(.. manAl/+) and has yellow spores (.. whiAl/+). No attempt has yet
been made to analyse DU454 more thoroughly, as was done for DU260.
These preliminary results are consistent with the hypothesis that
parasexual diploids can be made between strains of opposite mating-
type only when just one parental mating-type allele 1s functional.
However, since all classes of segregants have not been analysed it 1is

still possible that DU454 posscsses the mata2 mating-type allele.




TABLE 13
Mating-type of haploid segregants from DU454
Macrocyst formation
Independent Source of linkage Mating-type of tester
haploid groupst strain
segregants*
IR 4 1L VR avles VI matAl mata?2
HUZ299 X X NFRIDE X X X = +
HU301 X X N X X X = +
HU315 X X Nis DI X X X = o
HU320 X X NEDE X X X = +
HU300 XX INFDE Z X X = +
HU305 X X INE D Z X X = +
HU314 X X N.D. Z X X = =+
HU32 1 X X N.D. Z X X = +
HU308 X X N.D. X X Z - +
HU312 X X NeDE X X Z = +
HU316 X X NESDE X X Z = +
HU318 He X INFUDE X X Z = ar
HU311 X X N.D. Z X Z = +
HU313 X X NI Z X Z - St
HU3 19 X X N B Z X Z - +
HU3 L7 X(2+X) N.D. X X Z = +
HU329 X Z NE B X X X = +
Parental
haploids
HU227 X X X X X X = +
(mathAl)
HU89 T Z Z Z Z 3 -
(mata2)
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(i1) Parasexual diploid formation between haploid segregants of

DU454 and tester strains of each mating-type

Sixteen of the seventeen haploid segregants of DU454 were tested
in one experiment for their ability to make parasexual diploids when
crossed with tester strains of each mating-type. Table 14 shows that
six of the sixteen haploids made parasexual diploids when crossed with

tester strains of matAl mating-type but not when crossed with the mataZ2

tester strain, and the remaining ten haploid segregants did not make
parasexual diploids when crossed with tester strains of either mating-

type.

In view of the preliminary nature of this experiment the failure
of the ten haploids to produce parasexual diploids is not cons<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>