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Abstract 
 
Dictyostellium Discoideum is often used as a model organism for differentiation and patterning, 
because it has unicellular stage and multicellular stage within its relatively short life cycle. When 
mixed the same number of Dictyostelium amoeba from genetically different wild strains, it is known 
that these amoebae construct fruiting body together. However the final number of spores on top of 
fruiting body differs on each combination of strains. Because these genetically different strains are 
found in same area, this social conflict (cheating) might be compensated by different stage of 
development. The aim of this study is to examine which part of development among the life cycle 
compensates the cheating. 
19 wild genotypes were used in this study (Figure 1). When these isolates were developed clonally, no 
big differences were observed among strains except for hatching rate. This hatching rate seems to be 
controlled by hatching inhibitor. Widespread variations of production of and response to the inhibitor 
are observed and social cooperation might be started from unicellular stage. 
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Introduction 
 
Dictyostelium Discoideum 
 
D. discoideum, belonging to the phylum 
Mycetozoa, eukaryote is one of the model 
organism. The sequence of the complete genome 
of Dictyostelium was reported [1]. The life cycle 
starts from spores released from fruiting body. 
Unicellular amoebae hatch from spores and feed 
on bacteria as dividing by mitosis. This is called 
as vegetative stage. When they get starved, 
they enter aggregation stage. The amoebae 
aggregate and stick together. In migration stage, 
they form a slug which is capable of movement. 
Finally, the slug differentiates into fruiting 
body which has spores raised in the air onto a 
stalk. This is called culmination stage. Finally, 
spores are released from the fruiting body [2]. 
Spores are on top of stalk which is composed of 
dead cells which is no longer capable of 
reproduction. Furthermore, social behavior is 
observed between genetically different strains 
of Dictyostelium [3-7]. In aggregation stage, 
amoebae of different genotypes aggregate and 
form a chimeric fruiting body. This phenomenon 
results in social outcome in which strains will 
differentiate into stalk as a sacrifice and which 
will become spores, with direct reproductive 
fitness. Spore: stalk allocation in chimera 
highly varies and depends on pairing of 
genotypes [3, 8]. Chimaerism seems to occur 
frequently because these genotypes co-exist in 
same area [4]. Therefore, disruptive cheating 
(social conflict) [9-13] might be compensated by 
social cooperation. Otherwise, some strains are 
forced to extinct. 

To test this idea, each parts of life cycle (growth 
rates of amoebae, final numbers of amoebae, 
hatching rates of spores, hatching rates of 
washed spores, hatching rates of 
supernatants-crossed spores) are measured. 
In part, this idea is supported by idea of 
pleiotropy. When a knockout mutant which 
ignore stalk-inducing factor forms a chimeric 
fruiting body with parental-wild strain, lose out 
the allocation of spores vice versa [14]. 
 
Methods and Material 
 
Strains 
 
Nineteen wild strains of D. discoideum used 
among these studies are labeled as strain 1 to 
20 to simplify the experiments. This is real 
name corresponds to the label (Figure 1). All 
study are maintained with Klebsiella aerogenes 
bacteria (KA). 
 

simple No strain 

1 28.1 

2 34.1 

3 34.2 

4 39.1 

5 41.2 

6 43.1 

7 52.3 

8 59.2 

9 60.1 

10 63.2 

11 67.2 

12 73.1 

13 78.2 

14 80.1 

15 85.2 

16 88.2 

17 96.1 

18 98.1 



19 105.1 

Figure 1 real strain name corresponds to label 
 

Growth Rate Measuring 
 
Total of 2.5× 10!  spores and 2.0× 10!"  of 
concentrated KA are used in this study. To 
harvest spores, hatching out plates are made by 
spreading 400 µl of KA (LB) with freezed stock 
of wild strains of Dictiostelium on SM plates, 
and used from 5 days later. This is because all 
the 19 wild strains used in this study are ready 
from 5days later (5 to 12 days old plates are 
used). Spores are harvested with tips by the 
side of Bunsen burner into 1ml of KK2 in 
eppendorf tube, and counted under microscope 
with hemocytometer.  KA plates are made by 
spreading 400 µl of KA (LB) on SM plate and 
left for 4days, and harvested with spatula by 
the side of Bunsen burner into 1 ml KK2 per 1 
plate in falcon tube. To check this KA stock, 50 
µl of KA is diluted with glass tubes from !

!
 to 

!
!"!".
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!"!",

   !
!"!,

   !
!"!,

   !
!"!,

   !
!"!

 diluted stocks 

are spotted on LB plates 3 times 10 µl for each 
dilution and left in 37 degrees Celcius for 12 to 
16 hours, and counted the number of colony 
under the stereoscope. From this scoring, the 
concentration of KA is calculated. 
The fixed number of spores and concentrated 
KA are mixed in 200 µl of KK2 for each plate 
and spread by the side of Bunsen burner on 
90-minutes-dried (room temperature) KK2 agar 
plate (60mm). To make influence of time of 
spreading less, KA is mixed shortly before 
spreading. 
Every 3 hours between 15 h to 30 h from 
spreading, 1 plate for each strain is harvested 
with two times of 500 µl of KK2 in total 1ml. By 

pipetting up and down with KK2, ameba on the 
plate are harvested into eppendorf tube. And 
the number is scored under microscope with 
hemocytometer. 
 
Final Amoeba Numbers Measuring 
 
The growth plates made by the same way with 
growth rate measuring is used for this study, 
and cells are harvested when they formed slugs 
(usually between 40 h to 45 h, sometimes 46 to 
65 h), with 500 µl ×2 of KK2 (20mM EDTA) 
into eppendorf tubes. Shortly after harvesting 
into eppendorf tubes, stocks are disaggregated 
by pipetting up and down with 19 gauge needle 
for 10 times, and 100 µl of original stocks are 
diluted with 900 µl of KK2. And these diluted 
stocks are pipetted up and down again and 
scored under microscope with hemocytometer. 
 
Hatching Rate Measuring 
 
The plates made by the same way with growth 
rate measuring, except which were made 24 h 
before using is used for this study, and scored 
every hour between 0 h to 4 h. Shortly after 
spreading, plates are marked with a red marker 
on their bottom with 3 spots avoiding very wet 
region, and scored number of unhatched spores 
in the field with microscope (20×  objective 
lenz). To make sure to count the same field 
every time, the spot is every time located in the 
middle of the field. 
 

Hatching Rate of Washed Spores 
Measuring 
 
The same way used with hatching rate study is 



used, except for using washed spores. After 
harvesting spores, stocks were centrifuged for 
90 seconds with 13,000 rpm and supernatants 
were disposed. One ml of new KK2 were added 
into every pellet and after well-shaking, it is 
centrifuged again and supernatants were 
disposed. At the last, 1ml of KK2-added spores 
were scored and used for this study as used in 
other studies. 
Hatching out plates were used between 5to 8 
days. This is because when older spores are 
used, spores could not be observed properly in 
the field. This might be because old spores were 
damaged by centrifuging.  
 
Cross Inhibition of Spore hatch 
Measuring 
 
It is clear that supernatants include something 
inhibit hatching of spores, from hatching rate of 
washed spores study. In this study, 10 and 20 µl 
of supernatants are mixed with washed spores 
of each strain. To make sure density of 
inhibitors in supernatants will be the same with 
the other supernatants from different strains, 
spore density of stocks are made even before 
centrifuging by adding KK2 to the higher 
concentrated stocks to become 1.25×10!spores / 

ml. When spores were spread, they were scored 
again after washing. Only strain 1, 10, 13 are 
used in this study. Strain 1 as a strain of middle 
speed hatching, strain 10 as a strain of fast 
hatching, strain 13 as a strain of slow hatching. 
 
Results 
 
Measurement Error 
 
Standard deviation (STDEV) is used to estimate 
errors from minimum of 3 replicates among 
every study. In growth rate study, far-off data 
from exponential approximate equation is left 
out in order to make sure R-squared value of 
the approximate equation becomes more than 
0.98. 
 
Growth Rate Measuring 
 
Raw numbers scored on hemocytometre are 
charted by exponential function graph as a 
growth rate. Therefore from each exponential 
approximate equation of the graph, multiplier 
of the equations are charted to compare slope of 
the growth rate. (Figure 2) Strain 5 seems to 
have lowest growth rate, and biggest growth 
rate for strain 4. 
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Figure 2 growth rates of wild strains  
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Figure 3 number of dissaggregated cells. 

Figure 4 harvested time. 

Final Amoeba Numbers 
Measuring 
 
Raw numbers scored on hemocytometre 
are charted. (Figure 3) Raw date of 
harvested time is charted. (Figure 4)  
 
Hatching Rate Measuring 
 
Percentages of unhatched spores after 1 
hour from spreading (Figure 5) and after 
4 hour from spreading (Figure 6) are 
charted. 

Hatching Rate of Washed Spores 
Measuring 
 
Percentages of unhatched washed spores 
after 1 hour (Figure 7) and 4 hour (Figure 8) 
from spreading are charted. 
 
Cross Inhibition of Spore hatch 
Measuring 
 
Ten (Figure 10, 11) and twenty µl (Figure 
12, 13) of supernatants are used in this 
study. Simple numbers are used in this 
study to indicate combinations of 
supernatants and spores. (Figure 14) 
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Figure 5 percentages of unhatched spores after 1 hour from spreading. Figure 6 Figure 5 percentages of unhatched spores after 4 hour from spreading. 

Figure 7 Percentages of unhatched washed spores after 1 hour. 
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Figure 10 10µl supernatants mixed hatching rate after 1 hour from spreading. 
 
Figure 11 10µl supernatants mixed hatching rate after 4 hour from spreading. 
 

Figure 12 20µl supernatants mixed hatching rate after 1 hour from spreading. 
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Figure 13 20µl supernatants mixed hatching rate after 4 hour from spreading. 
 

simple 

numbers 

spore 

strain 

supernatants 

strain 

1 1 unwash 

2 1 1 

3 1 10 

4 1 13 

5 10 unwash 

6 10 1 

7 10 10 

8 10 13 

9 13 unwash 

10 13 1 

11 13 10 

12 13 13 

13 1 wash 

14 10 wash 

15 13 wash 

 
 
References 
 
1.  Eichinger, L., Pachebat, J.A., Glockner, 
G., Rajandream, M.A., Sucgang, R., Berriman, M., 
Song, J., Olsen, R., Szafranski, K., Xu, Q., et al. 
2005The genome of the social amoeba 
Dictyostelium discoideum Nature 43543–57. 

Figure 14 simple numbers of combinations. 

2. Escalante, R. and Vicente, J.J. (2000). 
Dictyostelium discoideum: a model 
system for differentiation and 
patterning. Int J Dev Biol 44, 819-835. 

3. Buttery N. J, Rozen D. E, Wolf J. B, 
Thompson C. R. Quantification of 
social behavior in D. discoideum 
reveals complex fixed and facultative 
strategies. Curr Biol. 
2009;19:1373–1377. 

4. ortunato A, Strassmann J. E, 
Santorelli L, Queller D. C. 
Co-occurrence in nature of different 
clones of the social amoeba, 
Dictyostelium discoideum. Mol Ecol. 
2003;12:1031–1038. 

5. Shaulsky G, Kessin R. H. The cold war 
of the social amoebae. Curr Biol. 
2007;17:R684–R692. 

6. Strassmann J. E, Zhu Y, Queller D. C. 
Altruism and social cheating in the 
social amoeba Dictyostelium 
discoideum. Nature. 
2000;408:965–967. 

 



  

7. Foster K. R, Parkinson K, Thompson C. 
R. What can microbial genetics teach 
sociobiology? Trends Genet. 
2007;23:74–80. 

8. Buttery N. J, Thompson C. R, Wolf J. B. 
Complex genotype interactions 
influence social fitness during the 
developmental phase of the social 
amoeba Dictyostelium discoideum. J 
Evol Biol. 2010;23:1664–1671. 

9. Maynard Smith, J. & Szathma´ry, E. 
The Major Transitions in Evolution 
(Freeman, New York, 1995). 

10. Atzmony, D., Zahavi, A. & Nanjundiah, 
V. Altruistic behaviour in Dictyostelium 
discoideum explained on the basis of 
individual selection. Curr. Sci. 72, 
142–145 (1997). 

11. Keller, L. (ed.) Levels of Selection in 
Evolution (Princeton Univ. Press, 
Princeton, New Jersey, 1999). 

12. Frank, S. A. Repression of competition 
and the evolution of cooperation. 
Evolution 57, 693–705 (2003). 

13. Velicer, G. J. Social strife in the 
microbial world. Trends Microbiol. 11, 
330–337 (2003). 

14. Foster, K.R., Shaulsky, G., Strassmann, 
J.E., Queller, D.C. and Thompson, C.R. 
(2004). Pleiotropy as a mechanism to 
stabilize cooperation. Nature 431, 
693-696. 

15.  Parkinson, K., Buttery, N.J., Wolf, J.B. 
and Thompson, C.R. (2011). A simple 
mechanism for complex social behavior. 
PLoS Biol 9, e1001039. 

 



 

0 

10 

20 

30 

40 

50 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 

pe
rc

en
ta

ge
 o

f u
nh

at
ch

ed
 s

po
re

s 

strains 

4 hour washed spores 

block1 

block2 

block3 

average 
Figure 8 Percentages of unhatched washed spores after 4 hour. 
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Discussion 
 
Growth rates and final number of amoebae (about 
1.5-fold difference between highest and lowest) 
has no great difference between strains. On the 
other hand, differences of hatching rates between 
washed and unwashed are big (about 11-fold 
difference between highest and lowest). (Figure 9) 
This result indicates that production of and 
responsiveness to hatching inhibitors differs 
dramatically between genotypes.  
Stalk-inducing factors (StIFs) are reasoned to be a 
major determination of spore : stalk proportion [8].  

And widespread variations of production 
of and responsiveness to StIfs could 
predict clonal and chimeric behavior [15]. 
Cross inhibition data indicate that 
inhibitor is common among genotypes and 
it might be used as a cooperation factor 
similarly StIFs. When cross inhibition 
data are accumulated and compared to 
chimeric cheating behavior, it might be 
clear that Dictyostelium has social 
behavior from its unicellular stage. 


