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N A previous paper (KIMBALL 1939b), the occurrence of six mating I types in the ciliate protozoan Euplotes patella was reported. These have 
since been designated by the Roman numerals I to VI. Considerable in- 
formation which has now been gained about the inheritance and nature of 
the action of the mating types in this organism will be set forth in the 
present paper. 

The investigations presented here may be divided into three main parts: 
(I) the method of inheritance of the mating types as determined by ap- 
propriate crosses, (2)  evidence on the nature of the action of the mating 
type in bringing about conjugation, (3) an analysis of the exceptional con- 
jugation, which, as pointed out by KIMBALL (1939b), is not infrequent 
in this species. The results of these investigations indicate that the mating 
types in Euplotes patella are basically dependent upon a relatively simple 
genetic mechanism. However, the exceptions, which are not uncommon, 
indicate that there are secondary complications, but these are not thor- 
oughly understood. The inheritance of mating types appears rather dif- 
ferent from that found by SONNEBORN (1939) for Paramecium aurelia 
and by JENNINGS (1941) for P. bursaria. 

METHODS 

The methods of culture have been described in a previous paper (KIM- 
BALL 1941). Testing exconjugant lines2 for mating type was based on the 
fact that when animals of different mating type are mixed, conjugation 
ordinarily occurs, but when animals of the same mating type are mixed, 
conjugation as a rule is not found. Therefore each line of unknown mating 
type was mixed with lines of each. of the six mating types, and the mating 

1 The work for this paper was begun a t  the Osborn Zoological Laboratory of YALE UNIVER- 

SITY where the author held a Sterling Fellowship. Most of it was carried out later in the Zoologi- 
cal Laboratory of THE JOHNS HOPKINS UNIVERSITY. It was completed a t  The Biological Labora- 
tory a t  Cold Spring Harbor. 

a The word “line” has been used in this paper to designate the descendants of one exconjugant 
animal. It is thus in many respects equivalent to the word “clone.” However, the animals were 
kept in small mass cultures. Since conjugation was known to occur in these cultures, the original 
clone was probably shortly converted into a mixture of clones. Thus the word “clone,” meaning 
the descendants of one exconjugant by vegatative reproduction alone, cannot be used for a line 
of descent of this sort, and the word “line” has been substituted for it. Further discussion will be 
found in the text. 
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276 R. E'. KIMBALL 

type was considered to be that of the known line with which no conjuga- 
tion occurred. In  all cases, an unmixed sample of each line was kept as a 
control (hereafter called the control) to make certain that conjugation 
would not have occurred without mixture; and the test was repeated if an 
appreciable amount of conjugation occurred in the control. From two to 
three hundred animals of each line were ordinarily used for a mixture. As 
will be pointed out below, conjugation sometimes occurs in mixtures 
where it is not expected and sometimes fails to occur where it is expected. 
Therefore certain arbitrary rules had to be set up in determining the 
mating type of a line. For this purpose, 2 0  pairs was taken as an arbitrary 
boundary line. It represents about one-tenth to one-fifteenth of the number 
of pairs that would be formed if all the animals had conjugated. When 2 0  

or more pairs occurred in the mixtures with each of the six types, the mat- 
ing type of the line was not considered as definitely established. When con- 
jugation occurred in the mixtures with each of the mating types but with 
fewer than 2 0  pairs in one of them, the mating type was taken as that of 
the type with which least conjugation occurred only if on several repeti- 
tions of this mixture no pairs were formed. Otherwise the mating type of 
the line was considered questionable. When less than 2 0  pairs or no pairs 
occurred in mixtures with more than one mating type, the mating type of 
the line was considered established only if on repetition of these mixtures 
conjugation was not observed to occur with one of the types and more than 
2 0  pairs were formed with the others. Mixtures yielding about the same 
number of pairs as the controls were disregarded and later repeated. 

The methods of obtaining the various sorts of matings by use of double 
animals have been described in an earlier paper (KIMBALL 1941). If double 
animals of a known mating type and with but one micronucleus are mixed 
with single animals of a different mating type, conjugation occurs in the 
mixture. A number of different kinds of conjugant groups are formed of 
which three were of importance for this investigation. These are pairs 
composed of two single animals, pairs composed of a single animal con- 
jugating with the micronucleate half of a double animal, and pairs com- 
posed of a single animal conjugating with the amicronucleate half of a 
double animal. The first sort of pair involves conjugation between animals 
of the same line and so basically of the same mating type. The second 
sort of pair is a true cross between animals of different mating types. In 
the third sort of pair, the single animal contributes one of its pronuclei 
to the double animal but does not receive any pronucleus from it. Pre- 
sumably, the new macronucleus and micronucleus in the single, following 
conjugation, are derived from the one haploid pronucleus remaining in the 
single. Thus the singles from such a mating should not be heterozygous for 
any genes. 
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MATING TYPES I N  EUPLOTES 2 7 1  

The method of studying the inheritance of mating type following con- 
jugation was, then, to isolate in depression slides a number of pairs of the 
desired sort, one to each depression. After the separation of the conjugants, 
the two members of a pair were isolated separately in certain experiments; 
but in most only one member of a pair was kept, the other being discarded. 
If the anlage of the new macronucleus, visible in the living animal, was 
not seen, the pair was discarded, since this indicated that the pair had 
separated without completing conjugation. In  case of pairs involving a 
double animal, the double was discarded in the great majority of cases, 
since it was more difficult to test the mating type of the doubles than of 
the singles. Each isolated exconjugant gave rise to a line which was culti- 
vated by the small mass culture technique until its mating type was ascer- 
tained or until i t  was discarded or lost. 

INHERITANCE OF MATING TYPE FOLLOWING CONJUGATION 

One of the major aims of this investigation was to study the inheritance 
of the mating types following conjugation. Because of the time-consuming 
process of testing the exconjugant lines for mating type, the investigation 
was not carried out with so large a number of lines or so great a variety of 
matings as could be desired. Nevertheless, the results that have been ob- 
tained present consistent evidence on the kind'of inheritance, and i t  seems 
desirable to record them a t  this time. 

Preliminary studies indicated that ordinarily the two members of a 
conjugant pair gave rise to lines of the same mating type. Out of 69 pairs, 
63 gave rise to two lines of the same mating type. With random distribu- 
tion of the types to the two members of a pair in each of the matings stud- 
ied, only about 27 such pairs would have occurred. The difference is clearly 
significant. Similarly COHEN (1934) found that in Euplotes the two mem- 
bers of a pair gave rise to two clones that were alike in regard to body form. 
He pointed out that this would be expected with genic inheritance since 
cytological evidence made it likely that the two pronuclei in each conjugant 
were nenotvDicallv alike. He also found excedons to the rule that the two v , I  

members of a pair give rise to like clones and showed that this would be 
expected if the nuclear processes did not always occur in the same way. 
Thus there is good reason to believe that the mating types are determined 
by gene action. 

Since it was found in these investigations that the lines from the two 
members of a pair were generally of the same type, the study of the in- 
heritance was carried out using only one member of a pair. In  those cases 
in which the lines from two members were studied only one is recorded. 

The results of the various matings are given in table I .  The lines re- 
corded in the column under the question mark are those for which ade- 
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272 R. F. KIMBALL 

quate tests were not obtained under the rules set forth in the section on 
methods. None of these lines gave indication of belonging to any of the 
six mating types other than those expected in the mating in question. 
Almost all of them seemed to belong to one of the expected types. In  most 
cases only one mating of a particular sort was carried out. In the case of 
1x1, 1x11, and VIXVI, two independent matings were made for each, 
though most of the data comes from one of these matings. 

If the matings between animals of the same line (basically of the same 
mating type) are considered first, i t  can be seen that the mating types can 

TABLE I 

The results ofthe various matings that were made. The number of exconjugant lines of each maling 
type that were obtained from the matings i s  indicated. Only one line i s  recorded for each conjugant 
pair. The symbol 1 means that the type of the lines i n  question could not be ascertained v i t h  certainty. 
The two malings i n  which one type is  enclosed i n  parentheses are cases i n  which single animals of one 
type conjugated with the amicronucleate h d  j of double animals whose type i s  indicated i n  parentheses. 

MATING TYPES OF THE PROGENY 

MATINGS 

1 x 1  
11x11 

IV x IV 
vxv 

VIXVI 
IV x VI 

1 x 1 1  
I x (11) 

VI x (IV) 

I I1 111 IV V VI ? TOTALS 

32 0 0 
0 50 16 
0 0 0 

0 0 3 

64 0 0 

7 15 0 

0 0 0 

0 0 0 

0 0 0 

I4 
19 
113 
0 

0 

5 

8 
22 

0 

I 20 
0 0 

0 0 

24 8 
0 1'5 

0 5 
I3 0 
I 8 
0 '9 

2 69 
9 94 
I1 124 
29 64 
24 I39 
8 82 
8 65 
2 19 
5 24 

be put into two categories depending on whether they produced excon- 
jugant lines only of the same type as themselves or of different types. 
Types IV and VI fall in the first category, types I, 11, and V in the second, 
and type I11 has not been tested. It is to be noted particularly that, with 
the exception of type I, types of the second category produced exconjugant 
lines of which about half are of the same type as the parent line and about 
a quarter each are of two other types. Type I falis in line with the others 
if the one type V line is disregarded. This one type V line could well have 
resulted from an experimental error. The 1x1 pairs were obtained from a 
mixture of type I single animals and type I1 double animals. Double 
animals occasionally produce single animals (KIMBALL 1941). While every 
effort was made to remove all the singles from .the doubles before mixture; 
a few may have been overlooked. If such a type I1 single animal had con- 
jugated with a type I single animal, a type V line could have been produced 
as may be seen from the results of conjugation between types I and I1 
presented in table I. 
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MATING TYPES IN EUPLOTES 273 
The results of these matings can be explained if it is assumed that 

types I, 11, and V are determined by the different heterozygous combina- 
tions of three allelic genes which in their homozygous state determine 
types 111, IV, and VI, respectively. On this hypothesis, type I has one 
allele in common with typ,e 11, and this allele is homozygous in type IV. 
It has one allele in common with type V, and this is homozygous in type 
VI. Type I1 has one allele in common with type V, and this is homozygous 
in type 111. These alleles will be designated, respectively mtl, mt2, and 
mt3. The genotypes of the various mating types may be designated as 
follows: type I, mt1mt2; type 11, mt1mt3; type 111, mt3mt3; type IV, mt'mt'; 
type V, mt2mt3; type VI, mt2mt2. 

It is to be noted that the mating 111x111, which would prove that 
type I11 is homozygous, has not yet been made. However, the fact that 
type I11 has appeared as expected in the progeny of 11x11 and V X V  
and not in any of the other matings makes it probable that it is the third 
homozygote. 

If the hypothesis is correct, the mating of two of the homozygous types 
should result in progeny all of the mating type determined by the hetero- 
zygous combination of these alleles. One such mating, type IV with type 
VI, has been made. Of the progeny, the great majority were of the ex- 
pected type I; but five were of type IV and five of type VI. It seems quite 
possible that these last two types resulted from a failure of syngamy in the 
conjugants either through failure of exchange of pronuclei to take place 
or through failure of pronuclear fusion after exchange. Aberrant behavior 
of the pronuclei has been reported by CHEN (1940) for Paramecium 
bursaria, and KIMBALL (1941) has presented evidence that the pronuclei 
do not always behave normally in Euplotes patella. This explanation is 
made more probable by the fact that in this mating the only two excon- 
jugants in which cytological evidence of abnormal nuclear behavior was 
obtained gave rise to two of the five type V I  lines. 

The mating of two heterozygous types should yield progeny in a I : I : I : I 
ratio. The mating types should be the two parent types, the type deter- 
mined by the homozygous condition of the allele the two have in common, 
and the third heterozygous type. Only one mating of this sort has been 
carried out, that of type I with type 11. The progeny are of the four ex- 
pected types. The question of deviation from the expected I : I : I : I ratio 
will be dealt with below. 

The last two matings in the table involve exconjugant lines from a 
mating of single animals of a certain type and the amicronucleate half 
of double animals of another type. The type of the double animal is indi- 
cated in parentheses, since its nucleus is not involved in this mating (see 
section on methods). Only the clones descended from the single animals 
were studied in these cases. As mentioned in the section on methods, the 
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2'14 R. 1;. KIMBALL 

nuclear complexes of the lines descended from such singles should be de- 
rived from one of their haploid pronuclei. As a result, the mating types of 
such lines should be one of the possible homozygous mating types. The 
results fall in line if the one type V clone produced in the I X (11) mating is 
disregarded. KIMBALL (1941) pointed out certain sources of error in the 
methods of ascertaining that the single animal conjugated with the amicro- 
nucleate half of the double animal. It seems likely that the one exception 
represents such an error; for if the type I single animal actually con- 
jugated with the micronucleate half of the type I1 double animal, the 
exconjugant line from the single could well have been type V. 

In several of the matings a certain ratio between the various classes of 
progeny would be expected on the hypothesis presented in this paper. 
Are these ratios realized? To test this the x2 test was applied to the results 
of these matings, excluding the one type V clone in the case of the 1x1 
mating. In the case of the matings I X I  and I1 XII ,  the fit to a I : 2 : I 
ratio was satisfactory. x2 was 1.15 and 2.84, respectively, and with n equal 
to two, P was .57 and . 25 .  However, in the case of VXV and 1x11, the 
fit was not particularly satisfactory. x2 was 6.26 and 8.05, respectively; 
and with n equal to two or to three, P was .045 and .046. With the small 
numbers involved it cannot be said that this rules out the possibility that 
these are merely random deviations from the expected ratios. Neverthe- 
less, it  is possible that some systematic deviations are involved. It is to be 
noted that in the case of the VXV mating considerable difficulty was ex- 
perienced in obtaining satisfactory tests for mating type. Part of this 
difficulty may be traced to the type I11 tester. Conjugant pairs were very 
frequent in the unmixed samples of this tester a t  this time. As a conse- 
quence many tests for type I11 were of necessity discarded. It is likely 
that a more satisfactory ratio would have been obtained if some of the 
probable type I11 lines had not been excluded on this account. No such 
explanation is available in the case of the 1x11 mating. Perhaps in this 
case some systematic deviation from expectation is involved. Despite the 
lack of a close agreement with the expected ratio in all cases, it is felt 
that the appearance of the expected classes and the agreement with ex- 
pectation found in those cases in which the numbers were largest and con- 
ditions of testing most satisfactory support the hypothesis. 

It 'cannot be claimed that the hypothesis of mating type determination 
presented here is completely established by the breeding experiments, and 
it is planned to continue the work and present further evidence when it 
is available. Nevertheless, the results of the matings and results of other 
types of investigation to be presented below are very consistently ex- 
plained by it. The most serious deviations may be explained by certain 
very possible sources of error in the methods used to ascertain the origin 
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MATING TYPES IN EUPLOTES 275  

of the nuclei in the various exconjugant lines. It should be stated that from 
time to time the mating types of exconjugant lines from mixtures of single 
animals of different mating type have been tested. The results are con- 
sistent with the hypothesis; but since it is not possible to ascertain the 
exact ancestry of the exconjugants from such mixtures, the results are 
not presented in detail. 

THE SPECIFIC ACTION OF ANIMAL-FREE FLUID IN INDUCING 

CON JUGATION 

KIMBALL (1939b) has reported that animal-free fluid taken from cultures 
of one mating type may induce conjugation among animals of another 
type. An investigation of the results of mixing fluid from each of the six 
types with animals of each has since been made. To do this, fluid was taken 
from a culture of a particular mating type, and all the animals were re- 
moved under the microscope with a fine pipette. To this fluid, animals (and 
fluid) of the desired sort were added. This was repeated for each mixture 
set up. Controls consisting of animals and fluid from the same culture were 
invariably used. The amount of fluid used was held as constant as possible, 
but considerable variation did occur. 

Table 2 shows what was found. Fluid from any one of the heterozygous 
types induces conjugation among animals of any of the other five types. 
However, fluid from a homozygous type induces conjugation only when 
mixed with animals of a type with which it does not have an allele in com- 
mon. All of these mixtures have been repeated 15 to 30 times. However, 
it should be emphasized that exceptions to the system presented in table 
2 do occur. Some of these exceptions involved conjugation of animals when 
mixed with fluid from the same culture as themselves. The possible causes 

TABLE 2 

The results of mixing cdture juid, from which all animals have been removed, with animals of 
various mating types. The type of the animals i s  indicated across the top of the table, the type of the 
cdture from which the ju id  was obtained down the side of the table. The plus sign indicates that con- 
jugation ordinarily occurred, the minus sign that it ordinarily did not. The postdated genotypes of the 
various mating types are indicated i n  the jirst column. 

GENOTYPE FLUID ANIMALS 

I I1 111 IV V VI 

mt"P I - + + + + + 
mt'mt3 I1 + + + + + + + ntt3mt3 I11 + 
mt'mt' IV L + + + + mt2mt3 V + + + + + + + mt2mt2 VI - 

- 
- - - 

- - 
- 
- - 
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of this phenomenon will be discussed under the head of conjugation be- 
tween animals of the same line. In  other cases, conjugation failed to occur 
in mixtures where i t  was expected. On repetition of these mixtures, i t  
always occurred. The third group of exceptions involved conjugation in 
mixtures in which it was not expected. A later section discussing the con- 
jugation in mixtures of animals of lines presumably of the same type ap- 
plies to these exceptions also. It is hoped that a careful study of such cases, 
using fluids of known sorts, will aid in investigating further the basis of 
these various sorts of exceptions. A more detailed account will be reserved 
until such investigations have been made. 

The results so far obtained can be tentatively explained if i t  is assumed 
that each of the three alleles of the mating type gene is responsible for the 
production by the animal of a particular substance which gets into the 
culture fluid and induces conjugation only in animals which do not pro- 
duce that substance. Thus animals of a heterozygous type would produce 
two substances and so would be induced to conjugate only by the third 
one. Animals of a homozygous type would produce only one substance 
and so would be induced to conjugate by either of the other two. Fluid 
from a heterozygous type would induce conjugation in any other type, but 
fluid from a homozygous type would contain but one substance and so 
would induce conjugation only in those types lacking the allele in question. 

AMOUNT OF CONJUGATION IN MIXTURES OF THE VARIOUS 

MATING TYPES 

It was noticed early in the work that the number of pairs formed in 
mixtures of certain mating types was generally fewer than the number 
formed in those of others. There was considerable overlap and variation 
so that large numbers of pairs were formed in mixtures in which small 
numbers were more common and small numbers in mixtures in which 
large numbers were the rule. Nevertheless, in the long run, smaller num- 
bers of pairs were more regularly found in certain mixtures than in others. 

A demonstration in numerical form of this difference by counting the 
number of pairs formed in each mixture was not practicable, since in 
many cases the number of pairs formed was too large to obtain more than 
a qualitative estimate. A-fairly accurate measurement was obtained in an 
indirect manner by comparing for the different combinations the percent- 
age frequency of mixtures in which 2 0  pairs or less were formed. This 
method is based on the assumption that the probability of only 2 0  pairs or 
less occurring would be greater in combinations in which fewer pairs 
were formed on the average. Table 3 presents the results obtained. It 
shows for each combination of mating types the number of mixtures that 
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MATING TYPES I N  EUPLOTES 2 7 7  

were made and the percentage of these in which 2 0  pairs or fewer were 
found. 

TABLE 3 
The occurrence of a total of 20 pairs or less in mixtures of different mating types. The particular 

combination of mating types is given i n  the first column, the number of mixtures of this sort that were 
made is given in the second, and the percentage of these i n  which 20 pairs or less were found i n  the last. 

______ ___ 

COMBINATION 
PERCENTAGE O F  MIXTURES WITH 

20 PAIRS OR LESS 
NO. OF MIXTURES 

1x11 
1x111 
I X I V  
I X V  
I X V I  

11x111 
I I X I V  
I I X V  
I I X V I  

I I I X I V  
I I I X V  
I I I X V I  
I V X V  
I V X V I  
V X V I  

446 

785 
289 

773 
340 
709 
224 
408 
458 

254 

124 
297 

43 1 
660 
430 

1.79% 
2.54 
16.05 
4.15 
24,45 
19.12 
12.27 

1.79 

0.74 
4.80 

0.67 
3.02 
2.73 

23.72 

30.65 

It may be seen that the percentage of such cases is high in the combina- 
tions IXIV,  IXVI,  11x111, I IXIV,  VXIII ,  and VXVI. These results 
confirm the impression obtained during the course of the experiments. The 
connection with the genetics of the mating types is striking, In each case, 
a high percentage with 2 0  pairs or fewer occurred for mixtures between a 
heterozygous type and one of the types homozygous for an allele found in 
the heterozygote. The occurrence of smaller amounts of conjugation in 
these mixtures is readily explained from a knowledge of the action of the 
fluids. In a mixture of a heterozygous type and a homozygous type with 
wh’ch i t  has an allele in common, conjugation would be expected to be 
induced between animals of the homozygous type but not between those 
of the heterozygous type. Thus a smaller number of pairs would be formed 
in such mixtures than in those in which both types were induced to con- 
jugate. The rather considerable variability within the low and high per- 
centage groups remains unexplained. 

EXCEPTIONAL CON JUGATION 

Conjugation within an excolzjugant line 
As has been said, conjugation sometimes occurs in unmixed samples of 

one exconjugant line. In such cases, the number of pairs was generally 
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small but occasionally was rather large-in a few cases almost all the ani- 
mals formed pairs. Of a total of 2,882 unmixed samples, conjugation was 
found in 322. In  233 of these, the number of pairs that were formed was 
fewer than 2 0 ;  but in the remaining 89 more than 20 pairs were found. 
There was some indication that conjugation was more frequent in samples 
of lines which had been kept a long time following the conjugation a t  
which they arose, but this matter needs further investigation. 

There are a number of possible explanations for this conjugation be- 
tween unmixed animals of the same line. In the first place, it was reported 
by SONNEBORN (1937) and by KIMBALL (1937) that autogamy (endo- 
mixis) in Paramecium aurelia very frequently results in a change of mating 
type. Since the lines of Euplotes were kept as small mass cultures and 
not as isolation lines, autogamy occurring in part of the animals could 
conceivably lead to the production of cultures composed of several mating 
types and so to conjugation within a line. KIMBALL (1939b) has already 
stated that he has been unable to find any sign of autogamy, endomixis, 
etc., in Euplotes patella and that if such processes did occur, they could 
not account for a t  least part of the conjugation between animals of the 
same line. No evidence that would lead to a change in this opinion has 
since come to light, although watch has been kept for such nuclear re- 
organizations. 

The fact that the animals were kept as small mass cultures rather than 
as isolation lines offers another possible explanation of this sort of excep- 
tional conjugation. Each line was started from a single exconjugant animal 
and so was a t  first a clone. However, conjugation probably occurred at 
one time or another in all the lines and converted them into mixtures of 
clones. As has been shown, conjugation results in changes of mating type 
when it occurs within types I, 11, or V but not when it occurs within types 
IV or VI and probably not when it occurs within type 111. Thus some of 
the conjugation within lines of the first three types may have been the 
result of these lines being mixtures of several types as a result of a previous 
conjugation. This explanation could not hold in the case of lines of types 
111, IV, and VI; and i t  seems unlikely that it is an important factor in 
any, since the percentage of samples in which conjugation occurred was if 
anything somewhat higher in the case of lines of these latter types (12.0 
percent out of 1536 samples as compared to 10.4 percent out of 1236 sam- 
ples). 

It is also possible that in setting up mixtures and controls, some animals 
accidently became transferred from a mixture to a control by splashing. 
Tests for splashing contamination were made by placing slides with cul- 
ture fluid but no animals near the slides in which the mixtures were being 
made. In no case were any animals found in these slides. Though this 
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MATING TYPES IN EUPLOTES 279 
source of error cannot be completely disregarded, it probably was not a 
major factor. 

These considerations lead us to the possibility that in Euplotes the 
mating types may not be inherited unchanged during vegetative reproduc- 
tion. KIMBALL (1939a) has shown that changes during vegetative repro- 
duction do occur regularly in certain exceptional clones of Paramecium 
aurelia, although in the great majority of the clones no change occurs. 
In Euplotes, on the other hand, such “unstable” clones may be the rule. 
Howeve?, if this is the case, the mating type must change only for a short 
time; for whenever the two members of a conjugant pair from an unmixed 
sample have been separated before any nuclear change occurred, the cul- 
tures from them have been found to be the same type as each other and 
as the line from which they came. Thus change of mating type may occur 
during vegetative reproduction, but if it does it is only temporary. 

One further possibility to be considered is that in Euplotes conjugation 
might occur between animals of the same mating type. In Paramecium, 
all evidence shows that conjugation occurs only between animals of dif- 
ferent mating types. In  Euplotes, KIMBALL (1939b, 1941) has shown that 
in mixtures between lines of different mating type conjugation occurs 
between animals of the same line as well as between animals of different 
lines. The simplest interpretation of this would be that conjugation can 
occur between animals of the same mating type, though it  is not possible 
to say that some animals of a line may not temporarily change type as a 
result of mixture. Therefore, while it cannot be affirmed for Euplotes that 
under certain conditions conjugation may occur between animals of the 
same mating type, the possibility must be born in mind. 

It may be concluded that the main cause of conjugation within a line 
may be either change of mating type during vegetative reproduction or 
conjugation between animals of the same mating type. No way of decid- 
ing between these two is evident to the writer. 

It should be pointed out that the mating type of an exconjugant line 
remains constant for many months, perhaps indefinitely, despite the oc- 
currence of conjugation within it. There have been no cases in which a 
line has undergone a change of mating type as a whole even after many 
months of culture. This is remarkable, since conjugation is known to result 
in the production of clones of different mating types when it  occurs within 
lines of certain of the mating types. The simplest explanation of this sta- 
bility of the mating type of a line is that the exconjugants are wholly 
or partially eliminated from the cultures. This seems not too unlikely in 
view of the facts that the exconjugants do not divide for three or four days 
after conjugation and that there is considerable mortality among them. 
Since the lines were maintained by transferring a small number of animals 
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to fresh culture fluid every eight to ten days, this would put the ex- 
conjugants a t  a distinct disadvantage compared to the non-conjugants. 
Moreover, the descendants of the exconjugants cannot conjugate for about 
a month after conjugation (KIMBALL. 1939b); and when they are able to 
conjugate once more, they probably do so quickly if they are of a type 
type different from the line as a whole. Thus they are once more eliminated 
from active participation in conjugation. Therefore a t  any one time most 
if not all the animals capable of conjugating probably belong to the original 
mating type. Accordingly, by testing the mating type of an exconjugant 
line, the mating type of the original clone from which it was derived may 
be ascertained. 

Conjugation within mixtures of lines of the same mating type 

Conjugation has also been found in mixtures of animals from lines 
which were of the same mating type according to most of the tests that 
were made with them. Conjugation occurred in 601 out of 2,381 mixtures 
of this sort. In 317 of these cases, pairs were found in the controls. In 
215 of them, the number of pairs in the controls was about the same or 
larger than the number found in the mixtures. In  these cases the occur- 
rence of conjugation was apparently independent of whether mixture was 
made or not. There are 206 other mixtures which probably belong in this 
category. The controls for these contained no pairs, but there were only 
ten pairs or less found in the mixtures. This number is so small that the 
failure to find pairs in the controls could have resulted from differences in 
the sample of animals used or in the conditions in the mixtures and con- 
trols. The variation between control and mixture is illustrated by the fact 
that in 131 cases conjugation was found in one or both controls but not 
in the mixtures. 

There remain 180 mixtures in which conjugation apparently occurred as 
a result of the mixture. These mixtures either contained many more pairs 
than their controls or more than ten pairs when none were found in the 
latter. This might be because the two cultures used for the mixture were not 
of the same mating type, but the fact that in almost all cases repeated tests 
showed that mixture between the cultures in question only occasionally re- 
sulted in conjugation, frequently only once, makes this explanation seem 
unlikely. Moreover, if they were of different types from each other, one 
in each case must have belonged to a type other than the six so far estab- 
lished, since conjugation regularly occurred in mixtures of each with the 
five mating type; other than the one to which they were suspected to 
belong. 

In order to test the possibility that more than six mating types existed 
in the available material, experiments were carried out several times. The 
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procedure was to use a number of lines which had conjugated when mixed 
with all six mating types but which were suspected to belong to one of 
these types. Animals from these lines were mixed in all possible combina- 
tions with each other, with animals from one or two lines known to belong 
to the type to which the others were suspected to belong, and with animals 
from one line known to be of a different type. In all these tests, conjugation 
was found in some of the mixtures but not in others. In  the mixture with 
the line of different type, conjugation occurred in all cases, and the number 
of pairs formed was large. In the other mixtures when conjugation oc- 
curred at  all, the number of pairs was usually, though not always, small. 
When the tests were repeated using the same lines, conjugation occurred 
again but, with the exception of the line of different mating type, not al- 
ways in the same mixtures. This result is in contrast to that obtained when 
a number of cultures of different types are mixed several separate times. In 
this case conjugation occurs repeatedly in certain mixtures and never or 
rarely in others. The lines fall definitely into well marked groups, the mat- 
ing types, while in the tests described above the lines do not fall into a sys- 
tem. Instead, each line acts as though it were different from every other 
and acts in different ways a t  various times so that no systematic grouping 
can be made. If we assume that the conjugation in these cases is a result of 
the lines being of different mating types, then each line must be a type of 
its own, and this type must vary from time to time. Whether individual 
differences do exist between lines in regard to mating proclivities cannot be 
decided with the evidence available, but almost all the lines studied so far 
have fallen more or less clearly into six classes. Conjugation may occur 
sporadically in mixtures between lines of the same class but occurs quite 
regularly in mixtures of lines of different classes. 

The reason for conjugation within mixtures of lines of the same mating 
type is not clear a t  present. Part of it can probably be explained as con- 
jugation which would have occurred whether the lines had been mixed or 
not. However, it seems doubtful if all the cases come in this category, for 
conjugation occurred in a number of mixtures whose controls contained 
far fewer pairs than the mixture or none at all. 

Failure of conjugation where it is expected 

In  a number of cases, when animals from a line were mixed with each 
of the six mating types, conjugation failed to occur in two or more of the 
mixtures. However, when repeated tests were made, conjugation occurred 
in all save one. In a few instances the lines were lost before sufficient repe- 
titions were possible, but there is no reason to believe that they would have 
continued to fail to conjugate with two or more of the types. Nevertheless, 
such lines were of necessity considered of doubtful mating type. The failure 
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of conjugation to occur in mixtures of lines that are of different mating 
type is possibly dependent upon some environmental conditions which are 
not fully understood. 

DISCUSSION 

The investigation of mating type inheritance in Euplotes has yielded 
evidence for the second gene to be found in the ciliates, the first having 
been found by SONNEBORN (1939) in Paramecium aurelia. It is the first case 
of multiple alleles observed in these animals. The genetic evidence is per- 
haps not sufficient by itself to establish beyond doubt this hypothesis of 
mating type determination. However, when evidence from other sources is 
taken into account, it  seems fairly firmly established. More evidence on 
several points is desirable and should be obtained before very long. 

According to the hypothesis, each mating type allele is responsible for 
the production by the animal of a particular sort of conjugation-inducing 
substance which gets into the fluid, and for resistance of the animal to the 
action of that fluid. On this basis the interactions of the heterozygous mat- 
ing types may be conceived as the simple combination of the interactions 
of two homozygous mating types. The case in this respect is quite like 
those of blood groups in man and self sterility in flowering plants. The 
question of whether the similarity is farther reaching than this should be 
left till a more intensive analysis has been made. 

Little can be said a t  present about the nature of the substances pro- 
duced under the influence of the different alleles. However, it seems highly 
probable that the differences between these substances are not simply 
quantitative but are qualitative; otherwise the independent action of the 
alleles in the heterozygote would be very difficult to  explain. This is further 
shown by the fact that a consistent system of fluid action has been ob- 
tained, although in most experiments no serious attempt was made to keep 
the quantities of fluid constant. 

A comparison of mating type determination in Euplotes with that found 
in the genus Paramecium reveals no very close similarities between the 
genera. In  P.  aurelia, SONNEBORN (1939) has found just two mating types 
in any one non-intermating variety. The presence of the dominant allele 
of a certain gene allows clones to be of either type. Which one they actually 
are depends upon the macronucleus, but the way in which this structure is 
caused to determine a specific type is not completely clear. All clones with 
the homozygous recessive condition of this gene pair are of the same mating 
type, type I. The homozygous recessive condition resembles the homo- 
zygous conditions of the alleles in Euplotes in determining one mating 
type, but no homologue has been found in Euplotes for the dominant gene 
of P .  aurelia. 
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In P. bursaria, JENNINGS (1939, 1941) has found more than two mating 

types within each of the non-intermating varieties which he has studied. 
However, the results of the genetic studies published so far do not appear 
to lend themselves to any very certain interpretation, though genic in- 
heritance in all probability is involved. The results certainly do not re- 
semble those found for Euplotes. 

Not only can no clear similarity be pointed out between mating type de- 
termination in Paramecium and Euplotes, but the method of action of the 
types in bringing about conjugation appears different. KIMBALL (1939b) 
has already reported that the immediate clumping reaction so character- 
istic of mixtures of different mating types in Paramecium is apparently en- 
tirely lacking in Euplotes. Furthermore, fluid from one mating type does 
not appear to induce conjugation among animals of another in Parameci- 
um. This is brought out particularly well by the fact that in Paramecium. 
conjugation in mixtures is usually found only between animals of differ- 
ent clones, not between animals of the same clone as in Euplotes. 

The discovery of just three alleles of the gene for mating type in Eu- 
plotes may have no real significance. All the clones studied so far are de- 
scended from two original animals collected from ponds on the campus of 
the JOHNS HOPKINS UNIVERSITY. These two individuals were of type I and 
type 11, respectively, and on the hypothesis of mating type determination 
would have had between them the three mating type alleles that have been 
found and no others. There is no a priori reason why additional alleles and 
therefore more mating types may not be found when time permits the 
analysis of further material. In Paramecium, on the other hand, a limited 
number of mating types have been found, the maximum being eight in one 
of the varieties of P. bursaria. There are good reasons to believe that in P. 
bursaria and P. aurelia, at  least in the varieties studied, all the possible 
mating types have been found. 

The study of mating type determination in Euplotes fiatella has revealed 
a relatively simple genetic system which may well lend itself to an exten- 
sive analysis of the role of the genes in the physiological processes in- 
volved. A beginning in this direction has been made through studies of the 
action of the fluids in inducing conjugation. 

SUMMAgY 

Six mating types have been found in the ciliate protozoan Euplotes pa- 
tella. When animals of one type are mixed with those of another, conjuga- 
tion generally occurs in the mixture. Ordinarily it does not occur when 
animals of the same mating type are mixed. 

In a study of the inheritance of mating type at conjugation i t  was found 
that the two members of a pair gave rise to lines of like type in the majority 
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of the cases (63 out of 69 pairs). This indicates that genic inhkritance is in- 
volved. 

The results of matings of various sorts may be interpreted on the hy- 
pothesis that the six mating types are determined by the six possible com- 
binations of three alleles of a gene for mating type. There are three types, 
each homozygous for a different allele, and three heterozygous types, each 
with a different combination of alleles. 

Animal-free fluid from a culture of one mating type induces conjugation 
among animals of certain other mating types if i t  is mixed with them. 

Fluid from one of the homozygous types induces conjugation only among 
animals of types which have no allele in common with it. Fluid from one of 
the heterozygous types induces conjugation among animals of any other 
type than its own. 

Exceptions to this general scheme are found and may be considered in 
the same light as the exceptions to the general mating type scheme. 

The facts may be explained if it is assumed that each allele is responsible 
for the production of a specific substance by the animal. Animals are as- 
sumed to be induced to conjugate only by those substances which they do 
not produce. 

In  line with these findings is the fact that in mixtures between a hetero- 
zygous mating type and a homozygous one with which i t  has an allele in 
common fewer pairs are formed on the average than in other mixtures. 

The heterozygous phenotype may then be considered as the result of a 
simple combination of two homozygous phenotypes. The alleles may be 
considered to act independently in the heterozygote. 

This independent action of the alleles in the heterozygote indicates that 
the conjugation-inducing substances are qualitatively and not simply 
quantitatively different. 

This hypothesis probably covers the basic facts, but there are secondary 
complications resulting in exceptional conjugation. 

These exceptions are of three sorts: conjugation in unmixed samples of 
animals from the same culture, conjugation in mixtures of lines which are 
probably of the same mating type, and failure of conjugation where i t  
would be expected. 

An analysis is presented of the available information on these excep- 
tional occurrences, and possible causes of them are discussed. 

A comparison between mating type determination in Euplotes and in 
Paramecium reveals no close similarities. 

These studies represent a beginning of an attempt to analyze the role of 
genes in the physiological processes involved in conjugation in Euplotes. 
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