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IN the normally haploid strains of the fungus Aspergillus nidulans stable diploid

strains are produced spontaneously as a rare event by fusion of nuclei (Roper
1952). Such spontaneous diploids can easily be isolated from heterokaryons be-
tween differently marked haploid strains. They are visually distinguishable from
the haploid since they show less regularly arranged and less uniformly shaped
conidial heads. The size of the individual conidia increases proportionally with
ploidy and provides an easily measurable criterion of the number of chromosome
sets. That the diploid state 1s abnormal in some respects is indicated by the fact
that diploid strains are almost completely sterile, meiosis of the diploid proceed-
ing only up to metaphase I (Ervrrort 1960). Also, in competition, the haploid
shows the higher viability. Diploids are fairly stable, but produce rare mitotic
recombinants, some of which are again haploid (Rorer 1952; PonTECORVO and
Roper 1953). So far, little is known about the occurrence of diploidy in nature
and therefore about the actual evolutionary contribution of this potentially
efficient type of parasexual recombination (PonTECORVO 1956). Also, while some
mitotic segregation has been found in a variety of organisms, the question of its
general occurrence in fungi and in tissues of higher organisms is still open.

Ever since the discovery of mitotic recombination in diploid strains of Asper-
gillus nidulans, attempts have been made to analyse the underlying processes.
While one process, mitotic crossing over, was recognized early (PoNTECORvO,
Tarr-Groor and Forses 1954), and has been analysed in detail (PoNTECORVO
and KAFER 1958), it was more difficult to elucidate the mechanism(s) producing
the other types of segregants (haploids, nondisjunctional diploids and aneu-
ploids). It became clear that for the analysis of these mitotic recombinants, which
are all products of some kind of chromosomal segregation, it was necessary to
use diploids with markers on all chromosomes, preferably on both chromosome
arms. Mapping procedures making use of mitotic recombination have therefore
been worked out, the available useful markers mapped and crossed together in
suitable arrangements and the chromosome number established genetically
(KivER 1958). Various chromosomal aberrations, especially translocations, were
encountered and it became possible to recognize several types of characteristic
distortions of the patterns of mitotic recombination caused by their presence in
heterozygous condition.

1 This work has been supported by a grant from the National Research Council of Canada.
2 Cost of extra pages in this article will be paid by the Author.
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The present work was undertaken to elucidate the process or processes of mi-
totic chromosomal segregation, making use of well-marked diploids and non-
selective methods for the isolation of segregants. The aim was to gain a detailed
knowledge not only of the basic process(es) but of the many other factors which
obviously influence the frequency of the recovered recombinants (e.g. presence
of aberrations, conditions of growth, methods of isolation).

It was hoped that such information could provide decisive criteria for the
interpretation of results obtained in the analysis of recombination processes in
many asexual species. In some cases a remarkable similarity in the results justi-
fies the assumption that the underlying processes in other fungi are the same as
in Aspergillus nidulans (e.g. in Aspergillus niger, Hurcainson 1958 and LHoas
1961; in Penicillium chrysogenum, SERMoNTI 1957 in yeast, Roman and Jacos
1958; and possibly in Fusarium oxysporum, Buxron 1956). On the other hand,
results not following the same pattern are obtained in many cases, either with
different strains of the same species (e.g. in Penicillium, especially after treat-
ment with mutagens, MucaNIK 1961; and in Fusarium, Tuveson and GARBER
1959) or with other species (in Streptomyces, e.g. BRAENDLE and SzyBaLskI
1959).

A better understanding of the processes of mitotic recombination in fungi might
also permit a more fruitful comparison with the phenomena encountered in
tissues of higher organisms, where it is not possible to breed from recombinant
cells. Here analysis must be indirect and evidence is usually based on patterns
produced by the phenotypically expressed recombination of genetic markers or
by cytologically recognizable variations of the karyotype (e.g. in endosperm of
maize, Jones 1937; McCrinTock 1956; or in root tips of Allium, Huskins 1948;
in body surface cells of Drosophila, STern 1936; or of Ephestia, Kttuw 1960; or
in human cells grown in tissue culture, Puck 1958).

MATERIALS AND METHODS

Strains: All mutant markers used in this analysis have been induced or selected
in the same wild-type strain of Aspergillus nidulans which normally possesses
a haploid set of eight chromosomes. Details are given elsewhere (Kirer 1958),
except for a new spontaneous muiant, “chartreuse” (cha), which determines
light green conidial color and is located distal to ribo2 in the right arm of linkage
group VIII (Figure 1). Four suitably marked haploid strains were obtained by
intercrossing the original mutant strains isolated after X-ray or ultraviolet ir-
radiation,

To make sure that a standard set of chromosomes would be present for analysis,
several strains were checked for translocations (by mitotic analysis) and mutants
which could not be separated from aberrations were excluded. In spite of this, it
turned out that one of the final strains (diploid R, homologue a, Figure 1), which
was expected to have standard chromosomes, carried a translocation between
linkage groups VI and VII. It was decided to use this strain in any case, since
valuable information on the influence of translocations on mitotic segregation
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R & su + + paba y ad20 + Acr + _+ + phen2 + _ + +
b + + + + + ad20 bi + w2  + n3 + + 5O +
c £ su + propaba y ad20 + Acr + _pu + phen2 + _ + s4
d + an pro + + ad20 bi Acr w3 + ni3 + Su4 30 +
I . .
R 2 + pyro4 lys§ + = s3 + T nic8 + + o Tbo2 +
b meth + + nic2 + o+ + cho + + cha
c < + ot + + . s3 lysl nic8 cho + .+ +
d meth pyro4 lys5 nic2 + o+ + + co ribo2 cha
\YA V. VL. VII. vill.

Ficurk 1.-—Genotypes of repulsion diploid R (synthesized from the two haploids a and b)
and coupling diploid C (c/d) with markers on linkage groups I-VIII. Conidial color mutants:
¥ =yellow, w2, w3 = white (allelic), cha = chartreuse. Colonial mutant: co = compact.
Mutants determining requirements: ad20 (allele of ad8) — adenine, an — aneurin (= thiamin),
bi = biotin, cho = choline, lys! and lys5 = lysine, meth = methionine, ni3 = nitrite, nic2 ==
nicotinic acid, nic8 = nicotinic acid or tryptophan, paba — p-aminobenzoic acid, pro — proline,
pu = putrescine, pyro4 — pyridoxine, ribo2 — riboflavin, s0(s72), s3 and s4 (allele of s1) =
sulphite. Suppressors: sufad20 (su): suppressing ad20, Sudpro (Su4) suppressing pro. Resistance
mutant: Acr = acriflavine. T == translocation (VI-VII). (All unnumbered alleles have isolation
number 1),

could be obtained in this way. At the moment it is assumed, but not certain, that
the so-called “‘standard” arrangement of chromosomes present in the other three
strains used in this analysis is the same as that of the original wild type.

The two test diploids were selected from heterokaryons between two each of
the four well-marked haploid strains, using Roper’s technique (1952). One of
these diploids showed an extremely early mitotic crossing over in linkage group
VIII before analysis was started. The new diploid (diploid C, Figure 1) carried
the two reciprocal crossover strands, with cha and ribo2 heterozygous but now
in coupling, while each haploid strain had carried one of the markers. The two
diploids used for analysis carried markers on all eight linkage groups. Their
complete genotype is given in Figure 1. In the repulsion diploid R it was possible
to follow segregation of all chromosomes (because of the presence of the trans-
location VI-VTI the only unmarked chromosome of linkage group VI is not found
to segregate independently). The coupling diploid C has 23 heterozygous mark-
ers, wherever possible arranged in coupling on both chromosome arms to permit
distinction of nondisjunctional types from mitotic crossovers showing segrega-
tion in single chromosome arms; but it has the disadvantage that in five linkage
groups (IV-VIII) one homologue does not carry any markers. The most likely
positions of six of the centromeres are indicated in Figure 1 (full evidence only
available for linkage groups I and IT, PontEcorvo and KAFER 1958).

Techniques: Standard media (KArFer 1958) and testing methods (PonTE-
corvo, Roper, HEMMONs, MacponaLp and Burron 1953) were used. To obtain
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and analyse mitotic segregants, platings of samples of conidia on complete
medium (CM) were made. A new plating method, “needle plating” was used
extensively to plate samples from very small or badly conidiating colonies (or
parts of colonies): conidia were collected from one or several conidial heads by
touching with a fine needle and rinsing off in 0.2-1.5 ml of saline. Platings onto
CM plates were made from these suspensions without diluting or counting and
usually showed the desired low density of a few colonies per plate.

Allelism tests were made for the various sulphite-requiring mutants which
can easily be characterized by their ability to crossfeed alleles of different genes,
but not of the same gene, on medium without sulphite. Complementarity tests
needed to determine the presence of other epistatic markers in haploids have not
been carried out, since no case occurred where crucial evidence could have been
obtained in this way.

EXPERIMENTS AND RESULTS

The experiments consisted simply of conidial platings from two well marked
diploids under optimal conditions and detailed analysis of all segregants obtained
in this way. The detailed procedure was as follows: A small number of colonies
(“primary colonies”) was grown from single uninucleate conidia from each of
the two diploids and the genotype of these nuclei was verified by isolating mitotic
haploids from the conidia in the center of each of these colonies. To analyse the
mifotic segregation in these primary colonies batches of conidia (about 10%) were
harvested from each of them, diluted, and a small sample of conidia (usually
several hundred, for details see Table 1) plated at low density on complete
medium (CM). Most of these conidia are of the original type, while the rare
segregant nuclei, produced by mitotic recombination during the growth of the
primary colonies, are present only in very few of the conidia. The recombinant
conidia form colonies of “aberrant” types which, on objective criteria, fall into
two classes (1) colonies with mutant phenotype and normal growth (stable hap-
loid and diploid segregants) and (2) colonies with abnormal growth patterns
(e.g. unstable aneuploids are expected in this class).

1. Of the stable segregants which grow normally, but show a mutant pheno-
type, one category can be detected visually by inspecting all colonies grown from
the plated conidia, namely (a) those showing mutants which affect the conidial
color (y, w, cha) ; the others, (b) showing nutritional requirements, can only be
found by transfer to minimal medium (MM). Only part of the colonies from
each plating were tested on MM for requirement (Table 1). To characterize the
“color” segregants and the “requiring” segregants, their phenotypes and ploidy
are determined by further tests.

2. The unstable segregants producing abnormal growth patterns are also de-
tected visually. All colonies deviating in size or conidiation are designated as
“abnormal” segregants. They are further analysed by replating conidia from
the center of each one and testing the obtained colonies as well as the stable sec-
tors many of them produce.



SPONTANEOUS RECOMBINATION 1585

TABLE 1

Size of analyzed samples and frequency of segregants

Numbers
Frequency
Diploid R Diploid C R
Inspected colonies
Number of platings 19 13
Colonies per plating (range) 169-1189  61-687
Total colonies 9877 3595
Average density:colonies/plate 20 10
Colonies tested for requirements
From eriginal platings 2054 1893
Secondary isolates 3520 1446
Total 5574 3339
1. Stable segregants
(a) “color” segregants (3 markers)
Whole colonies 19 16 0.2% 0.49%,
Mixed colonies 6 1 ..
(b) “requiring” segregants
(14 chromosome arms marked)
. From original platings 12 7 0.7% 0.5%
From secondary isolates 27 10
2. Unstable segregants
“Abnormals”, mostly aneuploids sectoring,
With segregant sectors 41 36 0.6% 1.3%
‘With sectors like centers 14 12
“Lost”, probably sectoring,
Some sectors recovered 14 11 0.3% 0.4%
No segregant recovered 16 3
Translocation segregants
With segregant sectors 22 .. 0.2%
With sectors like centers 1?
“Misjudged”, later normal
Analysed 17 6
Not analysed 11 2

This method of isolation of segregants is completely nonselective and suitable
for recovery of types with reduced viability which have been missed in earlier
experiments. It has the disadvantage that each batch of conidia, harvested from
the surface of a “primary” colony, contains segregant clones of various sizes,
depending on the size of segregant patch formed from a single event in the pri-
mary colony. The experiments were therefore originally designed to permit cal-
culation of the absolute frequency of each type of segregant with statistical cor-
rection for clonal distribution (Luria and DerLeriick 1943). However, the size
of the different sample platings varied considerably because the density (average
given in Table 1) was decreased during the course of the experiments (since it
turned out that only low densities of less than ten colonies per plate permit re-
covery of practically all the very slow growing types). Also the size of each
sample was found to be small enough and the segregation events rare enough that
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even relatively frequent types occurred in not more than about one quarter of
the independent platings. It seemed therefore to be a reasonable assumption that
the few cases of two or three segregants of exactly the same type within one
sample all represent clones, each from a single event. They are treated as such
throughout the analysis and a minimum estimate of frequencies is calculated:
number of independent events per total number of tested colonies (Tables 1, 2
and 6).

Isolation of stable segregants: (a) Most “color” segregants, detected visually
in the original platings, were isolated as colonies with pure mutant color and
normal growth pattern. In a few cases, however, mixtures of mutant and wild
type color were analysed (Table 1). It was hoped that in some of these cases,
where segregation occurred in one of the first mitotic divisions, a “twin spot”
consisting of the two complementary, phenotypically recognizable, products of
mitotic crossing over might be recovered. One of the five cases analysed from
diploid R was such a “twin spot” (the two diploid recombinant types were paba
y bit and paba® y* bi, resulting from a mitotic crossing over in linkage group I
between paba and the centromere). Only one further such twin spot was en-
countered: two reciprocal diploid sectors from diploid R (homozygous cha and
ribo2 respectively, resulting from a single event of mitotic crossing over in link-
age group VIII) were present among the sectors of a single unstable colony. Two
other cases, showing high frequency of apparent twin spotting, will be discussed
later.

(b) Under “requiring” segregants are included all those which differed from
the original diploids not only with respect to requirement but also (from diploid
R) with respect to resistance to acriflavine. They are detected by testing on MM,
on which the original diploids (ad20/ad20 sulad20/+) show adaptive growth
and form sectors (sufad20/sulad20) by mitotic crossing over, so that an addi-
tional requirement of homozygosis for sufad20 or sufad20+ can be detected
(similarly on CM supplemented with acriflavine homozygosis for Acr or Acr+
can be detected; PonteEcorvo and KArer 1958). Two sets of such segregants were
obtained, one consisting of the requirers found among the normal looking colonies
of the sample platings which were transferred to MM for this purpose, and a
second one resulting from incidental events of segregation in replatings of “ab-
normal” colonies (secondary isolates), which produced rare requiring sectors
(Table 1).

Testing and classification of stable segregants: The phenotypes of the stable
segregants were determined by replication on the various differently supple-
mented test media. The ploidy of these segregants was judged by several criteria;
haploids can be distinguished from diploids visually (they show very dense and
regular conidiation), by the absence of heterozygosity (testable markers:
sulad20, Acr, y, w and cha) and by the presence of all the mutants carried on
one homologue of each linkage group. Only two were found (among the yellow
segregants, Table 2). All other segregants, classified as diploids, were found heter-
ozygous for at least two markers, and generally showed only segregation for
mutants of a single chromosome. Three color segregants were exceptions (two of
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them homozygous sufad20, and one, from diploid R, pyro4) and probably were
produced by two consecutive events of segregation. In these and in a few other
cases the diameter of the conidia was measured which provides a reliable criterion
for distinction of the various levels of ploidy in stable (euploid) segregants
(Roper 1952).

Further classification of the diploid segregants into mitotic “crossovers” or
“nondisjunctionals” was possible in all those cases, where segregation involved a
chromosome with markers located on both chromosome arms: They are likely to
be products of mitotic crossing over when only markers of one arm are found
homogygous, and “nondisjunctionals” when all markers on both arms have be-
come homozygous simultaneously (coincidence of crossing over in both arms
being very rare, PoNTEcORVO and KAFER 1958). Most color segregants (except
the cha/cha types from diploid R) are classifiable in this way and their fre-
quencies are given in Table 2. The number of “requiring” segregants classifiable
for the two types is so small (24) that no comparable frequencies are calculated.
Of the 11 from diploid R and 13 from diploid C (listed among the “requiring”
segregants of Table 1), 18 were mitotic crossovers, six nondisjunctionals.

Isolation and testing of “abnormal” segregants: ‘‘Abnormal” segregants were
detected in the original platings as colonies which showed abnormal growth rate
and/or conidiation after two days at 35°C. Since all earlier identified aneuploids
showed abnormal growth, this class was expected to include aneuploid types
which could provide information about the process of chromosomal segregation.
To avoid any bias, it was decided to classify as “abnormal” any colony deviating

TABLE 2

Frequency of the different types of stable “color” segregants

Number
Diploid
Color and phenotype R C Total Frequency
Yellow ¥ Mitotic CO 0 2 2
(IR) paba y 5 2 7 0.07%
su paba y Nondisj. 1 3 4 0.03%
Haploids 2 0 2 0.015%
‘White
(ITL) w Mitotic CO 5 2 7 0.05%
w ni3 Nondisj. 0 1 1 0.0079%,
Haploids 0 0 <0.01%
Chartreuse cha Mitotic CO 6*) 2 )
(VIII R) cha ribo2 (in C) 3 3 5 0.149%,
cha ribo2 co Nondis;j. . 1 . 1 0.039%
Haploids 0 0 . 0 <0.01%
Average mitotic crossing over/chromosome arm 2 X 0.07%
Average nondisjunction/chromosome 2 % 0.029%,
Total haploids 2 0.0159%,

* Mitotic crossovers not distinguishable from nondisjunctionals.
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at all from the majority of normally growing ones. In several cases colonies show-
ing slight variations in appearance were classified as segregants, but later turned
out to be normal by all criteria; these cases are presumed to be caused by slight
environmental differences and are listed in Table 1 as “misjudged.” To analyse
all other, genetically “abnormal” segregants, conidia from their centers were
harvested and plated on CM. In most cases colonies grown from these conidia
showed a deviant phenotype like the original segregant, but generally grew larger
and regularly produced better growing sectors under the favorable conditions of
a low density plating with almost no competition. It was found that simple trans-
fer of conidia from the unstable centers of tiny “abnormal” colonies only led to
the recovery of one or a few stable second order segregants, since the unstable
center type was not able to compete. In a few cases, the center type was therefore
not recovered, while several sector types were obtained; other tiny colonies were
too close to normal colonies and could not be analysed at all (both these groups
are listed as “lost” in Table 1). The method of needle plating used in the later
part of the analysis permits recovery of most very abnormal types, provided they
form a few conidial heads. When the sectoring or otherwise abnormal types were
very rare in the first replating of a segregant a secondary replating was made
using the conidia from the center of one of them. However, only segregants ana-
lysable in the first replating are sure to have been present in the analysed sample;
later ones may possibly represent new events of segregation. This slightly reduces
the accuracy of the frequencies calculated for the various “abnormal” segregant
types. All colonies originally designated as “abnormal” are listed in Table 1,
classified by objective criteria, except for segregants interpreted as caused by the
presence of the translocation in diploid R. All “abnormals” which could be re-
plated were analysed by testing and classifying at least 26 isolates, mostly stable
sectors, from each plating (using the same procedure as for stable segregants).
The total numbers of all these tested sectors are listed as “secondary isolates” in
Table 1.

Classification of “abnormal” unstable segregants

The “abnormal” segregants turned out to be of a variety of types. Their ap-
pearance on the original plating as well as their recovery in secondary replatings
depends to a large extent on the plating conditions (especially crowding) and on
the number of mitoses preceding the occurrence of secondary segregation events.
Meaningful classification of the original appearance (attempted with a similar
group of abnormals from an earlier diploid, KArer 1960) was therefore not pos-
sible. But it has been found that abnormal segregants replated under standard
conditions at very low density show a growth pattern characteristic for their
genetic constitution. Most of them show a slowly growing central part of char-
acteristic size and reduced conidiation of a specific type (except for tufts of coni-
diating aerial mycelium in the very center), and form at the edge better growing
sectors with normal, diploid or haploid, growth characteristics (see Figures
2-5). They were objectively classified into 11 different types according to the
mutants expressed by the unstable type of the center and the pattern of segrega-
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tion shown by the sectors. The 11 types are interpreted to represent six major
groups (a—f) as follows:

(a) Hyperdiploids:

(1) centers are heterozygous (like the original diploid), producing two types
of sectors, some like the center and some of a mutant type, nondisjunctional for a
single chromosome;

(2) centers are mutant, nondisjunctional for one chromosome, giving two types
of sectors, some like the centers and others nondisjunctional for a second chromo-
some as well; _

(3) centers are heterozygous (like the original), producing four types of sec-
tors which show nondisjunctional segregation for the markers of two chromo-
somes;

(4) centers are of heterozygous (original) or mutant (nondisjunctional) types,
the sectors showing nondisjunction for three or four chromosomes in various
combinations.

(b) Unstable types, sectoring without segregation of markers (unmarked
chromosomes, diploid C):

(5) heterozygous centers giving sectors of the same type (all like the original
diploid);

(6) centers and sectors are of the same mutant phenotype (nondisjunctional
for a single chromosome).

(¢) Hyperhaploids:

(7) centers are mutant producing haploid sectors only.

(d) Breakdown types:

(8) centers produce a variety of nondisjunctional or haploid sectors.

(e) Lost unstable types:

(9) centers lost, but stable segregants recovered;

(10) no segregant recovered.

(f) Translocation segregants:

(11) (from diploid R only) centers show sectoring; any diploid sectors only
segregate for markers of linkage groups VI or VII, while haploid sectors only
segregate for all other markers.

(a) Hyperdiploids: The majority of segregants were of type (1), that is their
centers were heterozygous for all mutant markers, like the original, and produced
diploid sectors of two types, one like the original diploid, the other nondisjunc-
tional for a single chromosome. Segregants of type (2) showed the same type of
sectoring with segregation for a single chromosome but were in addition homo-
zygous for markers of another chromosome. In 24 cases the segregating chromo-
some carried markers on both arms and all sectors obtained were recognizably
of a nondisjunctional type, segregating simultaneously for the markers on both
arms. The ratio of heterozygous: homozygous sectors was roughly 2:1, somewhat
lower if the homozygous sectors showed mutant color and were preferentially
isolated for testing, somewhat higher if the homozygous mutant sectors had
slightly reduced viability (details for all these segregants are shown in Table 3).
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Hyperdiploid segregants showing high frequency sectoring for one linkage group

Diploid R Diploid C
Homologue Homologue
Inferred type _ PSR T .
of original  Linkage Segre- Homo- Sector ratio Segre-  Ilomo- Sector ratio
aneuploid group gating  zygous No. -+ :nondisj. gating  zygous No. -+ :nondisj.
on + 1 I Ia 1 11:10 Ic .. 1 9:10
Ib .. 4 97:23
2n -+ 2 Ic Ivd 1 10: 5
Ic vd 1 15: 5
on +1 11 ITa 1 26:13
IIa-b* 1 3 types
ITb . 2 22:26 1Id . 1 17: 8
2n -2 IIa VIlla 1 5: 6 Ilc vd 1 30: 6
on -+ 1 11T II1a 5 87:38 IIlc . 2 34:11
IIIa-b* 1 3 types
IITb . 5 147:66 I1Id . 2 24: 8
2n 42 IIla Vb 1 15: 2 II1c Ve 1 15:11
IIIb Ia 1 22: 4
IIIb IVa 1 26: 5
2n 1 v IVb .. 1 3: 2
2n + 2 Vd &
IVe-d VIic 1 45:10
2n -1 A\ Vb . 2 30:13
2n -+ 1 VI . Vic . 3 47:21
on+ 2 Vic Ve 1 15: 6
2n+ 2 VII VIlb IVa 1 10:10
2n-+1 VIII VIla .. 3 46:25 VIIId - 3 49:22
2n -+ 1 Total 26 469:216 12 180:80
2n -+ 2 Total 5 78:27 6 130:43
Total 31 18

* Aneuploidy preceded by mitotic crossing over.

It 1s concluded that the centers of these segregants are aneuploids of the hyper-
diploid type, trisomic for a single chromosome (2n + 1). The reduced growth
rate of the center is due to general unbalance produced by the additional chromo-
some, rather than gene dosage effect of the mutant present in any one case. This
became clear when it was found that aneuploids trisomic for the same linkage
groups look exactly the same, if originating from the same diploid regardless of
which homologue is present twice (Figures 2b and 3b), and even if originating
from differently marked diploids. Aneuploids trisomic for different linkage groups
on the other hand show different appearances. Two of the eight 2n + 1 types,
trisomic for one of the eight linkage groups are shown in Figures 2 and 3. The
replated segregants shown in Figure 2 each originated as an independent event,
while the corresponding types in Figure 3 are intermediate segregation products
replated from a 2n + 3 segregant (R 133). Figures 2a and 3a show hyperdiploids
with an extra homologue of linkage group 1 (Ib), Figure 2b a trisomic with an
extra homologue IITa, Figure 3b with an extra IITb. This remarkable phenotypic
identification of specific trisomics closely parallels the different recognizable tri-



Ficure 2.—Trisomics of independent origin (a) 2n -+ Ib; (b) 2n -+ Illa. Figure 3.—
Trisomics isolated as intermediate segregation products from a hyperdiploid (R 133) (a) 2n +
Ib; (b) 2n + IIIb. Fioure 4.—(a) Hyperdiploid R 133, 2n - Ib -+ IIb + IIIb; (b) Segregant
from R 133, 2n + IIb + IIIb.
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somic types in various species of higher plants (e.g. in Datura, for which a wide
variety of aneuploids have been identified, BLakesLEe and BeLLing 1924).

Abnormal segregants of the types (3) and (4), showing frequent and regular
nondisjunctional segregation for markers on two or three chromosomes, are then
logically classified as 2n + 2 or 2n + 3. This seems all the more justified since
secondary 2n +1 or 2n -+ 2 intermediate types were usually recovered from
these (all identified ones are listed in Table 4). From a particularly well analysed
2n + 3 segregant (R 133) ten different intermediate types, either 2n + 1 (Figure
3) or 2n + 2 (one shown in Figure 4) were recovered and identified (over 1000
sectors from 11 secondary platings were tested). Four of these intermediate
aneuploid types were found to be homozygous for one of the three extra chromo-
somes, as can be expected to occur in a third of the cases. If care is taken in the
collection of conidia from the center of aneuploids, such platings are amazingly
uniform, giving mostly centers of the original type and only occasional ones of a
type closer to diploid.

It seemed logical, therefore, to conclude that sectoring segregants which show
homozygosity for markers of one or two chromosomes (the types 2 and 4) are
such intermediate segregation products and that the original aneuploid segregant
producing them was trisomic for the corresponding linkage groups. The ploidy of

TABLE 4

Hyperdiploid segregants showing high frequency sectoring for more than one linkage group

Inferred

type of  Diploid No. of
original of Genotype of Recovered intermediate sectors
aneuploid origin original aneuploid aneuploid stages tested
2n+- 2 C 2n--Ic+11d 2n+-Ic, 2n+11d, 2n (Ic/Ic) +11d 78
R 2n+-Ia+I111a 2n--Ia 52
R 2n+I1Ib-+111b 2n--111b 20
C 2n-+-I1d-+Vd 2n--Vd 23
R 2n-+ITb-+VIIa 2n—+-1Ib, 2n(11b/I1b)4-VIia,
2n(VIla/VIla)-IIb 41
C 2n+IIIc-HIV{c-d)* 2n--11lc 105
R On+Illa+VIIIb 2n—+-1I1a, 2n-4-VIIIb 26
2n-3 R 2n-+-Ib-+11b+4-1I1b 2n-+Ib-+1Ib, 2n+Ib-4-I11b, 2n-I11b4-11Ib,
2n(I1Tb/II1b) 4Ib--1Ib,
2n(11b/ITb)+-Ib—+I1Ib,
2n-4+-Ib, 2n+4I1b, 2n4-1I1b,
2n(IIb/IIb)+4Ib, 2n(IIIb/IIIb)+Ib 1250
2n -+ 3 Inferred from intermediate recovered stages
C 2n-+Ic+IId+VIc 2n+4-Vie, 2n(VIc/VIc)4-Ic+I1d 21
C 2n+Ic+11d+4-VIIc 2n(VIIc/VIIc)+Ic, 2n(VIIe/VIIc)+I1d 71
C 2n+4-11d4-1Vd+-Vd 2n(IVd/1Vd)+-I1d+Vd 10
C 2n-+11d+VId+4-VIIId 2n(VId/VId)-+1Id) 4 VIIld 18
on + 4 Inferred from intermediate recovered stages
C 2n—+11d+4-1T1d+Vd+-VIIId 2n-+11d+Vd-+VIIId, 2n+I11d-+Vd 69
C 2n+1Vd+Vd+VIc+VIic 2n(Vd/Vd, Vic/VIc)+IVd+VIic 52

* Mitotic crossover chromosome.
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the original segregant is therefore inferred correspondingly and, for example, all
segregants homozygous for one chromosome, which segregate in the sectors for
a second one (type 2), are listed as originally 2n + 2 (Table 3). Similarly, tri-
somy for three or four chromosomes is inferred in most of the cases listed in
Table 4. That their centers were not recovered, can be accounted for by the spar-
sity of conidia in these higher aneuploid types so that conidia collected for replat-
ing are likely to be of a segregant, less abnormal, type.

In three cases many diploid recombinant sectors were found which did not
show the expected “nondisjunctional” phenotype. Haploids isolated from these
segregants showed that in all cases a mitotic crossing over had preceded aneu-
ploidy and one or two of the trisomic chromosomes were products of a single
mitotic exchange. Of the two cases from diploid R the segregant R 26 contained
three different homologues of linkage group 111, the two original phen2 s0+ and
phen2+ s0 and a third, a crossover type, phen2 s0. It produced frequent diploid
sectors, wild type or homozygous for either phen2 or s0, showing apparently
high frequency of twin spotting. The segregant R 21 carried three homologues of
linkage group Il (Aert w2 mi3, Acr* w2 ni3+, Acr w2+ ni3), two of them the
reciprocal products of a mitotic exchange, and produced frequent segregant sec-
tors, either homozygous w2 or ni3. The third case, from diploid C, gave pyro
and + sectors, and contained the two original (meth pyro, and metht pyrot)
and a crossover (meth* pyro) homologue of linkage group IV.

(b) Unstable types, sectoring without segregation of markers (unmarked chro-
mosomes, diploid C): The most difficult types to interpret are unstable segregants
which form sectors but do not show segregation for any marker, and are classified
as types (5) and (6). Segregants of this type from diploid C may contain an
extra chromosome which carries no marker and many show an appearance con-
sistent with this assumption. Their frequency (compared to the corresponding
identifiable types) and the fact that three of the total of 12 such cases from
diploid C are found to be of type (6), with centers and sectors nondisjunctional
for the markers of one c