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INTRODUCTION 

During  the course of investigation on the chromosome number and 
behavior of different genetic strains of maize a triploid individual appeared 
in an otherwise diploid culture. As has been reported in a preliminary note 
(RANDOLPH  and MCCLINTOCK 1926), this individual was notably more 
vigorous than  its diploid  sibs.  Since the triploid possessed certain known 
genetic characters it was desired to follow the genetics along with  the 
cytology in the descendants of this individual. 

In the preliminary note i t  was  suggested that  the triploid probably 
arose through the fusion of a diploid and  a haploid gamete. Since the  pub- 
lication of this  note much  evidence has accumulated which  would support 
this  probability (see pp. 209 and 209;  see  also  figures 17 and 27). 

The  literature on  Zea  chromosomes is rapidly becoming more extensive. 
Since Miss FISK (1927) has reviewed most of the existing literature on the 
subject  (KUWADA  1911,1915,1919,1925;  LONGLEY  1924,1925; FISK 1925; 
KIESSELBACH and PETERSEN 1925) little more  need  be said with regard to 
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previous investigations on Zea. To  this list we might  add  the  short  paper 
of REEVES 1925,  in  which it is stated  that of 8 varieties of maize examined, 
7 showed  10 pairs of chromosomes during meiosis; the  eighth,  a Black 
Mexican variety, on the  other  hand, showed 12 pairs. LONGLEY (1927) and 
RANDOLPH (1928) in recent investigations  have extended considerably our 
knowledge of the behavior during meiosis and  the  distribution  through 
gametes of such “extra” chromosomes. 

It is possibly unjust to restrict  the term triploid to those 3n forms which 
show trivalents  during meiosis. However, in the 3n  Zea plants showing 
10 trivalents, behavior during meiosis  can  be compared directly with other 
3n forms which  show trivalents. The  literature on such types  is growing 
rapidly. Under the heading of triploids showing trivalents would  come 
some individuals of Morus (OSAWA 1920), Canna (BELLING 1921,  1925), 
Datura (BELLING et al.), Hemerocallis (BELLING 1925), Hyacinthus 
(BELLING 1925), Campanula (GAIRDNER 1926), Lycopersicum (MANN- 
LESLEY 1926)  Zeax Euchlaena F1 (LONGLEY 1924; Randolph  unpublished), 
Drosophila (METZ 1925; MORGAN 1925; BRIDGES  1921,  1922,  1925) 
and Zea. 

The genetics of triploids has been  followed in the case of Datura, Droso- 
phila and Lycopersicum. For  the literature on trisomic inheritance, see 
discussion under Genetic Investigation. 

MATERIAL AND  METHODS 

The behavior of chromosomes during meiosis,  exclusive of the early 
prophase stages, has been studied in many diploids, two triploids and 
50 F1 individuals resulting from direct  and reciprocal  crosses made between 
diploid individuals and  the triploid plant (see table 1). Studies were 
made only on microsporcytes. 

For  the study of chromosome number and behavior during meiosis the 
iron-aceto-carmine method was found to be very serviceable. In some  cases 
the smears were dried slowly and then mounted in balsam. Photomicro- 
graphs 14 and 15,  in plate  6  and  text figure 7 were made from preparations 
seven monthsold which had been so treated. In some  cases where the  stain 
was too heavy it was extracted in a weak solution of acetic acid, the 
whole  slide  being warmed to  hasten  the  extraction. 

Other sporocyte material  and root tips were  fixed in a Bouin solution 
modified according to Allen, mounted in paraffin and sectioned 10-15 
microns thick. Heidenhains iron-alum-haematoxylin and Flemming’s 
triple  stain were used. 
GENETICS 14: Mr 1929 
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The photomicrographs were taken  with  the  aid of a  Leitz  “Makam” 
camera, an 8X periplanatic  ocular,  and  a 1.8mm, N.A.1.25 Spencer  achro- 
matic  objective.  A  Wratten green filter, number 56, was used to  increase 
definition. 

A BRIEF R A S U M ~  OF MEIOTIC BEHAVIOR IN DIPLOID INDIVIDUALS 

At diakinesis the diploid individuals show characteristically 10 pairs of 
chromosomes. At  the time the nuclear  membrane  disappears the  bivalent 
nature of the chromosomes becomes relatively  indistinct because the chro- 
mosomes are so contracted  and closely appressed. However, after  the bi- 
valent chromosomes line  up a t  the  equator  and show evidence of commen- 
cing anaphasic  disjunction,  characteristic  forms  are assumed (see bivalent 
chromdsomes in metaphase figures in  plates 2-5). 

The double  (dyad) nature of each chromosome of the  pair  is  clearly 
indicated at  early  anaphase,  frequently before the chromosomes have 
completely disjoined. It is  evident from a study of metaphase P ,  early 
anaphase I, and  metaphase 11 that  the spindle fiber attachment is 
either  sub-terminal,  sub-median  or  median. 

In consequence of partial  anaphasic  separation of members  of the  dyads 
the chromosomes appear as double Vs (medianor  sub-median attachments, 
or  as almost single Vs (sub-terminal  attachments).  This  picture  varies 
considerably in different anaphases  due to  the  unusual  compactness of  the: 
dyads in some figures and  to  their loose, long-armed form in other figures 
(figure 34). In  the  latter case one or more arms of a dyad  may become 
much pulled out, remaining near  the  equator  during  the  continued pole- 
ward  advance of the spindle attachment,  part of the chromosome. The 
telophase passes over  into  a more or less typical  interphase wherein the 
individual chromosomes lose their  observable identity. A cell plate, 
apparently  initiated  by  the  phragmoplast, is  evident a t  this time. 

From  the  very  earliest  prophase of 11 in which the chromosomes can 
be recognized as distinct bodies, their form is  very  characteristically that 
of an H or  an X. Contraction of the chromatic  material  continues  until 
the chromosomes become relatively small Hs and Xs (figure 31). The 
nuclear  membrane  shrinks about  the chromosomes with  the  formation of 
a  multipolar spindle. This, in turn, passes into a  bipolar  spindle  with the 
disappearance of the nuclear  membrane. The shape of the  metaphase 11 
chromosomes depends  greatly upon the  amount of contraction of the chro- 
mosomes a t  this time. In  some cases the  dyads  appear  as relatively  long, 
double  threads. On the  other  hand, if contraction of the chromosomes 

The first meiotic mitosis will be designated as I ,  the second meiotic mitosis as ZZ. 
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continues, many of these dyads  appear  as double ‘d~mb-bells’~, the  dumb- 
bell shape probably being due to an  accentuated constriction (see SAKA- 
MURA 1920; GOTOH 1924). Apparently  the  anaphase I1 chromosomes 
derive their varied shapes, such as  bent rods in some sporocytes, or  dumb- 
bell-like  bodies in others, from the state of contraction of the chromosomes 
at  metaphase 11. As a result of division 11 a quartet of spores is formed. 
Cell plate formation apparently  initiates wall formation  as  has been 
shown by  REEVES (1928). 

In most cases  meiosis is thus characteristically regular, but several types 
of behavior having much theoretical interest  have been observed. Occa- 
sionally and sometimes rather  frequently in certain diploid cultures  a 
pair of chromosomes  showed non-conjugation as described by BELLING 
(1925) and  others.  Many of the diakinesis figures within an  anther 
contained distinctly 10 bivalent chromosomes,  while other sporocytes 
within the same anther showed 911+21.2 Whether  there was never any 
meiotic association of the 2 homologous  chromosomes or  whether the 
disassociation of a synapsed pair to form 2 univalents took place in late 
prophase I is unknown. Neither is i t  known whether  the  same homologous 
pair was concerned each time a figure with 911+21 was observed. The 
cause of this  appearance is certainly not a lack of homology of  the chro- 
mosomes  in all cases (RANDOLPH 1928). 

Other irregularities such as non-disjunction of a pair of chromosomes, 
lagging and  splitting of univalents a t  I, two-nucleated sporocytes, meta- 
phase I figures with more or less than  the expected chromosome number, 
and  metaphases  and  anaphases  with multiples of the diploid chromosome 
number have been observed in diploid individuals. 

MEIOSIS I N  THE TRIPLOID INDIVIDUAL 

A brief description of meiosis  in a triploid plant  has been  given (RAN- 
DOLPH and MCCLINTOCK 1926); therefore certain features stressed in that 
paper will not be  redescribed here. 

Diakinesis stages in aceto-carmine in the triploid gave far  better results 
than similar stages in  fixed and sectioned material. In  the former method 
the  synaptic condition, that is, whether trivalent,  bivalent, or univalent, 
of all the chromosomes in a single nucleus usually could  be determined 
(figure l),3 whereas, in the section only a few of the chromosomes within 

* Bivalents will be designated by the exponent Roman numeral  11; univalents, exponent I ;  
trivalents, exponent 111, etc. 

Figures in plates 1-5 are  numbered from 1-47. The photo-micrographs in plate 6 are 
numbered 1-15. To avoid confusion, “plate 6” will always be added to the figure  numb&  when 
reference is being  made to the photo-micrographs. 
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EXPLANATION OF PLATES 
Figures in plates 1-5 were made with the aid of an Abbe camera lucida. Approximate mag- 

Figures l-24,26-29,3246: 1200~. 
Figures 25,30,31: 500x. 
Figure 47: 700x. 
Figures in plates 1 and 6 are from aceto-carmine smears and sectioned material. Figures in 

plates 2-5 from aceto-carmine smears only. The small numbers a t  left of figures indicate the 
culture and  plant number. 

nifications: 

PLATE 1. 
FIGURE l.-Diakinesis in microsporocyte of triploid (561), showing 10 trivalents. Aceto- 

FIGURE  2.-Diakinesisin triploid, showing 9 trivalents, 1 bivalent and 1 univalent. Sectioned 

FIGURE  3.-Metaphase I in triploid, showing  10 trivalents. Aceto-carmine. 
FIGURE  4.-Metaphase I in triploid. 10 trivalents. Sectioned material. 
FIGURE  5.-Metaphase I in triploid. 9 trivalents, 1 bivalent and 1 univalent; univalent pre- 

paring to split and separate while trivalents and bivalents disjoin.  Sectioned material. 
FIGURE  6.-Metaphase I in triploid. 7 trivalents, 3 bivalents and 3 univalents. 2 univalents 

in the spindle region nearer the lower  pole, 1 in the cytoplasm outside the spindle.  Sectioned 
material. 

FIGURE  7.-Metaphase I in triploid. 8 trivalents, 1 bivalent and 1 univalent in main spindle; 
1 trivalent  in separate spindle running perpendicular to plane of section.  See photograph of 
same: plate 6,6gure 5. 

FIGURE  8.-Anaphase I in triploid. 15 chromosomes  going to each pole.  Aceto-carmine. 
FIGURE 9.-Anaphase I. in triploid. 14 dyads at  each pole; 2 lagging and separating in center 

FIGURE 10.-Anaphase I in triploid. 12 dyads in upper pole, 11 in lower  pole and 7 separating 

carmine. 

material. 

of figure.  Sectioned material. 

dyads in center of spindle. See photograph of same plate 6,  figure 6. Sectioned material. 



MCCLINTOCK, B., TIUPLOID MAIZE PLATE 1 

3 

\ 

0 

7 

\' 6 

9 10 

GENETICS 14: 185 MI 1929 



186 BARBARA McCLINTOCK 

PLATE 2 
Figures from 2n+l Fl plants. 
FIGURE 11.-Metaphase I showing  9"+1"'. 
FIGURE 12.-Metaphase I from same plant showing 10"+1'. The univalent is  lying in the 

FIGURE ld.--Same as figure 12, only the univalent is lying  toward the upper  pole. 
FIGURE  14,  15, and 16.-Metaphase I trivalents taken from different 9"+1"' figures 

arranged to show the various appearances of the same trivalent in diilerent cells and the tri- 
valents from different  2n+ 1 plants. 

FIGURE  17.-Metaphase Z in a 2n+ 1 plant, showing the double  number of chromosomes 
(20'1+21)  in one figure. 

FIGURE  18.-Metaphase I spindle with four times the normal number of chromosomes: 
40"+4'. 

FIGURE 19.-Three connecting metasphase I spindles in a plasmodial  mass. 
FIGURE 20.-Anaphase I figure in a 2n+l plant, showing fragmentation of chromosomes  in 

equatorial plate. 

progress. 
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PLATE 3 
Figures from 2n+2 F1 plants. 
FIGURE 21.-Diakinesis:  911+ lIrl+ 1'. 
FIGURE 22.-Late metaphase Z: 811+2111. The members of the trivalent to the right have 

FIGURE 23.-Metaphase I: 1OI1+2I. 
FIGURE 24.-Anaphase I: 10 dyads in upper pole, 11 toward lower  pole, 1 dyad with separat- 

FIGURE  ZS.-Microspore quartet with unequal spores. 
FIGURE 26,"Metaphase I: 711+2111. This figure contains 1 bivalent less than most of the 

sporocytes in  this plant. 
FIGURE 27.-Metaphase Z: 411+61v+2v1. 2 large sexivalents above and below plate region; 

counting from'the right in region of plate, the second, third, fourth, sixth, seventh and eighth. 
groups are quadrivalents, the remaining 4 chromosomes are bivalents. 

nearly disjoined. 

ing halves a t  center of spindle. 

FIGURE 28.-Anaphase I in same plant with the double number of chromosomes. 
FIGURE 29.-Anaphase 11: 12 monads a t  each  pole. 
FIGURE 30.-Microspore quartet resulting from Z and ZZ. Note chromatic bodies in cell 

FIGURE  31.-Prophase IZ: 10 dyads in cell to left, 12 dyads in cell to right. 
plate region. 
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