. CHROMOSOME ABERRATIONS IN GALTONIA CANDICANS
by

Mary Murphy

A Thesis submitted for the Degree of
MASTER OF ARTS
in the Depaftment of

BOTANY

THE UNIVERSITY OF BRITISH COLUMBIA
' May, 1943%.



Table of Contents.
Acknowledgements
Introductien
Materialshend.Methods

Observafions
Meilotic chromosomes in -anthers

Normal chromosome behaviour
Metaphase-
Anaphage and Telophasge
. Prophase
Nuecleoll

Aberrations
Aberrations in root tips
' Fragmentation
Aberrations in ovules
Pairing
Terminal fusions
Chromatid fragmentations and 1oop
* formation.

Polysomaty

Review of therature and Discussion

Hlstorlcal

Chromosome structure and solraTS
Nucleolil

Fragmentaetions and structupal hybridity
Chromosome pairing

Translocations and fusions

Somatic bridges

Chromatid fragmeﬂtatlon
Diplochromosomes and polysomaty

Conclusions and Suggestions for Further
Rege&arch

Page

I.J

S

22

22
23
26
28
33
34

37
37

41


http://Metapha.se-
http://Telophs.se

e B i

Sunmma.ry

Explanation of Plates
Literature cited
Plate I

Plate II

46

51

b2



Acknowledgements

- The writer wishes. to thank Dr. A.H.Hutchinson,
who suggesﬂéd this invéstlgation and who gave |
invalvable assistance in the preparation of the
manuscript and in the photography. Thanks aie due

also to Miss-Lois M. Still, who prepared the anther

slides, and to Mr. E. A. Schwang j&, curator of the

Botanical Gardens of the ‘University of Britisnh
GolUmbia,‘who'supplied the material used in this

investigation,



4
1
Q
B
1
|

b i N i e i e

CHROMOSOME ABERRATIONS IN GALTONIA CANDICANS

Introduction
The study of aberrationsﬂin chromosome structure
and behéviour has become an 1mporﬁant foundation for
the understanding of the.prbgress of evolution.

Structural hybridity-resu;ting from.the fragmentation

of a single chromosome to form two, or the terminal

fusion ofAtwo chromosomes with the accompanying loss
of the dentromere df one, may cause considerable
variation in the progeny.

Kach species is characterized by ité own genotype,
and fhe gene complement changes in the course of evolution
may be caused by the ;hhéfent properties of the genes
tﬁemseives, or by thelr reactions to the envirqnment.

In conjunction with sﬁch genic or genotypic changes,
chromosomes are subject to another kind ot Cchanges
descrlbed as‘structural or~numerica1 according to whéther
1t 1nvolves the structure of the chromosomes or their
number.

In recent years a large volu@e of work has  been
done on structural and numeribal changes in the chrowosome

complements of both plants and animals. This includes

both studies of changes occurring in nature and those
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induced_by ;artificiél means.

Induced aberrations have been brought about by
treatment with X-rays, ultra-violet radiation, high
or low temperatures, certain drugs such as colchicine,
and by artificial hybridization.,

A distinct separation cannot be made between

artificially induced aberrations and naturally occurring

‘aberrations because several factors used in experimental

work also occur in nature, namely - variations in
temperature and ultra-violet light. Age has also been
found to produce alterations in chromosome structures.
Moreover,ylnduoed mutations have the same phenotypic
expressions and chromosomal aberrations as are‘found in
"naturally occurring" wmutations. That is, extreme

conditions change thne time rate of mutation rather

than acting as an initial cause of mutation,

&

The types of changes in the chrowmosome complements

Tound by recent workers include polyplioidy, poiysomaty,

doubling or "pairing" of chromosomes, the formation of
1oops,»§ragmentatlon; and catenations.

The purpose of this paper is to describe the
chromosomal abefratlons found in untreated plants of

Galtonia candicans, and to correlate these, it possible,

with the Tindings of other investigators.
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Miaterials ahd lethods

Galtonia.candicans, Decne, is a native of South

Africa, belonging to the family Liliacese. The material
used for ‘this thesis was coilected from planis growing
in the Botanical Gardens at the University of Britisnh
Columbia.

Ovules ofrvarlous sfages were collected from
several plants. No attempt was wmade to separate and
identify the ovules as coming from different plants as
there were no morpholoéical differences noticed in ﬁhe,
plants. Coiléctlons were wade on July l4th 1941, and
at about the same date in 1942. All collections were
made between noon and three o'elock.

The ovules weré fixed in B.C. fixing solution
( 95 per cent alcohol - 250 cCs;, glacial acetic acid -
5 ccs., formalin — 12 ces., water - 50 ces. ) This is
& successful fixative bécause the tissues may be left
in 1t alwmost indefinitely withdut causing excess
dehydration or malformation. The usual dehydrating and
embedding procedures were folléwed using wmethyl alcohol
and xylol as the clearing agent. The material was

embedded in paratfin and sections were cut at about

12 wmicrons.:
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Egg albumen Wasrused as an adhesive When the
éections were. to be treated with Feulgen's tsohnléua
because 1t was found that the sections had lesé_
tendency to float off the slides during the hydrolysing:
process than when the gum arabic - potassium dichromate
adhesive was used. However this latter adhesive was

found to be more satiéfadtory than egg albumen for the

‘other staining techniques used.

Several stain combinations were tried. Firstly,
Flemming's triple'staln (safranin in 50 per cent aidohol,
genfian violet aqueous, orange G agueous ) plus Light
green in - clove o1l - this cowbination stains the
chrbmosomés purple, the nucleolus bright red, and the
spindle fibers green. It is not very satisfactory for
detailled work. The second stain was iron~alum haematoxylin
with or Without é counter stain Q; light green. The

¥

chromosomes are stained dark blue or black. The difficulty

with this stain is that it stains the nucleolgs the same

as the chromosomes, and also unless it is destained
extensively no details of the 1ntérnal sﬁruoture'of the
chromosome can’be seen. The third technigue used was
the Feulgen method t(fuchsin sulphurous acid) followed

by a light green nucleolar counter stain. It was the
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most satisfagctory comblnation used, as 1t differentiated
the nucleolar material from the‘chyomatln and was best
Tor showing the internal structure of the chromosomes.
The;foot tips were obtained by germinating Galtonia
seeds which Werebcoliected on October 1st 1941, Some

of these seeds were incubated in petri dishes between

woist pieces of filter paper at room temperature the

~week following the collection. These were fixed in

B.C. fixing solution, euwbedded 1ﬁ paraffin, sectioned
at 10 microns, and stained by the Feulgen hethod.

Othér seeds colieotedjoh the same day were incubated on
March 12th 1943, These sceds were placed in constant
temperature chambers at 22:° C. and 29° C. Root tips
sufficiently long for the experiment were produced in
from six to ten days and germinationywas almost LOO
per cent. These rmot tips were treated Tirst with

La Cour's fixing solution (absolute alcohol and glacial

.acetic acid) tor about five minutes and were then

transferred to B.C. fixing solution. The Feulgen's
squash technique for root tips asvdescflbed by Hillary
(L940) was used.

sSlides of the anthers prepared by Miss Lois M. Still

for the Department of Botany were used for the meiotic



A
3
e
{
v
A

‘divisions. These slides were stained with iron-alum

haematoxylin.

.,
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Observations

Meilotic Chromosomes in Anthers

The stages of meiosis were examined carefully, but
since the findings were similar to those of Smith (1932),
they will not be repeated here. However, since the
individuality of the chromosome'pairs is appafent at
diakinesisrthese Willybe;récorded.

Unfortunately, since these drawings were made from

sections and not smears, not all pairs were from one cell

and it is possible that they are not all in the same
stage of contraction. The separate pairs have been
numbered for convenience (Fig. L) ranging from longest

to shortest.

The first pair are connected at both ends and often

show the twist illustrated; this dees not seem to be s

chiasma however because the chromosomes are sometimes
found for@ing a circie iike the seoond pair (Fig. é),
This 1is the only pair in which the spindle attoohment
could be clearly seen. The second pair is about the
same length as the first; the chromosomes are always
arranged to form an O. The third palr 1s slightly

shorter and has one terminal chiasma, the chromosomes

Torm the arms of a V. The fourth pair is about the
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‘same length as the third, the chromosomes are closely

associated for.about one third of their length at one
end and then diverge, the ofher ends usually approximate
again to'form a "Wishfbone". The fifth pair is the
satellite pair, these chromosomes are rod-like, about
half tho length of the long chromosomes, and afe usually
attached to tho nucleolus.} These chromosomes themselves

are seldom joined, they may lie farther apart or closer

together on the hucleolus than those shown. The

homologous_chromosomes of the smaller pairs afe not in
contoct at dlakin651é'bgt are approximated at regular
distahces, The sixth pair is similar in size and looks
like two shoft rods. The chromosomes of the seventh
pair are ovoid and those of- the eighth pair are opherlcal.

No details of internal structure could be seen -
because of the very dense haematoxylln stain, even the.
chromatids of the bivaleots were iodisﬁinguishablé in
most of the chromosomes.,

Digby (1910) and Mottier (L907) both reported
catenations or ohains Tforming at dioklneois, Eut nothing
of this sort was\found in the material used for this-

paper. The only arrangement which might have been

mistaken for catenation is shown ‘in Figure. 2. This is
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the first pair of cﬁromosomes forming a wide ring.
The other chnromosome pair, on the right side, is not
connected to the first pair but lies just above it.,
The fact that thne chromosomes/are situated around the
edge of tﬁe nucleus may make them appear to be joined
end to end. Smith (1932) also failed to find any

catenations,

Before studying the unusual mitotic chromosome
behaviour in this‘form, the normgl occurrences Shouid
be understood. Most of the root tip cells show typical

mitosis stages and these ‘stages will be discussed first.

Normal Chromosome Behaviour

Metaphase:

A polar view of the metaphase plate shows 16

. distinct chromosomes. (Fig. 3) Four pair of these are

long, two pair medium, and twé_parr short. These can
be identified again at diakinesis. Since so@e of the
chromosomes are long, they cannot 11é completeiy on
the metaphase plate, and the oonseéuent curling =makes
it very difficult to measure them; In Pigure 3,
several of the chfqmosomes that appear to be of wedium
length are in reality long chromosomes ouried,up,k

Comparing a lateral view of the metaphase plate (Fig. 5)
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with the‘polar view gives a better picture of the
comparative length of the chromosomes.

All the chromosomes have sub-terminal spindle
attachments, and the long chromosouwes lie with their
attachment points towards the middle of the spindle.
The small chromosomes are located centrally on the

plate. Their is no association of howmologous or even

“similar pairs ol chromosomes at any stage in the root

tip mitosis, the ‘chromosomes are distributed quite

at random. One pair of medium sized chromosomes has

"small teruwinally attached satellites. These satellites

may be seen-best in the prophases (Fig. 8) because
when the chromosomes are contracted at metaphase the

satellite is in contact with the body of the chromosome

. and becoméS‘lndlstlnguishable.

At metaphase the'chromosomes‘are split into two
chromatids but the splndle attachment is still single.
The chrowmatids may‘be somewhat relaﬁionally twisted
at this phase, but the coiling is not exteunsive. Those
chro@osomes in Figure 1 Whicﬁ do not show the division

are probably lying so that the split -1s in the plane of

the equator and would therefore not sunow in a polar view.
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Anaphase and telophase:

Not éli of the chromosomes éplit at the same time,
in Figure 5, the chromosome on the iéft has split
oompletélj but has not separated whereas the upper one
on the’fight side has separated a considerabie distance.
The short arm of the upper one‘of the two daughter
chromosomes 1s.slightly1éﬁlarged‘and appears to be
double. This might indicate that the next split has
taken piace or 15 daking place. No internal coils
could be seen in the daugﬁter chromosohes, and no
fﬁrther evidence of the next split could be found.

In later anaphase (Fig. é) the chromosomes show a
structure which wmight be inﬂerpreted either as two
relationally coiled sbirals or as two independent
spirals lyihg'side by side. Since the teiophaée (Fig.T)

shows definitely interlocking spirals, 1t is likely

that the anaphase structure is similar. .

kEvidence has been found that the organization of
the nucleolus commences before the end of the anaphase.
One anaphase; a little later than the stage of Figure 6,
showed, when stéined wifh Flemming's triple stain, a
small vacuole-like body, giving a decided nucleolar

reaction, associated with one of the chromosomes. It
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was not possible to see the chromosome to whith this

was attaciied because of the close association of the

chromosomes at this stage.

Prophase:
The early prophases in the root tips show two
dgfinite strands or chromonemata whiéh usually have g
relic éoii. This colil straightens out in the widdle

prophase and the\sﬁrands lie parallel for most off their

length. (Fig. 8) The chromomemata then shorten and thicken

and a matrix becomes evident around each one. This dense
matrix obscures the internal structure of the chromatids

and may make the split less apparent.

Nucleols:
In the'resting stages and in the early prdphases
there 1sAeithér usuaily‘one iarge@nucleolus, or
occegsionally two small nucleoli. The large nucleolus

1s usually about twice the size of the small ones and

probably results from a fusion of the latter.

Aberrsations

The aberrations fouhd in the somatic cells were

of many types including fragmentation, pairing, fusions
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and somatic bridges, chromatid fragmentations and loop

formations, and polysomaty.

Aberrations in root tips - fragmentation:

Aberrations of any kind were very uncommon in the

- root tips. Lagging chromosomes were found guite

ffequently (Fig. 7) but these are probably simply the
ends. of somekof‘the slower moving long chromosomes.

The only example Qf‘a definlte abnormality ocourring in
the root tips 1is ﬁhat shown in Figure 9. This shows a
stage between the anaphase and early teloPhasebwith a
chromosome sfili on the spindle. This chromosome or
chromdsome fragment has two chromatids which have not
separated. This 1sbprobably one of the medium lengthed
chromosomes, but it has become stretched by the lengthen-
ing of the spindle. The chromatids are narrower than‘tho
those at metaphase, but are not sufficiently imarrow to
be regarded as chromonemata of the anaphése chromosome.
This chromosome appears to be either a telocenéric or
an‘aoentric fregment resulting frqm the misdivision

of the centromere. (Darlington, 1940)

Abérrations in ovule cells:

Pairing. Taking the typical root mitosis as the

normal mitotic division, the first difference noticed in
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the ovule cells is thé side by side pairing of the
chromosomés.

In the prophase the 5plit-betweeﬁkthe two
chromoneﬁata 1s evident only in part, there is no
oompieté separation of these structures similar to
that found in the ropt tips. Figdre'lo shows an early
prophasé with pairs of chfbmosomes coiled loosely

around each other. I have called these threads separate

chromosomes because they are much farther apart than

any chromomemata dound in the ovule cells, and because

~there were so few threads present (probably eight pairs).

If each chromosome consisted of two chromonemata as
widely sseparated as thnese are, one would expect the
nucleus to show many more threads than it does,‘becausé
there would be thirty-six of them present.

‘Figufe 4 is a polar view of gﬁmetaphase plate, it

shows definite pairihg of similar, if not homologous

- chromosomes. The sixteen chromosomes can be seen quite

plainly, two of the small ones are located‘under a curled
pair. Thére are two long chromosomes that are not paired,
and this same odndition has been found in other cells in
this ovule tissue. The chromosomes themselves do not

show a split as definite as do those of the root tips;
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Ahowe#er some of them are split in the short arm. Another
polar vieﬁ 0f a similar stage (Fig. 11) shows chromosomes
that iook‘charaoteriéﬁically meiotic féther than mitotic.
They are‘more contracted than ordinary mitotic chromosomes
(comparé Fig. 3.) The-presemk.of nucleoli at this stage
also makes it more like the meiotic prophase, as the
nucleolus is often stilltpfesent at diakinesis. The
?alfing here,\as 1n;F1gure 4,‘15 not complete; but in
this instancé, oné of thé medium sized pairs, the satellite
chromosomes, 1$ separate; This would ééem to indicate
that the pairing is not strictiy synéptio, but is rather

a more loose association of chromosomes.

?érminal'fusionss Terminaivfuslons of<chromosomes
weré quite common 1in this’material and seeyged to be of
ftwo tyées; |

| The fi%sﬁ type shows anﬂattra%tmon-between the ends
of homologdus chromosomes., The'attractién may be between
the énds of the long arms or.the short arms bug not both
as ring formations were not found,_'Figure 12 shows
terminal fuslons\of chromosomes in the prophase. Figure

13 illustrates the fusion of the ends of the arms of two

'pairs of long chromosomes. In Figure 14 there appears to
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- 'be a'joining of two chromosomes in the region of the
spindle atfachment. Two rodfohromosomes éppear to be
attached to a single spindie attachmeﬁt, forming a
long chrdmdsomeswith a median spindle attachment. This
could not be verified because no fragments were seen
aﬁd no M chromosomes were found 1n any other aoaphase.
This typé of chromosome ooold have arisen by the loss

of the éhort arm on one: chromosome and the\short‘arm'

and centromere on the other and a fosion of the broken
ends, in other words, by a misdivision of two chromosomes
followed by the formation of i1sochromosomes. (Darlington,
1940.)

The second type of terminal fusions involves the
sticking together of tﬁe chromosome sheaths:or pellicles.
The chromosomes have become more viscous-and tend to ;ose
their characteristic shape when subjected to the fofces
of the spindle. Figure 15, a late prophase, shows several
chromosomes attached by processes extending from
chromosome to chromosome. The attachment in this case is
not necessarily terminal and does not gppear to be an
associatlon of homologous chromatic units. The chromosomes

‘here are contracted to a greater extent than in ordinary

mitotic chromosomes. Some of these chromosomes may be
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palred parasynaptically as well as the obvious terminal
assoclation; the fact that»one cﬁromosome at the Llower
end of the group séems to be situatedrbetween two
chromatids or chromosomes would indicate that the paired
relation results from an épproximation of chromosomes
and not as a result of the separation of chrdmonemata.
Figure 16 1is a similar Stége also showing several

chromosomes attached to each other more or less at

random. The left side of this group looks agimost as

though 1t had been sewi-fluid and the chromosomes had

Tlowed together.
A metaphase 1lluStrat1ng this viscosity and the
tendency of the chromosomes to adhere to each other is

shown in Figure L7. The chromosomes have become very

“much 1umped'together and non-homologous ones have become

attached the one to the other at the ends. The anaphases

resulting from the separation of these chromosomes have

1rregular chromosome brigges. Figure 18 pictures an

anaphase before the spindle has expanded fully, the

chromosomes are irregular but not greatly stretched.

The joining of the ends of non-homologous chromosomes may
be seen very distinctly here. A later anaphase, after

the spindle has elongated (Fig. 19) shows long chromatin



- 18 -

bridges which extend from one chromosome group to the other.

Very little internél~detaii can bé seen in these chromosomes
except that they are doubig{ Altérnafeiy, it is possible
that thefe is a failure of separation of the chromatids °
in thése nuclei, resulting in aﬁ irreghlar segregation of
genes, lThis would explain tue doubieness in the anaphase
chromosomes and the appeéfénce of so few chromosomes in
these divisions. The long thlngcﬁromatin bridges are
probably caused by the uncoiling of the chromonemata in

the anaphase chromosomes, when the spindle is stretched,

Chromatid fragmentations and loop formations.' Only

one def nite exa@ple of a loop formation caused by a break
in a single chrométid,was found. This (Fig. 20) 15 a
chromosome from the nucleus shown in Figure 12, Tﬁe
chromoséme 1s located uﬁderneath the nuoiéolus and séems

to circie the base of this struotu;e. It was impossible to
be positive whether‘orvnot this chromosoﬁe was actually

attached to the nucleoluss A chromosome with a similar

terminal loop was found in another nucleus, and this

second one was found to be quite separate Trom the nucleolus.

If this ohromoébme is the second satéilite chromosome it

‘evidently has another chromosome attached terminally; this

can be seen by comparing the length of this chromosome with
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ﬁhe safeiiite chromosome attached to the left side of the
nucleolus. If this configuration is the result of the
fusion of two chromosémes it may have‘resulted in one

of two Wa&s: Tirstly, there may have been an internal

loss in éne chromatid by fragmentation, then the extra
piece in the othner chromatid would form a loop, or
secondly, it may haVe ariéeﬁ from the addition of a fragment
fdrmihg a loop. 1Ii on the other hand, ﬁhis is all one
'othmosome, then one of the chromatids has fragmented

and oﬁe end has folded’back and become éttached Torming

a loop. 1In this event, there would be no loss or gain

of Chromatic material in the chromosowe. This second
explanation seems to be more liKeiy, sinoe.both ends of the
‘vchrémosome are thiokyaﬁd show & double structure, whereas
the mlddleApoftion is narroﬁer and no split could be seen,
This cannot be decided for certainty because the chromoSbme
is small and is lLocated under otﬁer Structureé and is in

consquence not entirely discrete’ in appearance. -

Polysomaty. Polysomaty is the occurrence of nuclei
containing wultiples of the diploid number of chromosomes
~located in individual cells or groups of cells in a diploid

brganism. This condition was found in two cells located

close to the outer layer of the ovule. These cells were
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;Larger tnan most of the cells showing divisions in the
ovule, Many qf the surrounding cells were about the
same slze but they were all in the resting stage so
there was no way to determine Whether’or not they were
poiysomatic; Figures 2la and 21b are two sections of
the same nucleus showing this condition.

Most'of the chromosomes are arranged in pairs,
hbwevef the sméilest ones have either split‘and separated
or,else they have dpproximated. From the number of them
‘presént it seemsvlikely that they have separated. The
,longer chromosomes have split completely but mosH of them
remain close togefher. some of them are in contact only
at oné end, others remain coiked about each other. All
chromosomes show a second partition, but the chromatids
have remained more closely associated and coiled than
the ohfomosomes formed by the first partition. The
partition is not complete in someﬁchromosomes, but may
beVin others, therefore the nucleuas cannbt be said to
have octoploid chromonemata. The fact that moét of the
pairs of chromésomes are so oiose¢y associated would
suggest that the tetraploid condition arose from a
complete split in the diploid chromosomes followed by
a split of each daughter chfomosome to form two

chromatids. The short chromosomes may have separated
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quite easily because they can move in a smaller space and

are less likely to remain coliled together than long chromo-

somes, Alternately, the nucleus origiﬁated from the
fusion of two d1p101d nuclel, tne occurrence of pairs
would'meén that there is no synaptié attraction ©between
thé ohrombsomes; we would then ekpect the smaller
caromosomes that. are ableftd move about most réadily to

forum the closest associations. The fact that some of the

chromosomes .are seﬁgréted completely or into wide V's

kwould indicate that there is no synaptic attraction and

that the twisting is mwerely a relic of the anaphase coil.
However, since the synaptic attraction is present chiefly

in the early prophases of meiosis and seems to disappear

" to a considerable extent by late prophase or diakinesis

(see Pig. 1) and since 1t is less evident in the small
chromosomes, the above statement must be modified. The-
question of attractions and repulsions is not yet clearly

understood and consequently no definite conclusions can

be reached.
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Heview of Literature and Discussion

———

The work done to date on thne cytology of Galtonia

'oandicans;has been wainly that of tracing the chromosomes

through the various stages of mitosis and meiosis.,
Digby (1910) has given an exteﬁded descriptzon of the
minute structure of the’cﬂromosomes,eépeoiaily through
ielophases and prophases. However her work has been
~ modified conSiderébly since then by later workers
applying more recent conceptions of chfomosome étructure
an& possibly using improved fixation and staining methods
on their material. The onLy unusual occurrence mentioned
by Miss Digby in this paper is the occasional formation
of chains or rings of'chromosomes at diakinesis. An
earlier papér by this worker (Digby, 1909) reborts the
formation of’ohromatin bodies ?ro@uced at,éynapsis in
the pblien mother cells., These‘she reports as arising
from the nucleolus or the nucleolar framewofk.g Nothing
of this nature has been found in the present study."
Neﬁton (1924) in studying the somatic chromosomes
in Galtonia fouﬁd;a loosepairing of cusomatic chromosomes
at éariy metaphase and a true pairing at early anaphase.

Bxawining the somatic cells of the root tip and
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 anthér, Smith (1932) made a comprehensive study of the
chromonewata in the‘chromosome at-meiosis and mitosis.

He found that the chromonemata were oioseiy associated 1in
the aﬁapéaéé of the'root tips, but were more widely
separatedyin the ‘same stage in the somatlc cells of the

. anther. Ny results 1ndlcate that there are two deflnlte
strands present,even in the root  tip anaphases. Smith
found chromosome lagging but it was not oharacteristio
of any partidularfchrOmosomes, he found that either long
or short ones‘might lag{ He also reporfs that‘there ié
no chain formation at diakinesis. The same author
(Smith, 1932) working on the relation of the nucleolus
and éatellitésffound one or two nucleoli present in Somatlc
cells with satellite'chromosoﬁes.attached. In meiotic
stageslhe‘fihdSquét one nucleolus on which thefe may be

buds girdled by the Tibers of the gatellite attachments.

Chromosome Structure and Spirals

Some of the resent workers have devoted thgmselves
almost entirely to discovering the 1nterﬁai structure and
spiralization of.chromosomes. It is now generally accepbed
that the somatlc agaphase ohromosomes con51st of at ieast

ttwo Spirally wound chromonemata. Abraham (1939) reports

that'the somatic anaphase chromosome shows two spiral
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chromonemata embedded in a common matrix, these coils are
entirely free from eact other and usually run parallel,
The figures he-shows in support of this idea are not very

clear, and 1t seems he may have misinterpreted what nis

slides show. He concludes that the mechanism of spiralizs. -

ation is éssoCiated with a»compehsating internal twist in
the’Qhromdnemata=  Darlingfdn (1932) refers to this twist
as'a.moiecular spiral. Abraham,sayé that an interlaced
spiral is not a resﬁlt of the cleavage of a spiral chromatid
but that the‘twists are formed later. |

Coleman (1940) on the other hand agrees with Sax;,

_Upcott, and Darlington in regarding the somatic anaphase
and prophase chromosomes as single coiled structures. He

‘states that the so-called 1hteriock1ng double coited

structure is a fixation artifact. He further states

{
~that this conclusion does not touch the question aq:whether

the anaphase chromosomes are bipartites or not, From this
I gathered he means that there is only one spiral but it

might be double.

The great majority of cytoiogiSis consider that the
anaphase chromosomes possess a wvisibly bipartite structure
and that they consist of two chromonemata coiled about

each other so that the gyres interlock.
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Wilson and Huskins (1939) working with Trillium propose
the theory that the meiotic spiral is caused by the
elongation of the chromonemata within an enveloping sheath

or peiliclé,”the nature ot which remains to be determined.

Sparrow, Huskins, and Wilson (1941) add that the half

ohromatids at metaphase'are'wound in the form of a
plectonemic sPiral; This 1é‘é splral arranged so that the
chromatids can séparéte by lateral movément and not by
ﬁnravelling frow the ends. Nebel (1941) opresents
interestiﬁg Optigal evidence of the typeé of coils found
iin Trillium cﬁromosomes, he photographs light transmitted
~through glass spirals and compares the results with the
images formed by ﬁhe chromonemata ooils. Huskins (L941)
'descfibes the largé gyréd major coills in meiosis, and |
similar coils in mitotic chromosomes. The evidence
presented in these papers was taken ;roﬁ material prepared
especially to show these structures. The spirals that
show in my material are not nearly so clear as the
illustrations shown by these men, but they do indicate
a simiiaf strqcture, namely, a;;paif‘of spifal chromonemata
in the énaphase ch?omosomés. |
The time of the somatic split has been’found to vary

, split
in different forms. Nebel and Ruttle (1936) described tbei
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in Tradescantig taking place at metaphase, two wmitotic

cycles prior to their separation. Smith (1932) on
Galtonia found the split occurring during tue prophase

of the division previous to separation.

Nucleoli

The size, number,‘and formation qf nucleoli have
been given prOminénce in recent cytologléal WOrks.
Digby (1910) reported that two swall chromosowes were
attachéd to the nucleolus in Galtonia, however, it has
since been shown that a medium-lengthed pair is attached

to the nucleolus (Smith,1933). Lesley (1938) discovered

ﬁhat in tomate ceils the nuclei With chromosomes that
Had_sateliites rincreased in sizé, had larger nucleoli
than the be11s with ordinary satellites. Pathak (1940)
‘Working'with cereals, finds the nucleoli are organized

in the telophase by a pair of ~chr0%oéomes with secondary
constrictions. The nucleoli usually fuseAand the two
chromosomes may be seen attached to the nucleolﬁs. The
nucleolus is organized around the»threédfof the
secondary constrmction, The‘number of nucleoli is
proportional to fhe numbef of chromosomes with secondary

constrictions. The tetraploid and hexaploid Triticum

and Aegilops species have four and six nucleoli respectively.


http://Trad.escant.ia

- 27 =

‘Berger (1940} working with polysowatic cells in Sninaoia,
Tfound that the dip101d cells always have elther two small

or one large nucleolus. Tetraploid cells have four small

nucleoli, one large, or an intermediate number in the

T

prOoessrof fusion. Bhaduri (1939) found that the presence

of unpaired nucleoli in Qenothera indicated heteroZyg051ty

of the species.o MensinKéi1(1940) from abunormalities found
in the satellites of various species of Aii;gm concluded
that tbe‘satelllté\is only the rolled-up end of the
chromosome~helix. Gave’and Bradley (1943) found as wany as
six chromosomes associated with the nucléolus of Mersia
chiienslé a£ pachytene. The nucleolus forming regions
are,a§parently'incorporatéd in the shoft arms of certain
rod Chromosomes. ‘In tols species no safellites have beén
fouﬁd unlesslit may be cousidered that the short arms of
certain rod chromosomes hgve become, so reduced that they

consist of nothing more than satellites and nucleolus

) : v - . g ' - N i . .
forming regions. This lacik of restriction of nucleolus

Tformation has also been found in Trillium.
Warmke (L1941) states that it is probably correct to

consider the satellites as separated from the main body

of the chromosome by a secondary constriction. These

secondary constriictions are linked with nucleolus formation.
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The beginning of nucleolus formation at the end of

anaphase was recorded in this paper. It was also noticed

that all gametopbyh:: cells had ‘but one nucleolus, the
Sporophyté éeilsrbad either one large nucleolus or two
small ones, and the endosperm cells all showed three small

nucleoli.

Fragmentations aﬁd Structural Hybridity

Fragmentationq is the transverse splitting of the
chromdsbmes. It has been’found by several workers that
fragméhtations may be caused by X-rays but that the
broken eﬁds tend ﬁd rejoin more readily at high'temperatures,

Sax and Enzmann (1939) found this occurring in
' (19%0)

Tradescantia wmicrospores. Fabergén also working with

pollen grains in Tradescantia concluded that heat caused

the broken;ends to join up more readily. Darlington (1940)

- reported a transverse fragmentation of the centromere.

‘The new telocentric chromosome so Tormed is sub-efficient,

1t reproduces.and divides Wiﬁh less regularity tgan the
oomplete chromosomes. He states that in the diploid
fritillary it is & consequence of the non-co-orientation

of bivalents as Wgéi as univalents,)there must be a specific

and exceptional capacity for misdivision or incapacity for

correct division inherent either in the centromeres or in
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the organization of meiosis. These telocentrics lag
and often become extranuclear bédies. Misdivigion is
the only known means of adaptation in the size and
funotiéns of'the centromere. The telgcentric chromosome
Caﬁ restore the intercalary position of its centromere
by a seoondarylchange, the two sister chromatids becoming
concurrent ar@s.b The ne% chromogsome with two identical
, . ;
arms may then be described as an isochromosome., Rhoades
(L940) examiﬁiné the telocentric chromosomes in maize
Yound that they‘were unstable and fofmed isochromosomes,

simllar to those reported by Darlington. Bhaduri (1939)

Tound that in QOenothera blandina instead of the normal

compiement of 2n = 14 ohrémdsomes; some cells had L5

chromosomes. This ﬁas been ascertained to be due to

real fragméntatlon. This fragment belongs to one of the

long chromosomes to Wh;ch it 1is pormally attached by a
(1938)

secondary constriction. Levan and Emswellery studying

| Nothoscordum reported that early studies showéd one

fragrans form with 2n = 16 chromosomes, all with median
attachments. A closely related form haé 2n = 18 chromo-
somes, four of\Which had terminal attachments. Since
these terminally attached chromosomes were about the

same length as one arm of the longest bi-armed chromosomes
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present, their origin has been explained by fragmentafion
of oneyiongibi—armed chromosome 1n'the eight éhromosome‘
gendm. The new form discovered by theée authors had
nineteen éomatic chromosomes, thirteen with median attach-
~ments and six with terminal.

A sécond t¥pe of structuralyhybridity waé reported
by Cave and Bradley (l943)4%esultihg from thne fusion of
two chromosomes With,terminal attachménts ﬁo form a
’V chromosoue. Thej account for the origin of these
V chromosomes in one of two Wéys:‘(a) rééipteaﬂ
translocations between two non—homolégous rod chromosomes
and Qonseéuent iosskof one centromere and both short
arms, or (b) the fusion of the centromeres of two
nonéhOmologoué rod'chrémosomest

kvidence was found of ohanges in chromosome
structures in the somatic.cellsiégéggglg‘similar<to those
reported above. The’teiocehtric chromosome found’in
thé root tip anaphase (Fig. 9) benhaves in the same manner
as those reported by Darlington. There was also some
evidence found of the formation of median éhromosomes
from two terminaliy attached chromosomes. However both

these types of abnormality were very uncommon, and no

conclusion could be made as to their genetic significance

in this forwm.



Chromosome Pairing

The palringfof bomdLogous‘ohromosomes in the somatic
divisions has been rgported by several workers, but the
subject is stild controversial.

. In Galtonia candicans, somatic pairing at early

metaphase and at anaphase has been reported by Newton (1924)
He considered the metaphase pairing to be a looge

arrangement and the anaphase association to be true pairing.

 The material studied in this paper showed no signs of any

paired arrangement of the chromosomes in the root tips at

any stage, but quite definite pairing of the chromosomes

- in the somatic cells of the ovule. The fact that the

ovule mitoses resemble meiosis in several ways, namely ~

“the pairing of chromosoﬁes, the extreme contraction of

the chromosomes, and the occasional presence of nucleoli

at late prophase, would suggest that the conditions which

bring about the meiotic diwvisions have some effect on the

mitotic chromosomes. What these conditions are has not
been determined, some workers suggest that they are

caused by age, some suggest the presence of necrohormones

(see Gustafsson (1939) who suggests that they are related

to a sap intake and growth period, and Darlington (1936)

who explains meiosis as the consequence of a shift in
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time coordination between external and internal,facfors
~in-the deveibpment of the chrOmosomes. The prophase
begins before the chromosomes have divided, that 15;
it is preéociods. ALL of tﬁese theories seem to suggest
wthat thevchange from mitotis to meiosis is caused by
Somevexternal,physiologicai condition about which very
liﬁtle 1S‘KHQWH, 'If it is éhysiological, I can see no
réason why it cannot effect the cells surrounding the
germ cells, to some extent. Gustafsson (l939)‘cites
Fagerilnd who.found 1n‘his review of thé cytology of
Rubiaceae found in species with pronounced degeneration
of the meiotic cells and nuclei, soﬁatic cells can
be chénged in . a meiotio directién, showing Chromosomé
' contraction and synezeéiss stages. This sujgests
that some substance is released by the dislntegrating
cells and thaﬁ this substance affégts adjgcent cells.
~Gustafsson (1939) found that the intake of sap and
: gfowth of a nucleué changes td meiosis to mitosis, ‘1t
no growth and vacuolization period sets in division is
‘feductlonal. iAfter a certain amount of hydration and
vacuolization di;iéion becomes eéuationai, but is still
.meiotlc 1ﬁ,charactér, and only when growth and hydration

have reached another threshold is division mitotic.
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Bhaduri (1939) cites Marquardt as observing cases
of apparent pairing of‘somat}c chrbmosomes in theﬁénther
archesporium. Marquardt suggested thaf this may represent
a step toﬁafds conjugation; which w;il take place in the
iollowing nuclear division. Bhaduri does not agree with
this viéw. |

Very definite pairiné.éf somaticichromosomes is found
in all the tissues of the Diptera (Metz, 19l6). This has
also been reportedkln soﬁe~of the other inseofs. Since
this’qondition 1s so comnstant in the tiséues, it 1is
unlikely thaflit is the éame time of pairing as that found

in the ovule cells of Galtonia.

Translocations -and Fusions

Types of translocations and terminal fu81ons; both

induced and those occurring in nature, have been studied
by many cytologists. Probably the %ost,thoroughly
investigated phenomehon is the ring Férmation or catenation
in Oenothera. Sturtevant and Dobzhansky (193&)‘ drew a

i
parallel between the pairings Tound in Drbﬁphila and the
catenations found in Qenothera. They found that the pairing

was between Llike reglons'on the chromosomes. and not the

whole chromosome. The theory was advanced that translocations

~ between non-homologous chromogomes caused ring formations
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in Qenothera. They found cytological evidence for such
translocations in_Drosophila. FBhaduri (1939) agrees
with tue above explanation of the origin of these.chains.

Bikka (1940) gives a review of the work done on Qenothera.

He further suggests that since the force which holds the

chromosomes together is synaptic, and since, in a diploid,

synapsis is between one maternal and‘oné raternal chromo-
some, 1t folloﬁé that these chromosomes in the ring are
alternately paternai end maternal in origin. Both Sikka
and Jaodb (1940) recognized that there is a particular
arraﬁgemenﬁ of the chromosomeé for each species or type.
Mensinkai (1940) found rings and chains formed in Allium
by the same type of reciprocal:translocations between

non-homologous chromosomes. A similar condition was

reported in Primula Kewensis by Upeofl  (1940).

Somatic Bridges _ .

The chromosome bridges formed at anaphase in some

abnormal nuclel may be caused by several different

conditions, namely - the formation of dicentric chromosomes,

the lagging of acentric chromosomes, or by the adhesion

of chromosomes. Upcott (1936) working with triploid

. tulips reports the first type of chromosome bridges. In

all plants studied, dicentric chromatids are formed at
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meiosis as a result of crossing over between relatively
inverted segments of chromosoues palring during prophases.

These chromatids form bridges al first and second anaphases.

’The stretcnlnc of the bridges at anaphase bears out th

. yiew of Beiar and Darlington (1932) that the anaphase

separation is determined by two agents, tirst, by the

emuthal repulsibnn-of the centromeres, and later by the

stretchlnc of the central region of the splndle which

completes the process byr<bushing the ohromosomes farther

toward the poles.' Observations show that the splndle

expan81on takes place in two zones - between the equator

Cand the poles. The region adjacent to the centromere is

wore susceptlble to un001ilng. The fact that the straan

'oau51n0 the un00111ng is not transmltted equally across

the bridge but remains localized suggests that there is

cconsilderable friction between the chrowosomes and the

i

-spindle material,

Mensinkai (1940) reports a somatic bridge in a root
tip of Allium. He considers tnls brldge Iormatlon to be
‘due to ‘some adverse external elrcumstances influencing the

phy51ology of the partlcular nucleus producing denaturation

: ' 1
Of chromatin in the particular chromosome. He further says

that the lagging of chromosomes and bridge formations 1in
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SOmatlc witosis is not of significance unless in the
germ track,fwhen they affect the germ cells and induce
transmissible wariations, |

Thé tﬁird'type of somatic bridge is not caused'bv
transiocatlons but is merely adh651ons of the chrowmosomes.
Whlteb(l936) treatederthOPtera’material with X-rays.
He Iouﬁd that aftef irfédiation the chromosomes appear to

lave become more viscons, so that they only separate with

great difficulty. The two chromosomes adhere in spite of

the repulsibn between the spindle attachments which is-
pu;liﬁg them apart. The result is that the two groups of
ané?hase\chromosomes are held together by a "bridgé".
White'sugéests that this and other éccurrenoés in 1frad1ated
méferiai iskprobably due to a generai disintegration of the
chfomosomés; | |

The bridges form in the ovule cells of Galtonia 1in

~ this last manner. (Figs. 17 and 18)° The chromosomes appear

- to have become viscous; they have lost their individual

'shape; they adhere instead of separating normally.

Sax (1938) also reported the ciumping~of the chromo-
somes as the Tirst eftect of drradiation. The treatment
apparently affects the chromosome envelope. The fusions

resultlng from the clumping of chromosomés may also be

produoed by heat and age.
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Chromatid Fragmentation

Sax (1938) stated that'X—rayé may break both
chromatids whiie ultra-violet rays usﬁally break only
one of the two chromatids. According to this author, the
¥ chromdsémes are 1n the form of relaxed coiled ohromonemata.
durihg the resting stage. An X-ray hitting a chromosome
can breéK two adjacent gyfés and the reunion of broken
énds 1n’new asSQciatlons will produce small déflciencges
and 1nverslohs. ‘fhe size of the deficiency or inversion
~‘w111_depend oh‘thé stage at which the éhromosome wés hit,
since the size and number of the gyfes vary at different
stdges, The same worker (Sax, 1941) has done fgrther
WoTrk on_ohromosome and chromatid fragmentation induced
by.X—rays in regard'té dosages: and time.relatlons.
Ultra-violet rays from sunlight or changed temperature
conditions might possibly have caused the éingie,ohromatié

‘break shown in Figure 19 and the resulting loop formation.

Diplochromosomes and Polysomaty

I have grouped these two types of abnormality
together because both of them seem to involve a split
of the chromosome or chromatids and a delay or failure

of division.
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biploohromosomes were first reported by White (1935).
He found these V-shaped Chromosomés Qresent in approximately
theid1p101d number. - Each arm of the V is longitudinally
split 1n£o“two chromatids. HBach chromosome is a compound
structure with two genetically homologous arms and a SPindie
attachment in tue middle. White 8ays that diplochromosoumes
have eight chromatids. ‘Héuapparently considers the arms
bn each side of the centromere as separaté chromatids., |
Barber (L1939) spéaKs of diplochromosomes as four chromatids
péssing through bne centromere. These‘are formed by
re?eated‘divisioh of the chromosoﬁes without mitosas.,
%his‘may be described as progeny’péiring, that is, it
‘maintains the §Eg§g§ quo yln contrast to pachytene
pdiring WhiChzisaan act1ve,type of pairing.

 RedupLicat1on of chromonemata during resﬁlng stagés
has been found gquite frequently 1y both plants and animals,
Bauer (1936) postulated that the large salivary gland
éhromosomeé of Dgosqghlla were composed ofua large number
of closely united chromonemata. Painter (1940) describes
the salivary‘gland chromosomes as'briginaliy hévlng Tour
chromatids. Aféer synapsis the compound chromosome grows
in diaméter and length. The growth in size of the chromo-

meres 1s presumably due to reduplication without a
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visible division of parts, The uncoillﬁg which partly
causes thelincréase in lengtﬁ would also explain why we

see a more complex pattern of bands. Eerger (1938) found
the cells*of the larval ileum of ggigzrincreaéing in size
~but not in number. The increase in size is paralleled by
an increase in chrombsome‘number. According to Berger, “the
nucleus retains -the typicél’restlng stage condition
throughout the growth and chromosome multiplication period.
Subsequent divisioﬁs’show orderly somatic synapsis and
are’apparently somatic feduotion divisléns giving smaller
Cells Witﬁ‘the reduced'chromosome number?’

Gentcheff and Gustafsson (1939) describe what they
called "polysomatic cells" in Spinaéla . They foundvthat
in most of these Cellsvthe chromosomes afevcloseiy
aséociated_ln pairs. They also found that these‘cells were
lafgef than those With a normal chrpmosome complement.

Some nuclei as so0n as the chromosomes show up in early
pfOphase may have a quadripartltée'structure. Two major
threads, each consisting of two chromatids, iievseparateA
from each othercexcept fo} a marKedAtwisting. This
twisting 1is probably ldentical with the reiatlohai colling
Oof chromatids in mitosis. Figure 7 shown by these workers

Looks very similar to Figures 2la and 21b of Galtonia.
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From the structure and relations of the chromosomes I would

assume that ﬁhey originate in a similar manner.

e

Berger (1940) reinvestigated this condition in Spinacia

'and adé;ed that polyploid éellsvai%ﬁh unpaired rchromosomes
hévé undergone at least one Watotic division since the time
of double reproduoﬁion becéuse the chromosomes remain
ﬁaireé until the nucleuéfdlvides, at wuich time the pairéd
relatioh is’lost.- Erwin (1939) reports a siwilar

condition in the roots of Cucnmis melo.

All workers agree that tnis reduplication of the
chromosomes occurss during the stages when the chromosomes

are non-mobile.
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Conciusions and Suggestions for Further Research

The abnormalities founa in the ovule cells oeraltonla
probably resulted from a oombinatlon of Tactors such as:
ULtra—violet’raye froﬁ sunlight, heat, age, and possibly
hermones or physiological conditions which are ordinarily
aesociated with m81051s.'}weatever condition or conditions
caused thé.abeffations in the somatic’ceils of the ovule
apparently did net‘effect adversely meiosis or the develop-
ment ef the germ cells. 8Since the forces affecting the
,surfounding cells act in this direction the normal behaviour
dﬁring melosls 1s to be expected.  Tune results found
confirm this expectation. The seeds used for germination
quposes were~taken,from the‘same plants and the resulting
rooﬁﬁtmpsbshowednnommal mitotic divisions. The fact that
the seeds germinated successfully even after a year and
’a’half; producing normal root tipéi ﬁouid indicate quite
definitely that none ot these abnormalities are carried
into the germ cells. The developmental stages” of tﬁe
Temale gametophyte are‘alse seen to be éuite normal.

There are several points touched on in this pa@erY
which suggest further investigation. It would be interest-
ing to discover Just when the abnormalities begin to occur

and whether or not they are confined to the flowering parts.
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If was noted during the investigation that the somatic
cells in young ovules shnowed more typically witotic
divisions. The guestion of poiysdmaty might also be
investigated Turther to ascertainyif this were?merely
- ) - q ]

a chance occurrence or whether it were. common in
certain tissues. The chromosome behaviour at the time
of syngamy has not been observed and the analysis of

these stages in the life history should be significant.
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Summary

1. There afe sixteen somatic chromosoﬁes and although
 comp1ete;ind1v1duality exists, it 1s convenient to divide
them 1nto'three4size groups: four large pairs, two medium
pairs, and two small pairs..bThese were identitied very
.markediy at diakinesis. ©

2 Ndrmél mitotig stages are described.

3. The nuciebli are assoclated with a pair of
medium—lengtﬁed chiromosomes with sateliites;

» 4. A single instance of a telocentric chromosome

is. the bnly abnormality found in the root tips.,

5 Abérrations in ovule cells 1ncludé pairing,
fuéions, chromatid fragmentation, and»poiysomaty.
| .6+ The conditions causing these aberrations do
not affect germ cells adversely. It may be that the
tforces promoting meiosis and ge;g cell development
are potent to the extent of having an épprec;abie
, éffeot upon the surrounding tissues thereby causing
the aberrations present. in the direction of pairing,

synapsis, and precocious splitting.
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Explanation of Plates

All drawings were made with tue aid of a camera lucida.

The magnification at . table level was about 4800 diameters.

The drawings have been reduced one half in reproduction.

All drawings are at the same magnification,

Fig.

! Flg.

Fig.

Fig.

Fig,

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

lb

L10.

11,

Plate I

Individuality of chromosomes at diakinesis.

Ring arrangement of pair No. 1.

Poiar view of metaphase plate in root tip, showing
1nd1v1dua11ty of the chromosomes and the random
arrangement.

Polar view of metaphase plate in ovule cell mitosis,
showing paired arrangement of the chromosomes.

Latdral view of wmetaphase in koot tip mitosis.

Uhromosomes at middle anaphase in root tips.

Telophase chromosomes in root tips show1ng spiral

chromonemata. v

Prophase chromosomes having two. more or less
chromonemata.

Pla&e I1

Telocentric fragment in root tip telophase.

Prophase in ovule cell showing pairs of thread-
like chromosomes.

Polar view of mitotic division in ovule cell,

showing distinct meiotic tendencies of the

chromosomes.
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Fig. 12, Terminal fusions of mitotic chromosomes in
ovules during the prophase.

Fig. 13. Terminal fusion of nomologous chromosomes in
ovule cells at metaphase.

Fig. 1l4. Two chrowmosomes attached to one spindle
"~ attachment at early anaphase in ovule cells.

Figs.1l5, 16, 17. Fusions of non-homologous chromosomes
at prophase and metaphase.

Figs. 18, 19. -Sowatic bridges at middle and late anaphase,

Fig. 20. Chromatid break forming a loop in a mitotic
‘chromosone.

Figs., 2la, 21lb. Two sections of the same nucleus showing
: polysomatic condition. The chromosomes are
grouped in pairs.
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