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PREFACE

The cells of all plants and animals, with a few obscure
exceptions, are organized and controlled by a visible
body, the nucleus. This nucleus consists of permanent
hereditary structures, the chromosomes, which themselves
can be made visible by simple treatments. Our purpose in
this book is to describe such treatments. We have attempted
to cover all the steps from dissecting the first animal or plant
to drawing the last diagram. The result should in the first
place serve teachers and students in school and university.
But, since the methods we describe are mostly the fruit of
the last ten years’ ripening, they should not come amiss to
workers in the many branches of research for which the
handling of chromosomes has now become useful or perhaps
even necessary.

{/ e are particularly indebted to the following collaborators:

Dr. D. G. Catcheside, Botany School, Cambridge
r. P. C. Koller, Institute of Animal Genetics, Edinburgh
Dr. J. D. Macleod, Lambeth Hospital, London, S.E.
Dr. U. Philip. University College, London, W.
Mr. H. N. Barber, Mr. H. G. Callan, Dr. D. Lewns,
Dr. K. Mather and Dr. P. T. Thomas of this institution.

We also have to thank Mr. H. C. Osterstock for preparing
the photographs and diagrams.

C. D. DARLINGTON
L. F. LA COUR

JOHN INNES HORTICULTURAL INSTITUTION
LONDON, 8.W.IQ






CHAPTER

CONTENTS

PREFACE

1 ORIGIN, SCOPE AND PURPOSE OF
CHROMOSOME WORK

2 EQUIPMENT

PRI VS

. Microscopes

Resolving Power and Magnification
Lighting and Screens

. Oil and Lenses

Camera Lucida

Other Equipment

3 LIVING CHROMOSOMES

a

. Material

b. Methods
c.
d

Vital Staining
. Chromosome Optics

4 BULK FIXATION

T AN =n

Principles

Practice

Mordanting and Hydrolysis
Penetration

Condition of the Material
Duration

5 SMEARS AND SQUASHES

a

b

. Material
. Smear Methods

c. Acetic Squash Methods

d

. Maceration

PAGE

17

21

30

33

40



(o)

THE HANDLING OF CHROMOSOMES

CHAPTER

6 PARAFFIN METHODS

Value

Fixation and Washing
Dehydration and Infiltration
. Embedding

Section Cutting

Mounting Ribbons

7 STAINING AND MOUNTING
a. Staining
b. Mounting
c. Fading
d. Re-staining

8 SPECIAL TREATMENTS
Pre-treatment for Structure
Animal Eggs

Salivary Glands

Tadpole Tails

Amphibian Testes

Culex testes

Embryo Sac and Endosperm
Other Plant Tissues

9 THE CONTROL OF MITOSIS
. X-rays

Drugs

Temperature

Centrifuging

Various Genetical Devices

e AN SR

SRS S &8

SRS &8

1o THE CONTROL OF FERTILIZATION

. Pollen Germination
Tube Division
Pollen Storage
The Style

Haploid Plants
Haploid Animals

e AS >R

PAGE
45

50

64

71



CHAPTER

II

12

a

T AN SR

CONTENTS

PAGE

PHOTOGRAPHY 77
. Uses

Cameras

Taking the Photograph

. Developing

Printing and Regulation of Contrast
Preparing Photographs for Reproduction
Screen Projection

DESCRIBING THE RESULTS 85

. Interpretation

b. Illustration
¢. Description

APPENDIX
SOURCES OF MATERIAL 97

I

3

4
5

a

. Natural Groups

b. Chromosome Calendar

STANDARD SOLUTIONS 106

. Fixing Solutions

a
b. Stains for Chromosomes

3}

d

f.

>

. Stains for Styles

. Various Fluids
Drosophila Medium
Photographic Solutions

SCHEDULES OF TREATMENT 116
CATALOGUE OF IMPLEMENTS 125
ABBREVIATIONS 129
REFERENCES 130
INDEX

157.

11






LIST OF TABLES

PAGE
I. Approximate Capacities of Apochromatic Objectives 23

II. Refractive Indices (n) of Mounting Media, etc. 53
III. X-Raying of Chromosomes 66
1V. Effects of Drugs on Chromosomes 68

V. Methods of Regulating Contrast 81
V1. Chromosomes of Natural Groups 98

VII. Times for Obtaining Material 102
VIII. Properties of Reagents 106

IX. Composition of Compound Fixatives 108






Fic.
Fic.
Fic.
Fic.
Fic.
Fic.
Fic.

»

SIS S

LIST OF FIGURES

PAGE

Microscope Illuminated by Home Made Lamp 25

Drosophila larva 60
Home Made Box Cameras 78
Compound Smear Schedule 118
Metal Instruments 125
Glass Instruments and Smearing Dish 126

Glass Bottles and Spirit Lamp 127



The co-existence of the most wonderful success
with the most profound ignorance is one of the
characteristic features of present day biology.

Szent-Gyirgi (1940)



Chapter 1

ORIGIN, SCOPE AND PURPOSE OF
CHROMOSOME WORK

In 1831 Robert Brown discovered and named the cell
nucleus. He saw that it was important, but he did not
know what it did or how it worked. He could not at that
time realize the part it played in cells and in organisms
and even in the whole unfolding of life. These things we
have since learnt, and our knowledge may be framed in one
sentence: the nucleus is the chromosomes. In the nucleus the
apparatus of cell-government is at rest, in the chromosomes
it is in movement.

But it was fifty years before the chromosomes themselves
were seen. Their study sprang from the study of whole
organisms, tissues and cells. Its methods and its ideas were
at first derived from its larger scale origin. The subdivision
of its teaching between botany and zoology and medicine
still lives on to remind of this accident of birth. And the
anatomist from long habit still attaches to them a value (as
he believes) consistent with their size. As Robert Brown
said: “The few indications of the presence of this nucleus,
or areola, that | have hitherto met with in the publications
of botanists, are chiefly in some figures of epidermis. . . .
But so little importance seems to be attached to it, that the
appearance is not always referred to in the explanations of
the figures in which it is represented” (1833, p. 713).

Now, however, there is less danger of the nucleus being
overlooked, and the chromosomes have become a study in
themselves; a study, that is, with its own theory and its

B



18 THE HANDLING OF CHROMOSOMES

own technique, They are amongst the largest molecules
whose chemistry is pursued. They are also the smallest
living structures whose movements and transformations can
be seen and followed. And throughout living organisms
they show a uniformity in chemistry and mechanics which
we now know to be the foundation of their uniformity in
physiology and genetics.

The similarities of mitosis in the simple filaments of
Chara and in the staminal hairs of Tradescantia, of meiosis
in the turbellarian testis and in the paeony anthers, of the
nucleic acid cycle and its vagaries in maize and in the fruit
fly—these things may still astonish us. But now we have
also learnt to profit by them. They show us that we may
turn from one to another in seeking material for experiment
or demonstration. And in doing so we need consider only
our own technical convenience. The lily can tell us what
happens in the mouse. The fly can tell us what happens in
man. We take whichever is largest, or easiest, or best known,
or merely what is in season.

What purpose does this technical convenience serve?
Our study of chromosomes has three aims within its com-
pass:

First, we have to examine the chromosomes as chemical
structures within the cell manifesting laws of behaviour
peculiar to themselves, and fundamental to the reproduction
of the cell and the organism.

Secondly, we have to examine them as the governing
organs of cell life; that is to say, organs whose change
underlies. the variability or the constancy, the health or the
disease, of animal or plant development. It is this function
which makes their control the business of cancer research.

Thirdly, we have to examine them as the gene-strings,
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bearers of heredity, whose laws their uniform movements
express. It is this last function which has made their control
necessary for the practice of plant and animal breeding;
wherever to be sure this art has grown into a science.

These primary aims have thus beyond them an ultimate
one, that of the control of life in its three aspects of repro-
duction, heredity and development. This control, as we
shall see, has to be exerted through the agency of chromo-
somes by way of four processes: (i) mitosis and the repro-
duction of genes, (ii) meiosis and their recombination,
(iii) fertilization and polyploidy, (iv) mutation, breakage and
reunion of groups of genes. To have this power we must
know all stages of chromosome life and know them in
organisms chosen as most suitable for study, that is, once
more, for their technical cor{venience.

These methods of teaching and research are possible,
and even inevitable, simply because we-are here dealing
with an inductive-deductive branch of knowledge, that is,
with a science, in a strict sense. This important fact has
taken many of those who could best make use of the
chromosomes—whether in systematics at one end or his-
tology at the other—by surprise. They were unprepared
for the eventuality and have failed to profit by it. They
still, like the old chemists, speak of phlogiston twenty years
after the discovery of oxygen.

At the root of the theoretical advances now being made
is a rapid improvement in technique. Chromosome treat-
ment has recently advanced by innumerable steps and
strides; equally in fixation and in staining, in crude handling
and in fine optics. The history of Drosophila is a pretty and
special example of a collateral succession of developments.
Breeding, chromosome counts, X-rays, salivary glands,
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transplantation, these tricks and devices applied to this
favoured fly, have broadened the basis of experiment and
have finally joined genetics and cytology into one practice
and one theory.

Many of the new chromosome methods that are most
effective are also extremely simple. Others are as elaborate
as you could wish. The student, the teacher and the research
worker cannot at present get hold of the information they
need from any single source, and much of what is needed
has never been published. Reagent, technique, organism
and problem are all bound up together, and their suitability
for one another has to be set out in the light of what we
know to-day. We shall now describe the simple methods
fully for those who need to use them, and indicate how and
why and when the elaborations and refinements of specialists
need to be applied.



Chapter 2

EQUIPMENT

a. MICROSCOPES

The standard microscope for chromosome work must
include the following components:

1. Two apochromatic objectives, (i) 16 mm. dry and (ii) 2 mm.
or 1 ‘5 mm. oil immersion (c¢f. Table I).

2. A condenser under the stage.

3. A plane mirror or prism.

1+ 4. Three eyepieces magnifying approximately s, 15, and 30

times.

5. A mechanical stage.

6. A camera lucida.

In addition, an 8-mm. objective and 10 and 20 eyepieces
will be useful for most workers and indispensable for some.
For photographic work a revolving stage is convenient in
adjusting the direction of the negative in relation to the field.

The use of a double, or binocular, as opposed to a single
eyepiece is of no value for correct observation, it entails a
loss of illumination and again a great waste of time if
frequent drawings and photographs are made. Its use seems
to be in enabling workers to carry out routine observations
such as have now become superfluous for most purposes
with the present technique.

Two other kinds of microscope are required for special
purposes:

1. For watching and regulating the differentiation after
staining: a low-power microscope with a concave mirror
instead of a condenser and with 8-mm.and 16-mm. objectives,
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which need not be apochromatic. Daylight is used for
illumination,

2. For the dissection of embryo-sacs, testes and salivary
glands and other special tissues: a Greenough binocular
microscope. An opal electric lamp is used for illumination.

b. RESOLVING POWER AND MAGNIFICATION

Resolving power in the microscope is its capacity of pro-
ducing a separate image of different parts of an object
measured by their distance apart. It is limited by the angle
of the cone of light illuminating the object and passing
through the objective. Magnification on the other hand
consists in the multiplication of the angle subtended by the
image at the eye relative to that subtended by the object.
Magnification, which derives from objective, tube-length
and eyepiece (apart from resolving power) is necessary for
providing an image large enough for the observer’s eye to
resolve and record its details. It is however valueless as a
means of increasing resolving power, and the highest eye-
pieces are wasted unless used with a system providing the
appropriate resolution. Excess of either magnification or
resolution relative to the other can be spoken of as empty.

The observer’s eye escapes the theory of pure microscopy
in two ways. First, observers differ in their capacity of
resolution. What is empty magnification for one may be
necessary for another. Secondly, the resolving power of the
eye varies as between different wave-lengths of light. Coles
(1921) says that although the light best resolved by the
microscope is blue, green is best resolved by the eye.

The maximum resolving power is obtained with (i) criti-
cal illumination, (ii) an oil-immersion achromatic condenser
of numerical aperture (n.a.) 1-4, (iii) an oil-immersion
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24 THE HANDLING OF CHROMOSOMES

apochromatic objective of the same n.a. Whichever of these
two has the lower n.a. necessarily limits the effective cone
of light, and hence the resolving power of the whole system.

Most accounts of microscopy treat the microscope as an
ideal optical instrument. It can however be treated as an
instrument with two degrees of optical efficiency. The lower
alone is necessary for routine examination, elementary
teaching, and even for research on large chromosomes
which are far above the limits of microscopic resolution.
The higher degree is required for smaller scale examination
and for photography. Some of the precautions necessary
for the second are tedious and wasteful if applied to the first.

For most routine studies resolution up to 0-37 u is suffi-
cient, it is unnecessary to go down to 0-27 u. Since oil on
the condenser is always troublesome, a dry condenser can
be used. This automatically limits its n.a. to 1-0. The whole
system, with a 1-3 n.a. objective, will have an effective n.a.
of 1-15 (¢f. Coles 1921, Chamot and Mason 1938) and the
limit of resolution will be about 0-33 u). If it is never in-
tended to use oil then an aplanatic condenser of n.a. 1-2
will be enough. With any condenser water may be used
instead of oil as a compromise between rigour and con-
venience (Belling 1930).

¢. LIGHTING AND SCREENS

In practice the limiting factor in the efficiency of micro-
scopes used for chromosome work is not usually the micro-
scope but the lighting system. The simplest method of
lighting for low powers is by a white sky with plane mirror
and with the condenser focussing the beam at the level of
the object on the slide and centred in the axis of the tube.
The intensity of illumination produced in this way is of
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26 THE HANDLING OF CHROMOSOMES

course uncontrolled and its source is diffuse. It is the busi-
ness of artificial lighting to produce an image of the light
source that is at once precise, constant and undiffused, and
focussed on the object; this constitutes critical illumination.
The source must be small and uniform. If it shows any
structure the condenser has to be put out of focus, with a
slight loss of resolving power. Its radiation must be con-
densed by a convex lens into a nearly parallel beam filling
the whole substage condenser.

The cheapest, and one of the most efficient, of lighting
apparatuses can be constructed in the following way. A
tight-coil filament headlight bulb, with screw base, of 6 or
12 volts and 30—40 watts is the source of light. This can be
worked from a resistance with some wastage, but most
economically of course with a transformer. Either method
allows of adjustable intensity of illumination. Stout wiring
must be used on account of the heat generated.

The bulb is enclosed in a black ventilated six-sided tin
with a circular orifice varied if possible by a diaphragm, the
source diaphragm, suitably mounted for adjustment in
height and distance. A ground glass screen covers the orifice
less than one inch from the bulb. A condenser, of 2-3 in.
focal length, is mounted, separately or in adjustable connec-
tion, with the diaphragm at its principal focus (Fig. 1).

Of the more expensive lamps the ribbon-filament mercury
arc and pointolite may be recommended.

If the intensity of illumination is not adjustable at the
source it may be reduced by any of four methods:—

(1) reducing the source diaphragm,

(2) reducing the substage diaphragm,

(3) putting the substage condenser out of focus,

(4) inserting coloured screens, either substage or in front of
the light.
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For high powers, the first may already be reduced to a
minimum needed for critical illumination. The second cuts
down the cone of light, and so reduces the resolving power
of the objective. The third method is only to be recom-
mended for routine examination of under-stained or faded
preparations with low eyepieces. The effect is produced
by using the differential refractive index of cell walls and
chromosomes to show them up. It is thus a kind of impro-
vised dark-ground illumination (¢.v.).

The last method is the best available for critical work.
The choice of screens for eye work is governed by two
considerations, the colour of the light and the colour of the
stain. In general a weak screen should correct any colour
in the light. A strong screen should be complementary to
the stain: a blue screen for fuchsin and carmine, a yellow-
green screen for gentian violet (e.g. Wratten filter 58 with a
maximum transmission at §,200 A). A merely reducing effect
can be obtained by using a neutral grey screen. The loss of
critical illumination from using ground glass in place of a
screen is allowable for routine purposes.

A plane glass mirror is normally used for reflecting the
beam of light into the axis of the microscope. Such a mirror
produces slight secondary images of the source. To avoid
these an aluminized mirror or prism can be used for reflec-
tion.

d. O1L AND LENSES

Purified cedarwood oil has now been replaced for immer-
sion use by various non-drying mineral oils (liquid paraffins)
which can be left on the lens indefinitely without damage.
Cedarwood oil needs to be removed with a cloth or lens
paper moistened with xylol. Mineral oils can be removed
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without xylol and also without direct pressure on the face
of the lens. If finger-tip pressure is applied to the conical
mounting alone, the lens will be cleaned well enough. This
is important, because it is impossible to ensure that, with
the safest keeping, lens paper will be entirely free from grit.

Dry lenses should be dusted with a camel-hair brush,
cleaned with xylol. Eyepieces and dry objectives can be
dismounted for this purpose. Immersion lenses should be
dismounted only by an expert.

e. CaMERA Lucipa

For accurate drawing it is necessary to impose on the
microscope image an image of the drawing paper of nearly
equal intensity. This is done by the combination of a mirror
and prism with an adjustable set of screens for reducing
the strength of each beam to produce equality. A bench
lamp beside the microscope is useful to maintain uniform
lighting.

The Bristol board must be pinned on the drawing board,
which must lie in a plane parallel to that of the microscope
stage. A departure from this plane of 5° or 10° leads to a
slight exaggeration of length; cos 5° is 0-996 and cos 10° is
0-985. A greater exaggeration of breadth, and one which
is unequal for different parts of the drawing, results from
the camera lucida mirror not being placed at 45°; for then
the different parts of the drawing will not be at a distance
from the eye proportionate to the distances of the corre-
sponding parts of the image. The design of the camera
‘lucida allows of this false adjustment, but its convenience
is a trap to be shy of, since measurement is one of the chief
objects of drawing.

To obtain an accurate measurement of the magnification
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of drawings the scale of a stage-micrometer should be drawn
under the same conditions as those of the chromosome
drawings.

For counting pollen grains and recording their germina-
tion a squared micrometer-eyepiece attachment is also
necessary.

f. OTHER EQUIPMENT

A list of other equipment is given in Appendix 4. One
word of comment is needed. Workmanlike handling of these
implements depends first and last on being clean, neat and
orderly. Slides must be clean, bottles must be stoppered,
implements in the right order. At every stage we work by
wit and not by witchcraft.



Chapter 3
LIVING CHROMOSOMES

a. MATERIAL

The observation of chromosomes in the living state is
useful as an introduction to their study, and it also
serves certain special purposes of physical research. The
optical methods which were formerly of interest for showing
that living chromosomes tallied with the appearance of fixed
ones are now chiefly used for the study of fixed material.

The most suitable material for direct observation of cell

division and chromosome movement is as follows (cf. Becker
1938):—
PLANT:

Staminal hairs and young petals, Tradescantia, diploid or
tetraploid species. Belar 1929, Barber 1939, Kuwada and
Nakamura 1940.

Pollen tubes, many plants. Wulff 1934.

Antheridial filaments, Chara and Nitella. Karling 1928; and
rhizoids, ¢f. Becker 1938.

ANIMAL:

Salivary glands, Diptera, Chironomus. Bauer 1934; Poulson

and Metz 1938.

Testes, Orthoptera (Meiosis). Belar 1929.
Tails of Urodela. Barber and Callan 1942.

b. METHODS

The mounting media for these tissues are in order of
importance:—

(1) Liquid paraffin (Schaede 1930).

(2) Natural juices squeezed out of adjoining tissue.

(3) Ringer or isotonic salt solution.
(4) Sucrose solutions (especially for pollen tubes, ¢.v.).
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Liquid paraffin may be used to ring the cover-slip and
prevent evaporation even where it is not used for mounting.
Its value depends on its capacity for dissolving five times as
much oxygen as water will. In a class by itself is the examina-
tion of salivary glands in whole living larvae of Drosophila
or Sciara in air or young Chironomus in water, ringed with
vaseline to prevent squashing, and lightly pressed to show
the gene bands (Buck and Boche 1938).

To exclude heat radiation from the source of light the
beam should be passed through a water bath containing a
weak aqueous solution of ferrous ammonium sulphate (Belar
1929a), as in the projection method (Fig. 3).

¢. VITAL STAINING

The alleged vital staining of chromosomes by methylene
blue is perhaps stalmng but scarcely vital, since this oxidizing
agent certalnly injures the chromosomes as soon as it becomes
effective. The same applies to a number of other vital stains
that are said to have been effective (Yamaha and Nomura

1939).

d. CHROMOSOME OPTICS

The chromosomes have three optical properties that make
their observation possible without staining.

(1) For the first method of observation it is necessary to
cut down the lighting so as to make use of the differential
refractivity of the chromosomes and the spindle. The
simplest method, used by Kuwada and Nakamura 1940,
Wada 1932, is to restrict the cone of light passing through
the condenser. Films of chromosome movement can be
taken in this way (Barber 1939). For the study of the action
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of fixatives dark ground illumination has been found useful
(Strangeways and Canti 19277). The principle of this method
is to illuminate the object from the edge of the normal
cone so that the light entering the objective is chiefly that
transmitted by differential refraction. It is not therefore
reliable as a means of studying fine structure.

(2) The second method depends on their differential
absorption of ultra-violet light. With an ultra-violet micro-
scope, photographs of living chromosomes have accordingly
been taken (Lucas and Stark 1931). The maximum absorp-
tion was found by Caspersson (1940) to beat 2,600 A. The
greatest value of this method lies in the higher resolving
power of light with the shorter wavelength (cf. Table 1)
which then can be applied to fixed chromosomes, stained
or unstained (Ellenhorn et al. 1935).

(3) The third method is that of rotation of polarized light.
It depends on their regular molecular orientation, especially
when stretched naturally as in the filamentous grasshopper
spefms, or artificially as in accidents of smearing. This
property, which they share with the mitotic spindle, makes
it possible for them to be seen between crossed Nicol’s
prisms by polarized light (Schmidt 1937). For this purpose,
although living observation is possible, fixation in alcohol
has been used since it is naturally more convenient for
photographic purposes, and desiccation perhaps intensifies
molecular orientation (Nakamura 1937).

All these three properties, like those of differential staining,
are presumably due to the nucleic acid attached to the
protein chain of the chromosome.



Chapter 4
BULK FIXATION

a. PrINCIPLES
The purpose of fixation is:—

(1) Coagulation of the constituents of the cell without
solution, disintegration, or disturbance of their internal
structure or external spacing. The curd must be life-size
and it must contain the water, which makes up nine-tenths
of the cell.

(2) Mordanting, in a broad sense, to produce surface
conditions in the fixed structures that will enable them to
hold the particular stains intended for making them visible.

(3) Toughening the curd so that it will resist embedding,
or softening it so that it will not resist squashing.

The objects to be treated have certain invariable pro-
perties. The chromosomes are threads composed of fibrous
protein. These threads are the most resistant material in
the cell, and they are further strengthened during mitosis
by being spirally coiled and covered with a sheath of nucleic
acid. It is this uniform coat which makes the chromosomes
stain with the same basic dyes in all organisms. Acetic acid
swells them slightly, chromic and osmic acids contract them,
but none of these reagents cause displacements.

The chromosomes themselves, therefore, present little
difficulty and little variety in fixation. They exist, however,
under various conditions of cell and tissue environment.
The cell-environment is of two kinds: (i) The spindle and
cytoplasm which, though more watery than the chromo-
somes, nevertheless support them well under all but the
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worst conditions of fixation. (ii) The prophase nucleus,
which is particularly fluid in the prophase of meiosis. Its
coagulation without displacement by shrinkage requires
rapid fixation and careful handling.

The tissue environment is- of greater importance in plants
than in animals for here the cell walls, and also hairsand
wax on the epidermal surface, are an obstacle to mass
fixation. They demand a special treatment for rapid pene-
tration.

It is therefore in relation to the cytoplasm and the cell
walls, on the one hand, and the after-treatment, especially
the staining, on the other hand, that we have to consider
the choice of fixing reagents for chromosomes.

b. PrACTICE

Coagulation can be brought about by boiling water, dilute
sulphuric acid, absolute alcohol, and a hundred other
agencies. The boiling water uncoils spiral chromosomes, and
either water or alcohol will cause collapse of prophase nuclei.
Single cells can even be fixed by drying. Smeared pollen
mother cells, for example, can be fixed in a desiccator. In
this way separate punctured eggs of worms have shown
excellent fixation (Ch. 8), and pollen grair'xs from herbarium
sheets have given satisfactory pictures of the nuclear con-
ditions (Ch. 10).

Coagulation without disturbance can be brought about
best by two single reagents: 45 9, acetic acid as a fluid and
osmic acid as a vapour.

Acetic acid, with its small ions, penetrates a tissue rapidly,
but it swells the protoplasm and does not toughen it for
later treatment, or at least not quickly enough. This diffi-
culty may be got over either by combining the stain with
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the acid for joint action, or by combining alcohol with the
acid to fix and harden the protein, other than the chromo-
somes, in the cells so that the chromosomes may be con-
tained and preserved for later staining.

Osmic acid vapour gives the best possible fixation, but
without deep penetration, or indeed any penetration of
cellulose walls. It can therefore be used only on animal
cells, which should be smeared in a thin film and inverted
over a chamber containing the 2 9, solution for half a minute.
Since the preparation must afterwards be stained and there-
fore subjected to either dehydration or maceration, it must
be toughened after fixation. This can be done with 19
chromic acid for 1 hour.

The combination of all these three acids has the necessary
properties of penetration, coagulation and toughening. It
was the foundation of the first effective fluid for fixation in
bulk, which was the original method. This combination in
weak concentration was first used by Flemming in 1882.
Its variations have given rise to all the chief fixatives in use
to-day. These variations have consisted in:

(1) Changes of concentration, e.g. strong Flemming, etc.

(2) Reduction in the acetic component, to preserve chon-
driosomes from sdlution, e.g. Benda, or for smear prepara-
tions where penetration is less important, e.g. La Cour’s 2BE.
‘The complete omission of acetic acid by Champy and
Lewitsky is unreliable for plants on account of the cell
walls, but Minouchi, Matthey and Koller find it useful for
mammals.

(3) Replacement of esmic acid by less expensive reagents.
This was done completely by Bouin in 1896 with picric
acid for animal material and by S. Navashin in 1910 with
formaldehyde for plant material. It has been done partially
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in La Cour’s series of fixatives with potassium dichro-
mate. Picric acid, as well as other substitutions by platinic
chloride, ruthenic acid, uranic acid and uranium salts we
cannot recommend.

(4) Addition of reagents to reduce surface tension, or to
raise the osmotic pressure, as discussed later.

A second line of development arose from the penetrating
alcoholic fixatives first used by Carnoy in 1884. Their dis-
advantage lies in their unsuitability for embedding or for
aqueous staining afterwards.

The aqueous fixatives harden a tissue for embedding.
The alcoholic fixatives containing acetic acid soften cell
walls and matrices conveniently for squashing, and by their
lower surface tension allow of the penetration of resistant
membranes such as eggshells.

Fixatives containing both oxidizing and reducing agents,
such as the Navashin and Bouin series, must have the
opposite components kept separate until they are used, and
should be used immediately on mixing, It is also said that
the Champy series should be fresh, on account, perhaps, of
its high osmic content.

c. MORDANTING AND HYDROLYSIS

The essential step in the fixation-staining process is in
general one of salt-formation of a non-specific character
(Gulick 1941), and Feulgen’s method of staining, which
will be specially considered, gives a solitary example of a
known chemical reaction being concerned.

In the salting process combination of stain and fixative is
vital, Oxidizing agents, as well as strong acids, prepare the
surface of chromosomes and other bodies for particular
staining reactions. Thus a formalin fixative probably gives
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a weaker nucleic acid reaction with crystal violet than does
an osmic fixative. This difference shows only in nucleoli,
the chromosomes being saturated after either fixation.
Chromic acid, or some equally penetrating oxidizing agent,
is a necessary component of any fixative for crystal violet,
On the other hand it interferes with the action of any acetic
_stain.

With some stains, however, no fixation can provide a
sufficient mordant for staining. Mordanting must be carried
out afterwards. The function of the mordant is either as an
iso-electric point modifier or as a chemical link between
the stain and its recipient. Possibly chromic acid before
crystal violet and alum before haematoxylin has the first
effect, while hydrolysis before Feulgen staining is known to
have the second. An after-mordant effect is produced by
rinsing a slide in iodine or in chromic or picric acids after
staining with crystal violet.

d. PENETRATION

Rapid penetration of the fixative is necessary for its
uniform action. This is aided in five ways:

(1) Dissecting out small testes (under Ringer solution) or
anthers, cutting up under the fixative, slitting root-tips or
truncating anthers, or (see Ch. 5) smearing material before
fixation. In addition:—-

(i) Animal eggs (Ch. 8) may be pricked to admit fixative.
(ii) Pollen mother cells which hang together and are
. thus impossible to smear (e.g. in some lilies and
~ cereals) can be squeezed out of cut anthers in four
strings and fixed naked for embedding.

(2) Penetration of the surface by alcoholic fixatives is most



38 THE HANDLING OF CHROMOSOMES

satisfactory, but they fail to harden the important cell
structures. To remedy this they can be followed after one
minute by rinsing and the use of an aqueous fixative
(Kihara’s Carnoy-Flemming method). This method is use-
-ful where flower-buds have to be fixed whole.

(3) Some fixatives, e.g. Allen’s Bouin or acetic acid, can
be used warm (36°—4c® C.). This increases the rapidity of
penetration and it may increase the effectiveness of coagu-

- lation and hardening.

(4) After unheated aqueous fixation (but never after
alcoholic treatment) the material should immediately be
shaken and put under a water or hand vacuum pump to
remove air bubbles which may delay penetration.

(5) Materials may be added to an aqueous fixative to
lower its surface tension. This is the purpose of saponin in
La Cour’s fixatives.

(6) Maltose and urea have been used to adjust the osmotic
pressure of fixation. The “effective” osmotic pressure is,
however, that due to small ions in solution (¢f. Young 1935)
and these substances are relatively useless. Adjustment of
the effective osmotic pressure to that of the tissue to be
fixed is important in bulk fixations of animal material and
can be achieved by making up the fixing solutions in normal
saline.

e. CONDITION OF THE MATERIAL

Material before fixation must be healthy. Starvation with
animals, drought with plants, have a disastrous effect on
the fixation properties of both chromosomes and mitotic
spindle. Root tips for mitosis are best either taken from
pot plants where the ball of soil is neither too wet nor too
dry, or from water-cultures. Testes for meiosis should
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usually be from immature or young animals. Cold treat-
ment is a palliative for poor condition in hot weather, and
even the use of fixatives at freezing point.

f. DURATION

Owing to the absence of cellulose walls, animal tissues are
fixed more rapidly than plant. The hardening process, how-
ever, requires several hours for either. The upper limit
varies with the reagent as follows:

Fixative Type Limit of Safe Action Effect of Excess
Formalin several weeks —
. Low Osmic one week —
- Alcoholic 24 hours reveals spindle structure
High Osmic 1 hour damages chromosomes

Since animal cells are not hardened enough in one hour,
their fixation in high-osmic types must be followed by
12—24 hours in 1 9, chromic acid.



Chapter ;5
SMEARS AND SQUASHES

a. MATERIAL

Sections have now been largely replaced by smears and
squashes for all but the smallest masses of material. The
advantages of these methods are rapidity of fixation and
rapidity of handling without embedding. In both respects
rapidity means not only saving of time but also increased
efficiency. Both methods enable us to examine single layers
of large cells in their totality. This advantage is combined
with the instantaneous fixation of smears and the rapid
acetic fixation of squashes.

b. SMEAR METHODS

Where feasible, smearing is to be preferred to squashing
for meiosis in anthers and soft testes. Smearing consists
always (in the absence of pre-treatment) of the direct spread-
ing of the cells in such a semi-fluid tissue over the surface
of the slide with a flat-honed scalpel and the immediate
inversion of the slide over a dish of fixative. The combina-
tions of fixative and staining that are possible with smearing
are shown in Schedule 2.

¢. Acetic SqQuasH METHODS

The simplest of all chromosome treatments is to use a
combined stain-fixative of the aceto-carmine type first used
by Schneider and adapted for chromosome work by Belling
in 1921. For this purpose inversion is unnecessary, since
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the cells can be directly mounted and studied in the fixative.
This makes acetic staining methods very convenient for
determining stages of division in anthers and testes before
fixing them by some other method.

The standard iron-aceto-carmine method was devised by
Belling (1926) for the study of pollen mother cells, but it
is now equally widely used for animals. It consists in teasing
out the tissue in aceto-carmine with unplated iron needles
and mounting directly under a cover slip. The iron acetate
formed acts as a mordant for the carmine and gives a differ-
entiation of chromosomes and cytoplasm which is usually
good enough for the study of metaphases.

In many flowering plants, however, particularly where the
chromosomes are small, the cytoplasm takes up too much of
the stain. The following improvements and developments
of the aceto-carmine technique are chiefly concerned with
this difficulty.

(1) Fixation—A prior fixation in 1-and-3 fresh acetic
alcohol for 12-24 hours reduces the staining of the cytoplasm ‘
(McClintock 1929). Whether this effect is due to differential
solution or change of pH is not known.

(2) Storage of Material —If the material is not wanted for
immediate staining, it can be stored in 70 %, alcohol, but
fixation and staining will suffer after two months or more.
Long storage however can be used for the special purpose
of exaggerating the differentiation of the spindle to facilitate
the study of its development (Darlington and Thomas
1937).

(3) Heating.—Gentle heating of the slide over a spirit
flame flattens the cells, sticks them to the slide and cover
slip and spreads the chromosomes whether in prophase or
metaphase (McClintock 1929). The degree of spreading is
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due to the pressure of the cover slip, and this is controlled
by the amount of stain-fixative used.

(4) Pre-mordanting.—The method of Thomas (1940) is
perhaps the most satisfactory for small chromosomes. Iron
acetate is introduced into the acetic alcohol. A weak stain is
best, about 1/3 strength aceto-carmine (diluted with 45 9,
acetic acid) and more iron is introduced at the time of
teasing by using steel needles.

(5) Acetic-Orcein.—This new chromosome stain recom-
mended by La Cour (1941), is more selective than carmine
and for many organisms gives clearer permanent prepara-
tions. No iron mordant is needed. One special poigt: orcein
should not be used on tissues that have been stored in
70 %, alcohol. .

(6) Lacmoid indicator (resorcin blue).—This reagent was
first used in alkaline solution for staining cytoplasm (.
pollen tube technique). In acetic acid solution it stains only
the chromosomes. Again no iron mordant is needed. Its
colour remains red so long as the preparation remains acid
and the mount is made in cedarwood oil. If the mount is
made in neutral balsam the colour changes to blue. Lacmoid
is most useful after maceration (see below, La Cour unpub.).

(7) Bismarck Brown.—Formerly used as an aqueous stain
this reagent can likewise be substituted for carmine
(Plate XII, 1). .

(8) Compound staining.—Nebel (1940) has suggested the
use of chlorazol black E as a combined stain with carmine
for small chromosomes. Workable stains can also be made
%rom all combinations of orcein, lacmoid and carmine.

(9) Storage of Slides.—Preparations are usually improved
after keeping for a few days. The edges of the cover slip
should be sealed with a rubber solution, or a mixture of
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paraffin wax and gum mastic. They are best kept on ice
(Belling 1929).

(10) Permanent Method.—There are a number of methods
for making permanent preparations, the most notable being
McClintock’s (1929) and the vapour method of Bridges
(1935). A modified form of McClintock’s method is given|
in the schedule.

Combined fixing, staining and mounting methods devel-
oped by Zirkle (1940) can be used with water-soluble or
fat-soluble mounting media (Appendix 3). The results are
rapid and often satisfactory. Orcein and lacmoid can be
used to replace the carmine in any of these formulae.

d. MACERATION

Soft fixations of soft tissues, i.e. alcoholic fixations of
PMC or insect testes, need not, indeed should not, be
macerated for squashing. All other material requires macera-
tion, which must be so adjusted in plant tissues that
solution of the pectic salt in the middle lamella of the cell
walls is complete without the cell contents being unduly
softened. There are four methods of maceration:—

(1) Add N.HCl to (@) acetic orcein, or (b) acetic lacmoid
(Schedule 3).

(2) Extend Feulgen hydrolysis to 10 or 20 minutes (Heitz 1932).

(3) Immerse in 4% NH,OH at 60°C. for 15min. Wash

30 min. and hydrolyse 8 min. for Feulgen staining (Hillary
1940).

(4) Immerse in equal parts of strong HCI and 95 % alcohol for
5 min. without warming. If after alcoholic fixation, the
material should be hardened in Carnoy for 10 min.
before staining (Warmke 1935).

' Root Tips.—All these methods are suitable. There are
some difficulties however in plants with small and numerous



44 THE HANDLING OF CHROMOSOMES

chromosomes. Most of the metaphase plates are then found
to be in side view, and the cells cannot be turned without
damage. There are two methods of overcoming this diffi-
culty by combined squashing and sectioning:—

(i) a. Carnoy fixation. b. Transverse sectioning by the freezing
microtome. ¢. Combined softening and staining in
acetic-lacmoid (Schedule 3).

(i) a. Aqueous fixation. b. Transverse sectioning by the
paraffin method. ¢. Feulgen staining with extended

hydrolysis. d. Pressure applied after mounting in dioxan
balsam (Warmke 1941).

Pollen-Grains.—All methods except (2) are suitable.
Maceration allows the contents of the pollen-grain, whether
large as in Lilium or small as in Pyrus, to escape from the
thick wall which in these cases stands in the light of the
chromosomes.

Embryo-Sacs—Method (1d), not (14), has a sufficiently
hardening effect on the cytoplasm to preserve the embryo-
sac entire,
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PARAFFIN METHODS

a. VALUE

Embedding may become necessary where, for one of
several reasons, smears or squashes are impracticable. This
is particularly so in the handling of very small organs,
including all but the largest embryo-sacs, or even for larger
bodies where mitoses are scarce. As an auxiliary method,
embedding is also useful in showing the arrangement of
cells in a tissue and the sequence of the stages of meiosis in
a testis or an anther.

b. FIxaTioN AND WASHING

For material that is to be embedded, aqueous fixatives
are necessary to protect the cells from maceration by water
or collapse by loss of water. The precautions already
described must be taken to ensure satisfactory penetration.
A solution of at least 20 times the volume of the material
to be fixed must be used to fix it, and bulk material in any
case requires stronger fixatives than do smears.

It has recently been shown that long washing in water is
unnecessary and even harmful. Indeed washing can be
omitted altogether in preparing root tips for chromosome
counts (Randolph 1935, Upcott and La Cour 1936). The
root tips can be taken directly from the fixative into _75_10

alcohol. For more delicate tissues 2 or 3 changes of water
are preferable before transference to alcohol.



46 THE HANDLING OF CHROMOSOMES

¢. DEHYDRATION AND INFILTRATION

Many tests have been made by various workers using
new reagents as substitutes for ethyl alcohol and xylol, or
ethyl alcohol and chloroform. The objects have been a
speeding up of the process, an avoidance of excessive har-
dening and shrinkage of tissues, and the use of one fluid
instead of two. The most important of these reagents are:

(1) Dioxan: Graupner and Weisberger 1931, ’33; Johansen

1940 ; Baird 1936 (animal tissues); La Cour 1937; Mahe_sb-»
wari 1939.

(2) Butyl alcohol: Zirkle 1930, Randolph 1935.

(3) Tertiary butyl alcohol: Johansen 1940.

(4) Iso-propyl alcohol: Bradbury 1931.

(5) Methylal paraffin oil: Cufrenoy 1935.

Of these new reagents, the first three have given the most
promising results. Dioxan, however, has toxic properties and
extreme care should be taken in its use. Johansen claims
that his method is the least drastic and does not remove all
the bound water from the tissues. It should therefore avoid
collapse of delicate structures such as prophase chromo-
somes. All substitutes for chloroform are nevertheless poorer
solvents of paraffin wax and for the infiltration of bulky
material, such as flower buds, chloroform is to be preferred.

Special treatments are useful for small objects (Madge
1936). Egsin may be introduced in the 70 9%, alcohol, or
fuchsin in the 1 : 3 alcohol-chloroform, to make them con-
spicuous in the wax.

d. EMBEDDING

The following precautions should be borne in mind:

(1) Remove all traces of the solvent by evaporation, or
by changing the molten wax.
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(2) Avoid overheating. The oven temperature should
never be more than 58°C,

(3) Choose wax of meltmg point suited to the tissues to
be cut and the laboratory conditions. In a temperate climate
use 50° C. M.P. wax for sections to_be cut at 14—40 u.and
58° C. M.P. below 14 p. Waterman (1939) has described the
preparation of hardened paraffin waxes having low melting
points.

(4) Orientate root tips and anthers in rows in the wax for
convenience in cutting. Randolph (1940) has suggested a
method of card mounting which might be valuable for
small root tips. The tips are mounted prior to fixation.
Fabergé and La Cour (1936) have devised an electrically
heated needle to facilitate orientation, avoiding the danger
‘of damaging delicate tissues by overheating.

(5) Cool the block rapidly in water to avoid crystallization
of the wax.

e. SEcTION CUTTING

The first question to decide is the thickness at which the
sections should be cut. Until recently, for heavy haema-
toxylin staining, sections had to be cut so thin that a large
proportion of nuclei were injured. Indeed some microtomes
are not adjusted to cut at more than 20 u. The best extend
to 40 p. The following list shows how to adjust the thickness
of the sections to the length of the chromosomes:

Chromosomes 1-10 Y 15-40 W
RT .. .. .. 4-16 pt 20-40 [
PMC .. .. .. 14200 30-40 Y
EMC . .. .. 20-30 4 40U

Testes and Eggs .. 4-10 U 14-40 U
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(1) Keep the microtome knife sharp by correct honing and
stropping. For a review of methods see Maheshwari (1939).

(2) To secure straight ribbons with a minimum of break-
ing, trim the block so that the wax is evenly distributed
around the material. The sides must be parallel and mounted
parallel to the razor edge.

(3) Mount the razor at the correct angle and screw it
tight to keep it rigid.

(4) If there is difficulty in securing continuous ribbons’
of thick sections in cold weather, either warm the mounted
block and holder in the oven, or warm the edge nearest the
razor with a hot scalpel.

(5) For thin sections that wrinkle badly, owing to the
wax having too low a melting point for the room temperature,
cool the block on ice or use a hardened paraffin (see under
embedding).

(6) To secure sections of hard material (animal eggs)
expose one side of the material by trimming the block, and
soak in water 1224 hours. Waddington and Kriebel (1935)
advise the use of a small amount of petroleum ceresin in
the embedding wax.

(7) In dry climates the ribbons will be electrified. Hance
(1937) has suggested air conditioning to avoid this. For
other methods see Maheshwari (1939).

f. MouNTING RIBBONS

Mayer’s albumen is most commonly used for fixing
ribbons to the slide. The film must be the thinnest obtain-
able by smearing with the finger. Even so, it will be well to
avoid loss of thick sections through failure of drying, by
heating the smeared slide gently over a spirit flame for
2—-3 seconds.
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The ribbons are cut into lengths shorter than the cover
slip to allow for stretching.

The ribbons are floated on a few drops of water on the
slide. A hot plate maintained at 45°C. is necessary for
stretching and drying the ribbons. Avoid air bubbles under
the sections. They arise from careless laying out or too
sudden heating. Drying is completed in 4 to 12 hours

ccording to thickness. It can be hastened by the use of

5 9, alcohol instead of water, or by placing the slide in the

araffin oven at a temperature of 58° C., but only after all
visible water has evaporated.
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STAINING AND MOUNTING

a. STAINING

Apart from the acetic stains which act as combined stain-
fixatives, five basic dyes are suitable for aqueous staining
of chromosomes, as follows:

(1) The leuco-basic fuchsin method was first developed
by Feulgen and Rosenbeck (1924) as a microchemical test
for the thymonucleic acid found in chromosomes (Gulick
1940). It depends on Schiff’s aldehyde reaction, and gives
a translucent but fairly permanent stain. The method con-
sists of :

(i) Liberation of the aldehyde groups of the nucleic acid by
mild hydrolysis in normal hydrochloric acid at 60° C.

(ii) Chemical reaction between the liberated aldehydes and the
leuco-basic fuchsin, resulting in a viclet coloration of the
chromosomes.

Three types of substance in the cell are capable of giving
the aldehyde reaction, (i) free aldehydes in lignified cell
walls, (ii) thymonucleic acid after hydrolysis, (iii) polysac-
charides after oxidation with chromic acid (Bauer 1933).
(1) and (iii) thus require no hydrolysis but (i) is confined
to the cell wall and (iii) is limited to the effects of chromic
acid fixation. A specific diagnosis of thymonucleic acid in
the cell should therefore always be possible by means of the
Feulgen reaction.

The method is of wider application than crystal violet.
Tissues can be stained in bulk (see squash methods), or as
sections or smears. It can be used after alcoholic fixation,
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and unlike most chromosome stains, it requires no differen-
tiation.

Workers have been slow to make use of Feulgen’s method
owing to its occasional failure. This failure has been due to
various causes:—

(1) Incorrect timing of hydrolysis. As to the minimum
and optimum times of hydrolysis, Hillary (1939), using
nucleic acid impregnated agar blocks and four different
types of fixatives, has shown that two types of hydrolysis
curve are possible. These depend on the presence or absence
of chromic acid in the fixative. With fixatives containing
chromic acid, maximum staining follows hydrolysis at 60° C.
from 6 to 30 minutes; without chromic acid the maximum
extends only from 4 to 8 minutes (¢f. Bauer 1932).

(i1) Osmic acid unless carefully reduced by bleaching
will similarly interfere with the Feulgen reaction. This is
particularly serious with small chromosomes. Incomplete
bleaching of the nucleolus has its use, however (see Plate
XIV).

(i1i) Formalin fixatives will lead to staining of the cyto-
plasm by the Feulgen reaction, if not washed out.

(iv) Poor samples of basic fuchsin, which fail to give com-
pletely decolorized solutions, will lead to stained cytoplasm,
and sometimes weakly stained chromosomes. Coleman
(1938) has suggested decolorizing carbon as a means of
obtaining colourless solutions free from impurity (App. II).

(v) Finally, as experiments show (Ch. g¢), the nucleic
acid charge of chromosomes varies with temperature and
other conditions. The specificity of the Feulgen reaction
therefore makes it susceptible, as a stain, to changes in
environmental conditions to which less discriminating re-
agents are indifferent. The coloration produced by the
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reaction depends on the fixative used: violet after alcoholic
fixatives, red after chromic.

(2) The crystal violet method (Newton 1927, La Cour
1937) is simple and rapid. It is possible to obtain sections
up to 40 u in thickness with well-stained chromosomes and
clear cytoplasm. Also the intensity of the stain is easily
reduced by differentiation, an important factor in the study
of large chromosomes at meiosis. A weak stain, o-1 %>
recommended by Upcott and La Cour (1936), can be used
for this purpose. Where the stain does not hold in small
chromosomes the chromic acid method of La Cour (1937)
or the picric acid method of Johansen (1932) can be used.

(3) Haematoxylin is now seldom used except where in-
tense permanent staining is required. Particularly in plants,
coloration of the cytoplasm is difficult to avoid, and this
stain is therefore more easily applied to thin sections, or
smears, of animal tissues. A more elaborate method than
that given in Schedule 8 is recommended by Cole (1926).

(4) The brazilin method of Belling (1928) and Capinpin
(1930) suffers from the same defects as haematoxylin, but it
can be made to yield good results with pollen mother cells.

(5) Giemsa (Gelei’s modification) has been recommended
by Belar as a satisfactory stain for animal chromosomes after
fixation by osmic vapour. Giemsa has also been used for
staining mitosis in germinating spores of bacteria after fixation
for 3—5 mins. in osmic vapour and for an indefinite time in
70 % alcohol followed by hydrolysis for 7 mins. in N.HCI
at 60° C. (Robinow 1941).

Light Green and Fast Green are suitable counter-stains
to use for the nucleoli after the chromosomes have been
stained by the Feulgen method. The light green method
of Semmens and Bhaduri (1939) is unnecessarily compli-
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cated. A simple fast green method for slide or bulk material
(01 % aqueous solution for 2-12 hours) has been recom-
mended by Hillary (1940) to be used after bleaching in
SO, water and rinsing.

b. MOUNTING

Optically the soundest mounting medium is one whose
refractive index lies between that of the glass slide and that
of the tissues, which may be a little higher. Canada balsam

TaBLE II
REFRACTIVE INDICES () OF MOUNTING MEDIA, ETC.

Medium n Medium n
Distilled water 1-336 | Crown glass .. . 1-518
Sea Water . 1°343 Cedarwood oil, thick 1-520
Liquid Paraffin 1-471 | Balsam in xylol 1524
Olive Oil 1°473 Clove oil 1533
Glycerine, concentrated 1°473 Balsam, dry .. 1°535
“Euparal”’ 1-483 | Gum damar . 1542
Xylol 1-497 | “Clarite X . . 1°567
Cedarwood oil, thm 1'510 | (== “Nevillite No I )

in general has the advantage on this ground. It is however
acid, and causes certain stains to fade, To overcome this
difficulty various neutral resins have been produced. Neutral
balsam in sealed tubes and ‘“clarite X” may be recom-
mended, but clarite cannot be used for aceto-carmine pre-.
parations, and becomes milky with alcohol.

Xylol is the usual solvent for such resins, but toluene
dries more quickly (Groat 1939). Soft tissues or squashes
are liable to collapse in these petroleum distillates. To avoid
this we may avail ourselves of two other methods:—
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(1) Feulgen or aceto-carmine preparations: Mount directly from
absolute alcohol in euparal or balsam dissolved in alcohol.
If the alcohol contains any water the balsam will become
cloudy. Warm on the hot plate to get rid of this. Dioxan
and dioxan-balsam are recommended by Hillary (1941).

(2) Orcein or lacmoid preparations: Mount from thin cedarwood
oil into oil thickened by exposure, or into xylol-balsam,
i.e. without passing through xylol.

¢. Faping

All stains can fade in certain circumstances, though what
these circumstances are has not always been defined. The
chief agents of fading seem to be (i) ultra-violet light (since
it will happen rapidly from an arc lamp projector and
gradually from daylight), (ii) acidity of the mounting medium,
already referred to, and (iii) inclusion of reagents from
earlier treatment, through careless mounting.

From all these causes crystal violet fades most easily
(even in a few weeks), haematoxylin and carmine least easily.
F. H. Smith (1934) claims that washing in saturated picric
acid in absolute alcohol after staining makes crystal violet
permanent. His method certainly delays fading. The chromic
acid after-mordant would probably have the same effect.

d. RE-STAINING

After fading or unsuccessful staining re-staining is pos-
sible with the same stain or with any other stain for which
the original fixative was appropriate, e.g. a Flemming-
crystal violet preparation can be re-stained in Feulgen. This
is done by repeating the process after removing the cover
slip and the mounting medium with xylol. To this rule
there is one physical exception: an acetic smear is likely to
collapse on removing the cover slip. And there is one
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chemical exception: Feulgen preparations cannot be re-
hydrolyzed for re-staining with leuco-basic fuchsin. They
can however be re-stained, after acetic fixatives with an
acetic stain (especially lacmoid), after aqueous fixatives with
crystal violet and after alcoholic, with haematoxylin. Further,
after acetic fixatives an ordinary Feulgen preparation which
has turned out to be insufficiently stained may at once be
brightened with carmine or lacmoid (2-5 min.).



Chapter 8
SPECIAL TREATMENTS

a. PRE-TREATMENT FOR STRUCTURE

Internal spirals, which appeared at metaphase by accidents
of fixation, were first illustrated in Tradescantia by Baranetzky
in 1880. Relic spirals have long been known in the resting
and prophase nucleus. For a long time a relationship of the
two was vaguely presumed. The general laws of chromosome
structure were clarified only by the regular demonstration
of internal spirals by pre-treatment of pollen mother cells
(or testes in the few animals examined). This method derives
from Sakamura (1927) who photographed major spirals in
MI chromosomes of Tradescantia fixed in boiling water and
unstained. A second step was the discovery by various
workers that smears dried before chromic fixation (acciden-
tally or otherwise) showed spiral structure. Diploid and
tetraploid species of Tradescantia and many species of
Trillium are convenient for the smear treatment of PMC
necessary with all methods.

Some of the methods, such as heat and ammonia vapour,
depend on uncoiling and can restore a resting nucleus con-
dition. Others depend on dissolving the nucleic acid envelope
of the chromosome thread. A third effect is swelling, which
depends on increased hydration following a change in pH
of the cytoplasm away from the I.E.P. of the chromosomes.

(1) Meiosis

(i) Ammonia vapour (PMC in 3%, sucrose: 5-15 seconds before
fixation.
(a) aceto-carmine (Kuwada and Nakamura 1934).
(b) 2BE-Crystal Violet or Feulgen (La Cour 1935).
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(ii) Ammonia in 30 %, alcohol (6 drops in 50 c.c., 5—20 secs.).

Flemming-Crystal Violet. Useful because alcohol attaches
the cells to the slide (Sax and Humphrey 1934, Creighton
1938 on an amphibian, Amblystoma).

(iii) Weak alkaline solvents of nucleic acid (Oura 1936, Kuwada et
al. 1938, Hillary 1940). Smear is placed in solutions of
NaCN, NaHCOj; or even NaOH 1/100 gram molecular
for 15 seconds to 3 minutes according to the material.
Flemming with C.V. or Feulgen.

(iv) Acid fumes (nitric, hydrochloric and acetic) followed by
2BE-C.V. (La Cour 1933).

(v) Precipitation and digestion of nucleic acid: Hillary’s modifica-
tion, 1940, of Caspersson’s method.

(a) pre-treatment as in (iii), 30 seconds 1/100 g.m. NaCN.
(b) Fixation in Flemming.
(¢) Preparation left about 12 hours in o1 % lanthanum

acetate to precipitate nucleic acid as lanthanum
salt.

(d) 24 hours at 37°C. in 1 % solution of trypsin con-
taining a trace of lanthanum acetate.
(¢) Stain by Feulgen.

(2) Mitosis.—Ordinary methods of pre-treatment are un-
satisfactory for chromosomes within a cell wall. As a first
attempt an ammonia-thorium nitrate method was suggested
for root tips by Nebel (1934). Three methods are now
available to overcome this difficulty:

(i) Pollen tube mitosis (Upcott 1936 on Tulipa). Aceto-carmine;
penetration is easy on account of extremely thin cell
wall.

(ii) Pollen grain, first mitosis (Geitler 1938, ¢f. Darlington
and Upcott 1941). Pressure in fixation with aceto-carmine.

(iii) Root tip frozen, while growing, for four days to give nucleic
acid starvation of heterochromatic segments, which then
show their. spiral structure (see Ch. 9 ¢).

Finally micro-incineration (Barigozzi 1937, Uber 1940)
has been used as a method of showing ¢hromosome structure.
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b. ANmmaL Ecas
Three stages in the development of the egg concern us:

(1) Prophase of meiosis: this begins in the young ovary
and may last the greater part of its life.

(2) The meiotic divisions: these are rapid and are usually
set in motion by the entry of the sperm.

(3) The cleavage divisions of the fertilized egg: these
exceed in their rapidity all other mitoses and in
consequence have a character of their own (see
App. 1, index 10).

During the oégonial divisions and in early prophase neither
yolk nor shell is present to hinder treatment, and the ovary
can be treated like a testis. Where the shell is thin ‘and the
yolk deficient, squash preparations can still be made in all
the later stages. This is true of the Annelida and Mollusca.
For example in Allolobophora eggs, Foot and Strobell (1905)
obtained their best preparations of meiosis by puncturing
each egg in a very small drop of water. When the contents
of the egg were dragged out of its membrane they dried so
rapidly as to give admirable fixation of the nucleus in a
self-flattened smear. T'wenty such eggs were laid on a slide
ruled in squares with a diamond and stained with aqueous
Bismarck Brown.

Where the shells are thick, paraffin sections are necessary.
The shells should then be punctured or removed if possible
to aid infiltration of wax. Alcoholic fixatives, particularly
Kahle’s fluid or S. G. Smith’s (1941) modificatior, are the
best. Special methods of dehydration and infiltration are
necessary for obtaining good sections, owing to the brittle-
ness of the yolk. Smith’s (1941) procedure is perhaps the
most favourable (Schedule 17, v. Ch. 6 ¢). Haematoxylin or



SPECIAL TREATMENTS 59
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