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I. INTRODUCTION

g Selection for increased and decreased post-weaning (21 to

M2 day) body weight gain in labdratory mice has generally pro-

duced significant genetic change in several weight, weight gain,

body composition, and reproductive characteristics (Fowler and

Edwards, 1960; Elliott gt_gl., 1968; White gtnäl., 1968; Lang

and legates, 1969; Bradford, 1971; Morris, 1972; LaSa1le_gt_al.,

197M; White, 197M). With all the above changes correlated to

selection for body size, it would seem plausible that such altera-

tions might be observed at the chromosomal level. Reddy and

Siegel (1975) have found that the frequency of chromosomal abnorm-

alities was significantly greater in chicken embryos from high

body weight selected chickens than from a low body weight group.
V

Strain differences at the chromosomal level have been shown

to exist for several characteristics in the mouse. Levan gt_gl.,
(1962) reported strain variation in the length of the Y chromo-

some. Strain differences regarding the secondary constrictions of

certain chromosomes have also been observed (Stich and Hsu, 1960;

Levan.gt_gl., 1962; Bennett, 1965). It seems likely if strain

differences for certain charaoteristics do exist in laboratory

mice, that selected lines of mice might also show differences

at the chromosomal level.

1
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Figure l shows the generation means for the high (average

of four replicate lines), control (average of two replicate

lines), and low lines for the first 29 generations of selection,
Fr,m Figure l, it is apparent that the high and low lines have

diverged dramatically. In the 29th generation, the high line

represents an increase in weight gain of over 95% above that of

the control line, The low line represents a decrease of over

59% fro the control line, The high line represents an increase

of over 383% over that of the low line, A.portion of this

divergence may have been due to chromosomal changes,

In this study, the relationship between selection for in-
creased and decreased post-weaning body weight gain and any

chromosomal alterations that might have resulted will be eval-

uated, The objectives of this investigation were: (l) to _
I

estimate the frequency and type of chromosomal abnormalities in

four lines of laberatory mice selected for maximum rate of post-

weaning weight gain, one line selected for minimum rate of post-

weaning weight gain,, and two unselected control lines (randomly

.bred), (2) to determine if there were significantly different

frequencies of abnormalities in the high line mice as compared

with the low line mice, and (3) to compare the chromosome

lengths obtained for the various lines,
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II. LITERATURE REVIEW

I A. Qgtgpduction
A study of recent literature concerning the chromosomal

abnormalities in mice has shown that no work has been reported

that deals with chrdmosomal abnormalities arising as a conse-

quence of selection. However, studies dealing with the chromo-

somal aberrations in.mice and other species have been reported

in recent years, along with a number of studies dealing with

selection for post-weaning weight in laboratory mice.

The identification and study of the mitotic chromosomes

of the mouse, Mg§_muscu1us, has been difficult for many years. —

As O. J. Miller (1973) stated, the mouse kanyotype was notoriously
V

difficult to analyze. The process of identification of individual

chromosomes has been difficult because the mouse has twenty pairs

of telocentric chromosoes of rather similar length. Dev_et_ä1.,
(1971) reported that in the usual stained preparations only a

few morphological differences could be detected among the chromo-

somes. Using classical staining techniques even identificationA
of entire chromosomes was often not possible. Only the sex

chromosdes, both X and Y, and the smallest chromosome in the
compliment, No. 19, were identified morphologically, utilizing

M
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the staining methods available in the pre-banding technique
period of the 1960's (Dev gt gl., 1971).

However, since the advent of the new banding techniques ”

for chromosoe preparations1nany studies have reported successful

identification of the individual mouse chromosoes. A discus-
sion cf the various banding techniques is presented in the latter
portion of this chapter.

B. Chromosome Nomenclature

The detailed study of human and, therefore, mammalian
chromosomes began as early as 1956. Tjio and Levan (1956)

demonstrated that a chromosomal preparation could be obtained
which showed each individual human chromosome, so that the5
chromosomes could be counted and their morphology studied. _

Chromosomes were first described towards the end of the
last century, but it has only been in the past ten years that

accurate identification of chromosome pairs has been possible

(Caspersson_gt_al., 1970). The term "chromosomes" is applied,

in reference to their intense affinity for dyes, to single,

deeply staining basophilic nuclear elements (Makino, 1975).
They are usually visible at specific phases of cell division,
most clearly in the metaphase stage.

Each of the metaphase chromosomes consists of two equal

halves, the chrcatids. The chromatids are joined only at the



centromere, which normally appears as a single, undivided region
of the chromosome, The centromere serves as a point of attach-

ment to the spindle in cell division, '

Generally, chromosomes are morphologically identified a.nd

classified by two features: the relative length and the position
of the centromere or primary constriction, In the laboratory

mouse, musculus, all twenty pairs of chromosomes are telo-

centric which mea.ns the centromere is terminally located on the

chromosome, Because all forty chromosomes are telocentric and

vary in small gradutions of length, the criteria of relative

length and centromere position offer little aid in morphologically

identifying mouse chromosomes, For these reasons, the banding

patterns induced by various staining techniques and also the

landmarks associated with certain chromosomes are used in identi- _
V

fying individual mouse chromosomes,

While each chromosome is considered to consist of a con-
tinuous series of bands, they are further divided into regions

which are delimited by specific chrozmosome landmarks, A land-
mark is defined "as a consistent and distinct morphological

feature that is an important diagnostic aid in identifying a

chromosome" (The Paris Conference, 1971), In mouse chrormosomes, _

the bandi.ng patterns unique to each chromosome and satellites

(a satellite is the portion of the chromosome beyond the secon-

dary constriction or mucleolus organizer region) exhibited by
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certain chromosomes are used as landmarks. A representation of a
telocentric chromosome and a satellited telocentric chromosome

can be seen in Figure 2• W

A species is characterized by a specific chromosome comple-

ment, karyotype, which is defined the basic number, form a.nd ·
size of the chromosomes metaphase. A karyo-

type is made by selecting a well spread chromosome complement,

photographing the chromosomes, cutting out the individual chromo-

somes and matching the homologous chromosome pairs., The chromo-

somes are arranged in order of decreasing length with the sex

chromosomes last. The term idiogram is used for a drawing or a

diagrammatical arrangement of the karyotype.

The Committee on Standardized Genetic Nomenclature for ·

Mice (1972) made several recommendations to eliminate discre- y
pancies between the numbering systems (used in karyotypes) in-

volved by different groups working with mice• See Table 1 for

a comparison of the various numbering systems previously used

for mouse chromosomes and the recommended system. The recommen-

dations consisted of:

1. The chromosomes should be numbered according to the

system developed by the Committee., This system,

which numbers the chromosomes according to decreasing

length, is based upon averaging the measurements

obtained by Dev gg _a;._., (1971); ma Schnedl (1971).
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2.; Chrdmosome numbers should be Arabic numbers rather
I

o than the Roman numerals used for the corresponding
linkage groups.

3. When listing chromosde abbreviations,Arabic chromo-

some numbers should be used to indicate the chrdmo-
somes involved.

C. Description of Qhromosmes

Both Dev gt_al., (1971) and Wurster (1972) have published

detailed descriptions of mouse chroosoes. Dev gp_a1., (1971)

have based their observations on the quinacrine fluorescence

staining technique while Wurster (1972) has reported the char- 4
acteristic landmarks of chromosomes as induced by trypsin-

Giemsa banding. The description used here will be that of
l

Wurster (1972) because she used trypsin•Giemsa staining. Every

chromosome, with the exception of the Y, has darkly staining
centromeric heterochrcmatin, so this will not be mentioned

individually. The term."space" is used to refer to a non-

staining area.

No. 1, eight bands. Band 1 is close to the centroere and
is followed by a small, distinct space; bands 2, 3 and M Lie
close together and since band 3 is weak, may appear as two bands

or even as one very heawy band. Sizable spaces separate bands

h and 5, and bands 5 and 6, Bands S and 6, hüth the prominent
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space between them are the landmarks of this chromosoe. Bands

7 and 8 are very weak and appear as mere dots on the chromatids.
No, 2, eight bads. Band 1 is close to the centromere and

is sometimes referred to as dark "shoulders"; bands 2 and 3 form
a doublet; bands M, 5 and 6 form a triplet; band 7 is set off by
spaces above and below; and band 8 is terminally located. The
prominent space between bands 1 and 2 serves as the characteristic

landmark.
l

No, 3, six bands. Band l is very weak and close to the
centromere; bands 2 and 3 form.a prominent doublet across the
upper half of the arms, and bands M, S and 6 form a triplet

across the terminal ends of the chromatids. The doublet and triplet

may appear as masses, however, with the space between them they

always serve as landmarks. ,
No. M, five bands. Band 1 is close to the centroere and

is fairly prominent; bands 2, 3 and M form a triplet, and band

5 is terminally located. The single-triplet—single banding

pattern all separated by prominent spaces represent the char-

acteristic appearance.

No. S, seven bands, Band 1 is weak and close to the
centroere; bands 2 and 3 are heawy and very close together,
thus, usually they appear as one band. Bands M and 5 are similar

to 2 and 3, thus bands 2 plus 3 and M plus S usually look like
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two very heary bands, Bands 6 and 7 are weak and terminally

located, Prominent central banding is the landmark of this

chromosome,

No, 6, six bands, Band l is close to the centromere and

very weak; a distinct space separates bands l and 2, which is

also weak; bands 3 and h are prominent, centrally located and

usually appear as one heary'band; band S lies 3/h distally, and

band 6 is terminal, Bands h, S and 6 are all strong bands and

represent the landmarks,

· No, 7, four bans, Bands l and 2 are a doublet, as are

bands 3 an hg each doublet most often appears as a single heary

band, Doublet l appears just proximal to the center and doublet

2 just distal to the center, lack of any banding at the distal

end helps to distinguish this chromosome from No, S, V
6

No, 8, three bands, Band l is central and prominent; band

2 is close to band l and weak, and band 3 is prominent and sub-

terminal, Band 2 is barely discernible and thus, No, 8 appears as

a two-banded chromosome, lt is distinguished from chromosome

7 by a more distal placement of the lower prominent band,

No, 9, at least three bands, Proximally there is a rather

wide, grayish staining area that is actually two weak, diffuse

bands, There is a prominent subterminal band that serves as the

landmark of this chromosome, Ghrmosome 9 is difficult to

distinguish from chromosome 13,
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No, 10, four bands, A space under the centromere is
followed by three weak bands, Then there is a prominent space

followed by a prominent band, The identifying appearance of this

chromosome is that of a broad, complex, ba.nd sjeparated from a
prominent subterminal band by a negative staining space,

No, 11, five bands, Two bands are croxima1„ one is central,
and two are distal, Bands l and 3 are weak, generally giving the
chromosome a three-banded appearance, Band 2, which lies across

the proximal third, band M, which is subterminal, and the terminal
band 5 are all thin but prominent, Bands M and S are readily

discernible and make this chromosome easily distinguishable,

No, 12, five bands, Band 1 is close to the centroere and

very weak, Bands 2 and 3 form a heavy central doublet amiare

separated from band 1 by a proinent space, Band M is subter- ß
V

minal, band S is terminal, and both are prominent, This chroo-

some is one of the most distinctive in the complement,
‘No, 13, at least three bands, Band l is weak and ma

actually be two bands, band 2 is extremely weak, centrally

positioned, and barely discernible, Band 3 is prominent and
subterminal, A

No, lM, three bands, Band 1 is immediately proximal to the

center; bands 2 and 3 are subterminal and terminal, respectively,
i

No, lg, four bands, Band 1 is proximal; bands 2 and 3 form

a prominent central doublet, and band M is terminal, This is the
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only chromosome in which heteromorphism has been noticed; there

is sometimes a second proximal band.
No. 16, three bands. Band l is weak and just proximal to

mid-position; band 2 is prominent and subterminal, and band 3 is

prominent ard subterminal.

No,. 17, five bands. Band 1 is separated from the centro—

mere by a very small., distinct space and is followed by a large,

prominent space. Band 2 is central and equi—spaced with bands

3 and L; and the terminal band 5; band L; is the weakest. The

prominent space between bands 1 and 2 is a landmark.

No., 18, four bands. Band 1 is about 1/L; distal; band 2
8

is central; band 3 is weak and just a little below band 2, a.nd

band h is terminal. This chromosome usually stains rather darkly

overall. p
No. 19, three bands. There is a space under the centromere

and then a doublet, comprised of bands 1 a.rd 2. Band 3 is

terminal. The size ·alone distinguishes this chromosome from

the others.

X chromosome, seven bands. A space u.nder the centromere

is followed by bands 1 and 2 and then the single fa:°1y strong

band 3, which lies just proximal to the ¤@¤’¤@I'•

Bnmediately dista.1 to the mid-section is the prominent band J.;

separated by a very distinct space from the equally prominent

band S. Band 6 a.nd the terminal band 7 are weak and often
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indistinct, The space below thecentromere and ba.nds h and 5
with the prominent space area between them form the

n

landmarks,
TheY chromosome is the only chromosome in the complement _

that shows no centromeric heterochromatin, It stains uniformly

dark all over, but there is an occasional suggestion of two

bands at the l/3 and 2/3 position on the chromatids•
The number of bands per chromosome, as seen with trypsin—

Giemsa staining, is summarized in Table 2, An idiogram of trypsin-
Giemsa chromosomes is illustrated in Figure 3,

D, Qgtogenetic Technigues

l, Sources of Dividgag Cells g
Chromoscme preparations, which are to be examined and L

analyzed using the light microscope, can only be made from

dividing cells near or at metaphase, This restriction limits
the kinds of tissues from which chromosomes can be obtained,
The cel.l.s which have been used for the study of metaphase chromo-

somes in mice usually fall into one of the following categories

(Ford, 1973):
a, Dividing cells in the bone marrow in mature mice;

in the embryo these dividing cells may be fou.nd in

other sites such as the liver and spleen,

b, lymphocytes of the peripheral blood,
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TABLE 2
NUMBER OF BANDS PER CHROMOSOME

Chromosome Number Number of Bands

_ 1 8 E
2 8
3 6
M 5S 76 6
7 M8 39 3 (61 166.61; 3)1O L1
ll 512 S13 3 (61; 16851} 3)
1M 315 M 3
16 3 1
17 S A18 L1
19 3X 7
Y O

SOURCE: Wursber, D. H. 1972, Mouse chromosormes
idenbäfied by brypsim-Giemsa (T-G) ba.ndiI1g6 Cybo-
genebics 11:379-387.
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c. dividing cells in gonadal tissue,
l

d, leucocytes which can be grown in culture,
·

e. unspecialized connective tissue cells which can

be grown in culture, i.e. fibroblasts.

2. Utilization of Cells

In most mammalian studies the various sources of dividing

cells are treated by one of two methods: the direct techniques

for bone marrow or the procedures for culturing tissue.

Various procedures for culturing leucocytes, fibroblasts,

Spleen and lymph node and bone marrow cells have been success-

ful (Makino, 1975). The peripheral blood and marrow cultures

have been.simplified by the use of comercial synthetic tissue _

culture medium. The culturing techniques basically consist of _

collecting fresh, non-contaminated cells, incubating the cells. · '

in commercial tissue culture medium, usually supplemented with

fetal calf serum and phytohemagglutinin, for one day to one week,

adding colchicine or Colcemid to the culture, and harvesting of

the cells during their mitotic peak.

The direct techniques for bone marrow studies involve

aspiration of cells from the iliac crest and sternum or from the

femur, tibia, iliac bone and humerus. With this technique the

colchicine or Colcemid is injected directly into the animal.

Yosida gt_äl., (1965) reported that the direct bone marrow Squash

method was a practical and simple one for chromosome studies
and advantageous over culture methods in small mammals. Ford
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(1973) stated that apart from the teetie, the bone marrow ie

the only certain;} 1;; source of dividing celle. A detailed

procedure for obtaining chromosome preparatione from bone marrow

celle ie given in a later eection of this study.

Since the aim of cytological investigations is to establish

the karyotype of the celle analyzed, all techniques (whatever

their particular proceduree and whatever the origin of the

tiesue) must satisfy three requirements (Turpin and Lejeune,

1969>=
l. dividing celle obtained should show adequate chromo-

some epreading to allow counting of individual chromo-

somes,
2. treatment should entail minimal deformation of the

chromosomes to allow identification, _
3. the preparations must be flattened in order to bbtain

photographs in which all the chromosomes are simultane-

ously in focus.

3. Obtaining Chromosome Prgparations

from Dividipg Celle

Chromosome study from living celle presents considerable

difficultiee. Apart from the fact that a difference in refrac-

tive indices between cellular components exists, it ie difficult

to resolve the individual components under the light microscope.
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Therefore, for the study of chromosomes from living cells,

different types of microscopy areemployed.To

study chromosome morphology under an ordinany light

microscope the tissue must first be killed and then preserved

without causing any appreciable distortion of nuclear matter,

through a process known as "fixation" (Sharma and Sharma, 1972).

During the fixation process, the cells are killed and the

dividing nuclei are fixed in whichever phase of cell division3 l
they were at the time of the treatment. Chromosome analysis is

usually done after subsequent stages of washing, processing and

staining in suitable dyes.

However, it was observed that fixation alone did not

provide adequate chromosome preparations for precise and reliable

analysis, lt was discovered that the use of hypotonic solutions

with a lower osmotic pressure than that of cellular fluid causes

swelling of the cells followed by a subsequent dispersion and

contraction of the chomosomes. Attempts to use hypotonic pre-

treatment of cells for the study of the chromosomes in animals

were made with tap water by Makino and Nishimura (1952). This

procedure proved effective in swelling the cells and dispersing

the chromosomes. Hsu and Pomerat (1953) were the first to report

the study of human chromosomes with cells grown in_vitrg_using
colchicine coupled with hypotonic salt solution treatment. The

chromosomes examined by this method appeared as sharply defined
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bodies with considerable spreading in the cell. There was_
minimum overlapping in well-prepared metaphase cells and the
chromosomes could be counted readily by means of photomicrography.
Following Hsu (1952) and Hsu and Pomerat (1953), many techniques
for combining tissue culture methods and colchicine,hypotonicpretreatment

were reported by investigators working with mamalian
chromosomes, with continuing attempts being made toward technical
improvements. Ford and Hamerton (1956) found that the two methods
of colchicine and hypotonic pretreatmautcomplimentad one another.
Colchicine shortened the chromosomes, while hypotonic pretreat-
ment expanded the cells. Thus, maximum dispersion of the chromo-
somes within the cell was obtained.

The use ofva number of pretreatment chemicals has con-
siderably aided the study of chromosome structure in all details.
For the detailed examination of the physical nature of chromo-
somes four essential steps are needed: (l) pretreatment, (2) fix-
ation, (3) processing, and (h) staining. The four stages will
be described briefly in the following sections.

a. Colchicine pretreatment

The alkaloid, colchicine, (CQZHQSOÖN) is prepared from the
roots of the autumn crocus. Figure h shows the structure of

colchicine. It is a very potent substance with very low con-
centrations (from 0.001 to 1.0% generally) needed to inhibit
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NH-C—CHII 3
CH O A O3

CH O3 o
OCH3

Figure h.a Colchicine: showing the reactive groups
in the various rings.
aAt least one methoxyl group in ring A is
necessary for colchicine action. Ring C
must be seven membered„
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mitosis. Oolchicine brings about a change in the colloidal state

of the cytoplasm, resulting in spindle disturbance by increasing

the fluidity of the nuclear substance. As spindle formation is

dependent on the viscosity balance between cytoplasmic and

spindle constituents, a change in cytoplasmic viscosity brings

about a destruction of the spindle mechanism. This results in

the chromosomes remaining free, not attached to an binding force

within the cell (Sharma and Sharma, 1972). The changes in

cytoplasmic viscosity simultaneously affect the chromosome also.

The constriction regions in the chromosomes appear well defined

as a result of the viscosity change.

The exact reaction or mechanism involved in spindle in-

activation is not yet fully understood. Several theories have

been advanced for the mechanism with the most plausible ones A
being examined by Sharma and Sharma (1972). It has been suggested

that ATP may be responsible for spindle activity and mitosis,

and that colchicine may modify this mechanism. Another theoqy

examined by Sharma and Sharma (1972) implied that colchicine

enters into a chamical combination with some intracellular

receptor.

One of the essential requirements in the use of colchicine

is that the tissue must be thoroughly washed to free it of

colchicine before fixation. If this is not done then the super-

ficial deposition of the colchicine hampers the visibility of the
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ohromosemes and penetration of the fixative. It is also always
necessary to use a rapidly penetrating fluid, such as acetic-
alcohol, after colchicine pretreatment, as otherwise the nuclear

division may proceed further and go beyond metaphase (Sharma
and Sharma, 1972).

In general, it can be said that colchicine is well suited
for the study of chromosome structure and metaphase arrest,
provided that careful control is maintained over the concentra-
tion and period of treatment. Colchicine is effective in
shertening chremosomes, which is advantageous for minimizing over-
lapping and also in spreading of the chrdmatids for ease in

recognizing the position of the centrdmere (Tjio and Levan,

1956). Any excess of either concentration or treatment time may,

however, lead to a heavy contraction of chromosomes and poly-

ploidy, thus obscuring analysis.

b. Hypotonic pretreatment
As has been previously stated, a more pronounced chromo-

(

some apreading has been achieved by hypotonio pretreatment prior

to fixation. There are three variables in hypotonic pretreat-

ment; the chemical nature of the hpotonic solution used, the
degree of hypotonicity and the length of exposure (Ford, 1973).

Sodium or potassium.citrate has been used by many investi-
gators as a hypotonic solution. Citrate was originally used by

Ford and Hamerton (1956) for werk on bone marrow cells. They
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found that the sodium citrate hypotonic pretreatment caused the
cells to swell. It was also found that sodium citrate yielded

better suspensions of bone marrow cells than sodium chloride

hypotonic solutions.

While the cells that are undergoing hypotonic pretreatment
are still "alive" it is likely that the intake of water by the

nucleus is largely a passive osmotic process (Ford, 1973). It

is also thought that there is too little time involved in the
hypotonic pretreatment for any specific metabolic effect of the
substance used to be manifested.

The right hypotonicity is usually obtained from a solution
of about one-quarter phsiological tonicity. The time of ex-
posure is ually a period of 10-30 minutes. The time is rather

critical for any given tissue; too short an exposure will lead _
to inadequate chromosome spreading, and too long an exposure to

exnessive breaking of cells and to loss of visable structure in

the chromosomes.

c. Fixation

Fixation is usually defined as the process by which tissues

or their components are fixed selectively to a desired extent
(Sharma and Sharma, 1972). The purpose of the fixation process

is to kill the tissue with a minimum amount of distortion and

hardening of the components to be studied. Fixation should not

only increase visibility of the chromosome structure but should
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also clarify the details of chromosome morphology, such as the

euchromatic and heterochromatic regions and the primary and

secondary constrictions.

Although a number of fixing reagents have been used by

various workers, all of them possess certain common character-

istics which are essential for a fixative. Each fixing reagent

must be lethal in its action, have the ability to precipitate

chromatin, be rapidly penetrating so that the tissue is killed

instantaneously (immediate killing is essential for the arresting

of chromosomes in the cell cycle before nuclear division proceeds

to the "resting" or interphase stage), and to prevent bacterial

decomposition of the tissue by maintaining an aseptic condition.

In general the fixing reagents may be classified into two

categories, precipitants and non-precipitants. This classifica- _

tion scheme is based on the reagent's ability to precipitate

proteins within the cell. The best examples of the precipitant

fixatives are ethyl alcohol, acetic acid, and chromic acid.

Osmium tetroxide and potassium dichromate are examples of non-

precipitant fixatives.

It has been observed that reagents known as precipitating

fixatives cause the nuclei to become spongy in appearance.

According to Sharma and Sharma (1972), in 1905, Tellayesniczky

first suggested that the spongy appearance appears only after

fixation with a.protein precipitant and is absent in the living
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nucleus. For the proper observation of chromosome structure and

morphology, some degree of precipitation is necessary and, there-

fore, a fixative with a slight precipitating action is necessary.

The most widely used fixatives for mamalian chromcsomes

are mixtures of glacial acetic acid and methanol or ethanol in

a 1:3 acetic-alcohol ratio. Methyl alcohol or methanol (CHBOH)

is preferred over ethanol in fixing mamalian chromcsomes. Tt

is believed that methanol results in clearer preparations.

Hewever, this fact has not been conclusively proved (Ford, 1973).

While ethanol causes heavy shrinkage of chromcsomes, methancl

causes swelling. This property has been used extensively in the

preparation of fixatives where a swelling agent is needed to

compensate for the shrinking effect of other chemicals such as

glacial acetic acid. Glacial acetic acid is useful in a fixing V
(

mixture because it is easily combined with other fixing chemicals.

Glacial acetic acid also has a tremendous penetrating property.

Sharma and Sharma (1972) reportéd that acetic acid is an

ideal fixative despite the fact that some reports indicated that

acetic acid dissolved histones. (See for example, Sumner, 1972.)

Other studies indicated that the chromosome structure remained

intact presumably without any distortion of the nucleoproteins

with the use of acetic acid (Sharma and Sharma, 1972). One of the

limitations of acetic acid is the degree of swelling induced in

the chromosdmes. For this reason acetic acid is cdmbined with

alcohol before it is used as a fixative.
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The time required for fixation varies depending on the
amount of material to be fixed (usually a minimum of 20 minutes).
It was observed by Ford (1973) that material could be kept in

the fixative (under refrigeration) for some weeks with only
slight deterioration. Thus, the timing of the fixative period
is net critical, provided that it is long enough to be effec-' —

tive.

d. Chromosome processing (spreading)

To obtain a rupturing of the cell membrane and spreading
of the chromosomes in one plane, two methods are generally
applied. The first method, squash technique, involves the
squashing of the fixed and stained cells between a slide and
coverslip by applying even.pressure with the thumb. The squash I
technique, which was adepted from plant qytogenetics, was used (

almost exelusively in early studies of mammalian chromosomes
(Ford and Hamerton, 1956). The second technique is the air-or

l

flame-drying method developed by Rothfels and Siminowitch (1958).

With the air-or flame-drying method the cells in suspension are

allowed to dry rapidly on a slide and the chromosomes spread
evenly, as a result of the surface tension as a miniscus passes
rapidly over the cells.

The air-or flame-drying method is usually preferred to
squashing, particularly for peripheral blood leucocyte cultures,
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and is now the standard procedure for other tissues. This_
technique is probably more generally popular than the squash
method because it is easier and quicker to employ and demands

less skill.

There are a number of variations in the air-or flame-drying
technique. The cells may be dried either from fixative or from

an aqueous solution of acetic acid. When drying from the fixa-

tive, it is desirable to change the original fixative for fresh .

and repeat this change twice more (to remove excess water and

debris). The typical technique is to prepare slides by cooling

in a refrigerator or in iced water, and then to drop a small
(

quantity of the suspension of cells in fixative on to the

cold, wet slide. The slide is then rapidly dried over the

flame of a Bunsen burner. When the alcoholic fixative meets .

the wet surface it spreads rapidly, giving wide disperal of the

cells. The method is a good one when it is essential to obtain

accurate counts of a large number of cells (Ford, 1973).

If spreading is done from an aqueous solution of acetic

acid, the fixative is removed and two or three changes of acetic *

acid made. The commonest concentration is h5%, but higher con-

centrations may be used if greater dispersal of cell contents

is desired. Drops of cell suspension are pipetted on to clean
dry slides, which can be heated on a hot plate to increase

spreading. This method gives concentric rings of cells on the



slide. However, it is not recommended for chromosome counts

because of the number of broken cells resulting from the treat-

ment (Ford, 1973).

e. Staining

The structure and behavior of chremosemes can be studied

and examined only after they are made visible under the micro-

scope. Several stains have been used satisfactorily in the

staining of chromosemes. These include Feu1gen's, orcein,
Giemsa, carmine and haematoxylin.

Staining for chromosomes can be classified ae vital or

non-vital (Sharma an Sharma, 1972). In the case of vital

staining, non-toxic dyes are applied to living tissue so that it

can be examined without being killed. If the stain is applied
to isolated cells, such as blood or bone marrow, the staining '

is called supravital.

Staining has been claimed to be principally a process of

adsorption. Michaelis (1926) as described by Sharma and Sharma

(1972) has defined adsorption as a process by which a substance

accumulates at a boundary surface of two continucus phases in a

concentration higher than that in which it exists in the interior

of these two phases. More recently, however, the staining pro-

cess has been thought to occur as a chemical reaction an physi-

cal adsorption simultaneously (Sharma and Sharma, 1972).
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Although chromosome staining is the product of chemical

reactions and adsorption, the intensity of the stain fades with

age. The fading may be attributed to the effect of ultra-violet

light through continued exposure to daylight, to progressive

acidity of the mounting medium or to retention of contamination

of elements during the staining process (Sharma and Shanma, 1972).

Giemsa stain is not a single dye but a mixture of several

dyes: methylene blue and its oxidation.products, azure A and B,
and eosin.Y. Figure 5 shows the various ceponents of Giemsa

stain. The quality of the stain varies with regard to the pro-

portion of the dyes used.

- Methylene blue is a basic dye of the thiazine group,

C16Hi8N3SCl, and is soluble in water. While methylene blue is

the only stain which has been found to be effective in demon- _
strating cell division in tissue cultures, this vital stain alone

cannot be used in the study of chromosome structure because it

canzresult in breakage (Sumner and Evans, 1973).
Azure A, a basic dye, is a member of the thiazine series

and is violet blue in color. It can be prepared by the oxida-

tion of methylene blue with potassium dichromate. It has the
empirical formula

ofAzureB is also a member of the thiazine series and is
prepared by the oxidation of methylene blue with potassium

k

dichromate, though the technique used is slightly different from
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that of azure A. Azure B is also violet blue in color with an
empirical formula of Cl6Hl8N3SC1.

Eosin Y is an acidic dye, rose pink in color, and belongs ‘
V

to the öcanthene series. The empirical formula is C2OH6O5N3·2BI‘h•
According to Sumner and Evans (1973), the eosin component of Giemsa
is necessary to produce good banding.

Giemsa stain is generally prepared by dissolving the
powdered mixture of the dyes in glycerin and methyl alcohol.

V

In the cell the chromatin matter is stained red and the cytoplasm
blue.

E. Mechanisms Involved in the Banding of

Chromosomes with Giemsa

'Following the observation by Pardue and Gall (1970) that V
V

after denaturing and annealing treatments, regions of chromo-

somes which contain repetitive sequences of DNA stain darkly
with Giemsa, Sumner Q gl., (1971) developed a technique in

which banding patterns were obtained by treatment with warm
saline, followed by Giemsa staining. Subsequently, a number of
other techniques were described (Drets and Shaw, 1971; Schnedl,
1971; Dutrillaux, 1973; Patil Q _a_.l_., 1971) and it was assumed

V that processes of denaturation and renaturation of DNA were in-
volved in the production of these banding patterns. It was also
suggested that proteins were involved in the production of bands,
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a_ view supported by the introduction of several methods in which
banding patterns are produced after mild protease treatment

followed by staining with Giemsa (Seabright, 1972; Wang and ·

Fedoroff, 1972). The Giemsa bands are extremely useful in identi-
fication of individual chromosomes, but the mechanism by which
these bands are induced remains controversial. p

1. The Effects of Fixation in

Methanol-Acetic Acid

Sumner gt al., (1973) conducted a series of eaqueriments

dealing with the effects of fixation, in methanol-acetic acid,
on the mechanisms involved in the banding of chromosomes with
Giemsa. It was concluded that the fixation of cells in methanol-
acetic acid removed most or all of the histone proteins and that .
the remaining material, DNA and a small proportion of non-histone '

(acidic) proteins, were evenly distributed along the entire

lengths of the chromosomes. Following fixation, the resultant

fixed chromosome consisted of 2 to 3 parts of DNA to 1 part of «

non-histone protein. This finding that the DNA and residual

protein were distributed throughout the lengths of the chromo-

somes was in agreement with those of Caspersson's gt gl., (1969,
1970). Moreover, although exposure of native DNA to methanol-

acetic acid resulted in a considerable amount of denaturation,

fixation of cells did not result in any appreciable denaturation

of chromosomal DNA. According to Caspersson _e_t _a_l_., (1970)
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this is presumablJVdue to some protective action of other cellular

l constituents. However, it is not known whether these cellular
constituents prevent denaturation, or, when the denaturing agent
is removed, promote annealing of the DNA. Therefore, contrany to
previous suggestions (Schnedl, 197l; Sumner gt_äl., 1971), the
banding patterns observed in methanol-acetic acid and Giemsa
stained chromosomes cannot be considered to reflect a differ-
ential denaturation of DNA along the chromosomes.

As previously mentioned, Sumner et_al,, (1973) concluded
that fixation removed most or all of the histone proteins and
that the DNA was all important in banding. Recently, however,
Brown.gt_al., (1975) have presented cytochemical data from
Chinese hamster cells which show that histone fractions fl and
fIIa are involved in the production of Giemsa bands in chromo- _

l

somes. The data suggested that while histone fractions fl and
fIIa are involved in the induction of Giemsa banding in chromo-
scmes, each appeared to have a different mode of operation. The
fI fraction completely blocked the staining of the chromosomes,
whereas fIIa did nct. The fl fraction was shown to inhibit
Giemsa staining while the flla fraction had no demonstrable
effect on the staining of the chromosome. The removal of the
fl and flla fractions most likely occurs during fixation and
appears to be a prerequisite for Giemsa banding. Since the
Giemsa stain does not appear to interact with the fl histone



it may be necessary to.remove the fI fraction for the ‘

staining of the chromosomes with Giemsa to occur. The data

presented by Brown.gt_al., (1975) suggests that histones may play

a veny important role in the mechanism of Giemsa banding in

mammalian chromosomes.

2. The Interaction of the Dyes with

Chr omos omal Cowonents

Sumner and Evans (1973) conducted experiments to investi-

gate the nature of the interaction between Giemsa, andits com-

ponent dyes with leucocyte nuclei and chromosomes. Several

important findings were made from the experiments conducted.

It was shown that Giemsa stain is bound to DNA and not

to the non-histone protein, the other chromosomal component

remaining following methano1—acetic acid fixation. Table 3
l

shows the Giemsa absorbance of nuclei from which DNA has been

completely removed following various treatments. It can be seen

that nnclei or chromosomes from which the DNA has been removed

by trichloracetic acid or by DNase do not stain with Giemsa to

any significant extent„

Digestion of nuclei and chromosomes with proteases such

as trypsin usually result in their complete loss from the slide,

unless the treatment is brief. Sumner and Evans (1973) found

that a sufficiently brief treatment with trypsin did not prevent

banding with Giemsa or quinacrine. They also found that -
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extraction of histones with dilute hydrochloric acid or h.O M
sodium chloride caused no apparent reduction in the quality of

banding and in some cases improved the contrast between the

bands. These procedures do not cause a reduction in the amount ~

of Giemsa bound to the nuclei.

Sumner and Evans (1973) concluded from these experiments
with the various treatments that the dyes in banded chromosomes

are largely, if not exclusively, bound to DNA.

In further studies on fixed nuclei and on extracted DNA

in gelatine films, it was apparent that the amount of dye (Giemsa)
bound is not affected by whether the DNA is native or denatured.
The amount of dye bound is not directly related to the amount
of DNA present, but is related to the concentration of the DNA
(Sumner and Evans, 1973), The results also indicate that with 4
Giemsa, a new magenta compound consisting of two molecules of

methylene blue and one of eosin, is formed_in_sigu and is neces-
sary for the formation of banding patterns on chromosomes. This

new compound is attached to the chromosomes by hydrogen bond

formation.

Sumner and Evans (1973) also addressed the hypothesis that
banding patterns of chromosomes are a consequence of differences
in DNA base ccmposition. They stated that the available evidence .
does not lead to any simple quantitative relationship between

the base composition and the amount of dye bound resulting in



banding patterns. This finding is in agreement with that of
V

Dev gt_al., (1972) who applied fluorescent antinucleoside
A

antibodies to human chromosomes and obtained banding patterns

similar to those induced with Giemsa banding techniques. How-

ever, the patterns were the same with antibodies specific for
each of the four nucleotides in DNA. Therefore, variation in
base composition along the chromosome could not be the cause of
this banding.

Sumner and Evans (1973) also suggested a mechanism to ex-

plain the agreement of the Giemsa and DNA.mo1ecules. Other

mechanics have been reported by several authors. For example,

Golomb and Bahr (197h) suggested that bands are regions of

differential concentration of chromatin. Gormley and Ross
(1976) offer another concept of banding which involves the theory '

l

. of the collapsed state of chromosomes. They present results

which suggest that while the induction of a collapsed state does

not lead to banding, the absence of a collapsed state may pre-

vent the production of bands. Sumner and Evans (1973) suggest.

that although it is evident that there are a number of factors

that might influenced the binding of dyes to DNA; the strongest

evidence indicates that Giemsa bands are the result of dye bind-
ing to adjacent sites on folded molecules of native DNA. The

spatial arrangement of sites in the chromosome is influenced by

non-histone proteins. They concluded that chromosome banding
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is thus a consequence of the reduction of dye binding in those
regions when the DNA chains become sufficiently dispersed to
prevent bridging by the dye molecules. _

_ F. Methods for the Demonstration of Differential
_ Banding Patterns of Chromosomes

l. Origin of Various Methods
’ There haye been man efforts to obtain information from

metaphase chromosomes. As early as the l920's, experiments with
dissolving and precipating agents, chemicals, enzymes and dyes
were carried out (Caspersson, 1973). Unfortunately, very little
usable information was obtained from these early studies.
Caspersson (1973) cites two reasons for this. One was the fact
that no methods existed for quantitative cytochemical work.
This problem was solved by using the nucleic acids in the chromo-

l

somes to quantify the data. The other factor blocking progress
was the extreme difficulty in identifying individual chromosomes
and more so, the specific regions on the chromosomes. There was

I

a limitation in the identification of chromosomes bywneans of
conventional qytogenetic techniques and autoradiography due to
the unavoidable variation of morphological patterns. Bytheseprocedures,

the differentiation within a chromosoe arm is limited,
and consequently structural rearrangements occurring in the chromo-
somes escaped detection to a large extent.
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However, since the advent of the new banding techniques
for chromosome preparations man studies have reported success-
ful identification of the individual mouse chromosomes (Arrighi
and Hsu, 1970; Buckland gt_al., 1971; Dev gt_al., 1971; Francke
and Nesbitt, 1971; D. A. Miller gt_gl., 1971; 0. J. Miller et_al.,
1971; Kouri et al., 1971; Schnedl, 1971; Wurster, 1972; Wang and
Fedoroff, 1972). The various methods used for obtaining the
banding patterns consist of quinacrine fluorescence techniques,
NaOH treatment and Giemsa staining, acetic-saline-Giemsa (ASG)
treatments, trypsin-Giemsa (T-G) procedure, reverse staining ‘

Giemsa (R bands) technique and the potassium permanganate treat-
ment.

’The first demonstration of a differential staining of
chromosomes was made possible by the quinacrine fluorescence _

l

analysis introduced by Caspersson gt_gl., (1970). In this method
quinacrine mustard or other DNA binding fluorescent substances V
induce constant and reproducible patterns in different chromosomes.
Under a fluorescence microscope, chromosomes treated in this
manner exhibit banding patterns of varying degrees of intensity.
These banding patterns are clear and stable and permit visual
analysis for the identification of homologues in considerable
detail.

The differential staining properties of Giemsa stain were
first observed by Pardue and Gall (1970). The ig_sitg
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hybridization technique employed_by Pardue and Gall made possible
the cytological localization of specific nucleotide squences.
This location was accomplished by hybridizing the DNA of

cytological preparations with radioactive nucleic acid. It was
shown by this method that sequences of mouse satellite (highly
repeatitive) DNA are located in the centromeric heterochromatin

of the mouse chromosomes. The localization of satellite DNA
was demonstrated as differential centromeric bodies densely
stained with Giemsa. This hybridization technique led to theI
development of the differential staining methods of chromosomes. I

Arrighi and Hsu (1971) demonstrated that constitutive

heterochromatin could be shown using a special staining procedure
with Giemsa. The so-called C-staining technique used a denatura-
tion-reassociation method, which was the basis for several of the l
original Giemsa banding procedures. It was shown that the local-
ization of heterochromatin (C-bands) in the centromeric regions

of the chromosomes is especially obvious at metaphase. The
V

expression of heterochromatin varied from cell to cell but its

variation was within a defined pattern. Therefore, the differen-
tial centromeric heterochromatin patterns or C-bands were useful

in the identification of individual chromosomes.
In another study, Yunis gt_g1., (1971) described a simple

technique which stained regions of satellite (or highly repeti-

tive) DNA in mammalian metaphase chromosomes. This Yunis
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technique employed the essentials of the Pardue and Gall (1970)

m¢th¤d with modifications to make the method more efficient,
Fcllowing this, the so-called "Giemsa techniques", G-staining

methods for the demonstration of G-bands, became available which
were developed independently in several laboratories (Gagne

gE_g1., 1971; Patil_gt al., 1971; Schnedl, 1971; Sumner gt gl., .
1971; Drets an Shaw, 1971; Dutrillaux, 1973).

Sumner gt_gl., (1971) developed a new Giemsa banding

method referred to as the acetic-saline-Giemsa (ASG) technique.
The cells are treated with hypotonic potassium chloride, fixed
in methanol-acetic acid and air-dried. The slides are then in-
cubated in ZXSSC (0.3M sodium chloride plus O.3M tri-sodium
citrate) before being stained with Giemsa, The banding patterns
(obtained by this method) of human chromosomes, except for the Y, V
are identical to those induced with quinacrine fluorescence.
Makino (1975) stated that except for the Y chromosqme, the ASG _V'
technique could replace quinacrine fluorescence for the identifi-
cation of individual chromosomes. No special microscope is
needed, the patterns of banding are clearer and more detailed, and
the preparations are permanent with the ASG technique.

Drets and Shaw (1971) devised a modified technique for the
demonstration of specific G-bands in human chromosomes. The ‘

method consisted of treatment of the chromosomes in situ with 7
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NaOH, followed by incubation in saline-citrate solution. After
air drying the slides are stained in Giemsa for five minutes.
This methodlüpduces sharp and defined bands in.metaphase chromo-
somes which can be used for identification of the individual
chromosomes.

·
The Giemsa-9 technique was developed by Patil gt_a1.,

(1971). It was shown that differential staining of human chromo-
somes could be obtained by changing the pH of the Giemsa stain

V from the usual 6.8 to 9.0. Such staining permits identification
of all homologous pairs and distinct regions within chromosome
arms. In most cases, it was shown that banding patterns were
similar to those obtained with quinacrine fluorescence.

Gagne gQ_a1., (1971) devised a technique to specifically
detect the heterochromatic region of chromosome No. 9 in man, A

l

both in metaphase and interphase. This method is a modification
of the technique described by Patil gt_a1., (1971). The critical
points of this technique are the pH and the freshness of the
Giemsa staining solution. The heterochromatic segments are vis-
ible from pH 11.3 to 11.9 with a maximum at pH 11.6.

A similar method, the Giemsa-11 technique, was introduced
by Bobrow gt al., (1972) for the differential staining of the
secondary constriction of chromosome No. 9 in man.

A rapid G-staining technique involving a trypsin digestion
pretreatment was described by Seabright (1972). The use of
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proteolytic enzymes such as pronase, trypsin, and‘*-chromog V

trypsin for demonstration banding patterns in chromosomes was
introduced in Dutri1laux's laboratory in 1971 (Dutrillaux,
1973). This method has been modified by several investigators
(Wang and Fedoroff, 1972; Seabright, 1972, 1973). Seabrightßs
method results in banding patterns that are closely similar in

V

homologues, sufficient for the recognition of the individual
chromosomes. A modification of the original method by Seabright
(1973) was made so that the slides are treated with hydrogen
peroxide before trypsiniation. With the modification, sharp
and consistent banding patterns were obtained from preparations
only a few hours old instead of having to wait five to seven
days before well-delineated banding patterns could be obtained
by_trypsiniation using the original method. „

A simple G-staining procedure for human and mamalian
chromosomes was reported by Schnedl (1971). In this method,
colchicine was added to the fibroblast and blood cultures.
Metaphase chromosomes treated by this procedure exhibited many

V

darkly stained regions which were crossed by more pale zones
along the entire length of the chromatids, showing a definite
banding pattern characteristic of each chromosome so that
identification could be made. This procedure has proved useful
for the demonstration of G-bands not only in human chromosdmes,
but also in the chromosomes of other mammals such as rats ad mice.
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M7Shiraishiand Yosida (1971) reported a simple technique

for differential staining of human chromosomes, This technique
involved the treatment of the air-dried slides with a urea
solution and then Giemsa staining, The method, described for
human chromosomes, is applicable to other mammalion chromosomes also,

An excellent method involving the demonstration of R-bands
”

(bands in reverse relation in expression to the G-bands) was
developed by Dutrillaux and Lejeune in 1971, which was described
by Makino, (1975), The critical step in this method lies in
maintaining the slides at a temerature of 87°C. This procedure
results in fairly faint staining chromosomes which require phase
contrast microscopy for analysis. With this technique the pattern
of a given pair of chromosomes is always the contrary of the
sequences observed with the quinacrine fluorescence technique or V

(

G-banding methods,

Matsui and Sasaki (1973) developed a new technique toi
demonstrate nucleolus-organizing regions of mammalian chromo-
somes, This staining procedure, referred to as N-bands, differs
from quinacrine, Giemsa, reversed Giemsa, centromeric and
Giemsa-ll banding patterns, Air-dried slides are incubated in
trichloroaceticx acid and reincubated in hydrochloric acid before

being stained with Giemsa, The N;bands appear as distinctive
purplish red spots, restricted to the nucleolus organizing regions ·
of the chromosomes,
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2, Coyarison of Methods _

I
When comparing the banding patterns obtained with the

various methods most authors agree that most of the results are ·

qualitatively similar. Wurster (1972) reported that there

appeared to be no conflict in correlating the major bands in

_ mouse chromosomes obtained by trypsin-Giemsa, with those obtained
I

by other methods. Schnedl (1973) ägreed that all the different

methods produce the same banding patterns in chromosomes. With

these (Giemsa) techniques, banding patterns can be seen in human I

chromosomes which, in general, agree with those visualized by

the quinacrine fluorescence method (Schnedl, 1973).

In mouse chromosomes the Giemsa banding methods also agree

with the quinacrine bands (Francke and Nesbitt, 1971; O. J.

Miller e_t_ _a._1;., 1971). Additionally, most of the regions that can '
I

be stai.ned by the Arrighi and Hsu method (Arrighi and Hsu, 1971)

can also be stained using the Giemsa banding methods. Thus, the

centromeric heterochromatin in mouse chromosomes is easily

stained with both methods (Buckland _e_t_ _a1_., 1971; Hsu gg g_l_.,

1971; Schnedl, 1971). Therefore, it seems likely that in the

Giemsa staining technique two mechanisms are super-imposed

according to Scrmcdi (1973).
1

The quinacrine bandi.ng methods (along with the other methods)

have made it possible to identify normal variants in the mouse,

just as they Ihave in man. Chromosomes 12, 15, 16, 18 and 19 may
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Secondary constrictions were visible before the banding tech- -

niques were used, the correlation between chromosome number and —

the presence of Secondary constrictions became more precise with

the advent of the banding techniques. Stain differences involving

Secondary constrictions have long been knovm (Stich and Hsu,

1960, Levan _e_’g_gQ._., 1962; Bennett, 1965; Dev _e_t_im_l_:_., 1971).

In the strains used by Dev gt _a_1_., (1971) a maximum of two pairs

of chromosomes in any strain was seen with prominent seconda.ry ”

constrictions .

While most investigators generally agree that the various

banding methods produce consistent patterns for the major bands,

there remain some discrepancies as to which technique yields the

best overall banding patterns. Approximately fifty-six major l
‘

bands, the bands Seen in contracted metaphase chromosomes, are

known to exist in mouse chromosomes (Schnedl, 1973). These major

bands are not the ultimate substructures that can be observed in

chromosomes (Schnedl, 1971). In the elongated chromosomes viewed

during prophase and early metaphase (prometaphase) stages, many

more minor bands can be differentiated. Wurster (1972) stated

that more bands (minor) can be recognized using the trypsin-

Giemsa methods than by using the other methods available.

However, the chromosome numbering system used in both human

and mouse karyotypes, which were adopted at the Paris Conference,



SO

1971 and by the Comittee on Standardized Genetic Nomenclature ß
for Mice, 1972, respectively, is based on the quinacrine fluores-

cence staining technique. The other staining methods are com- ·

pared to the quinacrine fluorescence method.

Wurster (1972) and Dev gg_gl., (1971) have given detailed

descriptions of the various landmarks and characteristic banding

patterns in mouse chrcmosomes as revealed by the trypsin-Giemsa

method an the quinacrine fluorescence technique respectively.

Each chroosome can be identified and homologues paired on the

basis of the banding patterns. Unfortunately, even with particul-

arly well-banded metaphase spreads using the quinacrine fluores-

cence methods, chromosomes 9 and 13 are difficult to distinguish.

(Dev gg gl., 1971; Francke and Nesbitt, 1971; O. J. Miller g§„gl.,
1971). Schnedl, 1971; Buckland gg gl., 1971 and Wurster, 1972 have L
reported similar findings using Giemsa banding methods.

As mentioned earlier, the Committee on Standardized Genetic
Nomenclature for Mice met in 1972. The Comittee recommended a

uniform karyotype and numbering system to be used in all future

mouse work to avoid further confusion with alternative number

systems.
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3. Factors Affecting the Qualigy A7
of Giemsa Bands

The method of slide preparation is quite critical to many

of the banding techniques used. ]Lubs gt_al., (1973) made a com-
parative study on various factors affecting the quality and fre-

quency of banding. They observed that air and heat drying slides

produced consistent results in trypsin-Giemsa preparations while

flae drying slides produced variable results.

Along with factors such as drying methods and hypotonic

solutions, several other factors have been found which affect
the quality of Giemsa bands produced by trypsin. Wang gt_a1.,
(1972) described several such factors involved in banding patterns

in human chromosomes. Human leucocyte cultures (flame-dried)

were subjected to three concentrations (0.025%, 0.05% and 0.1%) V
of trypsin tested at three temperatures (22O, 290 and 37°) for

5, 10 and 15 minutes each. Also tested were three various

staining solutions. Figures, 6, 7, 8, show the results of the

various comparisions. It was found that best results for banding

human chromoses were obtained when 0.1% trypsin was used for

5 minutes at 29°C and when0.025% trypsin was used for 10 minutes

at 37OC. It was also found in this series of comparing the

staining solutions, the best results were obtained by staining

the chromosomes first with Wright's Stain for 2 minutes followed

by Giemsa B Stain for 1 minute. These stains were stable for
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several days without appreciable_deterioration or change in pH,

Contrary to results published by Wang and Fedoroff (1972) it was

found in this study that the Giemsa A stain used then was un-
stable and did not produce good staining results.

G. Variations in Chromoseme

Structure and Number

1. Gene Balance

Abnormalities of chromosdme number and structure can be ° .
induced by a variety of agents, including environmental factors

and mutagenic agents. Since chromosomes are discrete, linear
U l

arrays of genes, alterations in the amount of this genetic

material (either structural or*numerical abnormalities) can

lead to genetic imbalance. This genotypic imbalance of the cell V
may in turn disturb the vital functioning of the cell. Because

the vital functions of the cells are under the control of the

chromosomal DNA which carries information to determine the de-

velopment ad metabolism of the cells, it is noted that the

differentiation and specialization of somatic tissue cells con-

taining a complete set of chromosdmes are ascribed to selective

regional gene activation or repression (Makino, 1975). Therefore,

it is possible to assume that any irregularities in the DNA

function.may lead to anomalous cellular metabolism, which may be

detrimental to the entire organism as well as to the integrity
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of the cells (Sandberg, 1965). The genetic imbalance may be the
result of impacts on the Vital functions of the DNA introduced
by enyironental factors and/or mutagenic agents.

Thus, chromosomal changes may reflect a change of genic
balance, and this may exert an effect upon the phenotype and
function of the organism in degrees proportional to the amount
of Variation in the genic balance (Makino, 1975). As a result,
phenotypic Variations, in different degrees, may be induced in
the organism. Very often they are incompatible with life and

· result in spontaneous abortion of the fetus or death in early
infancy. Gross changes of the chromosdme complement cause
abnormal zygotes.

2. Numerical Changes
l

V
For the sake of convenience, a distinction is made between ”

chromosomal abnormalities arising frdm the gain or loss of entire
chromosdmes which leads to aneuploidy (the term aneuploiay refers
to the occurranoe of an irregular or odd number of chromosomes)

and abnormalities which are due to structural alterations of
chromosomes which lead to an addition or deletion from their
normal genetic content.

The main causes of aneuploidy are non-disjunction, which ’

may be either mitotic or mieotic; chromosdme loss due to anaphase
lagging; and much more rarely, errors in fertilization (Ford, 1973).
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The most plausible interpretation for numerical changes of

mammalian chromosomes, particularly monosomy and trisomy, is the

mechanism known as non-disjunction. This is the abnormality of

cell division in which newly divided chromosomes fail to proceed

to opposite poles of the spi.ndle, and pass together to the same

pole. The consequent daughter cells thus contain different

number of chromosomes, with one daughter cell containi.ng an extra

chromosome is referred to as trisomic. (2n+1), and the cell which

lacks a chromosome as monosomic (2n-1).
l

Anaphase lagging, which results in the loss of chromosomes

in some cells without the consequential gain of chromosomes in

other cells, is a mechanism causing monosomy in plants. Anaphase

lagging is not thought to be an i.mporta.nt mechaniism in animals.

Numerical abnormalities of the chromosomes are represented l
in general the by terms polyploidy and polysomy. Exact multiples

(euploidy) over the diploid number (2x) are referred to as poly-

ploid, with the most common polyploidy level being triploidy

(3x) and tetraploidy (DX). The term polysomy is used, for ex-

ample, for the existence of three instead of two paired elements
of a particular chromosome i.n the somatic complement. This

particular example of polysomy is termed trisomy (2n+l) for the

chromosome involved. _
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3. Structural Abnormalities _
V

Structural abnormalities common to human and mammalian

chromosomes are: translocations, duplications, deletions, in-
versions, chromosomes with enlarged satellites, isochromosomes,

di—or tricentric chromosomes and rings. Chromosome aberrations

caused by a disturbance in the structure of chromosomes rather

than number, are generally demonstrated cytologically by detecting

an abnormal chromose in the kanyotypic analysis or by observing

a difference in length between the homologous chromosomes. (Several

genetic methods can also be emloyed to detect structural chromo-

some aberrations . )

Structural changes of chromosomes involve, in general, the

rearrangement of chromosome segments. Four main types, duplica-

tions, deficiencies (deletions), inversions and reciprocal
translocations, are abnormalities of clinical interest in man and

other mamals. Their recognition in cells relies on a significant

alteration in the length or arm—ratio of one or more chromosomes.

Deletions, duplications and nonreciprocal translocations result in
the loss or gain of chromosome material. This loss or gain^of

chromosome material is correlated with several important clini-

cal syndromes in humans.

A deficiency or deletion is defined as the loss of genetic

material following breakage of chromosomes. Deletions are of two

types: terminal and intercalary. Terminal deficiencies arise
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from one break in the chromosome, with the resulting acrocentric

fragment being lost. Intercalany deficiencies arise from two

breaks in one chromosome, followed by the chromosome fusing to-

gether and becoming shorter. The deleted portion is usually lost

as anacentric fragment.

Duplications are the opposite of deficiencies, with an excess

of genetic material indicated by the same sequence of genes

appearing in duplicate in the chromosome or in another chromo-

some. Duplications can either betandmn.repeat (side by side

duplication) or reversetandem repeat (the order being reversed

in the sequene of repeated genes). Duplications may also be a

Special case of translocations. Intra-chromosomal translooations

involve duplication and exchange between two homologous chromo-

somes.

Inversions are interpreted as chromosome breaks in two

places with the piece between the breaks becoming inyerted after

180 degree rotation along the chromosome. As a result, some of

the genes in the sequence come to lie in an inyerse order of the

original. When the inverted chromosome region contains the

centromere, the case is designated as a pericentric inversion.
The appearance of the chromosome may be changed because of a

change in the arm-ratio. Paracentric inversions do not include

the centromere and, therefore, the chromosome appearance is

usually not altered.



I

60

Translocations are defined as the transfer of a segment of

one chromosome to a non-homologous chromosome. Theoretically,

translocations do not result in loss or gain of the genetic

material, rather, translocations are a rearrangement of the

existing genetic material. However, translocations usually

cause certain morphological and numerical alterations of chromo-

somes. They often lead to the reduction of the chromosome number.
There are three types of translocations: simple, shift and

reciprocal. Simple translocations involve a terminal break in
one chromosome with the attachment of the broken end to a non-

homologous and non-broken chromosomes. These types of trans-

locations are extremely rare. Shift translocations involve two

breaks in one chromosome and one break in a non-homologous chromo-

some and the insertion of the segment resulting from two breaks _
l

between the two ends resulting from the single break in the non-

homologous chromosome. Shift translocations, which can result in p
duplications, are more frequent than simple ones but are still

rare. Reciprocal translocations require single breaks in two non-

homologous chromosomes and involves reciprocal exchange of broken

segments. This type of translocation is the most frequent and

becomes established in the next generation, whereas the other

types usually do not. (Shift translocations may become estab-

lished and result in duplication.)
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An abnormal element in the chromosome complement can usually
be identified rather readily because of its unusual appearance
in shae and size. ·The reunion of the broken ends between two
chromosomes can result in the formation of a chromosome with
two centromeres called a dicentric chromosome. A segment of
chromosome having no centromere is termed an acentric chromo- ·
some and will likely be lost during cell division. When two ends
of a chromosome are lost and the broken ends fuse together,
the formation of a ring chromosome follows. Abncrmal chromo-
somes described as isochromosomes are formed as the result of
transverse segregation of the centromere. The two daughter
chromosomes thus developed may be unequal in length to each other
but are always metacentric. The arms of each daughter chromo-
some are genetically identical. 1

V
4

Some structural anomalies of chromosomes, as mentioned

above, will imply a change in gene balance with an influence on
phenotypic manifestations. It has been shown that duplications

‘ and deletiions are unbalanced changes, while inversions and

reciprocal translocations are balanced type changes. In typical
cases, the latter represent segmental rearrangements with neither
loss nor gain of genetic material and with usually no apparent

V

· alteration of phenotype (Makino, 1975).
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III. MATERIALS AND METHGDS

V A. General Maintenance of Animals
The seven lines of mice used in this study were from ICR

albino stock originally from the Institute of Cancer Research,
Philadelphia. The mice were maintained in a controlled environ-
ment laboratory. The temperature remained at 2200 and the
relative humidity at approximately 50-60%. An alternating twelve
hour light-dark regime was followed. The mice were housed in
opaque, polyproplylene cages (13 cm X 17 cm) with metal tops.
A commercial bedding and mite dust were used in each cage.

The mice were maintained on a diet of Purina Lab Chow at -
all times during the study except during breeding and lactation
periods when Purina Mouse Chow was fed to supply additional
energy requirements. Water and feed were available ad_libitum,
directly through the metal.cage tops, throughout the study.

Normal laboratory procedures were followed in the rearing
of the mice. These procedures included: (l) the recording of

(

litters at birth, (2) standardizing the litters to eight pups
(four males and four females) at five days of age, (3) obtaining

litter weights and permanently identifying individual pups by
toe-notching at twelve days of age, (5) recording of individual

62



63 _

body weights at twelve, twenty-one, forty-two and fifty-six days

of age, (6) breeding of mice after fifty-six days of age.

V B. Egerimental Design
Approzcimately twenty-five male and twenty-five female mice ran-

domly chosen from each of seven l.ines were used for the first replicate, _

designated as generation OO, replicate O2. These lines included

four high lines of ICR mice selected for twenty-eight genera-

tions for maximum rate of individual 2l-to-M2 day weight gain,

one low line of ICR mice selected for twenty-five generations

for minimum rate of 2l-to-L;2 day weight gain, and two unselected

control lines random brai for twenty-eight generations. The four

high lines were denoted by ll, 12, 13, 1).;; the low line by 15

and the two control lines by Ol, O2 respectively. These three _
(

hundred and fifty mice, from seven lines, constituted the first

replicate of this study.

The second replicate, generation Ol, replicate O3, was

generated from the progeny of the animals in the first replicate

which were not used for chromosomal analysis. To obtain the

second replicate a one male-to-one female mating scheme was
used with full and half sib matings avoided. Approaclmately

eight male and eight female mice from each of the seven were-

used for the secondreplicate. Of the L;62 total mice from both

replicates, 102 mice were randomly selected for the detailed
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chromosome analysis for detecting abnormalities and for obtaining

measurements.
l

A random number generating program, written in FORTRAN IV, 1

A was the basis for selecting animals for the chromosomal analysis

from the first and second replicates.
Due to extremely large number of animals used in the study

and the length of the experimental procedures involved, the age

of the mice used for the gathering of chromosomes in the kanyo-

logical investigation was fr forty-two days to seventy days.

To minimize the effect of age in the study both replicates in-
l

volved animals from the six to ten week age spread.

C. Procedures for Obtaining Chromosome

Preparations from Bone Marrow Cells
V.

Metaphase chromosome preparations from the entire first

replicate and approximately one-half of the second replicate were

prepared according to a modified method based on Ford and

Hamerton's (1956) procedure developed for use with bone marrow

from mice. The metaphase chromosome preparations from the re-

maining one-half of the second replicate were prepared following

a procedure proposed by the Grand Island Biological Company

(Gibco). The Gibco procedure for obtaining metaphase chromo-

some preparations from leucocytes was successfully modified to

obtain chromosome preparations from the bone marrow cells.
l
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1. Modified Ford-Hamerton BongA Marrow Technigue l
The modified Ford-Hamerton bone marrow technique involves

six essential stages: (l) colchicine pretreatment, (2) hypotonic
treatment, (3) fixation, (h) processing or spreading of the

chromosomes, (5) staining, and (6) mounting the cells for micro-

scopic observation.

The following schedule outlines the procedure utilized in

obtaining metaphase chromosome preparations from bone marrow cells

of mice.
I

a) The colchicine pretreatment involved the intraperi-

toneal injection of the mice with 0.5 ml of a 0.025%

colchicine solution, kept at h°C. Fifty minutes later

the mice were sacrificed by cervical dislocation after '
V

being anesthetized with methozyfluorane (Metofane).

Fresh colchicine solution was made up every twe days °

because of its short shelf life.
b) Both femurs were dissected out and the epiphyses

removed. The femurs were kept in a solution of

Hanks' balanced salt solution (BSS) until the

epiphyses were removed and the hypotonic treatment was

_ begun.

c) The hpotonic treatment consisted of flushing the

bone marrow out of the shafts with a warm (37°C)
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1.12% hypotonic sodium citrate solution using aV
hypodermic syringe. The marrow was flushed into

small siliconized test tubes. The sodium citrate

solution was made up prior to each use.

d) The test tubes were labeled using random numbers,
which represented the individual mouse number and

line number, to eliminate any bias in the analysis

of the various lines.

e). By gently aspirating the marrow into and out of a

l hpodermic syringe the cells were converted to a
~

fine suspension. The test tubes containing the

suspension were then.placed into a water bath at
3700 for thirty minutes.

f) The cell suspension was concentrated by spinning _

slowly in a standard clinical centrifuge for two

minutes.

g) The fixation process consisted of four separate
fixation periods which varied only in the time

allotted for fixation. The supernatant hypbtonic

solution was first removed, then, 0.5 ml of chilled —

glacial acetic acid-methanol (1:3) fixative was

added to the test tube. The cells were resuspended
' by aspirating with a hypodermic syringe. The test

tube was then placed into an iceewater bath for three
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minutes. After this initial three minute fixation
l

period, the cells were again centrifuged for a two

minute interval. Following the centrifugation, the

supernatant was removed, new fixative was added and
the cells were resuspended. The test tube was again
placed into an icedwater bath for a five minute
fixation.period. This procedure was repeated for a
seven and a ten minute fixetion.period.

I

h) Following the final fixation.period, processing and

staining the chromosomes was done immediately if

time permitted. If this was not feasible, the cells
were stored at h°C until the processing and staining

could be done.

i) For processing the chromosomes, the cell suspensions g
l

were transferred from the test tube to a pre-cleaned

microscope slide which had been previously dipped

into 70% ethanol. One or two drops of the celli
suspension.were dropped onto the slidefrom a Pasture

pipette at a distance of approximately eight to ten
inghgg, At least two slides were made from each

vial. The slides were labeled according to the random

number assigned to the vial.

j) The slides were then flamed and left to air-dry.
After the slides were dry, approximately half of them
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were Giemsa stained while the remainder were trypsin—
l

Giemsa stained. The slides were randomly chosen for
either trypsin-Giemsa or Giemsa staining.

The chromosome preparations were stained using modifica-
tions of two trypsin-Giemsa (T-G) techniques reported by Wurster
(1972) am Bu1·1m¤1«1a~ and comings (1972).

The working solutions used were:

Tgypsin: BX recrystallized. Five mg of trypsin were
reconstituted in lOO ml of Hanks' balanced salt solution (BSS)
free of Ca+2 and Mg+2 ions.

Giemsa stainipg solution: One ml of Giemsa stock solu-
tion, one ml of O.1hM sodium phosphate buffer, and forty-eight
ml of distilled water were mixed together. (See appendix A for
the cdmposition of the Giemsa stock solution; and appendix B L

’ l

for the composition of the O.1hM sodium phosphate buffer.)
The staining solution was made up imediately before each use.
The staining process for the trypsin-Giemsa technique consisted
of:

a) Immersing the slides in the trypsin solution (See*
apendix C for the cdmposition of the trypsin solu-
tion) for 15 seconds and then rinsing vigorously in
two changes of 95% ethanol. (If the slides were not

trypsinized before Giemsa staining this step was

omitted and the process started with the Giemsa stain-
ing.)
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b) Transferring the slides, without drying, to the
9

Giemsa staining solution for 15 minutes.
Y

c) Briefly rinsing the slides in distilled water to

4 remove the excess stain before the mounting process. .

After staining, the cells were mounted for observation

under the microscope. The following schedule outlines the

mounting process (Adkisson, 1975).

a) Immediately following the rinsing of the slides to
· remove the excess Giemsa stain, the slides were

placed in tertiary butyl alcohol (butanol) for

fifteen seconds.

b) The slides were then transferred to a 1#1.mixture of

butanol and xylene for one minute.

c) Following the butanol-xylene treatment the slides
A

were treated with two changes of 100% xylene for

one minute in each solution.

d) While the slides were still wet with xylene, one

drop of Pro-Texx Mounting Resin was placed over the

cells and then a clean coverslip (#1/2) was care-

fully laid onto the slide.
e) After allowing a 12-15 hour drying period the slides

were ready for the microscopic observations.
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2. Modified Gibco Leucocyte Technique Ul
The modified leuoocyte technique also entailed the six

essential Stages: (l) colchicine pretreatment, (2) hypotonic
treatment, (3) fixation, (M) processing or spreading of the
chromosomes, (S) staining, and (6) mounting the cells for
microscopic observation.

The following schedule describes the procedure utilized
for obtaining metaphase chromosome preparations from bone marrow
cells of mice with a modified leucocyte technique.

a) The colchicine treatment was the same as described
”

above for the modified Ford-Hamerton method. Steps
a»d are the Same for both procedures and will not be
repeated here. Step e represents the beginning of
the differences between the two procedures. U

4

e) The bone marrow was gently aspirated by drawing the
marrow in an out of the narrow portion of a nine
inch Pasture pipette. The test tubes were then
allowed to stand at room temperature for fifteen

minutes.
f) Following the hypotonic stage, the suspension of

cells was then concentrated by Spinning at a medium
speed (#M) in a Standard clinical centrifuge for
four minutes. 4
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_ g) Several fluid changes were made during the fixationl
process. The fixation process, which consisted of
two separate fifteen minute fixation periods, began
with the removal of all the supernatant fluid except
for approximately .25 ml over the pellet of sedi-
mented cells.

h) The cells were then resuspended in the remaining
citrate solution by tapping and shaking the tube
gently.

i) The fixative, 0.5 ml of fresh, room-temperature
glacial acetic acidemethancl (1:3), was slowly added

to the suspension and allowed to equilibrate. More
fixative (three ml) was then added to the suspension

and allowed to stand at room temperature for fifteen _
U

minutes. -
j) Following the first fixation period, the cells were

again spun down, resuspended in .25 ml of fixative,
allowed to equilibrate with .5 ml of fresh fixative
before three more ml of fixative was added. The
suspension was then left at room temperature for
fifteen minutes.

k) The cells were again spun down for four minutes.
All but approximately 0.5 ml of supernatant fluid
was removed.
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1) For processing the chromosomes, the cell suspensionsvl
were transferred fra the test tube to a chilled,
pre-cleaned microscope slide which had been dipped

into 70% ethanol. Three to four drops of cell sus-

pension were dropped from a distance of five inches

onto the slide. From two to five slides were made

from each vial. The slides were labeled according
to the randcm numbers assigned to the vial. In

addition to the randdm number designation, eachA
slide was also assigned a number indicating the

numerical order of the slides.
m) The slides were then flamed an left to air dny as

in the Ford-Hamerton method. Again, after the slides

were dry, approximately half were Giemsa stained U
l

while the remainder were trypsin-Giemsa stained.
The staining and mounting of the cells follcwed the pro-

cedures described previously for the modified Ford-Hamerton

bone marrow method.
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D. The Examination of Chrdmosome Pregarations

1. Detection of Favorable Sgreads

Following the staining and mounting of the cells, the
I

slides were scanned at low power (dry objective x 10) for local-
ization of spreads and general appearance of the chromosdmes.
After the initial scan, the cells with the most favorable over-
all quality were selected with.magnification x MO. These

selected cells were then analyzed using the oil immersion lens of

a Leitz Microscqpe. The actual counting of the number of chromo-
somes and checking for unusual chrdmosome structure was done

with oil immersion.

2. Photograghing of the Chromosomes

In addition to direct analysis of the chromosomes by eye, .
it was essential to obtain photomicrographs for further observa- l

tions. Since the photomicrographs were destined for karyo-

typing after each of the chromosdmes had been individually cut

out, it was necessapy to impose a severe selection on their

quality. Selection of photcmicrographs was based on the follow-

ing criteria: uniformity of staining and suitable trypsin ex-

posure; sharpness, lack of overlapping, of folding, or of

fragmentation of elements; and spreading of all chromosemes with

chromatids clearly separable.

The selected metahase chomosome spreads were photographed
primarily on Kodak Plus X Pan Film, while same spreads were
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photographed on Kodak High Contrast Film to determine which
4

resulted in sharper, clearer images.
l

Karyological investigations were made from 5 X 7 inch

enlargements. These enlargements were printed on high-contrast

Super Bromide F 6 paper. This enlargement to S X 7 inch was

necessary for effective definition and precise comparison of the

different elements of the chromosomal ccmplement.

' 3. Analysis of the Chromosomes

a. Measuring the chromosomes

Chromosomes are identified and classified by two features,

their length and the position of their centromeres. The precise

measurement of the actual length of a chromosome can be observed

by using either a micrometric ocular or by measuring a photo- _

graphic image, whose enlargement is know precisely. However, ‘

the length of a chromosome varies within very wide limits as a

function of the stage of mitosis. Length also varies with the

degree of uncoiling of the secondary spiral due to the action

of the hypotonic shock (Turpin and Lejeune, 1969).

It is, therefore, desirable to choose a parameter relatively
A

independent of these two variables such as the relative length.

The relative length is a term.which relates the actual length

of a pair of chromosomes to the total length of all the other

pairs.
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Wurster gt_al., (1971) reported the use of four methods

for obtaining measurements of chromosomes, expressed as a per-
' centage of the haploid complement occupied by a certain chromo-

some. A brief comparison of the four methods follows:

1) Paper cut-out technique.

This method employs the use of projecting selected

negatives onto white typing paper and again onto

white bond paper, achieving a final magnification of

650OX. The outlines ef each chrcosome are then

carefully traced onto the paper with a hard pencil,

and then cut out and weighed on a torsion balance.

2) Photo cut-out technique

This technique is similar to the previously mentioned

one except that the negative is printed on photo- _
4

graphic paper (usually high contrast F 6 paper) in-

stead of traced onto bond paper. The printed image

is then carefully cut out and weighed on a torsion

balance to within 0.1 mg.

3) Acid-etch technique

This is the most refined of the methods discussed so far.

It removes the troublesome, error-prone steps of tracing

and cutting out involved in the other two procedures.

However, this method does require more time and equip-

ment. In this technique a doubly reversed, h x S
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inch enlarged negative is used in the etching process.

. ‘Copper metal cut to the M x 5 size is coated on one

side with Kodak Photo Resist Type 3 and allowed to

dry. To expose the coated metal, the specially pre-

pared negative is placed on the metal under a vacuumx

press and then exposed with a.mercury arc lamp. The

exposed metal is then developed and etched byla

continuous flow of 60% ferric chloride.

M) Length measurement technique

This method involves the measuring of chromosomes with

the use of calipers. The measurements are made from

the tip of the longer chromatid to the middle of

the centromere.

According to Wurster gtlgl., (1971) all four methods of obtaining .

measurements gave °adequately similar results.

The length measurement technique of measuring chromosomes

was used in this study. Chromosomes from selected metaphase

cells were measured by the use of a dial caliper. These cells

were selected on the basis of the criteria used for selecting

photomicrographs described previously. The relative length, as

a percentage of the total haploid length of the chromosomes, was

determined for each chromosome. The following equation was

used to determine the relative length.
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Relative length = leagth of the chromosome _V
total length of all chromosomes
in the haploid set.

b. Karyotyping the chromosomes

After the relative length of chromosomes were obtained;
the chromosomes were arranged in groups of similar length. The

mouse chromosomes can be arranged into three fairly distinct

groups according to length; the long chromosomes, 1-7 an the X;

the medium chromosomes, 8-18; and the short chromosomes, 19 and

the Y. Once the chromosoes are arranged in particular groups,

the Peirihg Of 'homologs can—be made. The relative lengths

and characteristic landmarks such as satellite regions and

banding patterns are used as an aid in matching homologous

chromosomes. .
C

Kanyotypes were made for each of the seven lines following

recomenations of the Committee on Standardized Genetic Nomen-

clature for Mice (1972). The chromosomes were arranged in

approximate order of decreasing length and numbered l-19. The

sex chromosomes were the last chromosomes in the karyotype and

not numbered.

E. Statistical Analysis

In this study, the frequencies of chromosomal abnormali-

ties observed in divergently selected lines of mice and unselected

control lines were to have been analyzed utilizing a Chi—square



78

test, which is a measure of the discrepaney existing between ° _

observed and expected frequencies (Spiegel, 1961). Hcwever,

neither structural chromosomal abnormalities ner aneuplgids were
observed in any of the lines examined. A total of 6 spreads
(or cells) frem each of 102 mice were examined for structural
abnormalities and aneuploids.

Therefore, another parameter, chromosome length, was em-
ployed to determine whether any significant difference existed
between the various lines used in this investigation. Chremosqme
measurements frem 102 of the original h62 mice (350 from genera-
tion 00 and 112 from generation 01) used were compared by utiliz-
ing a pooled "t" test. The 102 mice used for chrcmosome measure-
ments were randomly selected from the original h62 mice used in
the study. A pooled "t" test is used to determine if differences T
between two sample means diverge, from zero, with the population
variances unknown'but assumed to be equal (walpole and Myers,

1972).
The procedure that was used in this analysis was:
1) Obtain the sample mean and sums of squared devia-

tions of each of the chremosemes (l-19, X and Y) for

each of the samp1es(HT, LT, CT, HNT, LNT and CNT)

where HT = average measurements of the chromosomes of
the four lines selected for maximum rate of growth.&¤d

°treated with trypsin during the staining procedure.
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= measurements of the chromosomes of the one lineL
selected for minimum rate of growth and treated with

trypsin during the staining procedure,

CT = average measurements of the chroosomes of the

two unselected control lines treated with trypsinL
during the staining procedure, »

HNT = average measurements of the chromosomes of the
four lines selected for maximum.rate of growünand not

treated with trypsin during the staining procedure,

INT = measurements of the chromosomes of the one line

r selected for minimum rate of growth.and not treated with

trypsin during the staining procedure,
V CNT = average measurements of the chromosomes of the

two unselected control lines not treated with trypsin ,
T.

during the staining procedure,

(See figure 9 for a diagramatical presentation of

the creation of the population sampled,)

2) Develop the pooled "t" values for each of the chromo-

smes, comparing the following samles:

HT VS, LT .

CT VS, L]

CT VS, HT

HNT VS, LNT

CNT VS, LN'}

ÜN]? VS, HN']
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Stated in statistical terms, using the following
l

notation:
·

°X(n)K--representing the sample mean of the chromo-

some number n
(n=f

1,...19, X, Y) for the Kth popu-

lation (K= HT, LI, GI-, HNT, LNT, CN-I-).

MK-—representing the population mean of the Kth

population.
‘ SSK-representing the sum of squared deviations.

NK--representing the number of observations taken

from the Kth population•

The null hypothesis, HO, is tested ‘

HO:'5C(n)1-'i(¤)_5=0
versus the alternative hypothesis, Hl,

The pooled "t" statistic is

1.. 1..Sp Ni + Nj

2 SSi + SS;]
where Sp =

Ni + Nj-2

for i = HT, j = LI-;
j- = CT: LI'}

i = CT: = HT} . l 8
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l i = HNT, j = LNT;

i= Cm, 6 = Hm.



IV. RESULTS AND DISCUSSIDN

A. The Examination of Chromosome Preparations
1. Evaluation of Giemsa Banding Patterns

Chromosome preparations from 102 out of the original h62
mice were used for the detailed analysis of the chromosomes,
The extremely time consuming evaluation of each chromosome spread
rendered impossible the examination of the total number of slides ‘

made. For the 102 mice, a total of Six spreads (three trypsin-

Giemsa stained and three Giemsa stained) was examined for each
mouse for chromosome number, struotural abnormalities, banding
quality and chromosome length. As Wurster (1972) stated only
10-20% of the spreads on a slide may be suitably spread out, none V
overlapped and well-enough banded for analysis. For this reason,
only a certain number of spreads can be used for chromosomal

_ analysis.
2

Two very similar methods were used for obtaining the chromo-
somes. The first method used was a modification of the bone
marrow technique proposed by Ford and Hamerton (1956). The

second method used was a modification of the leucocyte technique
proposed by Gibco. Following the obtaining of the chromosomes,

83
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a modified trypsin-Giemsa treatment (Seabright, 1971; Wang and

Fedoroff, 1972; Wurster, 1972; Burkholder and Comings, 1972)
l

was used on all chremosomes (except the chromosqmes that were

only Giemsa stained where the trypsin staining step was omitted).

The entire procedures for both methods for obtaining chromo-

some preparations were outlined in detail in Chapter Three.

Many factors have been reported that affect the quality of

banding patterns in mammalian chromosemes. As discussed in

Chapter Two of this study, Lubs _e;:_ Q., (1973) and Wang gig gal.,

(1972) described various factors involved in the quality of

Giemsa banding patterns in human chromosqmes.

In the present study, it was found that the various changes

in the mode of obtaining chromosqme preparations did nct result

in any observable differences in the quality or frequency of _
(

banding. These changes included: (1) a 30 minute versus 15

minute hypotonic pretreatment for the modified Ford-Hamerton ·

method an the Gibco method, respectively, (2) more and longer

fixation.periods in the Ford-Hamerton method than the Gibco

technique, and (3) the use of room temperature slides rather than

cold slides in the Ford-Hamerton method. Thus, qualitatively,

the banding patterns appeared identical for both methods.

Wang gt_al., (1972) stated that in order to produce Giemsa bands

in chromosomes using trypsin treatment, certain factors such as

the type of trypsin, its concentration, the temperature and the
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duration of treatment, should be.proper1y adjusted. The most

satisfactory arrangement is to fix the concentration and tempera-

ture and vary the time (Wang gt_al., 1972).

It was also observed in the present study, that the trypsin

concentration of 0.025% at a temerature of approximately 22OC

produced consistent results. The treatment time of 15 seconds in

trypsin solution was also found to produce the best results.

Treatment times longer than this resulted in distorted chromo-

somes due to over-treatment with trypsin. However, it should

be noted that there are no hard and fast rules which can be

aplied to all circumstances. 'Wang gt_al,, (1972) reported that

there may even be variation in sensitivity to treatment between

parent cells and their progeny.

One difference in banding quality was noted in the present '
3

study. This difference occurred between chromosome preparations

that were stained and mounted after being obtained from the mice

and, those chomosome preparations that were stored in fixative

at MOC (for up to two weeks) before the staining and mounting

occurred. This result is contrary to that reported by Ford

(1973). Ford stated material which has been fixed may be kept

in a refrigerator, in the fixative, for some weeks, with onLy

slight deterioration. The slides made from stored chromosome

preparations showed considerable deterioration. The mechanism

for this deterioration is not known, but it may be that the
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fixation in glacial-acetic acid for very long times might some-

hcw interfere with the trypsin and/or Giemsa staining.

While two methods for obtaining the chromoscmes were used

in the present investigation, the critical factors of trypsin

time, concentration, etc. were the same. The length of hypotonic

pretreatment and length and number of fixation periods might,

therefore, not be as important as such factors of trypsin con-

centration, time and temperature, and Giemsa type in producing

Giemsa banding patterns.

2. Chromosome Number

In this investigation, the frequencies and, if possible,
8

the type of chromoscmal abnormalities observed in divergently

selected lines of laboratory mice and unselected control lines -

were to have been examined and line characterizations made. How~
4

ever, upon examination of the various lines (six spreads each for

102 mice) no structural chrcmoscmal abnormalities nor any
aneuploids were observed. This finding is not unusual when con-

sidering the incidence of chromosome abnormalities in the general

human.popu1ation. No studies have been reported which deal with

the occurra.nce of chromoscmal abnormalities as either the result

of selection or spontaneous appearance of chromoscme abnormalities

in experimental mouse populations. Therefore, incidences of

chromoscmal aberrations in the human population will be used.
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To learn the incidence of chromoseme abnormalities in

general human populations, it is essential to assess the signifi-

cance of the chromoseme aberrations in.populations examined for

malformations and congenitaldgfiqieneies (Makino, 1975). As

with mice, the magnitude and frequency of deviation frm the

diploid chromosome number in normal human subjects have not been
sufficiently defined. In most published cases, the control

populations consist of laboratory or patient groups recognized

to be physically normal Qmkino, 1975). Iubs and Samuelson
(1967) examined 3,270 lymphocytes from normal human subjects and A
reported that the number of cells with single or multiple breaks

was 227 and eight cells (0.2h5%) showed structural rearrangements.

Bloem gt_gl., (1970), in chromosome studies on South American
· Indians, reported that the number of cells with one er more

l
V

aberrations were 139 out of 3,175 cells (h.38%) examined in

males and 61 of 1,700 cells (3.59%) in females.

According to Makino (1975) only the gross types of chromo-

somes aberrations will be recognized by current cytogenetic

techniques. Small chromosqme rearrangements involving deletions,

duplications and inversions are invisible by means of conventional '

cytogenetic techniques. This may explain why no such abnormali-

ties were found in the present study, In the mouse karyotype I
where all forty chromosomes are telocentric, with small grada-

tions of length separating the twenty pairs, small chromoscme
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rearrangements are virtually·impossib1e to detect. Translocations

would be easier to detect because the translocated chromosdme is

usually morphologically different from the other chromosomes and

longer (see for example karyotypes of translocation bearing

strains by White §t_gl., (1972). According to Turpin and Lejeune

(1969), translocations in human chromoscmes, which nearly always

consist of rearrangements between two acrocentric chromosomes,

present no difficulty in detection. They also stated that in all

cases examined the existence of the new translocated chromo-
l"

_scme involved a morphological change too obvious to be overlooked.

.
V

vHowever, the identity of the two elements implicated in the trans-

location can only be established by elimination or by genetic ·
‘

inference. It must be stressed though, that reciprocal trans-

locations of fragments of the same dimensions cannot be detected _
(

if these changes involve no change in the arm ratio of the

affected chromosomes. „

As previously stated, the observation of no structural

abnermalities was determined for the different mice from the

various lines, The only structural differences observed in the

spreads analyzeiwerethe presence of secondany constrictions in

certain chremosomes.

As many as seven chromoscmes in the mouse karyotype have

exhibited secondary constrictions (Bennett, 1965). The Comittee

on Standardized Genetic Nomenclature for Mice (1972) published a
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standard karyotype with four chromosomes, No. 12, 15, 18 and 19 ·

exhibiting secondary constrictions (refer to Figure 2 for an

illustration of a satellited telocentric chromosome). In the

present study, all lines exhibited the presence of secondary

constrictions. Varability of the presence of secondary con-

striction in individual cells in the same individual prevented

any comparisons between the lines used in this study. It was

noted, however, that in the mice Studigd a maximum of four pairs

of chromosdmes was seen.with prominent secondary constrictions

in any individual in any line. Dev et_gl., (1971) deduced that a
the presence of a prominent secondary constriction appeared to

be a simple inherited polymorphism, with no evidence of complex

interactions. Figure 10 shows a photograph of a typical chromo-

seme spread with arrows pointing to the secondaryconstriction.A

mean number of no telocentric chromosdmes with very

similar banding patterns was found for each line after observing

six spreads each from 102 different mice. No aneuploids were

observed in any of the lines. Certain cells observed from

individual mice exhibited variations in the normal diploid number

of h0. However, these variations were not consistent for all the
cells of an individual and thus, were not counted as abnormali-
ties. The number of chromosomes present in any individual spread
for any animal varied frdm l7—h2. But these extremes in number

_ were not referred to as an abnormal situation because the low and
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A .

Figure 10, A chromosome Spread with a.rrowS pointing to the
Secondary constrictions (920OX)--present Study,

A
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high numbers were only observed in one or two spreads per animal.

and only one or two animals per line.
l

3. Chromosome Length
The mean relative length of each chromosome in the com-

plement was obtained by measuring the chromosomes with a dial

caliper. Duplicate measurements for each chromosome from 51

spreads per line were used for obtaining the relative lengths.

Table L; shows the comparision of the relative length, in per-

centage of the total haploid complement, of trypsin treated

chromosomes from the control line (unselected), high line (mice
_

selected for maximum rate of growth) and the low line (mice

selected for minimum rate of growth). Table 5 shows the com-

parison of the relative length, in percentage of the total _

haploid complement, of the non-trypsin treated chromosomes from ‘

the control line, high line and low line. Table 6 shows the

relative length of mouse chromosomes as obtained by Dev gi _a_l_;.,

(1971) and Schnedl (1971). The average of the measurements from

Dev et _a£L_., (1971) and Schnedl (1971)is used by the Committee

on Standardized Genetic Nomenclautre for Mice (1972) as the

standard for the relative length of mouse chromosomes. It should

be noted that Dev et Q., (1971) measured standard orcein-

stained chromosomes, identi.fied by prior quinacrine fluorescent

staining, in ten female and si.x male cells from primary cultures
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TABLE L; _ ·
COMPARISON OF THE RELATIVE LENGTH (IN PEROENTAGE OF THE TOTAL

HAPLOID GOMPLEMENTL OF TRYPSIN TREATED MOUSE CHROMOSOMFS.l

Chremoseme Control High Low Average
number line line line

1 6.89 6.96 7.00 6.952 6.51 6.h8 6.53 6.51
3 6.16 6.37 6.13 6.221; 5.65 5.66 5.70 5.675‘ 5.39 5.3h 5.36 5.366 5.23 5.26 5.30 5.267 5.19 5.17 5.19 5.1878 1;.96 1;.92 5.01 1;.969 M.89 h.86 h.90 h.8810 h.7h h.7h h.6h M.7111 1;.62 1;.63 1;.50 1;.5812 1;.1;8 LL.1;5 1;.1;6 1;.1;613 M.37 M.25 M.32 h.31 91h M.27 h.23 h.31 M.27

15 M.13 M.17 h.l7 h.16 (
16 3.93 3.98 3.89 3.9317 3.70 3.70_ 3.72 3.7118 3.h8 3.hh 3.h6 3.h6
19 2,62 2.6L; 2.62 2.63X 6.06 5.99 6.08 6.0hY 2.73 2.75 2.73 2.7h 7

lCalculated from the average of duplicate measurements on
51 spreads per line. '
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TABLE 5 _
COMPARISON OF THE RELATIVE LENGTH (IN PERCENTAGE OF THE TOTAL

HAPLOID COMPLEMENT) OF NON-TRYPSIN TREATED MOUSE CHROMOSOMES.l

Chromosome Control I High Low Average
number line line line

:. 6.59 6.79 6.56 6.652 6.27 Ö.)-18 6.27 6.311
3 5.86 6.03 5.91 5.93
M 5.56 5.73 5.58 5.62
5 5.115 5.61 5.39 5.1186 5.33 5.50 5.35 5.39
7 5.15 5.33 5.20 5.23
8 5.05 5.18 5.03 5.09
9 M.88 5.03 M.85 M.92

10 M.79 M.92 M.77 M.83
11 M.65 M.79 M.69 M.71
12 M.57 M.72 M.58 M.62
13 11.51 11.611 11.5M 11.56 .111 MI»•32 11.1111 11.28 11.35
15 M.12 M.2M M.07M.1M1611.06 11.18 11.03 )-I-•O9
17 3.85 3.98 3.8M 3.89
18 3.38 3450 3.M3 3.MM
19 2.95 3.05 _ 2.9M 2.98

X 5.70 5.88 5.73 5.77
Y 2.97 3.7M 2.95 3.22

lCalculated from the average of duplicate measurements on
1 51 spreads per line.
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TABLE 6
COMPARISON GF TH RELATIVE LENGTH (IN PERCETAGE OF THE TOTAL
HAPL01D COMPLEMENT) OF MOUSE CHROMOSOMES.

Chromosome Number Dev et al. Schnedl
(1971) (1971) Average

1 7.27 7.1h 7.20
2 6.97 6.80 6.883 6.0u 6.16 6.101. 5.89 5.89 5.89
5 5.98 5.63 5.80
6- 5.51 5.7h 5.62
7 5.51 5.36 5.h38 5.00 5.01 5.00
9 h.85 5.07 M.9610 h.86 h.80 h.8311 M.77 u.u9 h.6312 h.68 h.58 h.63

13 M.35 h.h2 h.38
1h h.h6 h.l6 h.31 y15 h.O3 h.31 M.1716 3.82 3.91 3.86 2
17 3.56 3.92 3.72
18 3.79 3.61 3.691 19 2.62 2.67 2.65

X 6.03 6.33 6.18T 2.75 2.69 2.72

The average of Dev et al., (1971) and Schnedl (1971) is
the relative length used by the Committee on Standardized ’
Genetic Nomenclature for Mice (1972).
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of C57Bl/65 embryos, Schnedl (1971) measured the chromosomes in

1CO cells from C3H embryos, using a modified Giemsa staining

technique that produces banding patterns similar to those pro-

duced by fluorescent staining.

The results obtained in the present study (Tables h and 5)

are in agreement wdth those of the Committee on the Standardized

Geneuh:Nomenc1ature for Mice (1972) shown in Table 6. 'Where

slight discrepancies do occur, they can.possibly be explained as

the result of a cobination of technique, strain, and treatment

differences. The fact that adult mice were used in the present

study while Dev ä gi., (1971) and sebuedi (1971) used embryos
(

might have caused some alterations in the measurements obtained.

However, this seems unlikely. Chromosome length is not usually

thought to correspond to age of an organism. Burkholder and l
4

Comings (1972) examined a related question of whether Giemsa

banding patterns of chromosomes change during embryonic develop-

ment of mouse blastocysts and late embryonic fibroblastsu They

found that the banding patterns for both development groups were

very similar. The differences observed were no greater than the

kind of variation often observed between the chromosomes of cells

from the same stage, or between maternal and paternal homologues

within the same cell. 7
The difference in length between adjacent chromosome pairs,

when they are arranged in order of decreasing length, is quite
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variable as can be seen from Tables b, 5, and 6. The X chromo-

some is the fourth largest in the complement. The Y chromosme

is slightly longer than the smallest autosome number 19. The ·

presence of a secondary constriction on number 19 is often used

to differentiate it from the Y (Stich an Hsu, 1960; Levan.gt_gT.,

1962).
Chromosome length was employed as a means of detecting if

any significant differences occurred between the various lines

utilized in this study. Strain Variation for the length of

the Y chromosome has long been known to exist (Levan_gt_gl.,

1962). Chromosome measurements from 102 mice were compared by

utilizing a pooled "t" test. The pooled "t“ test was used 2
to determine if differences between two samle meamsdiverge

from zero, with the population.variances assumed to be equal _
(

but unknown GNalpole and Mers, 1972).

Tables 7-15 show the comparisons made. From Tables 7, 8,

. 9 and 10, ll, 12 it can be seen that the control, high, and low

line measurements for each chromosome in the trypsin-Giemsa _

group and the control, high, and low line measurements for each

chromosome in the non-trypsin-Giemsa group are very similar.

The smallest @2 level observed was .30 on the comparison of

chromosome 3 between HT and LT.

As can also be seen from Tables 13, lb, 15, the effect of _

the treatments (trypsin and no trypsin) was significant at the
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TABLE 7 .
COMPARISON OF HT AND IT (51 samples each)

Chromosome Number T Value Level of Significance A
(100 8.r.) E (62)

1 .209 .852 1 .239 .85
3 .9bO .30
h.0955

.831 .376 .608 .55
7 .0h8 X
8 .380 . 70
9 .11h X10 .325 .75 .11 .318 .75

12 .012 +6
13 .196 .87111 .1137 .70
15 .02h % 1
16 .319 .75 „17 .052 X
18.02219
.035X.31h .75Y .096 X

%Pr0babi1ity greater than .99



99 '

TABLE 8

COMPARIBON OF CT AND LT (51 Samples Each)

Chromosome Number T Value _ Level of Significance
(100 8.r.) (62)

1 .677 .52
2 .156 .88
3 .082 6+
M .191 .87
5 .127 .90
6 .212 .85
7 .001 6+
8 .286 .78
9 .032 6+

10 .2611 .77
11 .67h .52
12 .0h9 6
13 .111 6+
lb .311 .75
15 6 .110 6+
16 .095 6
17 .067 6+
18 .051 6+
19 .007 6+

X .080 69
Y .00).1 6+

6+ Probability greater than .99
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TABLE 9 _
COMPARISON OF 0T AND HT (51 Samples Each)

Chromosome Number T Value Level of Significance
(100 7—1.£.) (7772)

1 .1796 .70
2 .039 8
3 .889 .35
17 .097 7 8
5. .183 .88
6 .120 8
7 •Ü)-L3 8
8 .159 .88
9 .088 8

10 .025 8
ll .125 .90
12 .059 8
13 .276 .75
117 .187 3 .87
15 .1178 .88 7
16 .171 .88
17 .,021 8- ’
18 .118 8
19 .0170 8

X •2)-LÜ .75
X .080 8

8Probabi11ty greater than .99
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‘ TABLE 10 .
COMPARISON 0F HNT.ANE ENT (51 Samples Each)

Chromosome Number T Value Level of Significance(100 8.f.) (a2)

1 .273 .78
2 .263 .783 .0h5 2

· L; .076 2+
5 .6uh .556 .079 %7 .Oh2 2
8 .176 .87
9 .189 .87

10 .168 .88
11 .029 8
12 .165 .88
13 .017 2+
lb .h8l .70
15 .221 .83
16 .229 .83
17 .205 .8h V
18 .030 2+
19 .153 .88

X .099 2+
E .858 .38

·¤<Probabi1ity greater than .99
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COMPARISON OF GNT AND ENT (51 Samples Each)

Chromosome Number T Value Level of Significance
(100 8.r.) (02)

1 .128 .90
2 .068 7*
3 .252 .80
E .110 3+5 .373 .70 .6 .12lL .90
7 .151 .888 .0h0 3+
9 .059 7*

10 .026 *11 .296 .7812 .051 3+
13 .10h 7*
lb .187 .8715 .102 3+ (
16 .075 3+ .17 .02h 7*
18 .227 .83
19 .021 *X .1h7 .88
Y .037 7*

*Probabi1ity greater than .99
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TABLE 12 —
CGMPARISON GF 0NT AND ENT (;1 Samples Each)

Chromosome Number T Value Level of Significance(100 8.T.) (82)

1 .1h7 .882 .M87 .653 .20M .8MM .197 .875 .322 .756 .196 .877 .168 .888 .138 .899 .135 .8910 .106 3
ll .267 .7912 .196 .8713 .112 X
lh .269 .7915 .113 79 E
16 .096 3+ I17 .159 .8818 .169 .8819 .139 .89X .250 .81T .931 .38

3+-Probability greater than .99
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TABLE 13 .

COMPARISON OF HT AND HNT (51 Samples Each)

Chromosome Number T Value Level of Significance
(100 d.£.) (92)

1 2.98 .01
2 3.78 .01
3 .78 .h5M 1.58 .155 h.u5 .016 2.09 .057 1.hl .15
8 3.31 .01 °
9 1.63 .15

10 2.08 .05
11 h.0h .01
12 2.32 .02
13 2.33 .02
lb 3.86 .01
15 1.35 .2016 2.20 .03 T
17 2.05 .0;
18 1.36 .20
19 1.82 .15
X 1.62 .10
Y 2.61 .01
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TABLE lh .
00MEAE1s0N OF LT AND LNT (51 Saples Each) „

Chromosome Number T Value . Level of Si njficamce
(100 8.1.) (22%

1 1.77 .152 2.66 .01 _
3 1.59 .15
h 1.hl .15

9 5 h.22 .01
6 1.91 .05
7 1.78 .15 38 2.98 .01
9 1.h1 .1510 2.17 .03
ll h.76 .01
12 2.0h .05
13 2.25 .03
lh 2.77 .01
15 .92 .35 9
16 2.02 E .0517 1.63 .10 (
18 1.81 .15
19 1.95 .05

X 1.12 .25
1 1.98 .05
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TABLE lS .
COMPARISON OF CT AND CNT (El Samples Each)

Cb.r0mos0me Number T Value Level of Significance
(1OO 8.T.) (62)

1 3.h8 .01
2 3.11 .01
3 1.52 .15L 5.68 .01
5 3.8h .01
6 6.h6 .01
7 1.85 .08
8 3.67 .01
9 5.01 .01

lO h.u8 „ .01
ll 2.82 .01
12 5.07 .01
13 5-M2 .01
lh 3.67 .01
15 3.8h .01
16 l.hl .15 7
17 1.71 .08
18 1.02 .30 .19 1.911 .05
X 1.25 .20E T 1.97 .05
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.01 level for most comparisons. _Trypsin is a pancreatnzenzyme

which catalyzes the hydrolysis of peptide bonds between the

carboxy group of arginine or lysine and the amino group of the

adjacent amino acid. The chromosomes attain a fuzzy appearance

after being trypsin treated. This distortion.might cause dif-

ferences in measurements of the chromosomes. Therefore, iizwas

concluded that there no significant differences in the chromo-

somes lengths of the various lines that were Simply Giemsa treated '

(no tnypsin) and those trypsin-Giemsa treated.
A

The constancy of the chromosomal measurements (within the two p

treatment groups) for all the lines implies that the SGlGCti¤¤

regimes followed for raid increased and decreased post-weaning

weight gain do not produce any alterations observed at the

chromosomal level.

h. Karyotype of the Mouse .

Karyotypes for each of the seven lines were made following

the recommendations of the Comittee on the Standardized Genetic

Nomenclature for Mice (1972). The kanyotype banding pattern for

each line was determined from the analysis of 102 karyotypes

from 17 male and 17 female mice. The banding patterns observed

were similar for each line with no detectable differences. Al-

though there were sometimes small differences in banding between

the chromosomes from the three lines (control, high and low),
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these differences were no greater than the kind of Variation

often observed between the chromosomes of Various cells of the

same individual. Figure ll shows a typical karyotype obtained in

this study. Since the banding obtained hy trypsin-Giemsa l
staining was virtually identical for all the lines a single re-

presentative karyotype is shown.

The kanyotype, made by cutting out the chromosomes from

5 x 7 inch enlarged photograph and rephotographing the systematic

array of chromosomes, is often difficult to use for the detailed

analysis of fine structure on the chromosomes. Photographing

the chromosome spread, enlarging this image to S x 7 inches for

measuring and karyotyping the chromosomes, then rephotographing

the kanyotype and printing the picture of the karyotype obtained, o

all cause loss of resolution. For this reason, idiogras are 4
often used for a more detailed comparison of chromosomes.

Idiograms are diagrammatical representations of karyotypes.

Figure 12 shows an idiogram of the chromosomes banding pattern A

obtained in.thds study, Figure 13 shows an idiogram used by the

Committee on Standardized Genetic Nomenclature for Mice (1972)

· obtained by using quinacrine fluorescent banding. As previously

mentioned the idiogram in Figure 3 was the one proposed by

Wurster (1972) using trypsin»Giemsa staining. A11 three idio-

grams are arranged in accordance with the recomendations of the
n

above mentioned committee.
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Figure 11• Karyotype of a male mouse: showing banding
patterns obtained by trypsin-Giemsa staining
(61OOX)•





111

1 2 6 4 6

6 7 6 9 10

G G G i G
11 12 13 14 15 ’

16 17 18 19 ä
x v

' Figure 12. Idiogram of mouse chromosomes
as seen by trypsin—Giemsa
staining (present study)
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Figure 13. Idiogram of mouse chromosomess

es seem by fluoresoenoe staining
(Committee on Steudardized Geuetic' Nomenclature for Mice, l972)•
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The constancy of the ohromosomal banding patterns for the

lines used in this study implies that changes ocourring at the

genetic level frm the divergent selection regimes followed are

not accompanied by any alterations in the relatively gross bands

observed at the chromoscmal level. lt might be that if large

changes in genome activity do exist as a result of selection

they must occur independently of the organization of chromatin

within the bands.

· B. Sources of Possible Error
In any research project, certain factors that might

_possib1y cause errors in the interpretation of the results can

usually be determined upon ccmpletion of the project. In an

area such as kanyotyping, where subjective judgment is used for A

so many of the observations, the sources of possible error do
A

became important when trying to quantify results. Even with
A

advent of the new banding techniques, identification of indi- _

vidual chromosemes is still difficult at times as has been dis-
A

cussed in.previous sections. This difficutly arises from several

factors:
1) Gritical factors in the procedure for obtaining

chromosomes and staining the preparations. Wang

g§_gl,, (1972) reviewed the various factors such as °

trypsin concentration, trypsin treatment time,



lll:

temperature and Giemsa stain type that cause
l

differences in the quality of Giemsa bands produced

by trypsin, These factors were all constant in the

present study with all chromosomes treated identically,

so they should not have caused difficulties,

2) Different degrees of contraction of chromosomes may

cause slight differences in.relative band positions,

In certain chromosomes it was impossible to clarify

4 whether a particular band actually was a doublet

(double band) or a large single band,

3) Sometimes it was difficult to determine what stage
of cell division a particular spread was in. While

no spread was used unless it was in metaphase, there
A were some ambiguities, 4

M

M) While such controllable factors as trypsin concentra-

tion, time, etc, were constant, it was impossible to

control the uptake of trypsin and Giemsa by individual ·

chromosomes, Thus, it was sometimes difficult to
f

compare the distribution of bands in different

individuals,

S) As reported earlier, the incidence of chromosome

abnormalities in the human population is veny low,

These observations were made after examining thou-

sands of cells, It might be that not enough cells
were examined in this study to detect any abnormalities,
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7 V. SUMMARY AND GONCLUSIONS .
”

The mouse has been particularly useful for mammalian

genetic studies because of its small size, ease of handling,

short generation time and ability to survive quite heavy selec-

tion pressure for certain characteristics. Selection for rapid

increased and decreased post weaning weight gain has produced

significant genetic change in several characteristics of the

laboratory mouse (Fowler and Edwards, 1960; Elliott et Q1., 1968;

White gt Q1., 1968; Lang and Legates, 1969; Bradford, 1971;

Morris, 1972; LQsQ11e Q1 Q1., 1971;; white, 1971;).
‘ With significance genetic change in weight, weight gain,

body composition, and reppgdugtive characteristics correlated to

selection for body size, it would seem theoretically possible that ‘

such changes might be visible at the chromosomal level. Reddy .
l

and Siegel (l975)~have reported that the frequency of chromo- ·

somal abnormalities were significantly greater in

chicken embryos from a high body weight group. Strain dif-

ferences at the chromosomal level have been known to exist for

several characteristics in the mouse. Levan gj Q1., (1962)

reported strain variation in the length of the Y chromosome.

Stich and Hsu, (1960); Levan et Q1-, (1962); and Bennett, Ll965)
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have all reported strain differenees regarding the secondary

constrictions of certain chromosomes in the mouse complement.

In the present study, adult female and male mice were used

from seven lines. Four lines were selected for maximum rate of

growth for 28 generations, one line was selected for minimum

rate of growth for 25 generations, and two were unselected

control lines. Adult mice were used because line characterization

were to be made. lt was felt that if chromosomal abnormalities

were detected in embryos then these abnormalities may be transient

and not reflect the constitution of the adult populations of

the mice.
O

Based on the information obtained from the divergence in

response to selection exhibited by the various lines of mice,

observable phenotypic differences, and reports in the literature V
of strain differences for certain characteristics in.mice, this

study was undertaken.
A

Two similar treatments were utilized in obtaining the

mitotic metaphase chromsome preparations. The first consisted

of: So minute colchicine pretreatment, 30 minute hypotonio

pretreatment,=four glacial acetic acid-methanol fixation periods, a

15 second trypsin, and a 15 minute Giemsa staining. The second

treatment varied from the first, basically in the length of hypotonic

pretreatment, and length and number of fixation periods. These

differences in the two treatments did not appear to affect the

quality and frequency of the bands produced on the chromosomes.
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A.mean number of no telocentric chromosomes with very similar

banding patterns was observed for individuals in all lines.

Chromoeome preperations from l02 male and female mice were used

for the detailed analysis of chromosome number and length.

Relative chromosome length for each chromosome was obtained by

measuring the length from the middle of the centromere to the

end of the longer chromatid. Tt was observed that chromosomes

from all the lines of the tnypsin treated group had similar

meesurements. The lowest o2 level obteined in a "t“ test of
U

the comparison of high line and low line was .30, control line

and low line .52, control line and high line .35. It was also

observed that chromosomes from the non-trypsin treated group

from all lines were similar in length. The lowestcx2 levels
from the "t" test made were .38 for a comparision of the high and ·

V

low lines, .78 for the control and low lines, .38 for the control

and high lines. However, e significant effect was observed be-

tween the two treatments,·trypsin and no tnypsin.

No structural abnormalities, deletions, duplications,

translocations or ring chromosome formation, or abnormalities

resulting from the gain or loss of entire chromosomes were seen

in any of the spreads from the l02 mice examined. Kanyotypes

of the seven lines were prepared according to the recommende-
tions of the Committee on Standerdized Genetic Nomenclature for

7

Mice (1972).
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The selection regime followed has produced significant

genetic change in weight, weight gain, body composition and

reproductive characteristics of these mice. However, the con-
8

sta.ncy of the chromosomal banding patterns produced by trypsin

Giemsa staining for a.ll the lines used in this study implies
that these genetic changes have not been accompanied by observ-

able alterations at the chromosomal level. A
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V APPENDTX A - T
Giemsa Stock Solution*

0.5 gm Giemsa powder (Fisher Scientific) . · _·

33.0 ml glycerine
”

V

33.0 ml methanol

V
° The ingredients were mixed thoroughly and placed in a

dark, loosely capped bottle in a moderate oven (60OF) for

twelve hours or overnight. The mixture was then stored under

refrigeration. '

%Source: Saacke (1975)
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H APPENDTX B ·
.1).1 M Sodium Phosphate Buffer

23 ml .2M solution NaH2P0)4 . H20 (27.6 g/L)

77 ml .2M solution NaH2POh . (28.)-1 8/L)

The solutions were mixed together and diluted with

V
distilled water until a .lh M solution was obtained.
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7 APPENDIX 0 -
Trypsin Solution

l00 ml Earle*s balanced Salt solution (BSS) l0 X (without
Sodium bicarbonate and phenol red)

868.7 ml distilled water

29.3 ml 7.5% sodium bioarbonate Solution

2.0 ml 0.5% phemi red Soiution
50.0 mg trypsin, 3X recrystallized, lyophilized (Worthington)

The distilled water, Sodium bicarbonate and phenol

red were added to the Earle'S balanced Salt Solution. The

trypsin was then added and mixed thoroughly into the

solution. The trypsin Solution was stored under refrigera-

tion.
8





CHROMOSOME IDENTIFICATION AND ANALYSIS IN
·

SELECTED LINES OF LABORATORY’MICE _

Athanasia Nancy Panos Schmitt

, (ABSTRACT)

Chromosome preparations from 102 ICR albino mice were

I
examined using a modified trypsin Giemsa staining technique.

( The mice were from four lines selected for maximum rate of

post·weaning gain (28 generations), one line selected for

minimum rate of post~weaning gain (25 generations), and two

unselected control lines. Mitotic metaphase chromosome pre-

parations were obtained from bone marrow cells of adult male

and female mice. Two similar treatments were utilized in

obtaining the chromosome preparations. The first treatment

consisted of: 50 minute colchicine pretreatment, 30 minute

_ hypotonic pretreatment, four glacial acetic acid-methanolfixa-tion

periods, 15 second trypsin period and 15 minute Giemsa

staining period. The second treatment varied from the first,

basically, in the length of hypotonic pretreatment, and length

and number of fixation periods.
‘ A mean number of Mo telocentric chromosomes with very 4

similar banding patterns was observed in all lines. Relative

chromosomelengths for each chromosome were obtained. The lengths

for the various lines, control, high and low, were compared by



i

means of a pooled "t" test. Non-significant @2 levels were
obtained for the pairwise comparisons of the lines. Signifi-

cant @2 levels were obtained for the effects of the two treat-

ments, trypsin and no trypsin. Karyotypes for each line were

made with no chromosomal abnormalities detected in any of the

lines. The selection regime followed has produced significant

genetic change in several characteristics of these mice. How-

ever, these changes have apparently not been accompanied by

observable alterations at the chromosomal level.

li




