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Sex Bgﬁ;g. It is of interest to note the high
frequency of affected females with this syndrome, For
reasons yet unknown, genetic imbalance from trisomy in the
E-group seemingly affects males most severely as evidenced
by a 3 to 1 female to male sex ratio at birth (Smith, et al.,
1964). It has been proposed that if this be so, unnoticed
.affected males might be found among stillbirths and abortions.
Perhaps as further chromosomal studies are conducted on
abortions closer attention may be drawn to the XX sex
complement and to speculation concerning the homogametic
role in elevation of prenatal survival rates. In passing,
it is interesting to note that a sex ratio imbalance is
found in both D and E trisomy syndromes but not in
mongolisme

Other E=Group Anomalies. A variety of chromosome

abnormalities involving the bk-group chromosomes have been
described in the literature. Few reports, however, have
described cases of double trisomy involving these chromo-
somes., One such case, however, described an individual who
was trisomic for both chromosomes 18 and 21 (Gagnon, et al.,
1961). This interesting case of aneuploidy showed related
but variable phenotypic effects common to both syndromes of
mongolism and trisomy-~E. Another report of double nondis-
junction described two patients with combined trisomy 18 and

trisomy X (Uchida, et al., 1962b). In both of these cases,
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the phenotypic effects were those common only to the
trisomy-E syndrome,

In addition to simple aneuploidy involving only
one chromosome pair and double aneuploidies as mentioned
above, other variations in karyotypic abnormalities of
the E-group described in the literature include: trans-
locations, partial deletions, and mosaicism. These are
the known karyotypic abnormalities which serve to indicate
the dimensions of the trisomy-E syndrome to date. Of
special interest is the possibility that other variations
exist which have not yet been described.

To date there have been several cases of
translocations involving chromosomes 17-18, These reports
include the following:

1. E-E translocations

2, D=E translocations

3. E-D translocations

L. deleted 18-No. 3

5 E-group ring chromosome

6. C-E translocations
Patients who have only a part of the full component
anomalies for trisomy-E are generally interpreted as the
result of partial trisomy for the E-group. These are
patients with part of the extra "EY being translocated or

attached to another chromosome., Such chromosomal
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abberations arise by chromosomal breaks and rearrangements
which karyotypes may not evidence, if the deleted fragment
is quite small., In this respect, it is interesting to
note that patients without detectable chromosome anomalies,
which manifested some common features of this syndrome, have
been reported.

Mosaicigm, Chromosomal mosaicism refers to an
organism whose body is composed of two or more kinds of
cells with different chromosome number complements. Each
population of cells of the same type or number is called
a cell line, The origin of different cell lines in cases
of mosaicism is mainly through mitotic errors of nondis-
junction or anaphase lagging, which, by definition, must
arise within the organism itself. In this respect,
mosaicism is distinct from chimerism, a term which refers
to the presence of two or more cell lines in an organism
which have been derived from totally different individuals.,

Chromosomal mosaicism associated with trisomy-E
is relatively rare in terms of reported cases. In all cases
reported thus far, the same genotypic pattern involving
aneuploid (47)/euploid (46) cell lines has been demonstrated.
Patients generally show the usual phenotypic expressions of
the trisomy-E syndrome.

Problem, A general purpose of this study was to

elucidate, from among an array of multiple congenital defects,
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one specific physical sign which would be useful for the
clinical recognition and detection of trisomy-E patients.
Because of the seeming consistency of the short sternum
finding in a significant number of published reports, it
was asgsumed that this anomaly would be useful in this
respect. On the basis of its cited frequency and insofar
as it was not a commonly recognized feature among other
chromosomal diseases, the hypothesis was set up for testing
that a short sternum would relate to the diagnosis of
trisomy-E,

It is noteworthy that a significant number of
reports have described sternal length as being "short" in
patients affected with this syndrome. Yet, in no instance
has an effort been made to quantify this physical feature
in objective terms. Moreover, a search of the literature
failed to identify any study which established objective
criteria for sternal length evaluation. Therefore, much
of the present study is to develop .objective criteria for
quantifying sternal length and then to use these in
evaluation of the short sternum as a clinical sign for the
diagnosis of trisomy-E,

The present study serves two added purposes., The
first of these as mentioned is the establishment of

objective criteria for evaluating sternal length as a means
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of identifying individuals with unusually short sternums.
Secondly, cytogenetic studies of patients with significantly
shortened sternums are utilized to determine whether they
have trisomy=-E,

For purposes of this study, selection of the
Yakima Valley School, a state institution for the ment-
ally retarded at Selah, Washington, was made because
it offered the highest probability of finding trisomy-E
cases, Among this population, a physician interested in
chromosome abnormalities noted 12 individuals with
strikingly short. sternums. Because of this single physical
finding, the question was raised as to whether or not
these patients might represent the trisomy-E syndrome,
Yet, apart from the classic picture of this syndrome, it
was noted that few of these patienﬁs were in early infancy.,.
.The short sternum group appeared as a group rare for the
trisomy-E syndrome by virtue of their longevity. On the
basis of this conviction, the present study was under-
taken,

Development of Laboratory Techniques. The basis

for examining human chromosomes was built upon and followed

advances in techniques for studying mammalian and plant
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chromosomes., Moreover, much of the capacity to analyze
mammalian material was limited to cytogenetic techniques
used in botany. For instance, in the late thirties the
effects of colchicine on mitosis were described by plant
cytogeneticists., This provided a major stimulus for
the use of colchicine in all types of chromosome work,
.Mammalian cytologists were hopeful that application of
colchicine to their material would provide favorable
chromosome spreads comparable to these enjoyed by the
botanists.

Early attempts to utilize colchicine and other
procedures with mammalian tissue were not successful for
various technical reasons. First, there was the difficulty
of getting mammalian cells to grow in a suitable artificial
medium; and secondly, there was difficulty in getting good
mammalian metaphase spreads. It was found that plant
tissues were much more viable in relatively simple media
than were mammalian tissues, DMammalian cells and tissues
required more complexity in terms of nutritional needs in
media suitabie for sustaining cellular metabolism and
proliferation. JIndeed, the problem of getting human cells
to grow in artificial media had‘to await the tedious
chemical identification of all essential nutrients needed

by the cells.,
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Part of the build-up of present day human tissue
culture media stemmed from the work of White (1946).
Influenced by success in growing plant tissue in solutions,
he developed a complete medium capable of maintaining chick
embryo cells alive for periods of weeks. Later improvements
on this early model produced a medium for chick fibroblasts
which gained wide acceptance for all kinds of mammalian
cells. From the work of Eagle (1955), there was established
rather exact standards of nutrition which permitted the
continuous growth of certain mammalian cell lines.

Paralleling these advances in tissue media
design were the improvements made in balanced salt solutions
used in tissue cultures. Among numerous reports cited in
the literature which contributed several well-known salt
solutions, the works of Earle (1943) and Hank (1948) are
offered as classic formulae upon which later more improved
modifications were built.

During the past decade, a wide spectrum of materials
has been applied to many mammalian cell systems. Yet,
all synthetic media commonly used nowadays for human cytology
originated from these studies.

Much of the advance in cytogenetic techniques with
mammalian cells was dependent upon the advances in tissue
culture techniques which arose in the search for a

successful medium for the polio virus, After the work of
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Enders, et al., (1949) on the growth of the poliomyelitus
virus; the large scale use of tissue culture for biological
studies became universal.. In this connection, impetus
from the large scale use of tissue cultures of cells in
vitro set the stage, in part, for the study of human
chromosomes., Tissue cultures provided a great advantage over
tissue block techniques by forming either a cell suspension
or single layer of cells., Mammalian cells thus distributed
in a tissue culture medium allowed the full affects of pre-
treatments and fixation techmiques,

Part of the difficulty in obtaining good meta-
phase spreads with distinct and adequately coiled chromo-
somes was obviated through the application of colchicine to
human cells suspended in tissue culture, It was found that
colchicine interfered with the formation of the
spindle apparatus and therefore disrupﬁed or blocked
orderly cell division at the metaphase stage. Furthermore,
colchicine had the added effect of causing the chromatin
material to contract, thus giving a condensed chromosomal
form favorable to analysis,

kqually as important as the use of colchicine
and the advances in tissue culture techniques was the
fortuitous finding by Hsu (1952) that a hypotonic solution
treatment did much to spread chromosomes of cells in vitro,

Hughes (1952) also noticed the phenomenon of chromosomal
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spreading under hypotonic osmotic pressure. Yet, it
remained for Hsu to propose its use as a factor in spread=-
ing the chromosomes of cells in vitro. The net effect
from using a hypotonic solution treatment is to create an
osmotié pressure imbalance which causes cells to expand
and the chromosomes inside to spread.

The application of colchicine and the hypotonic
treatment to mammalian cells ih vitro has resulted in the
capacity to analyze human chromosomes. Use of either
squash or air-dried methods of slide preparations coupled
with colchicine and hypotonic pretreatment techniques
facilitated chromosomal analysis by flattening cells to the
slide's surface and forcing the chromosomes to lie on one
plane of focus so that accurate counting and photography
could be made,

By combining all these methods, i. e., a tissue
culture, colchicine-hypotonic~-squash or air-dry sequence,
cytologists were able to correctly assess the human
chromosome number. The discovery of this number for man
and the subsequent discoveries of aneuploidy are generally
considered to have marked the beginning of human cyto-
genetics,

Present methods for preparing material for
chromosome analysis consists of cellular growth and prolifer-

ation in tissue cultures in either short term (bone marrow
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or peripheral blood) or long term (fibroblast) cultures.
- Metaphase cells are treated with colchicine to arrest
spindle fiber formation. Hypotonic treatment is applied,
causing cells to swell and chromosomes to spread over the
entire cell. Mechanical squash or air-dried pfocedures are
utilized for obtaining the final metaphase spreads on slides.
Photomicrographs are taken of metaphase spreads. Detailed
metaphase karyotypes are made'by cutting chromosomes from

prints and arranging them in pairs into seven groups.
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METHODS AND MATERIALS

Population Studied. The Yakima Valley School

population selected for this study is composed of 250
patients, 150 females and 100 males, of mixed racial origin.
Age range for residents is from under 1 to 56 years. HResi-
dents are bed fast, severely handicapped, with profound

or severe mental retardation. Among this group some patients
were noted as deaf, dumb or blind, while others evidenced
various syndromes of genetic and/or biochemical origin. Not
too infrequently, hereditary diseases such as phenylketon-
uria, schilders disease, osteogenesis imperfecta,
galactorsuria, tuberous sclerosis, and others were noted.
The incident of multiple congenital defects was seemingly

high in this population,

Criteria for Sternal Length. The study consisted

in part of gathering comparative data for sternal and
torso lengths for all residents of the institution.
Measurements were taken of torso and sternal lengths with
the patient supine, Since many subjects had severe
anatomical anomalies, e.g., protruding abdomen, scoleosis,
pigeon breast deformity, etc., a caliper type instrument,

the pelvimeter, was employed for measuring. Sternal

length measures were recorded in centimeters from the
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jugular notch to the most distal point of the sternum,
excluding the xiphoid process. In practice, the end of
one arm of the pelvimeter was placed in the jugular notch
which held the pelvimeter in place and reduced inaccuracies
resulting from slippage, while the other end was placed
in the infrasternal notch (sternal length). Readings for
the distance between the caliper tips were obtained from
a steel tape measure fixed to a firm support. The
xiphoid process was excluded from the measurement for
the sternum because of marked variability in length and
difficulty with fixation of such a flexible structure.,
Moreover, in some patients it was absent. A rather
distinct depression is formed at the point of union of the
7th costal cartilages with the xiphoid process and the
main body of the sternum. This infrasternal notch afforded
a significantly consistent and conspicuous landmark for
the distal end of the sternum. An evaluation for the
exact sternal length measure on each patient was made
from the average of two or three trial readings.

The same procedural design was followed in obtaining
values for torso length measures, Torso length was recorded
in centimeters by measuring from the jugular notch, to the
superior border of the symphysis pubis,

The step-by-step procedure for torso and sternal

measures is as follows:
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1, The patient was disrobed and torso, sternum
landmarks were identified,

2, Two or three sternal length measures were
recorded with the patient supine by plac-
ing the arms of the caliper in the Jjugular
notch and in the infrasternal notch.

3. Two or three torso length measures were
obtained by placing the arms of the caliper
in the Jjugular notch and against the superior
border of the pubic symphysis.

4. Each measurement was taken in centimeters
by applying the arms of the caliper to a
steel tape measure fixed to a firm surface,

56 The average of measurements for each

patientls sternum and torso were recorded
for calculation of the torso/sternum ratios.

Reliability of Procedural Design. To establish

a measure of validity for the procedﬁral methods used

in quantifying sternal lengths, a second series of measures
was taken as before by an assistant and me on a random

sample of 25 subjects (10% of the population) at the

Yakima Valley School (see appendix B for data). The assistant
had no prior knowledge or familiarity with the actual
location or identity of the sternal and torso landmarks

used in this study. It was necessary, therefore, to practice
the procedural design on two patients before attempting to
measure the sample group. For each patient selected at
random, measurements were taken separately, first by the
investigator and then by his assistant. The recorded datum

was not shared or analyzed until all testing had been
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completed, This approach was decided upon to avoid any
prejudicial changes in the course of the examinations
which would tend to distort the data. Double or triple
readings were made, as before, of all patients in the
sample group to rule out gross errors and the average of
these was recorded. The comparative data collected confirmed
that these measures can be reliably obtained. The accuracy
of this procedure is verified by the coefficient of correla-
tion of + .979 between the scores of the two raters. This
value is highly significant (p< 0.001l) and indicates that
the measures between the investigator and his assistant were
in very close agreement., The correlation further indicates
that a high degree of accuracy may be expected when utiliz-
ing this procedure as a method for establishing rather exact
measures for sternal and torso lengths.,

Inasmuch as the second series of measures followed
the original measurements by approximately 4 months, a
comparison of both sets of measures provided additional
criteria for corroborating as valid and reliable the use
of the present method of measure, The second set of torso
and sternum measures taken by the investigator for the
25 subjects of the sample group were correlated with initial
measures for the same individuals., It was found that the
two measures were also very definitely related, i. e.,

r=ti4t,=4+930. The probability (p4£.001) determined for
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these comparative group measures confirms as valid and
significant the utilization of this method design for

assessing reliable sternal and torso lengths.

Derivation of a Torso-Sternal Ratio. From that

data on absolute torso and sternum lengths, torso/sternal
ratios (t/s) were calculated for the 250 patients. The

t/s ratio for each patient was calculated from the distance
in centimeters from the jugular notch of the sternum to

the superior border of the symphysis pubis (torso length)
divided by the distance from the jugular notch to the
distal point of the sternum (sternal length). These data
were obtained by programming an IBM 1620 lModel I System at
Central Washington State College using a program written in
FORTAN language to divide the sternal length into the torso
length.

Because of the need for an objective measure of
sternal length independent of age, t/s ratios were utilized.
It is seemingly axiomatic that absolute measures for torso
and sternal lengths are age dependent and therefore could
not be used for purposes of this study. Consequently,
the assumption was made that the t/s ratio rather than
absolute measures would be relatively free of an age effect,
This assumption is verified by a scatter diagram, Figure 1,
showing a negligible correlation between age and t/s ratios

for the Yakima Valley School population. It will be seen
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Figure 1. Scatter diagram of age and torso/sternal
ratios for the Yakima Valley School
population,
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that there are a great many deviant t/s ratio scores
which lie distributed at random as compared with the
mean t/s ratio of 3.233 for all age groups. It is clear
that for these subjects there is virtually no correlation
between these variables, On the basis of this diagramn,
one may expect to find individuals with similar high, medium,
and low t/s ratios associated with any age gfbup. The
correlated scores are seemingly arranged along a horizontal
line indicating the degree of correlation to be almost zero,
Actually, the coefficient of correlation for these variables
is 0,006, Statistically speaking, it is negligible and
not significant,

Correlations given in this study were determined by

the formula:

rz Xy,
V e y2

In passing, it can be added that a high correlation
was found between absolute sternum and torso measures
of +.789. It is positive and highly significant (p<:.001).
On the basis of this correlation, one may expect to find in
the total population similar measurements for both sterhum
and torso lengths. That is, if one measure is long, the
other is very likely to be long also. If an individual haé

a short (or average) sternum, it is very likely that he will
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have a short (or average) torso length as well.

CHROMOSOMAL STUDILS.

Method of Selecting Patients for Study Group, In

an early effort to select a group for cytogenetic investig-
ation, data from t/s ratios were assembled in a rank order
relationship from the largest scores (i.e., short sternum
cases) to the smallest scores (i.e., large sternum cases).,
An arbitrary decision was made to select the twelve largest
scores as an index for short sternal length in order to
provide a study group of ample size,

Subsequently, an effort was made to establish
objective criteria for selection of the group for chromosomal
studies by the criterion of sternal length., Selection of
the final group for chromosomal studies utilized statistical
analysis of t/s ratios wherein the mean and standard
deviation were applied. Initially, those individuals with
a ratio more than three standard deviations below the mean
became the study group. Later, it was found that the study
group proved small enough to allow expansion to include
scores beyond 2.5 standard deviations from the mean, It was

to be expected that the group selected in this objective
manner was found coincident with the twelve individuals

initially selected in the rank order scale listing.
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Utilization of a frequency distribution wherein
the mean and standard deviation of torso/sternum ratios
are arranged in order of increasing magnitude finds the
short sternum group at the extreme end of the distribution
sample (see Figure 2). The 12 scores in the short sternum
study group are the shortest 4.7 per cent of the sample
distribution. In terms of standard deviation units, the
longest sternum in this group is case #348 (torso/sternum
ratio = 3.950)

Se Do = 3,950 - 3,233 = 1.63 beyond the mean of
obll 34233,

while the shortest sternum in the population is case #265

(torso/sternum ratio = 4.864)

S. D. = 4.864 -E%.ZBB - 3.70 beyond the mean.

Method of Chromosomal Studies. (See Figure 3) For

this study the usual procedure of short term tissue
cultures of peripheral blood leukocytes was employed,
3ome studies involved use of a commercially available kitd

for chromosome analysis, while others were done with

1T ¢ Chromosome Culture Kit - code 5842, Difco
laboratories, Detroit, Michigan,
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Figure 2. Frequency distribution of torso/sternal
ratios for the Yakima Valley Scnool
population.
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materials prepared in the ¢ytogenetic laboratories at

the Rainier School, Buckley, Washington.2

The tissue culture procedure in detail was:

l, 10 ml. of blood was collected from a patient
who had abstained from eating for approx-
imately 3 hours, A sterile disposable
Yale 20 gage, 1 and 1/2 inch disposable
needle with a sterile, plastic disposable
syringe was utilized in withdrawing the blood.

2. Withdrawn blood was aseptically transferred
to a blood Separation Vial containing
0.2 ml, of heparin,

3. After gently mixing6 the blood-heparin
mixture stood at 37YC for 1l=-3 hours.

L, Following sedimentation of the erythrocytes,
the plasma-leukocyte layer ' was separated by
drawing off the top layer,

5e l.5-2.5 ml., of this suspension was innocu-
lated into 10 ml, of nutrient media.

6. Innoculated media was then incubated for
68-72 hours at 37°¢, It was important to
maintain a suitable pH range during the
incubation period as judged by the indicator
changes in the media, If the indicator became
yellowish (acidic), the bottle cap was loosen=-
ed to allow excess CO to escape,

Te At the end of this incubation period, growth was
terminated at metaphase by addition of 0,1 ml,

2The nutrient media utilized in the research
laboratories at the Rainier School consisted of the following
components; 70% Eagle's BME Spinner media; Saline solution;
20% fetal calf serum; and 5% human cord serum. Penicillin,
streptomycin and nystatin were added in 100 units, 100 ug,
and 100 ug, respectively.
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10,
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12,

13.

14,

15, .

16,
17.
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of 10-6M cholchicine per 1 ml, of culture
with gentle tilting of tBe mixture,
Culture incubation at 37°C continued for
3=6 hours,

The culture was then transferred to a 12 ml.
graduated centrifuse tube and centrifuged
for 12 minutes at 800 rpm.

The resulting supernatant was subsequently
removed and 5-6 ml, of warm (370C) Hanks
Solution was added with the cells resuspended,

After centrifugation at 800 rpm for 5 minutes,
all but 0.5 ml. of supernatant was drawn off.

Packed cells were resuspended and 1.5 ml.
of warm (37°C) distilled water was slowly
added with constant and gentle shaking

to produce the hypotonic solution for
chromosome dispersion,

This suspension was incubated at 37°C for
10 minutes.,

Centrifugation of the suspension followed
at 600 rpm for 5 minutes with the resulting
supernatant being drawn off,

To the button of leukocytes, wither of two
fixatives were added; depending on the type

of slide preparations utilized. For squash
slide preparations, a freshly prepared fixa=-
tive consisting of 1 part of Glacial Acetic to
1l part Methanol (Reagent Grade) was utilized,
Generally, it was desired to use the air-dried
method for slide preparation, in which case a
freshly prepared fixative consisting of 1

part Glacial Acetic Acid and 3 parts Methanol
was utilized,

Leukocytes stood in fixative for at least
30 minutes.

Cells were subsequently resuspended,

Centrifugation at 600 rpm followed with
resulting supernatant being discarded.
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18, Cells were resuspended in 3-4 ml. of fresh
fixative and stood for 5 minutes.,

19, Centrifugation followed at 600 rpm for
: 5 minutes.

20, Steps 18 and 19 were repeated as often as
necessary to disperse clumps of cells,

21. The supernatant was very carefully drawn
off,

22, 0.25-0.5 ml, of fresh fixative was added to
the button of cells,

23. Cells were then resuspended prior to slide
fixation.

Preparation of 3lides. In most instances,

air-dried slide preparations were utilized, Precleaned slides
were washed in distilled water, then chilled over an ice

bath. Excess water was removed by shaking, and 2-3 drops

of the leukocyte cell suspension were added., In very

rapid succession, (1) the suspension was then spread well

over the slide; (2) excess fixative was burned off by

bringing the slide into momentary contact with a flame;

and (3) the slide was then waved vigorously to promote

drying.

For squash preparations, 2-3 drops of suspended
cells were added to a precleaned slide containing a drop
of aceto-carmine dye., A coverslip was added, and cells
were subsequently squashed between sheets of bibulous

paper, Hapidly following each squash treatment, the slide
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was quick=frozen by dry ice, when well frozen, the
coverslip was removed with the aid of a dissecting scalpel,
Absolute ethyl alcopol was then applied to the surface of
the slide to hasten drying. Slides then were placed on

end and allowed to dry.

Staining Procedure, Slides were treated in 7 glass

staining dishes in the following respective order:

1. 1% aceto orcein dye (Gurr)

60% glaciallgcetic acid

2. 50% ethyl alcohol

3. 70% ethyl alcohol

L 100% ethyl alcohol

5 Xylene

6. xylene

7e Xylene

Slides were left in aceto orcein (Gurr) stain for
30 minutes and rinsed momentarily in the alcohol changes,

then left 5 minutes in each xylene change. Finally, the

slides were left to be dried by air,

Photomicrography. Slide preparations of stained

leukocytes were photographed using a Zeiss photomicroscope
with an automatic exposer device to obtain 35mm negatives
on Eastman Kodak high-contrast copy film, Magnification

on the 35mm film was consistently 400X,
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Photographic prints from 35mm negatives were
prepared according to standard techniques in a 5 x 7 inch
format for counting and karyotyping of chromosomes, All
negatives were contact printed on No. 4 contrast paper to

give the final positive print.,

Film Development. The procedure for development

of the Eastman Kodak high=contrast copy 35mm film involved
the following protocol. Kodak developer (Dektol) was
prepared in a l:1 ratio with tap water. Film was developed
in this solution and agitated every 30 seconds for 6 minutes
at 68°F, Stop bath treatment was added at the end of 6
minutes for 30 seconds with constant agitation. Film was
subsequently placed in an acid fixer treatment for 2-4
minutes with agitation every 30 seconds. Following
fixation, film was washed in running tap water (68°F) for

30 seconds. Then, hypo-clear treatment followed in which
the film was agitated for 1-2 minutes. Finally, the
processed film was washed in running tap water for 5 minutes

and hung to dry.

Karyotyping Procedure, While karyotype here

refers to a standardized arrangement of the chromosome

number found in any given cell, it is distinct from the

term idiegram which is a standardized representation of the
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chromosomal complement in a species that is found in most
or all of the cells,
Chromosomes of stained leukocytes were cut out
of 5 x 7 inch prints and arranged into 22 pairs of autosomes
and a pair of sex chromosomes, according to size and
relative length of their arms, to form a karyotype. Each
metaphase chromosome consists of two chromatin strands
called chromatids, held together at some point by a non-
staining contriction, the centromere (kinetochore)., 1In
these replicated chromosomes, each chromatin strand is
actually a complete chromosome, but is called chromatid
in a metaphase chrouiosome, OUn the basis of the relative
position of their centromeres, human chromosomes are class-~
ified under tanree basic forms (see diagram below) as follows:
1. Metacentric chromosomes in which the centro-
mere is positioned medially, giving upper
and lower arms of equal lengtn.
2. Submetacentric chromosomes in which the
centromere is positioned some distance
from the end of the chromosome, but not
medially, giving upper arms which are
shorter tihan the lower arms,
3. Subtelocentric or acrocentric chromosomes
in wnich the centromere is positioned
near the end, giving extremely short upper

arms and long lower arms.,

Metacentric Submetacentric Subtelocentric

upper arms
——short arms__ *

——centromere —
long arms

—__centromere
{M lower arms

ch 3mat1d.
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The metacentric, submetacentric, and subtelocentric
chromosomes from photomicrographs were arranged in
descending order according to their length. It will be
noted that in the karyotype of a normal male, one of the
unpaired metacentric chromosomes in the C group is labeled
as the X chromosome and is matched against a non-satellited,
more "metacentric"™ acrocentric Y chromosome of the G group
size range to give.. an XY sex complement,

It is possible by application of descriptive
criteria to successfully classify chromosomes into a
standardized arrangement of 7 major groups to form a karyo=-
type. For this study, the criteria used for chromosomal
classification are given in Table II and is in accord with
the system of nomenclature proposed by the Chicago

Conference (1966).



