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ABSTRACT

- Three females with isochromosome for the long arm of the X 
chromosome were studied phenotypically and cytogenetically. All three 
cases had short stature and the other features of Turner's syndrome.

The G-band and C-band patterns of the isochromosome were , 

studied in all patients. Also the centromeric index9 the arm ratio5 
and the total length values of i(Xq) chromosome were compared to those 

of the No. 3 chromosome and the normal X chromosome in each patient. 
The relative length of i(Xq) chromosome and the relative length of 
the centromeric region were measured in several metaphases in each 
patient and compared to those of other patients. The i(Xq) chromosome 

was monocentric in Case 1, dicentric in Case 2 and apparently mono

centric in Case 3.
In each patient the size and the percentage of Barr bodies 

and drumsticks were determined and compared to the similar values in 
the other patients and in normal individuals. All three patients 
showed normal percentage, but larger than normal Barr bodies. Also 
the size of drumsticks in Case 1 and Case 2 were significantly larger 

than that of normal females (Case 3 was not studied).

viii



CHAPTER 1

INTRODUCTION

TurnerT s syndrome is one of the sex chromosome abnormalities 

in women, which includes negative sex chromatin, rudimentary gonads, 
absence of secondary sexual characteristics, primary amenorrhea as 
well as a number of somatic abnormalities including short stature and 

webbed neck. * This syndrome was described first in adult women by 
H. H. Turner (1938).

Turner’s syndrome associated with an isochromosome for the 

long arm of one of the X chromosomes was first described by Fraccaro 

et al. (1960). Hamerton (1961) found seven examples of chromatin pos
itive ovarian dysgenesis with 46 chromosomes and suggested that the 
isochromosome hypothesis is satisfactory for the explanation of the 
structural anomaly of their X chromosome.

De La Chapelle et al. (1965) described some facts about the 
patients with an isochromosome for the long arm of the X chromosome:

1) the patients usually exhibit typical,Turner’s syndrome, 2) Many 

patients are not karyotypically ’’pure” but are mosaics; in fact an XO 
stem line very often accompanies the iso chromosome stem line, 3) The 
Barr body and drumsticks are usually large and numerous in these pa
tients.

Most patients with Turner’s syndrome, have 45 chromosomes 

(45,XO) and because they have only one X chromosome they are sex

1
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chromatin negative. Some cases of Turner’s syndrome have been found 

that are sex chromatin positive and have 46 chromosomes; they have two 
X chromosomes5 but one of the X chromosomes is greatly enlarged due to 
presumed (?) duplication of the long arm and loss of the short arm.
This abnormal chromosome is called an isochromosome of long arm [i(Xq) ] 
and is believed to result from the ’’misdivision of the centromere” dur
ing cell division; the centromere divides transversely instead of lon

gitudinally (Emery 1968). Hamerton (1971b) showed that patients with 
i(Xq) chromosome are chromatin positive and have large sex-chromatin 
bodies. He describes the i(Xq) of these patients as a long equal-armed 
metacentric chromosome which resembles a No. 3 chromosome in size and 

conventional morphology and which is invariably late-replicating. An 
isochromosome is defined as a metacentric chromosome in which the two 

arms are originally identical. This is reflected in a symmetrical 

banding pattern of the chromosome (Caspersson, Lindsten and Zech 1970).
Several investigators have reported different kinds of i(Xq) 

in human females. In early reports of I960’s before the banding tech

niques were available, exact determination of the number of centromeres 
and symmetry or asymmetry of the arms of i(Xq) was not possible. Lind- 
sten et al. (1963) studied the i(Xq) chromosomes of five families. 

Cartier and Sparkes (1963) used the Lyon-Beutler hypothesis to describe 

the late replication of i(Xq) chromosome and its involvement in sex- 
chromatin formation. In 1966 Mukherjee et al. suggested that isochomo- 

some X can be clearly identified in every metaphase, because it always 
terminates its replication later than the rest of the chromosomes.



' 3
De La Chapelle et al. (1965) considered that the isochromosome X 
morphologically does not differ significantly from the auto some No.. 3. 
He classified the i(Xq) patients in two groups: 1) those bearing an

isochromosome with the constriction close to centromere had few drum
sticks, 2) and those bearing an isochromosome without the constriction 

close to centromere had numerous drumsticks. With the advent of band
ing techniques De La Chapelle and Stenstrand (1974) were able to demon
strate twice the normal amount of heterochromatin in two of four 
patients with i(Xq) chromosome.

A summary of different types of i(Xq) chromosomes or X duplica

tions reported in 15 cases using banding techniques and sex chromatin 
studies is presented in Table 1. Cases -of -dicentric i(Xq) chromosome 
have been reported by De La Chapelle and Stenstrand (1974), Yanagisawa 
and Yokoyama (1975), Cohen et al. (1975), Howell, Roberts and Beard 

(1976), Fujita et al. (1977), Niebuhr and Skovby (1977).
De La Chapelle and Stenstrand (1974) reported a monocentric 

i(Xq) composed of two X chromosomes joined telomere-to-telomere involv

ing at the short arm. Disteche et al. (1972) studied similar abnor
mally large X chromosomes. Therman, Sarto and Patau (1974a) reported 

a monocentric i(Xq) composed of two X chromosomes joined telomere-to- 
telomere involving at the long arms. Most of the i(Xq) chromosomes re

ported are monocentric with a relative length resembling that of the 

No. 3 chromosome and a band pattern similar to that of the long arm of 

normal X chromosome (Caspersson et 'al. 1970; Priest et al. 1975; Fujita 

et al. 1977; Niebuhr and Skovby 1977). Ruthner and Golob (1974)



Table 1. Summary of different types of i(Xq) or X duplications reported with banding and dex 
chromatin studies.

1

2

3

4

5

Centro
mere
Number

Centre^ •
mere
position

. Relative 
length

Interpreta
tion of G 
or Q. bands

mono
centric

meta-
centric

like No. 
3 longer 
than X

like two nor
mal X long 
arms i(Xq)

mono
centric

submeta-
centric

like No. 
3 longer 
than X

asymmetrical 
i(Xq) plus 
peripentric 
inversion

mono-
centric

submeta-
centric

like No.
2 chromo
some

i(Xq) plus
pericentric
inversion

mono
centric

submeta-
centric

Almost 
twice of 
X

two X chromo
somes joined 
end-to-end 
at short arms

dicen
tric

meta-
centric

like No. 
3

like two 
normal X 
long arms

No, of 
C bands

Barr
body
(%-size)

Drum
sticks
(%-size)

Investi
gators

one * A Caspersson 
et al. 
(1970)

one * A Yanagisawa
(1973)

* 46%-large A Ruthner & 
Go lob 
(1974)

two
widely
separ
ated

* A De La 
Chapelle 
& Sten- 
strand 
(1974)

two * A De La 
Chapelle 
& Sten- 
strand 
(1974)



Table 1. Continued

Centro- 
. mere 
•Number

Centro
mere
position

Relative
length

Interpreta
tion of G 
or Q bands

No. of 
C bands

Barr
body
(%-size)

Drum
sticks
(%-size)

Investi
gators

6 mono
centric

submeta-
centric

almost 
twice 
of X

two X chromo
somes joined 
end-to-end 
at long arms

two (widely 
separated)

37%-large 
often bi
partite

N%-large Therman 
et al. 
(1974a)

7 mono
centric

meta-
centric

like No. 
3 longer 
than X

like two nor
mal X long 
arms— i(Xq)

one N%-large * Priest et 
al. (1975)

8 mono
centric

submeta-
centric

like No. 
3 longer 
than X

extra G band 
in region ql

two (Sec 
in region
qi

N%-large * Priest et 
al. (1975)

9 dicen
tric

meta-
centric

like No. 
3 longer 
than X

extra G band 
close to 
centromere

two (Sec 
on one arm)

14 in 
300— *

1.5% * Yanagisawa 
& Yokoyama 
(1975)

10 dicen
tric

meta-
centric

like No. 
3 longer 
than X

like two nor
mal X long 
arms plus the

two 28%-large * Cohen et 
al. (1975)

proximal por
tion of short 
arm between 
two centro
meres

Ln



Table 1. Continued

Centro
mere
Number

. Centro
mere - 
position

Relative
length

Interpreta
tion of G 
or Q bands

No. of 
C bands

Barr
body
(%r-size)

Drum
sticks
(%-size)

Investi
gators

11 dicen
tric

meta-
centric

like No. 
3 longer 
than X

asymmetrical 
about the 
centromeric 
constriction

two (Sec 
intersti
tial)

A * Howell 
et al. 
(1976)

12 mono
centric

meta- . 
centric

like No. 
3 longer 
than X

like two nor
mal X long 
arms

one N%-large * Fujita 
et al. 
(1977)

13 dicen
tric

submeta-
centric

like No. 
3 longer 
than X

like two nor
mal X long 
arms plus an 
extra G-band 
in proximal 
portion of 
one arm

two N%-large * Fujita 
ef al. 
(1977)

14 dicen
tric

meta-
centric

like No. 
3 longer 
than X

like two nor
mal X long 
arms

two 4%-large * Niebuhr 
& Skovby 
(1977)

15 mono
centric

meta-
centric

like No. 
3 longer 
than X

like two nor
mal X long 
arms

one 4%-large * Niebuhr 
& Skovby 
(1977)

* = not determined, 4 = decreased, N = normal
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offered a pericentric inversion as the most possible explanation of 

the origin of the i(Xq) chromosome in their patients.
Baranovskaya9 Egolina and Tsvetkova (1976) reported asymmetri

cal long arms in i(Xq) chromosome with respect to chronology of DNA 
synthesis in three patients with X isochromosome for the long arm of 
the X chromosome.

In the present study, three individuals with isochromosomes 

for the long arm of the X chromosome were studied phendtypically and 
cytogenetically. The patients were referred to the Cytogenetics 
Laboratory at The University of Arizona Medical Center for chromosome 

analysis because of Turner-like phenotype.
The i(Xq) chromosome in two of these cases were monocentrd- 

meric, and the i(Xq) chromosome in the other patient was dicentric.

The G-band and C-band patterns of the isochromosome were studied in 

all patients. Also the centromeric index, the arm ratio, and the 
total length values of i(Xq) chromosome were compared to those of the 

No. 3 chromosome and normal X chromosome in the same metaphase of each 

patient. The relative length of i(Xq) chromosome and the relative 
length of the centromeric region (to relative total length of i(Xq) 

chromosome) were measured in several metaphases in each patient and 
compared to 'those of other patients. In each patient the size and the 
percentage of sex chromatin in buccal smears and neutrophil leucocytes 
(drumsticks) were determined and compared to the similar values in the



other patients and in normal individuals. Phenotypic studies were 

done using the special phenotypic forms filled out by the patient?s 
physician.



CHAPTER 2

METHODS AND MATERIALS

Chromosome Analysis in Peripheral Blood 

The method for chromosome analysis in peripheral blood used 

in the present study was that used in the Cytogenetics Laboratory of 
Arizona Medical Center. The method is basically that of Moorhead 
et al. (1960), and Arakaki and Sparkes (1963).

Specimen Collection
Blood samples were collected into 5 cc Sodium heparin (green 

stopper #3204-KA) vacutainer tubes. The tube was inverted several 

times to prevent coagulation.

Culturing and Harvesting
In order to get enough spreads and also long chromosomes for 

banding studies two methods of culturing were used:

Routine Method. The blood sample was mixed and 7-8 drops 

of it were added to a tube of 5 ml blood culture medium* (KPMI-1640)• 

The tube was inverted 2-3 times to mix, and incubated at 37° C with 
loosened cap in Co^ incubator for 72 hrs. Two such tubes of culture

*For details about all biological and reagents refer to page 16.

9



10
were made for each patient. Two hours before harvesting, 0.05 ml of 

Colcemid (10 mcg/ml) was added to the culture tube and the cultures 
returned to incubator for remaining 2 hrs.

At the end of incubation time the cultures were centrifuged at 
1200 RPM for five min. The supernatant was discarded and 5 ml of 
hypotonic solution (0.075M KC1) was added to each tube. The tubes 

were replaced back in incubator for 15 min after which the cells were 

again centrifuged for 5 min and the supernatant was discarded with 

continual mixing 0.3 of ml of fresh cold fixative was added to each 

tube very slowly. The tubes were chilled in the freezer at least for 
15 min, and then the cells were centrifuged and washed with fixative 
for 3 more times. After the last decantation, the cells were resus
pended in 0.5-1.0 ml fixative depending on size of cell pellet and 
mixed for slide preparation.

Methotrexate Treatment. In order to get long chromosomes 

for banding studies, following the same initial procedure as in the 

routine method, a 72 hr blood culture was initiated. Duplicate cul
tures were made for each patient. After 72 hr incubation 0.1 ml

-7methotrexate at a concentration of 10 M was added to blood cultures 

to synchronize "the mitoses. The cultures were incubated with the. 

methotrexate at 37° C for 17 hr. Then, the cells were centrifuged 
for 5 min. The supernatant was discarded and Sal-A was added to the 

culture to bring the volume up to 5 ml, and then the tubes were cen
trifuged. The procedure of adding the Sal-A and centrifuging was
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repeated three times. After the last centrifugation the supernatant

-5was discarded and 5 ml of culture medium containing 10 M thymidine 
was added to the culture. The cells were incubated at 37° C for 5h  

hrs. During the last.15 min of incubation the cells were treated 

with 0.1 ml of Colcemid (10 mg meg/ml) . After incubation the cultures 
were harvested as in the routine method.

Slide Preparation
Cold slides were prepared for all of the studies. The slide 

was removed from cold distilled water (20o-22° C), two or three drops 

of cell suspension were run upon the slide and the prepataion was air 
dried. As many slides as needed were made from each sample and la

beled with the patient name.

Staining
In each case two of the best slides on the basis of the qual

ity of chromosome spreading were stained for 4-5 min in a Coplin Jar 
of freshly made Giemsa stain. After staining in Giemsa the slides 
were rinsed with distilled water for a few seconds and air dried.
The slides were cleared in xylene and mounted using coverbond and No. 

1.5 cover glass.

Microscopy and Karyotyping

Using a 10X bright field objective, the best metaphases on 

the basis of quality of chromosome spreading were found, and the lo
cation of spreads were recorded using a 100X bright field, oil
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immersion objective. In each patient 25 of the best metaphases were 
counted and checked for the presence of an i(Xq) chromosome and other 
possible chromosomal aberrations.

G-banding

The G-band technique used in the present study was basically 

the method used by Muller and Rosenkranz (1972). One week old slides 
were used for G-banding. The stock Viokase solution was diluted (1:5) 
with HankT s BSS (4 ml Viokase plus 16 ml Hanks in plastic slide mail

er). The temperature was stabilized to 350-37° C in a water bath.
The slides were immersed vertically into mixture for 8-10 secs and 
rinsed with tap water. The slides were stained in freshly prepared 
Giemsa working solution (1 ml Giemsa stock solution in 50 ml Gurrvs 

buffer 6.8) for 33/4 min, and then rinsed in tap water, air dried,

cleared in xylene, and mounted with coverbond using No. 1.5 coverslip.
(

Metaphase spreads with G-banded chromosomes were photographed, and 

G-banded karyotypes for each patient were prepared.

Measurements

The arms and the total length of i(Xq) , No. 3, and the normal 

X chromosomes were measured in 25 G-banded metaphase spreads from each 
patient. The measurements were done with the ocular micrometer and 
with the 100 X bright field, oil immersion objective (each unit of 

ocular micrometer is equal to 1.00 micron under the 100 X, bright 
field, oil immersion objective). In order to determine and compare 
the relative length of i(Xq) chromosome, the negative pictures of 5
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metaphases in each patient were used measuring the haploid set of 

chromosomes, X chromosome and the i(Xq) chromosome in each metaphase 
by using enlarger projector.

Centromeric Heterdchromatin Banding (C-bands)
The C-banding technique used in this experiment is the method 

used by Sumner (1972). Three air dried slides were put into a Cop1in 

jar of 0.2NHC1 for one hr at room temperature. After that the slides 
were soaked in deionized water for 5 min at 4-10° C, and for 5 min at 

room temperature. Then slides were put into freshly made 5% (w/v) 

barium hydroxide, Ba(oH)2 > at'50° C for 10 min. Then slides were 
rinsed very carefully with distilled water for 1-2 min thoroughly to 
wash off the barium hydroxide. Then the slides were incubated for 
1 hr in 2 X SSC at 60° C; slides were treated separately in plastic 
mailer containers. After incubation the slides were rinsed: twice in
70% ethanol for 5 min each, then twice in 95% ethanol for 5 min each. 
The slides were stained with Gurrfs buffered stain (see G-bending pro

cedure) for 45-60 min, then rinsed in water. The staining was checked, 

and the air dried slides were cleared in xylene and coverslips were ap
plied as before. In order to compare the G-banding and the C-banding 
patterns of i(Xq) chromosome, selected metaphase spreads of each pa
tient were photographed.

Measurements

The length of centric heterochromatin and the total length of 
the i(Xq) chromosome was measured under ocular micrometer in 10
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metaphase spreads from each patient. The relative length of centric 

heterochromatin was calculated by dividing the length of centromere 
heterochromatin by the total length of the chromosome and multiplyr 

ing it by 100.

Sex Chromatin Analysis

Barr Body Analysis in Buccal Smears

Several microscope glass slides were prelabeled with the pa
tient ?s name. Buccal mucosa of both left and right side were scraped 
firmly with clean wooden spatula. The scraper was held at an angle 

of about 30° and drawn along the slide on which the smear was to be 
made. For each slide and for each side a new scraper was used. The 
slides were fixed immediately in 95% ethanol for 30 min. After fixa

tion the slides were stained in a Cop1in jar of Carbol Fuchsin for 
10 min. Then the slides immersed in two .Coplin jars of 95% ethanol 
and two Coplin jars of 100% ethanol for about 1 min each, until the 

color of the smears was- bright. The slides were cleared in xylene 
for 5 min and mounted in coverbond using No. 1.5 coverslip.

Evaluation. In each case 100 well-preserved nuclei were 

scored using .100X oil immersion objective, and the percentage of 
nuclei containing a nuclear-membrane-associated chromatin body was 
recorded for both left and right sides. The length and the width of 

50 Barr bodies were measured using the ocular micrometer and the
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shape recorded. Several Barr bodies were photographed in patients 
and normal controls.

Drumstick Analysis in 
Neutrophil Leucocytes 
of Blood Smears

In each case the blood smears for drumsticks study were pre

pared from the blood that was received for culturing. A small drop 

of blood was placed on a clean microscope slide. The slide was 
placed on a firm flat surface and a second clean slide was used to 
make a blood firm. The slide was air dried and stained with Wright’s 
stain in a staining machine in Hematology Laboratory in The University 

of Arizona Medical Center.

Evaluation. The neutrophilic leucocytes were examined under 

100X oil immersion objective for presence of drumsticks. The percent
age of drumstick-positive neutrophils and the size and the shape of 
drumsticks in 25 neutrophils were recorded. Several drumsticks were 

photographed in patients and controls.

Phenotypic Study

Phenotype data forms were prepared describing clinical features 
of Turner’s syndrome and phenotypic features of patients with i(Xq) 
chromosome that have been studied by several investigators. The pheno

typic forms were filled out by the physician at the time of clinical 
examination. The data given in these forms were used for studying

i
and comparing phenotypic features of the three patients.
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Measurements and Statistics

Calculations for the relative length9 centromere index9 and 
arm ratio of the chromosomes were carried out as defined by the 1971 
Paris Conference (National Foundation, March of Dimes, 1973). Also the 
relative length of centromeric heterochromatin was calculated. The 
following formulas are used.

-Relative length of isoX chromosome (RL)

total length of l(Xq) _____ inn
total length of haploid set + X

-Centromere Index (Cl) = -■ + - x 100, length of the short arm 

divided by the total length of chromosome x 100.

-Arm ratio (AR) = length of the long arm divided by the length 
of the short arm ( |j- ) .

-Relative length of centromeric heterochromatin = length of 

centromere heterochromatin divided by the total length of the 
chromosome x 100.

The Newman-Keuls test (SNK test) was used for multiple com
parison of the relative length of isochromosomes, relative length of 

centromeric heterochromatin, and size of drumsticks. The size of 
Barr bodies in patients and controls was compared using nested analy
sis of variance. The probability for all tests was set at 0.95 
(a = 0.05 level).

Biologicals arid Reagents

A list and composition of the biological and reagents used in 
this study is as follows:
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1. Blood culture medium: RPMI-1640 (supplied by Grand Island

Biological Co.) 100 ml, fetal calf serum (GIBCO) 25 ml, penicillin- 

streptomycin 2 ml (5000 units of each/cc in: frozen aliquots) phyto-. > 
haemagglutinin (Burroughs-Wellcome5 lyophilized. Resuspended in 5 ml 

medium or distilled E^O; maybe stored frozen after hydrating) 1.65 ml. 
All ingredients were sterily added to RPMI and stored in 5 ml aliquots 

in 15 ml plastic falcon tubes at -9° C until needed. The tubes were 
warmed to 37° C before using.

2. Colcemid solution (GIBCO), was made up and used according 
to manufacturer’s instructions.

3. Hypotonic solution: 0.075 molar KC1 stored _at room tem

perature or refrigerator, warmed to 37  ̂ C before using.

4. Fixative: Freshly prepared one part of glacial acetic
acid plus 3 parts of absolute methanol chilled in freezer before 

using.
5. Giemsa stain for routine staining: The commercial stock

solution was diluted 1:50 in tap water freshly before each use.
6. Saline A: 8 gm NaCl, 0.4 gm KC1, 1.0 gm galactose, 0.35 gm

NaHCOg and 1 ml of 0.5% phenol red disolved in -900 of distilled 

water, the volume adjusted to 1000 ml.

7. Methotrexate: sodium NDC 005-4556-26 50 mg, 2 cc vial,

Lederle Laboratories Division, American Cyanamid Company, Pearl River, 
N. Y. 10965.

8. Thymidine: 6060 A grade. Cal Biochem, San Diego Califor
nia 92112. (
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9. Viokase solution 2.5% (10IE) > GIBCO: A natural mixture of

pancreatic enzymes available in 25 ml lyophilized or 100 ml liquid 
units. Aliquoted into 4 ml portions in sterile disposable tubes and 
frozen until needed.

10. Gurr1s buffer tablets, Searle Diagnostic: A convenient

and reliable source of buffer. 1 tablet diluted in 100 ml distilled 
water, giving a final pH of 6.8. Prepared fresh.

11. Hanks, BBS, GIBCO: Balanced salt solution, stored at
room temperature.

12. 2 xSBC (0.3 M NaCl containing 0.03 M tri-sodium citrate): 

1.75 gm of NaCl and 0.88 NaCit dissolved in 100 ml of water, the pH 
adjusted to 7.0 with 0.05 N'HCl.

13. GurrTs buffered stain: 1 ml of Gurrvs Giemsa stain in

50 ml of Gurr9 s buffer pH 6.8.

14. Carbol fuchsin: stock solution: 3 gm of basic fuchsin
dissolved in 100 ml of 70% ethanol. The stock solution will keep in

definitely. Working solution: 10 ml of stock solution, 90 ml of 5%
carbolic acid (liquified phenol) in distilled water, 10 ml glacial 
acetic acid, 10 ml of 37% formaldehyde mixed together and allowed to 

stand 24 hrs before using. The solution prepared fresh monthly or 
more frequently if many slides were being stained.

15. Wright stain: 2 grams of crystal violet dissolved in
100 ml of 75% sodium chloride, filtered and used.



CHAPTER 3:

RESULTS AND DISCUSSION

All three patients with the i(Xq) chromosome had some features 

of Turner’s syndrome. But the morphology of the i(Xq) chromosome and 

also various phenotypic features of each patient were different from 
each other. It is best to study each of them individually before com

paring them to each other.

Case Reports

Case 1
She was a 20 year old woman with short stature, average normal 

intelligence, poor development of secondary sexual characteristics, 

amenorrhoea, gonadal dysgenesis, broad chest and arc shaped palate. 
Analysis of peripheral blood cultures showed that 23 out of 25 meta
phase spreads counted had 46 chromosomes and in all of the cells the 

i(Xq) chromosome was present. The karyotype for this patient was 
46X, i(Xq). She showed positive sex chromatin bodies in buccal 
smears (27% left and 25% right) and in neutrophil leucocytes (4% 

drumsticks). The i(Xq) chromosome in this patient was a metacentric 

chromosome similar to No. 3 chromosome in length and longer than the 

normal X : chromosome. The G-banding and the C-bandirig showed 
that the i(Xq) chromosome in this patient has two symmetrical arms
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exhibiting band patterns similar to that of the X chromosome. The 
chromosome also has only one centromere. Figure 1 shows the G-banded 

karyotype of this patient.

Case 2

She was a 14 year old girl with short stature> poor growth, 

average normal intelligence, poor development of secondary sexual 

characteristics and low hair lines. Chromosome analysis of peripher
al blood cultures showed that 18 out of 25 metaphase spreads counted 
had 46 chromosomes. In all of the 25 spreads the i(Xq) was present 

and deficiency in some spreads was not due to loss of the i(Xq) 
chromosome9 but the deficient spreads had a random loss of one C group 

chromosome. The karytoype for this patient is 46X, i(Xq).
She showed positive sex chromatin bodies in buccal smears 

(21% left and 22% right), and in neutrophil leucocytes (4% drum
sticks) . The isochromosome X in this patient was a dicentric chromo
some, slightly longer than No. 3 autosome and longer than the normal 

X chromosome. The G-banding of the isochromosome showed two symmet

rical arms with patterns similar to those of the long arm of normal 
X chromosome. The C-banding showed two centromeres in the i(Xq) that 

were separated by a small portion of the chromosomal material between 

them. Figure 2 shows the complete G-banded karyotype of this patient.

Case 3

She was a 17 year old girl with short stature, poor growth, 

average normal intelligence, gonadal dysgenesis, amenorrhoea, poor



Figure 1. The G-banded karyotype of Case 1.



Figure 2. The G-bended karyotype of Case 2.
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development of secondary sexual characteristics and low hair lines. 

Chromosomal analysis of peripheral blood cultures showed that 24 out 

of 25 metaphase spreads counted had 46 chromosomes, and all of the 
spreads had the i(Xq) chromosome. The karyotype for this patient is 

46X, i(Xq). She showed positive sex chromatin bodies in buccal 
smears (21% left and right). Unfortunately the blood in this patient 
was not satisfactory for drumstick studies. The i(Xq) chromosome in 

this patient was a metacentric chromosome similar to No. 3 chromosome 
in length and longer than the normal X chromosome. The G-banding 
showed that this isochromosome had two symmetrical arms banded as 

long arm of the normal X chromosome. The C-banding showed that this 
i(Xq) had only one C-band in centromeric region, but the centromere 
region was wider than normal and probably represents two centromeres 

attached to each other. In Figure 3 the complete G-banded karyotype 
of this patient is presented. A summary of chromosome counts and 
karyotyping in these three patients is given in Table 2. The mean 
percentage of sex chromatin positive cells in Buccal smears and blood 

smears of the patients and three control women is given in Table 3. 

The summary of clinical findings in the patients appears in Table 4.

Barr Body Comparison

The "sex chromatin" is a sex specific chromocenter observed 
in the interphase nuclei of cells derived from mammalian females, 

measuring 0.8 x 1.1 ]i with a range of 0.7 x 1.0 p to 1. x 1.4 y in 
normal females. The basic shape may be that of a short double rod.
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Table 2. Chromosome counts and karyotypes. In all of the cells 

i(Xq) was present and deficiency was not due to loss of
i(Xq) in deficient spreads.

Case Tissue
chromosome numbers 

44 45 46 47 total karyotype

i blood — 2 23 — 25 46X, i(Xq)
2 blood 4 3 18 — 25 46X, i(Xq)

3 blood — — 1 24 — 25 46X, i(Xq)

Table 3. Mean percentage of positive sex chromatin cells in buccal 
smears and blood smears.

buccal smear
Case Left Right drumsticks

i 27% 25% 4%
2 21% 22% 4%

3 21% 21% *

Normal 1 24% 24% 3%

Normal 2 24% 25% *

Normal 3 18% 20% *

* = not determined.
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Table 4. Phenotypic features of patients exhibiting 46X, i(Xq) 

karyotype.

Case 1 Case 2 Case 3

Age at study (yrs) about 20 14 17
Karyotype 46X, i(Xq) 46.X, i(Xq) 46X, i(Xq)

Pheontypic sex female female female
normal intelligence + + 4-

menstrual period - -

amenorrhoea 4 - ? -

poor development of 
secondary sexual 
characteristics + + +
gonadal dysgenesis + ? 4-

short stature + + +

short webbed neck - - -

broad chest + - -

poor breast development + 4- 4-

low hair lines - 4 * 4-

arc-shaped palate + - -

abnormality in nail - -

poor growth - 4- 4-

Other clinical features skeletal 
abnormal
ities— first 
degree hypo- 
gonadia^

hypothyroid
ism

none

+ = present, - = absent. ? = unknown, * = 5th finger nails turn up
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usually located lying flattened against the inner surface of the 
nuclear membrane (Hamerton 1971a). The discovery of the sex chroma
tin was made accidentally in female cats by Barr and Bertram (1949). 

Since then the terms "sex chromatin" and "Barr body" were used.
The Lyon hypothesis (1961) proposed the idea of the random in

activation of one or the other of the two sex chromosomes in differ

ent cells of mammalian females. Inactivation is identified with late 
DNA replication and "sex chromatin" formation. The normal frequency 

for Barr body formation is about 20-25 percent in buccal epithelial 
cells of the normal female.

There are reasons for assuming -the existence of an inactivation 
center on the X chromosome and without which the chromosome cannot be 

inactivated. This center would be located on the proximal part of 
long arm of X chromosome. Abnormal X chromosomes with two long arms 

tend to show larger than normal Barr bodies (Therman, Sarto and Patau 

1974b).
In patients of the present study with i(Xq) chromosomes, the 

percentage of Barr bodies in buccal epithelial cells was average and 

normal (Table 3). The reason for the normal percentage is probably 
inactivation of one of the two X chromosomes; as it is the case in
normal women, but in patients with i(Xq) chromosome almost always the

xi(Xq) chromosome is inactivated.
All patients of this study showed unipartite Barr bodies that 

were as variable in shape as those in normal females. The Barr
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bodies in the patients were larger than normal average sized Barr 
bodies. The Barr bodies of these patients and the normal female are 

pictured in Figure 4. The size of the Barr body seemed to be differ

ent in different patients. The mean and the standard deviations of 
the length and the width of the Barr bodies in the patients and three 
normal females are given in Table 5. Results of a nested analysis of 
variance test of the data of the length of Barr bodies, in which the 

patients are compared with normal females and with each other appear 
in Table 6. As this test showed, at P = 0.95 there is a very signif

icant difference between the normal females and the patients with 

i(Xq) chromosome in the size of Barr bodies, but the differences be

tween patients were not significant at P = 0.95 level. The larger 
than normal Barr bodies in these patients seems to be the result of 

inactivation of the abnormal isochromosome X. Jacobs (1969) suggested 
that in all of individuals with a structurally abnormal X chromosome, 
the size of the sex chromatin body is directly correlated with the 
size of the abnormal X chromosome. The patients with 46X, i(Xq) show 
larger than normal Barr bodies and drumsticks.

Drumstick Comparison

Davidson and Smith (1954) observed a sex difference in the 
morphology of the circulating polymorphonuclear leucocytes. A pro
portion of the female polymorph nuclei had an additional lobe or 
"drumstick.n The drumsticks are constant in size with a well-defined 

round or oval head 1.4-1.6 microns in diameter joined by a single.
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Figure 4. The Barr bodies in the patients and normal female: 
(A) Case 1, (B) Case 2, (C) Case 3, (D) normal 
female.
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Table 5» Mean percentage of Barr body shape and mean ± S.DEV of 

Barr body size in sex chromatin positive cells.

size (X ± S.DEV) Shape % Total

Case length (u) width (0) . round
elon
gated

No cells 
stored

1
[46X, i(Xq)] 1.66 ± 0.37 1.2 ± 0.268 66% 34% 50
2

[46X, i(Xq)] 1.7 ± 0.378 1.11 ± 0.209 52% 48% 50
3

[46X, i(Xq)] 1.55 ± 0.381 0.98 ± .247 50% 50% 50

Normal 1 
46,XX 1.22 ± 0.25 0.94 ± 0.165 74% 26% 50

Normal 2 
46, XX 1.36 ± .392 0.94 ± 0.193 66% 34% 50
Normal 3 
46,XX 1.14 ± .268 0.95 ± 0.152 84% 16% 50

Table 6. The analysis of variance table for Barr body sizes in 
normal individuals and patients.

Source of variation dF SS MS . F

groups 1 11.8008 11.8008 25.6093*

subgroups/group 4 1.8433 0.4608 1.5039ns
Error 294 34.9337 0.3064

* = very significant difference at P = .95 
NS = non-significant difference at P = .95
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fine chromatin thread to one lobe of the polymorph nucleus (Hamerton 
1971a)o Drumsticks percentage, shape and size were studied in Case 1 
and Case 2 and one normal female. The percentage of drumsticks are 
almost the same in patients and normal females (Table 3) . Figure 5 
shows the drumsticks of the patients Case 1 and Case 2 and the normal 

female. The drumsticks in the patients were significantly larger than 

normal. The mean percentage of drumsticks shape and mean and stan
dard deviations of the length and the width of drumsticks in Case 1, 
Case 2 and a normal female is presented in Table 7. The result of 
the Newman-Keuls test (SNK test) for multiple comparison of the length 
of drums ticks in normal female and patients is appears in Table 8.
As this test showed at P = 0.95 level there is a significant differ

ence between the Case 1 and normal female and Case 2 and normal fe
male, but there is not any significant difference between Case 1 and 

Case 2. The increase in,the size of drumsticks in these patients is 

due to the inactivation of the abnormal isochromosome X. As Maclean 
(1962) suggested, the proportional changes in the amount of X-chromo
some material are reflected in the size of the drumsticks. This is 
well seen when the amount is increased, and in a case with isochromo

some for the long arm of the X chromosome. When such isochromdsome 
is presented together with a normal X chromosome, all the drumsticks 
appear larger than normal.
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Figure 5. The drumsticks in the patients and normal female: 
(A) Case 1, (B) Case 2, (C) and (D) normal female.
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Table 7- Mean percentage of drumstick shape .and mean ± S. DEV of 

drumstick size in sex chromatin positive leucocytes.

size (X ± S DEV) . Shape % Total
No of

Case length (y) width (y) round oval . Cells

1
46X, i(Xq) 1.58 ± 0.4 1.2 ± 0.315 68% 32% 25
2

46X, i(Xq) 1.48 ± .445 1.12 ± 0.261 80% 20% 25

Normal 
46,XX 1.13 ± 0.457 0.9 ± 0.27 64% . 36% 25

Table 8. The Newman-Keuls test (SNK) , for multiple comparison of 
the size of drumsticks.

Comparison Difference at P = 0.95

Case 1 vs. normal S

Case 1 vs. Case 2 / NS
Case 2 vs. normal S

S = significant5 NS = not significant.
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Iso X Chromosome Comparison

All three patients had an abnormal X chromosome „ The abnormal 
X chromosome was an isochromosome for the long arm of the X-chromo- 

some. As mentioned before in Case 1 the i(Xq) was a mono centric 

chromosomeo In Case 2 the i(Xq) was dicentric with a small portion 

of chromosomal material between the two centromeres. The i(Xq) of 
Case 3 was apparently mono centric with a wide centric he tero chromatin 

region. The comparison of G-band and C-band patterns of the i(Xq) in 
each case is presented in Figure 6. The means and standard deviations 

of centromere indexes? arm ratios and the total length of i(Xq), No.

3 auto some and the normal X chromosome s was obtained from 25 G-banded 

spreads measuring the i(Xq) 9 No. 3 and X chromosomes of each spread 
in each.patient. The result of these measurements are summarized in 

Table 9. There is no actual centromere index for a dicentric chromo
some in Case 2. The arm ratio of 1.00 in all 3 cases indicates the 

euqality of the size of two arms in i(Xq)1s. In Case 1 and in Case 3 

the centromere index of 50 for the i(Xq) indicates the chromosome as 

the most metacentric chromosomes. In case 1 and Case 3 the relative 
length of iso chromosome X was the same as that of No. 3 chromosome 
and longer than normal X chromosome. In Case 2 the relative length 
of dicentric i(Xq) chromosome was slightly greater than that of No. 3 
chromosome and greater than that of normal X chromosome. Similar 
cases of patients with monocentric i(Xq) chromosome like the Case 1 

of present study have been studied by Caspersson et al. (1970), Yana- 
gisawa (1973), Priest et al. (1975), Fujita et al. (1977), Niebuhr
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Figure 6. The G-band (left) and C-band (right) comparison of 
the isochromosome of X in each patient: Case 1,
Case 2, Case 3.
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Table 9. Mean ± S. DEV of the centromere index, the arm ratio, and 
the total length of No. 3, X, i(Xq) chromosomes in 25 
spreads of each patient.

Case
Chromo
some

Centromere
Index
(CI)

Arm Ratio 
(AR)

Total
length (V)

Total 
No. of 
spreads

3 47.014 ± 1.81 1.13 ± .083 7.87 ± 1.53
i X 38.35 ± 3.28 1.63 ± 0.23 6.08 :± 1.06 25

i(Xq) 50 1 7.36 ± 1.26

3 47.08 ± 1.09 1.13 ± .05 9.64 ± 0.97
2 X 41.672 ± 1.80 1.4 ± 0.1 7.78 ± 0.85 25

i(Xq) * 1 10.08 ::±:1.04
3 47.125 ± 0.82 1.13 ± 0.4 9.65 ± 1.13

3 . x 40.04 ± 1.63 1.51 ± 0.1 7.42 ± 0.89 25
i(Xq) 50 1 8.875 ± .89

* = not determined (There is no formula for Cl in a dicentric 
chromosome.)
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Skovby (1977). Also several cases of dicentric i(Xq) chromosome 

similar to the Case 2 of this study have been studied by several in
vestigators (De La Chapelle and Stenstrand 1974; Cohen et al. 1975; 

Howell et al. 1976; Fujita et al. 1977; Niebuhr and Skovby 1977).
The morphology of the isodicentric X chromosome studied by Cohen et 
al. (1975) is very similar to that of the Case 2 in this study.
Cohen et al. (1975) suggests that the chromosomal material between 

two centromeres in this case is the proximal portion of the short arm 
of the X chromosome. Some cases of i(Xq) chromosome similar to that 

of Case 3 of present study with a long centromeric heterochromatin re
gion have been studied by Schmid et-al-. (1974) and De La Chapelle et 
al. (1965). These investigators suggested that this kind of i(Xq) 

could be a dicentric element, but the chromosomal banding studies 
were not performed. However the C-banding technique, when applied to 
the Case 3 in presents study showed a wide centromeric heterochromatin 
region, but not two distinct centromeres.

The relative lengths of centromeric heterochromatin region 

to total length of the i(Xq) chromosomes were compared in the 3 cases 
of the current study. The mean and standard deviations of the rela

tive length of centromeric heterochromatin measured in 10 C-banded 
metaphase spreads of each case appears in Table 10. The result of the 

SNK multiple comparison test between these 3 cases is also presented 
in this table. At the P = .95 level all three cases showed signif

icant differences in the relative amount of the i(Xq) centromeric 
heterochromatin. In Case 1 the 6.99 ± 1.70 is the relative length of
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Table 10. . The mean ± S.DEV of relative length of centric hetero- 

chromatin to total length of i(Xq) chromosome in 10 
metaphase spreads of each patient and the SNK multiple 
comparison test.

Relative length of
centric region of SNK multiple At

Case n i(Xq) comparison test P = 0.95

1 10 6.99 ± 1.70 Case 3 vs. Case 1 *
2 10 9.5 ± 1.83 ' Case 3 vs. Case 2 *

3 10 11.86 ± 1.64 Case 2 vs. Case 1 *

* = significantly different.

centromeric heterochromatin for a monocentric i(Xq) chromosome, and 

in Case 2 with a dicentric i(Xq) chromosome this figure is 9.5 ± 1.83, 
and in Case 3 with a wide centromeric region the figure of 11.86 
± 1.64 is even larger than that of the Case 2 with dicentric i(Xq) 
chromosome. These results increase the probability of the existence 

of two centromeres in Case 3 isochromosbme X. If there are two cen

tromeres they are in contact with each other without any chromosomal 

material between them.
Also the relative length of .is.ochromosome X of each case was 

compared to that of other cases using SNK multiple comparison test 
(Table 11).

The difference between the relative length of the i(Xq) 

chromosomes in Case 1 and in Case 3 was not significant, but the
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Table 11, Mean ± S,DEV of the relative length of i(Xq) chromosome 

in 5 metaphase spreads of each patient compared by SNK 
multiple comparison test.

Case n
Relative length of 

i(Xq)
SNK multiple 
comparison test

At
P = 0.95

1 5 6.03 ±
2 5 6.86 ±

3 5 6.05 ±

0.60 Case

0.53 Case

0.027 Case

2 vs. Case 1 *

2 vs. Case 3 *
3 vs. Case 1 NS

* = significant difference, NS = not significantly different.

dicentric isochromosome X of Case 2 showed a significant difference 

in relative length when compared to i(Xq) chromosomes of Case 3 and 

Case 1. The proximal portion of the short arm between the two centro
meres of i(Xq) chromosome in Case 2 could be the cause of this differ
ence. The Case 3 the i(Xq) chromosome differs in relative length 
from that of the Case 2, but it is similar in relative length to the 
monocentric i(Xq) chromosome of Case 1, even though it might have two 
centromeres.

The Mechanisms of Isochromosome Formation

Morphological differences in isochromosomes for the long arm 
of the human X chromosome are interesting for studying the phenotypic 

features associated with this kind of abnormal X chromosome and for 
studying the mechanisms involved in formation of iso chromosomes.



The mechanism by which isochromosomes are generated has been 

assumed generally to be the following. Whenever the centromere is 
unable to divide lengthwise at mitosis or second division of meiosis, 

it may divide crosswise. This commonly accepted mechanism of iso
chromosome formation was first described as "misdivision" of centro

mere by Darlington (1939).
Oshimura, Kakati and Sandberg (1977) suggest that the iso

chromosomes could be derived from homologous adjacent symmetrical ex
changes at centromere regions. He observed this kind of isochromosome 

in his studies frequently, and suggested the possibility of produc
tion of iso chromosomes through exchanges as well as through "misdivi- 

sion" of centromere.
Baranovskaya et al. (1976) studied the DNA replication pat

terns in the i(Xq) chromosome, and indicated that even though the arms 

of i(Xq) might be identical in gene composition, the difference be
tween the arms in chronology of DNA replication shows that the func
tioning of the two arms is not identical. It seems that the replica

tion starts earlier in one arm of the isochromosome X and later in 
the other arm, and the different patterns of DNA replication in such 
chromosomes show the difference of DNA replication between, the homol
ogous X chromosomes.

Of the possible mechanisms for monocentric isochromosome for
mation the mechanism of crosswise "misdivision" of centromere during 
mitosis or second meiosis division is more ^likely the mechanism for 

formation of the monocentric i(Xq) chromosome in Case 1. The

40
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apparently monocentric i(Xq) chromosome of Case 3 is probably formed 

by a mechanism similar to that described by Oshimura et al. (1977) » 
This mechanism involved the translocation of a long arm with a centro

mere of one X chromosome to the long arm with a centromere of the 
other homologous chromosome followed by breaks separating the short 
arms from the centromeres in both homologous X chromosomes.

The isodicentric X chromosome in Case 2 of the present study 
is more likely to have been formed by the mechanism described by 

Cohen et al. (1975). According.to Cohen et al. (1975), in the case 
of a dicentric isochromosome the original break occurs in the proxi

mal region of the short arm, with subsequent reunion and replication. 
In actuality, this chromosome is an isochromosome for more than the 

entire long arm and contains a small portion of the short arm duplica

tion as well; therefore the concept of centromeric "misdivision" lead

ing to its formation is not acceptable. Such a chromatid interchange 

in late S or D? of the cell cycle after chromosome doubling, with a 
break and sister strand reunion results in dicentric and acentric ele

ments together with a normal chromosome in each cell. This process 
also supports the observations of mosaicism in some cases of isodicen
tric X chromosomes which are caused by the loss of acentric fragment 
consisting of short arm material. In Case 2 the presence of another 

cell line could not be proved. Howell et al. (1976) suggests that the 
isodicentric X chromosomes are capable of functioning as a monocentric 

element as the result of inactivation of one centromere.
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In addition, stable dicentric human X chromosomes have 

resulted from Robertsonian translocations in a number of cases (Nie
buhr and Skovby 1977). The case of Disteche et al. (1972) represents 
a short-to-short arm translocation, while that of Therman et al. 
(1974a) a long arm to long arm translocation. The apparent stability 

of such abnormal chromosome is explained by the inactivation of one 
centromere. Therefore, even though morphologically dicentric, these 
chromosomes are functionally monocentric, reducing the possibility 

of problems during cell division.



CHAPTER 4

SUMMARY AND CONCLUSION

Three females with isochromosome for the long arm of X 
chromosome were studied• All three cases had short stature and other 
features of Turner’s syndrome that usually occur in patients with 

45,XO karyotype o
Ferguson-Smith'(1965) appeared to initially confirm that 

monosomy for the short arm of the X chromosome was the decisive fac

tor in causing short stature. According to Ohno (1967) restriction 
of most loci affecting somatic development to the short arm of the 
X is in conflict with the view that the X chromosome was once a prim
itive autosome and that former autosomal loci on the X chromosome 

have been retained essentially intact during evolution.
Cartier and Sparkes (1963) suggest that a patient with a 

long arm iso X-chromosome would exhibit late replication of the i(Xq) 

chromosome only, the cells with a late replicating normal X chromo
some having been eliminated during early embryonic life. Such a pro
cess could damage the growth potential of embryo and could cause the 

short stature in these patients.
The phenotypic features in three cases of i(Xq) chromosome 

of the present study could be the result of deficiency of one short
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arm of the X chromosome and duplication of the long arm, and/or the 

elimination of the cells with a late replicating normal X chromosome 
during early embryonic life.

A summary of morphological studies of i(Xq) chromosomes in 

these patients is presented in Table 12.. The i(Xq) chromosome of the 

patients were not identical.
In Case 1 the i(Xq) chromosome was a mono centric isochromo

some, like No. 3 autosome in length and longer than the normal X 
chromosome. It showed only one C-band and the patterns of G-bands in 
each arm were identical to that of the normal X chromosome long arm.
The i(Xq) chromosome in this patient was a true isochromosome prob

ably derived by crosswise "misdivision" of centromere'at mitosis or 

second meiosis division.
In Case 2 the i(Xq) chromosome was a dicentric chromosome 

slightly longer than No. 3 chromosome and longer than normal X chromo

some, with two C-bands and identical patterns of G-band in each arm 

to the long arm of the normal X chromosome. The i(Xq) chromosome in 
this patient seemed to be formed by the break in the proximal region 

of the short arm of the X chromosome followed by reunion and repli
cation in late S or G^ of cell cycle.

In Case 3 the i(Xq) chromosome was an apparently monocentric 

with wide centromeric region. It was the same length as No. 3 chromo

some and longer than the normal X chromosome, and showed a wide 
C-band and identical patterns of G-bands in each arm as compared to 
the long arm of the normal X chromosome. The relative amount of
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Table 12. Summary of data on isochromosome X morphology in three patients.

Case Cl . AR RL

Centromere
region
relative
length

Posi
tion of 
Centro
mere

Relative'. 
length 
compared 
to No.
3 and X

No. 
of C- 
bands

No. of G-bands 
in each arm 
compared to 
long arm of 
normal X

1
46X, i(Xq) 50 1 6.03 ± 0.60 6.99 ± 1.70 • meta- 

centric
like No. 
3 longer 
than X

1 like long arm 
of normal X

2
46X, i(Xq) * 1 6; 86 ± 0.53 9.5 ± 1.83 meta-

centric
longer 
than No. 
3 longer 
than X

2 like long arm 
of normal X

3
46X, i(Xq) 50 1 6.05 ± 0.27 11.86 ± 1.64 meta-

centric
like No. 
3 longer 
than X

1 like long arm 
of normal X

4S
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centric heterochromatin of the isochromosome X in this case was greater 

than that of Case 1 or Case 2. Thus, the i(Xq) chromosome of this pa

tient might be a dicentric isochromosome, probably derived by Robert

sonian translocation of a long arm with a centromere of one homologous 
X chromosome to that of. the other homologous X chromosome followed by 
breaks at centromeric regions separating the short arm of the both X 
homologs from the centromere.

All three patients showed normal percentage, but larger than 

normal Barr bodies in their buccal epithelial cells indicating the in
activation of the i(Xq) chromosome. Also the size of drumsticks in 

neutrophil leucocytes in Case 1 and Case 2 were significantly larger 
than that of normal females. (Case 3 was not studied.)
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