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The problem. The screening of 507 residents of 
Woodward State Hospital-School for possible Y chromosome 
anomalies using a quinacrine mustard staining technique.
This stain causes a bright fluorescence in the distal region
of the long arms of the Y chromosome, making it possible to 
identify the Y chromosome. . 

. Procedure. The resident population was sampled using 
a finger puncture and blood smear technique to obtain the 
lymphocyte cells. The cells were stained using quinacrine
mustard and the cells were screened using a Zeiss Photomicro
scope II equipped with fluorescent illumination equipment.
Fifty lymphocytes per individual were investigated noting
single Y chromosomes, duplex Y chromosomes and double Y 
chromosomes. 

Findin~s. The resident population divided into 212 
females and 2 5 males. The women showed no Y chromosome 
anomalies. In the male population, 290 were observed to 
have only Y chromosomes. In this group of 290, 11 individ
uals showed a very low Y chromosome count. Five of the males 
were noted as possible XIT individuals. 

Conclusions. The female population, as might be ex
pected, exhIbited no Y anomalies and 279 of the 290 males 
were diagnosed as having only one Y chromosome. The other 
group of 11 males with low positive Y investigations and 5 
possible XY1 males that were identified in this study are 
now the objects of further research involving karyotype
ana.!,ysis. 

Recommendations. The sampling process and staining
technique proved to be successful for screening a large
popUlation. I would also suggest that before any decisions 
are made from a screening process such as this, that a 
karyotype analysis be completed. 
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INTRODUCTION AND REVIEW OF LITERATURE 

The technique of using a fluorescent stain is a new 

tool for the geneticist to use in the identification of the 

Y chromosome. The use of alkylating fluorochromes as 

staining agents (George, 19711 Pearson, Bobrow, and Vosa, 

1970) not only lets the researcher identifY the presence of 

a normal Y chromosome. but Y chromosome anomalies as well. 

As early as 1967, procedures using highly fluorescent 

acridines possessing alkylating groups were shown to bind 

well-defined regions of the metaphase chromosomes of Vicia 

faba, Chinese hamsters, and Trillium erectum (Caspersson, 

et al., 1967). Bifunctional nitrogen mustard derivatives of 

quinacrine give clear identical patterns of bonds, whereas 

similar, but considerably less intense, less sharp, and less 

reproducible patterns were obtained with the antimalarial 

drug, quinacrine dihydrochloride (Atebrine). 

Caspersson, Zech, and Modest (1970) chose to identify 

three groups of fluorescent DNA binding agents that are 

being used for chromosome study I 

1.	 Basic polycyclic substances without side chains 

but with aromatic amino acid groups capable of 

ionic bonding and intercalation between nucleic 

acid base planes. Compounds of this kind now 

being used are proflovine, acriflavine, and 

acridine orange. 
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2.	 Intercalating substances with basic side chains 

capable of ionic bonding to phosphate groups in 

one or both chains of DNA. This class of agents 

is represented by quinacrine. a compound that can 

intercalate and also bind to the minor groove of 

the double helix via substituted diamino-butane 

chains. 

3.	 Substances that bind preferentially or exclusive

ly to particUlar functional groups in individual 

DNA bases through covalent or noncovalent bonds 

with or without intercalation. Detailed studies 

in this group have been made with several mono

functional and difunctional nitrogen mustard 

derivatives of quinacrine (quinacrine mustard). 

presumably capable of preferential intercalation 

of the N-? atom of quanine. 

Among these three classes of DNA-binding agents. the 

greatest interest has been in compounds with nucleic base 

specificity. in the hope of delineating. through fluorescent 

binding. chromosomal DNA segments that might be enriched with 

respect to a given purine or pyrimidine. 

Zech (1969) found that the distal portion of the human 

Y chromosome fluoresces brightly when stained with quinacrine 

mustard. Pearson. et ale (19?0) observed similar fluorescence 

using quinacrine dihydrochloride (Atabrine). In a follow-up 

stUdy, Pearson et ale (1970) were able to detect the presence 



of Y chromatin material in human interphase nuclei. They 

were able to demonstrate single fluorescent bodies in normal 

XY males and double fluorescent bodies in XYY males. This 

observation brought up the possibility of positively identi

fying male nuclei in interphase by virtue of this staining 

property of the Y chromosome. 

The normal human Y chromosome is a small acrocentric 

chromosome, about the same size or slightly longer than the 

G group chromosomes. The Y chromosome is composed mostly of 

heterochromatin material which binds the alkylating fluoro

chromes strongly resulting in bright fluorescence when viewed 

with an ultraviolet microscope (Robinson and Buckton, 1971). 

The fact that there is no specific binding to the inactiv

ated human X chromosome as compared to the human Y suggests 

the fact that there is a difference in the base composition 

of the Y chromosome DNA, as the base composition of the Y 

chromosome is apparently quanine rich (Hamerton, 1971). 

The possibility that the Y chromosome may be of dif

ferent sizes and that this phenomenon is patrilinear was 

investigated by Bishop, Blank and Hunter (1962). They were 

able to trace a long Y in a 47 year old man with Downs syn

drome, his 56 year old brother, and the son of the brother; 

showing the heritability of the long Y through the male mem

bers of the family. Laberge and Gagne (1971) were able to 

use fluorescent staining characteristics of the human Y chromo

some to determine polymorphisms of the long arm of the Y 
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chromosome. They were able to show variations in the long 

arm of this gonosome are direotly related to the length of 

the fluorescent segment. These variations in the long arm 

of the Y chromosome were called "mini Y" and "maxi Y" by 

Laberge and Gagne (1971), the mini Y being an abbreviated 

long arm, and the maxi Y being an elongated long arm. They 

were able to show that the nonfluorescent portion of the Y 

chromosome is equivalent in size in the "mini Y" and "maxi y t1 
• 

Laberge and Gagne (1971) report that difficulties may 

arise in interpreting interphase spotting because of other 

bright segments that may appear in the fluorescent field in 

the microscope. The screening for Y anomalies or sexing by 

smear methods should be complemented by chromosomal studies 

and an evaluation of fluorescent familial characteristics, 

due to the possibility of a very small Y with corresponding 

minimal, or even absent, fluorescent segment. 

It is also interesting to note that the Y chromosome 

is not the only chromosome that exhibits this polymorphism. 

The long arm of chromosome 16 is sometimes elongated and this 

16q+ trait is heritable. A similar attenuation in one arm 

of chromosome number 1 has been found in at least a half 

dozen families. Variability in the mass of the short arms 

or satellites of acrocentric chromosomes is commonly encoun

tered, and again a chromosome so marked can be traced through 

a kindred. Pericentric inversions constitute another class 

of heritable rearrangements which may sometimes be detected 
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with present techniques. Several large pedigrees are known 

to have a variant chromosome which resulted from a pericen

tric inversion of a member of chromosome Group C. This inver

sion has been found in phenotypically normal members of 

several generations. The polymorphisms affecting the Y, the 

number 1, the number 16, the acrocentrics. and sometimes 

other autosomes have not yet been shown to be a direot cause 

of developmental anomalies. They cannot at present be 

viewed as meaningless in relation to medical genetios, al

though this could eventually prove to be the case. at least 

for some variants. Their true importance awaits further 

stUdy. The idea has been advanced that small inherited vari

ations in chromosomal structure. most of whioh are not cur

rently detectable because of technical lim.itations, consti

tute a "chromosomal structural loa.d" for the population, and 

that a proportion of genetically unbalanced chromosomal 

complements capable of causing embryonic maldevelopment is 

to be expected to result from this load (German. 1970). 

Pear,son et al. (1970) used buccal smears freshly ob

tained from normal volunteers and from two men with a 47, 

Xyy chromosome complement. Cultured skin fibroblasts and 

lymphocytes were prepared for routine chromosome investiga

tion. The slides were stained in 0.5 percent aqueous solu

tion of quinacrine dihydrochloride. The results of this 

study demonstrated a. definite fluorescent Y body in normal 

males. double fluorescent bodies in these known YY males. 
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and no fluorescence in females. Validity of this experiment 

by Pearson et ale (1970) proved a springboard for many other 

researchers using fluorescent stains for Y chromosome iden

tification. Cervenka, Jacobsen, and Gorlin (1970) using 

buccal smears and hair bulb preparations showed the ability 

of quinacrine dihydrochloride (0.5 percent aqueous solution) 

to cause a bright fluorescence in the Y chromosome. They 

were also able to culture amniotic cells and stain these 

cells with the fluorescent dye, and observe differential 

banding on some of the karyotyped chromosomes. Other 

researchers were working with alkylating fluorochromes and 

chromosome banding (Caspersson, Lomakka, and Zech, 1970. 

Manolov, Manolova, and Levan, 1971). Caspersson et ale 

(1970) reported that when viewed in the fluorescence micro

scope, chromosomes treated with such substances show a clear 

pattern of light and dark cross striations. Techniques have 

also been developed for the photoelectric recording of such 

fluorescence patterns, either directly in the fluorescence 

microscope or in photographs of the specimens. The clearest 

patterns were obtained with quinacrine mustard which proved 

to have a binding coefficient to DNA that was 10 times 

larger than the binding coefficient between DNA and quinacrine 

dihydrochloride (Atebrine). 

The human metaphase chromosomes display a few similar, 

very brightly fluorescing short regions that are highly con

spicuous and also persist in the interphase. These regions 
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which together represent only about 1-2% of the total meta

phase ehromosome length. are subject to individual variations. 

apparently inheritable. 

In addition to these few very brightly fluorescing 

spot.s. all the chromosomes of the human metaphase plate show 

a faint fluorescence pattern along their whole length. with 

details down to the limit of resolution of the light micro

scope. These patterns are so characteristic that they can 

be used for the identification of the human metaphase chromo

some (Caspersson et al.. 1970). 

Caspersson et ala (1970) reported photoelectric evalu

ation of the fluorescence patterns showed that the human 

chromosomes could be grouped into several more groups than 

is possible by conventional staining and autoradiographic 

methods. With improved techniques it then was possible to 

identify all 24 types of human chromosomes. In order to 

establish the degree of reproducibility of these patterns 

and to investigate the variability, a comprehensive evalua

tion of chromosome measurements has been collected and is 

presented below. 

Photoelectric evaluation of the fluorescence patterns 

with the technique described below gives good results for 

chromosome identification work even in specimens of lower 

technical quality. With fine cytological techniques and 

rather elaborate photographic printing, all the chromosomes 

in good specimens can be identified. The difficulties in 
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the visual procedure lie in the fact the strong bands are 

not sharply delineated from the less fluorescent areas; in

stead there is a continuous change from strong to weak flu

orescence in different chromosome regions. While this 

creates no problem in the photoelectric study, the eye is 

poorly equipped for the observation of such transitions in 

light intensity. With suitable photographic printing, pre

ferably several different prints from each negative, the 

intensity contrasts can be enhanced to make the details of 

the patterns clearer. 

Since visual techniques may be sUfficient for chromo

some identification, as indicated above, the chromosome 

characters that are most useful for this purpose have been 

included in the description of fluorescence patterns for 

individual chromosome types. 

As described earlier, there is a small number of very 

short and very intensely fluorescent chromosome regions, much 

more conspicuous than all the rest of the details of fluo

rescence patterns. Taken together they add up to only a 

very small part of the total chromosome length, 1-2~. They 

are of special interest for two reasons. One is their per

sistence in interphase. The other is that some of them can 

vary from individual to individual. The distal half of the 

long arm of the Y is most constant. At least one of the 

chromosomes J appears regularly to show a short fluorescent 

region close to the centromere. The short arms and satellites 
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of 13, 14, and 15 often, but not regularly, show very short 

fluorescent regions. Short strongly fluoresoent regions 

(and/or satellites) sometimes appear on the G group chromo

somes on 21 and/or 22. There is some evidence that the pre

sence of such regions is a heritable characteristic 

(Caspersson, et a1., 1970). No chromosome, however, oan 

matoh the constant brilliance o:f the Y chromosome (Caspersson 

et al., 1969). 

Once it beoame evident that the Y chromosome could be 

positively identi:fied using various fluoresoent staining 

techniques, it was then possible to screen populations for Y 

chromosome anomalies. 

The discovery of sex chromatin (Barr and Bertram, 1949) 

gave the genetio researoher the ability to screen populations 

for X chromosome anomalies. Barr and Bertram (1949) were 

able to show that in normal males (XY) no sex chromatin 

structure appeared. In a normal female (XX) one chromatin 

structure could be seen. They were also able to show two 

chromatin structures in a XXX female and one chromatin struc

ture in a XXY male. It was soon accepted that the number of 

X chromosomes to be found in an individual is one less than 

the number of chromatin bodies (Barr bodies). Geneticists 

have been able to use this genetic tool in the screening of 

X chromosome anomalies and have brought about a great deal 

of understanding of the function of the X chromosome. Now 

with the technique of fluoresoent staining, the ability to 
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screen populations for Y chromosome anomalies without the 

long process of karyotyping is now a reality. 

One of the most investigated Y anomalies is the XYY 

or double Y karyotype. In 1961 an XYY male was disoovered 

(Sandberg, et al., 1961). if not by acoident, at least unex

pectedly when the man was investigated because he had a son 

with Down's Syndrome. The discovery aroused no great 

interest until observations were made that there was a 

propensity to delinquency in patients with sex chromosome 

anomalies (Court Brown, 1962). Casey at al. (1966) stated 

that the freq\:lency of XYY males among mentally retarded per

sons detained because of antisocial acts and those in pri

sons detained because of antisocial acts indicated that an 

extra Y chromosome has a part to play in antisocial be

havior, even in the absence of mental SUbnormality. Sub

sequently many more studies were conducted in a large number 

of institutionalized populations in different countries. 

Only in Scotland had there been also a considerable study of 

'·normal" groups for comparison. Jacobs et ale (1965), acting 

on Casey's work, considered the possibility that the extra Y 

chromosome predisposed its carriers to unusually aggressive 

behavior. In the original investigations of Jacobs et al. 

(1965) she found seven examples of the complement XYY among 

197 male inmates of Oarstairs Institution in Scotland, an 

incidence of 3.5 percent. Along with these 7 XYY males there 

was one XXYY. Continuation of Jacob~' study revealed nine 
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XYY cases in a total of 315 (2.86%) inmates. Since it was 

believed that the incidence of the XYI constitution was not 

more frequent than perhaps one in 1,500 of a control popula

tion, these findings seem highly significant. It certainly 

seemed as thOUgh the XYY constitution predisposed to mental 

subnormality with aggressive antisocial behavior. 

Hook (1973) in a composite report on XlY males states 

that there have been a number of studies of mental-penal 

groups in other countries, but the data on "normals" and new

borns is not as extensive for comparison. This raises the 

question as to what figures may be taken as a baseline. The 

pooled frequency to date in various studies on newborns is 

about 1 in 975, or 0.10 percent, whereas the range of indi

vidual studies range from zero to about 1/250 (0.4 percent). 

In view of the small numbers involved in single studies, this 

variation may be due to sampling fluctuation about a true 

populatioD mean of close to 1 in 1000. The maximum observed 

rate, 0.4 percent, was taken as a baseline so that the ex

tent of the increase of XYY's in institutions is likely to 

be underestimated by a factor of 4. 

Hook (1973) reports that in the 35 studies undertaken 

after the Jacobs report of the Carstairs Institution the fre

quency of XYY's ln 21 studies are greater than the background 

(that ls, positive); in 7 cases the frequencies are lower 

(negative) and in 7 no decision is possible. The variation 

in the rates of occurrence of XYY's within mental-penal 
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settings can probably be explained at least in part by chance 

fluctuation and differences in admissions criteria between 

settings. Considering the 7 negative reports for instance. 

four were studies of relatively small numbersJ the absence 

of any Xyy~~ in these settings is not particularly signifi

cant. The admissions criteria of the two largest negative 

reports to date were different from those of most of the 

other mental-penal settings with regard to documentation of 

a mental disorder. The remaining group of 58 retarded 

delinquents over 71 inches in height was studied in 

Pennsylvania. 

If these studies that necessarily exclude positive 

conclusions are not considered. the liklihood that this or 

a stronger positive trend in these studies occurred by 

chance alone is small. 

Not many mental institutions have been studied exclu

sively for the XYY syndrome. and no consistent trend has yet 

emerged. Reports of XYY individuals detected in such mental 

institutions indicate that such individuals often have a 

history of anti-social behavior, whereas the description of 

XYY's in prisons or other exclusively penal settings indi

cates at least some of them are mentally disordered. The 

frequencies in such institutions are thus likely to depend 

on how narrowly admission criteria are applied and the like

lihood or availability (or both) of other perhaps more 

restrictive placements in the same jurisdiction. 
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Hook (1973) makes three general hypotheses as to why 

XYY's are more likely to be found in mental-penal settings. 

(1) The XYY genotype occurs more often in groups in which for 

independent reasons deviant behavior is more frequent--an 

associative etiology. (2) Some physical (or external) cor

relate of the genotype, such as large height, results in a 

phenotype that makes social adaptation less likely and in

stitutionalization more frequent--a social etiology. (3) 

The XYY genotype results directly or indirectly in some 

aberration or neural development that tends to result in 

deviant behavior--a neural etiology. These are not neces

sarily mutually exclusive. For instance, endocrine anomalies 

that directly influence behavior through an effect on the 

central nervous system may also have indirect effects if they 

result in physical phenotypes that affect social adjustment. 

The minor neurological abnormalities that may have social 

consequences in themselves can also be regarded as indepen

dent signs of some central nervous system disorder. A strict 

sorting out of neural and social factors may prove difficult. 

The XYY complement raises many social and legal ques

tions that will have to be answered, possibly in courts deal

ing with the offender that may be diagnosed as an XYY indi

vidual. McWirter (1969), a barrister of the English bar and 

a practicing geneticist, notes the following POintSI 

1.	 Genetic determinism contributes more to human 

behavior than most sociologists, penologists, 
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and lawyers like to admit. 

2.	 The second Y chromosome increases the probability 

of recidivist criminality, but only a portion of 

XYY males develop criminal behavior. Hook (19?3) 

roughly estimates this risk of a known XYY child 

developing deviant behavior as 1 in 28 chances. 

Once the deviation occurs, it becomes highly prob

able that it will continue I first occurrence 

often take place shortly after puberty. 

3-	 Fathers and children of XIY males are no more 

likely to be chromosomally abnormal than the rest 

of the population. 

4.	 It should be recognized in law that no person 

should be subject to penal process merely because 

he is chromosomally abnormal. An overt criminal 

act is required. 

5.	 All boys and men who are under lawful restraint 

should be classified into XY and XYY categories, 

so that appropriate counseling for both groups can 

be pursued, taking into consideration possible seg

regation of the XII individuals in order to research 

appropriate medical measures unless SUbjects are 

all suffering from the same syndrome. 

It is very diffiCUlt to draw definite conclusions from 

all the literature pertaining to XII individuals. To date 

probably the only definite statement to be made is that XYY 
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males are usually taller as a group th~ XY males and that 

there is some tendencies in a portion of the XYY individuals 

towards antisocial behavior. 

Hook (1973) reports the findings of XXYY genotypes 

have the phenotype of Klinefelter's Syndrome although they 

are taller than the average XXY and often have bone abnormal

ities. The incidence of XXYY's in the total of the newborn 

populations studied to date is about 1 in 25.000 (0.004 per

cent). 

In patients in mental-penal settings. in a report pub

lished by Hook (1973) there were nine XXyy's (eight in secur

ity settings for retardates), a rate of 0.2 percent. This 

appears to be about a 50-fold increase over the newborn rate, 

but the confidence limits are wide. Not only is there evi

dence for an increase in both retardation and deviant be

havior in these individuals, but the magnitude of the increase 

compared to the background rate appears to be far greater 

than that observed in XXY individuals, thus providing addi

tional evidence for the behavioral significance of an extra 

y chromosome~ Whatever factors are responsible for deviances 

in XXY and XYY individuals are likely to be operative here 

as well. 

Quinacrine fluorescence has proven beneficial in 

another study. Wilson et ale (1971) were able to study the 

association of mixed gonadal dygenesis in a female child, and 

XO/XY/XYY mosaicism in karyotypes from her blood and fibro
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bIas t cuI tures • 

It is the intent to use the quinacrine mustard stain

ing technique to sample the resident population of Woodward 

State Hospital-School for possible Y chromosome anomalies. 

Residents that exhibit Y anomalies will not be named in this 

paper, but the information will be supplied to the Hospital 

Medical Director. 

METHODS AND MATERIALS 

Permission for chromosome studies on the residents of 

Woodward State Hospital-School was secured, in writing, by 

the administration of the hospital, from the parents and 

guardians of the residents. The hospital has approximately 

800 residents and permission for study was granted for 537. 

Since there is a turnover at the hospital for numerous rea

sons, moving away, dea.ths, etc., the final total sampled was 

507 of the 537 approved. 

After a review of the literature on sampling a popula

tion for Y chromosome anomalies, three methods were consid

eredl (1) Buccal smear samples (Pearson et al., 1970), (2) 

Hair follicle samples (Cervenka et al., 1970), () Blood 

smear samples (Polani and Mutton, 1971; Lewin and Conen, 

1971). Since all three of the methods seemed very Bound, the 

amount of help available, the elapsed time between taking 

samples and staining the cells, and, perhaps the most 
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important. trauma to the resident, were all taken into con

sideration. An earlier study of the hospital using buccal 

smears for X chromatin screening had proven satisfactory, but 

had been somewhat traumatic to some of the residents because 

they were not famUiar with the procedure. The hair follicle 

study involved too much time when taking the sample, because 

of the sc~ping and fixing that had to be completed at the 

time of the sampling. The blood smear method was chosen be

cause of (1) familiarity of the process to the residents, (2) 

the relatively short time that the process took at the hospi

tal and (3) the fact that the unstained smears could be 

refrigerated and stored for long periods of time. 

Two blood smears were drawn by finger puncture from 

each authorized resident. The slides were air dried and then 

refrigerated. The slides were kept refrigerated until they 

were stained. some as long as eight months. The length of 

time in refrigeration seemed to have no effect on the bright

ness of the Y when stained. 

Only one of the two slides was stained, reserving the 

other for any future work that might be needed. The slides 

were stained at room temperature, using a technique devised 

by Polani and Mutton (1971). 

The cells were fixed in absolute methanol and then 

allowed to air dry before immersing them in McIlvainie buffer, 

pH 4.5 (McIlvainie, 1921) for 5 minutes. The cells were 

stained in quinacrine mustard solution (Stark Associates) 
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( •25 mg quinacrine mus tard/m1 Me11vainie buffer), pH 4.5 for 

1.5 minutes, rinsed in MeI1vainie buffer, pH 4.5. and allowed 

to air dry. Care must be taken in working with quinacrine 

mustard in that it is a strong irritant and vessicant for 

skin and mucous membranes. 

The fluorescence in stained cells was most brilliant 

immediately after staining and lost its brightness slowLy in 

a period of two to three weeks. 

The cells were investigated using a Zeiss Photomicro

scope II equipped with fluorescent illumination equipment. 

A BG 12 exciter filter and 53 and 44 mm barrier filters at a 

magnification of 1250x were used, as suggested by Lewin and 

Conen (1971) and Polan! and Mutton (1971). 

The procedure for investigating was revised from a 

procedure used by Robinson and Buckton (1971). One slide 

from each resident was investigated to determine the number 

of Y positive cells per 50 lymphocytes. The fluorescent Y 

is usually found near the outer edge of the nucleus of the 

lymphocyte and is by far the brightest part of the cell. 

(The absence of any fluorescent bodies in all investigated 

cells was interpreted as non-male. and all those individuals 

were classified as XX females.) Even though XX designates 

femaleness, and should preclude the presence of a Y body, 

the fema.le population was screened for any Y anomalies that 

might exist. One bright fluorescent spot would designate an 

XY male. In some cases two bright spots were observed, less 
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than one quarter of the diameter of the nucleus apart. This 

situation was treated as an XY male, describing the spots as 

the spread of the long arms of a Y chromosome. This condi

tion was referred to as a duplex Y. In some eases two Y 

bodies were observed more than one quarter of the nucleus a

part, and these were then considered 2Y chromosomes, sug

gesting XYY anomaly. This condition was referred to as a 

double Y. 

As suggested by Polani and Mutton (1911) fifty cells 

per individual were investigated. According to Robinson and 

Buckton (1971) in a report on 236 newborn males and 9 known 

47,XYY males, they recorded 67.4% of the cells they investi

gated from the newborn males positive, that is, containing 

at least one Y body. Using this information, it was decided 

that if an individual exhibited a Y chromosome, a standard of 

a t least 20 positive cells would be necessa.ry to be in a normal 

range for an XY male. Any Y body count of less than 20 was 

suspect for Borne possible anomaly. In such cases further 

study was required, and 50 more cells were investigated. If 

necessary, the second slide for that individual was stained 

and investigated. Robinson and Buckton (1971) stated that 

in lmown XIT males, the frequency of double cells was J3.6~. 

Since none of those being investigated were known to be XYY, 

it was decided that any double Y counts of 5 or above would 

be subject to a second investigation, possibly the staining 

of a second slide and possibly even further research. 
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No permanent slides were made due to the deteriora

tion of the fluorescent stain. However, it was found that it 

is possible to restain the slides by repeating the staining 

technique, leaving out the fixation step. 

RESULTS 

Lymphocytes of 507 residents were stained and inves

tigated. On the basis of Y body fluorescence in the stained 

lymphocytes, 295 residents were classified as male and 212 

as female. The results were coded using the resident's 

hospital number in order to keep the findings confidential. 

An effort was made to exclude prior knowledge of the sex of 

each resident, so as not to prejudice an investigation, 

especially a low one. This was not completely possible be

cause the slides were grouped by the residence of the 

patient and this alone gave some indication of sex. A check 

after investigating showed that there had been no mistake in 

classifYing the sex of any resident. 

Table 1 shows the proportion of all individuals scored 

as being positive for at least one Y body. No female scored 

5 or above, and all of the female population was within the 

0-5 Y-body range. The male population ran a wide and even 

distribution from 6Y bodies to 46Y bodies per 50 lymphocytes. 



...LELL. __" 

21
 

Table 1. Distribution of positive Y body counts 
for the residents studied 

Positive Y Cells/50 Lymphocytes 

0-5 6-10 11-15 16-20 21-25 26-30 31-35 36-40 41-45 46-50 
xx 212 0 . 0 0 0 0 0 0 0 0
Xy o 5 5 19 b3 95 68 30 9 2 

Table 2 shows the average proportions of cells posi

tive for Y bodies. This was based on the 295 male residents 

studied. The group was divided into 290 XY males and 5 sus

pected XIT males. The total eell number scored is represen

tative of a 50 cell investigation for each male resident. 

Investigations of 100 or 150 cells were made on some indi

viduals who were suspect of possible Y chromosome abnormal

ities. These investigations were averaged to show their 

results per 50 cells as not to prejudice the over-all pro

portions by adding in a doubled or tripled investigation for 

one individual. Table 2 lists a percentage for positive 

cells (y bodies), duplex bodies (spread Y chromosomes), and 

double bodies (two Y chromosomes). 
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Table 2. Average proportions of cells positive 
for Y bodies 

46,XY 

No. of individuals studied 290 5
Total cells scored 14,500
Total positive cells % 750 

57.6 73·5
Single bodies % 56.6 57.7
Duplex bodies % 0.6 0.80 
Double bodies % 0.4 14.9 

Table 3 is the analysis of positive Y cells in those 

5 individuals that may have double Y chromosomes. Each in

dividual had 100 cells investigated on one slide and 50 on a 

second slide stained later as a further check. The informa

tion shows the percentages for single bodies. duplex bodies. 

and double bodies. 

Table 3. Analysis of positive Y cells in five male
 
residents scoring five or more YY cells
 

per 50 lymphocytes
 

Individuals I II III IV V 

Total cells scored 150 150 150 150 150 
Total positive cells % 70 71.3 66.0 75·3 84.7 
Single bodies % 59·3 59.3 56.0 69·3 54.7 
Duplex bodies " 0.7 0.7 0·7 0·7 0 

10.0 12.0 30.0Double bodies % 10.7 12.0 

Table 4 is the analysis of the Y positive investigation 

in 11 males that scored below 20 positive cells per 50 lympho

cytes. It had been arbitrarily determined that any score 



Table 4. Analysis of Low positive Y body counts of fluorescing 
Y chromosomes in 11 m.ale residents 

Individuals I II III IV V VI VII. VIII IX X XI 

Total cells 
scored 150 150 150 150 150 150 150 150 150 150 150 

Total positive 
cells " 24.7 15·3 12·7 27·) 29.) 12.0 28·7 )0.0 16.0 18.0 24.0 

Single bodies " 24.7 15.) 12·7 27·) 29.) 12.0 28·7 )0.0 16.0 18.0 24.0 

Duplex bodies " 0 0 0 0 0 0 0 0 0 0 0 

Double bodies % 0 0 0 0 0 0 0 0 0 0 0 

N 
\.IJ 
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below 20 would be suspect of possible Y chromosome anomalies. 

All of these individuals were investigated three times for a 

total of 150 cells, 100 cells on the first slide and 50 cells 

on a slide stained later. 

DISCUSSION 

The residents at Woodward State Hospital-School can 

be divided into three groups. (1) Those that showed no Y 

body fluorescence and therefore are classified as female, 

presumably XX. (2) Those classified as male and exhibiting 

a single Y chromosome. These residents were in a range from 

6 positive Y cells to 46 positive Y cells per 50 lymphocytes. 

(3) Those that were diagnosed as male, possibly having double 

Y chromosomes, by exhibiting a positive double Y body count 

greater than 50 per 50 lymphocytes. 

46.XX Females 

For the convenience of this report, all individuals 

that did not exhibit a fluorescent body were classified as 

46,xx females. The fact the.t many of the female residents 

of the hospital may have other sex chromosomes or autosome 

abnormalities was not in the realm of this study. The 

screening process used in the present study for the Y chromo

some is not able to detect abnormalities in autosomes or X 

chromosomes. The residents of the hospital have been screened 
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for sex chromatin and the results should be forthcoming 

(Lyman, personal commu.nication). 

Six women from the group of 212 had positive fluo

rescent investigations. one with 1 positive. one with 2. and 

four with 3 positive bodies per 50 lymphocytes. These women 

were investigated early in the investigating sequence and 

were probably scored because of lack of experience in recog

nizing Y bodies. 

In some cases there were bright spots but none were 

of uniform size or consistent brightness. It soon became 

easy to distinguish the Y body from other bright spots (Which 

could be attributed to the centremere regions of chromosome 

3. D or G chromosome satellites). because of latter lack 

uniform size and consistent brightness. In other studies 

positive scores for fluorescent bodies in XX females were 

recorded. Robinson (1971) reported 5.~ positive cells in 

224 newborn females using buccal smear technique. This tech

nique gives rise to fluorescing bacteria that may be mis

taken for Y bodies. In another study, Polani and Mutton 

(1971) reported an incidence of 5~ positive cells in a 

female papule.tion of unknown size. In both cases the 

researchers admitted to counting any fluorescent spot as a 

Y chromosome, not taking into consideration size and bright

ness of fluorescent bodies. The spots observed by these 

investigators may have been the bright regions of other 

chromosomes. fluorescing bacteria. especia.lly in bucca.l 



26 

L1
 

smears, or artifacts of the staining process. Robinson 

(1971) reported that females with high positive scores were 

more common at the beginning of the survey than at the 

finish. 

The women residents were sampled even though it was 

known that females should not oarry a Y chromosome and there

fore no Y bodies should be observed. The data showed that 

there were not. 

The female screening was undertaken in hopes that 

some discovery conoerning a Y anomaly would be possible in a 

female population. It is possible for a phenotypic female 

to carry a Y chromosome. According to a recent report, the 

use of quinacrine fluorescence revealed XO/XY!xyY mosaicism 

in a female child (Wilson et al., 1971). A female resident 

with the X-linked testicular feminization condition could 

also demonstrate a Y chromosome. This type of individual is 

described by Levitan and Montagu (1971) as having a lack of 

pubic and axillary hair. uterus lacking or rudimentary, blind 

vagina, gonads (frequently inguinal in position) turn out to 

be degenerate testes, a body development that may be 

described as voluptuous, and having a XY karyotype. No 

discoveries such as this were made in the present report. 

46,xy Ma.les 

The range of scores for the 290 males that exhibited 

a fluorescent Y body was 1~ to 92%. with an average of 57.6%. 
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This average is lower than the ~9% average for a sample of 

10 men reported by Polani and Mutton (1971), and the 67.4% 

average for a newborn population of 239 males (Robinson, 

1971). A lower average (57.6%) in this report may be ex

plained by the fact that the study was done on residents of 

a mental hospital. Because of the correlation between men

tal retardation and some chromosome anomalies, the chance of 

sex chromosome anomalies could and possibly should be higher 

in an institution for the retarded than in a normal popula

tion. The fact that males may be found that are mosaics 

(XO/Xy or XX?XY) could easily lower the relative proportion 

of total positive cells. The range of low positive scores 

in the 11 males designated in Table 4 would have some bear

ing on the lowering of the average. The duplex percentage 

0.6% in the present study was also much lower than that of 

12.9% reported by Robinson (1971). The duplex was defined 

by Robinson and Buckton (1971) as the spread arms on one Y 

chromosome. Even though a duplex body is present it still 

implies only one Y chromosome. Once it became apparent that 

the screening of 50 cells required more time than originally 

anticipated, coupled with the fact that the duplex designated 

only one Y, a lower priority was given to making the dis

tinction between a duplex and a single positive Y body. This 

explains the wide range in the averages of duplexes in this 

report and that by Robinson (1971). 

It became apparent that there was a group of 11 males 
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that exhibited a low positive score of less than 20 fluores

cent bodies per 50 lymphocytes. There are at least three 

feasible explanations for this low positive Y count. (a) 

There may be a lack of fluorescence of the Y chromosome, 

possibly due to a polymorphism producing a "mini y". (b) 

The possibility exists that these individuals are a type of 

mosaic. possibly involving a x.x/xy cell line or a XO/XY 

cell line. DeLaChapelle (1972) reports 40 cases of XX males 

that have been discovered since 1964. The discovery of ten 

examples of a testis in patients without a demonstrable Y 

chromosome and the possibility of an XO/XY mosaic is also 

reported by DeLaChapelle. Mosaicism has been established in 

at least four inter-sex patients, three of whom have shown a 

Y chromosome in some of the cells (Atkins and Engel. 1962). 

Therefore, the possibility of an additional XO or XX cell 

line is present in these 11 males. (0) It is entirely pos

sible that neither of the two slides stained properly. and 

the variance is due to technique alone. A follow-up study 

now underway will check the latter possibility. 

The remaining 269 males have been diagnosed as having 

a normal XY arrangement for their sex chromosome complement. 

This too may be erroneous due to the fact that some of these 

males may have extra X chromosomes. Therefore t those diag

nosed as XXY (Klinefelter's syndrome) would not show any 

abnormality in this report, but should be screened in the 

report being conducted by Lyman (personal communication). 
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It would seem possible to conclude that these 279 

males would have a single Y chromosome which appears normal 

in the observations made in this study. Whatever condition 

caused these males to be institutionalized would not be 

attributed to Y chromosome abnormalities. 

47,XYY Males 

There were 5 males found to be possible XYY individ

uals. These 5 males exhibited five or more IT bodies in an 

investigation of 50 lymphocytes. One of these individuals 

showed a high percentage, 30%, of YY cells. The other four 

residents showed a range from 10% to 12% YY cells. Robinson 

(1971) reported that 7 known XYY males had a positive YY 

body percentage range from 31 to 40%. This is a much higher 

percentage than four of the individuals found in this report. 

If, in fact, all 5 were XYY individuals this would be 

a frequency of 1.69% for the sampled Woodward male population, 

which is greater than the base line of O.~ for populations 

described by Hook (1973). These five individuals were 

selected as possible XYY individuals using criteria set up 

arbitrarily at the beginning of the research for this study. 

To date, no definite guideline is reported in the literature 

to consistently identify the number of positive YY cells 

needed to make a positive diagnosis. 

Laberge and Gagne (1971) report that difficulties may 

arise in interpreting data from fluorescent smear techniques, 
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and caution researchers to use chromosomal studies to comple

ment their preliminary smear work. A chromosome stu.dy in

volving karyotype analysis is underway which involves all 

residents .found in this study to have possible anomalies of 

the Y chromosome (Seibold. personal communication). 

Preliminary results in this follow-up study have been 

completed for individual V. i. preliminary examination of 6 

cells reveals no second Y chromosome. It was noted that 

another bright spot was present in all the observed cells. 

This would seem to indicate a normal XY situation in this 

individual. but conclusive findings must be based on karyo

type analysis (Seibold. personal communication). 

It is difficult to make a decision as to the implica

tiona of XYY sex chromosome complement until overall screen

ing procedures are completed on large segments of the normal 

population in addition to the mental-penal surveys. It will 

also be necessary to complete follow-up studies on the 

developmental progress of XYY individuals who are normal in 

their social behavior and those who display antisocial or 

deviant behavior (Valentine. 1969). 

In the present study. the following observations can 

be reported, (1) No female studied was found to have a Y 

chromosome anomaly. (2) A large part of the male population. 

279 of 295. were found to be normal for their Y chromosome 

complement. (3) Eleven males were found to have very low posi

tive Y cell counts. (4) Five males were found to be possible 

XYY individuals. 
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