
hours after injection of IM NaCI (1 percent of 
body weight), in the absence of water, were 6. I1 ml 
and 312.0 meq/liter in rats with lesions and 9.5 ml 
and 336.6 meq/liter in controls. At the end of the 
5-hour combined-stimulus test, values in blood 
were as follows: sodium, 139.3 meq/liter in rats 
with lesions and 141.3 meq/liter in controls; henma- 

tocrit, 43.6 in animals with lesions and 42.8 in con- 
trols; osmolarity in plasma, 303.5 milliosmols in 
animals with lesions and 304.6 milliosmols in con- 
trols; and protein in plasma, 6.4 g/IOO ml in ani- 
mals with lesions and 6.7 g/I 00 ml in controls. 
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Human Y-Chromosome-Specific Reiterated DNA 

Abstract. Radiolabeled reiterated DNA specific for the human Y chromosome has 
been obtained by extensive reassociations between [3H]DNA preparedfrom men and ex- 
cess DNA from women. These highly purified labeled sequences reassociate only with 
DNA from individuals with a Y chromosome. The percentage of Y-chromosome-specific 
DNA isolated from individuals with differing numbers of Y chromosomes is a function 
of the number of Y chromosomes present. The purified Y-chromosome-specific sequences 
may represent between 7 and 1I percent of the human Y chromosome. 

The mechanisms by which the Y 
chromosome engenders maleness are un- 
known. Investigation has been handi- 
capped by the lack of Y-chromosome-spe- 
cific gene assignments. In this report we 
describe the isolation of 3H-labeled re- 
iterated DNA unique to the human Y 
chromosome. 

Whole blood lymphocytes obtained 
from individuals bearing the chromosome 
constitution 46,XX; 46,XY; 47,XYY; or 
48,XYYY were labeled continuously in 
cultures containing [3H]thymidine (1). 
DNA isolated (2) from each of these cul- 
tures was sonicated (3), and reiterated se- 
quences were enriched by reassociation to 
Cot value of 46 (4). The reassociated reit- 
erated sequences, representing 30 to 40 
percent of the genome, were collected on 
hydroxylapatite and subsequently fraction- 
ated by stepwise elution with increasing 
concentrations of phosphate buffer, pH 6.8 
(5). Preliminary experiments indicated 

that the most stable duplexes, that is, those 
eluted by phosphate concentrations be- 
tween 0.25 and 0.3M, were slightly en- 
riched for DNA sequences of the Y 
chromosome. These stable duplexes were 
mixed with a 5000-fold excess of unlabeled 
DNA from a 46,XX woman. The mixture 
was incubated to Cot 460. Those sequences 
failing to reassociate and therefore not 
binding to hydroxylapatite were collected 
and assayed (6) for Y-chromosome-specif- 
ic sequences. For each individual, the per- 
centage of 3H-labeled Y-chromosome-spe- 
cific sequences present in the entire ge- 
nome was calculated as the arithmetic pro- 
duct of the amount of 3H-labeled DNA 
recovered after each step, and the percent 
of the final fraction assayed (6) as Y- 
chromosome-specific (Table 1). As seen, 
this percentage is a linear function of the 
number of Y chromosomes present in each 
subject. Despite low recovery of stable 
duplexes from the DNA of the 46,XY sub- 

ject and consequently a poor fit to linearity 
in this instance, the overall correlation 
coefficient of the regression of the per- 
centage of Y-chromosome-specific DNA 
on Y-chromosome dose is .99. 

These results (Table 1) establish that Y- 
chromosome-specific sequences indeed ex- 
ist. Their further purification was facili- 
tated by an increase in labeling over that 
attainable in lymphocyte culture. This was 
achieved by using the nick translation 
function (7) of DNA polymerase I (Micro- 
coccus luteus) (Miles Laboratories, Inc.) to 
incorporate [3H]TTP (thymidine triphos- 
phate) (New England Nuclear, 40 to 60 
c/mmole) into isolated DNA from a 
47,XYY individual. Prior to labeling, 
reiterated DNA from this subject was pre- 
pared by reassociation to Cot equal to 46. 
Three percent of the genome was isolated 
as stable duplexes by elution with high salt 
from hydroxylapatite and then nick-trans- 
lated. The specific activity of products 
ranged from 5 x IO' to 1 x 108 dpm/Ag. 
The labeled product was reassociated to a 
whole genome Cot of 46. Fifty percent of 
this product formed duplexes, which were 
collected on hydroxylapatite. The eluted 
duplexes were subsequently reassociated 
with a 40,000-fold excess of unlabeled 
DNA from a 46,XX subject. Those se- 
quences which failed to reassociate, that is, 
20 percent of material entering this step, 
were exposed to a second challenge with 
excess DNA from a 46,XX individual. 3H- 
Labeled sequences which again failed to re- 
associate (73 percent of input) were as- 
sayed (6) for Y-chromosome specificity. 
The portion of reiterated labeled DNA 
that remained reassociable was now com- 
pletely specific for the Y chromosome (Fig. 

C 

?t~~~~~~~ D 
Fig. 1. Reassociation curves between a fraction of 3H-labeled DNA 4a) 

from a 47,XYY individual and excess whole genome DNA from various e 
0 sources. The fraction of DNA from the XYY individual represents the ?n 

stable duplexes isolated from hydroxylapatite after reassociation to Cot I 
46 (4), thereafter labeled with [3H]TTP by nick translation (7), and theh a) 

\ A 
twice challenged with excess whole genome DNA from a 46,XX individ- cz o 

260 

ual. The 3H-labeled sequences that twice failed to reassociate when chal- z 50 - X 
lenged were then reassociated, as shown here, with more than a 10,000- 
fold excess of whole genome DNA from 46,XY U-U, 47,XYY A -A, An 46,XX * - individuals, and Escherichia coli V-V. Reassociation of a 
labeled sequences was analyzed radiometrically. Reassociation of the un- a) 
labeled whole genome human DNA, monitored optically at A260, is in- 
dicated by the open symbols: 46,XY El-L], 47,XYY A -A, and 46,XX 
0 -0. The analyses of E. coli DNA at A26o are not shown; it reas- 
sociated to approximately 90 percent with a C t of 4. Reassociation 
conditions were the same as described in (6). 

10 0 1c- 10 le 104 

Cot (moles x sec per liter) 
19 MARCH 1976 1189 



Table 1. The percentage of Y-chromosome-specific DNA isolated from individuals with differing 
,numbers of Y chromosomes. Labeled DNA was prepared from each individual by the addition of 
[3H]thymidine (New England Nuclear, 40 to 60 c/mmole, 100 Mc per 10 ml of culture) to short-term 
lymphocyte cultures containing 0.5 ml of whole blood stimulated by phytohemagglutinin (1). After 4 
days of culture at 370C, cells were harvested. The specific activity of the DNA isolated from the nu- 
clei (2) ranged between 2 x 105 and 4 x 105 dpm/ ,ug. Yields for each subject were 100 to 150 Mg of 
DNA per ten cultures. The DNA was sonicated and reassociated in the presence of E. coli DNA as 
carrier. Thereafter, labeled Y-chromosome-specific reiterated DNA sequences from each individual 
were enriched from stable duplexes by a single challenge with an excess of whole genome DNA from 
a normal woman. The enriched labeled sequences were then assayed (6) for Y-chromosome specifici- 
ty. 

3H-labeled DNA 

yPecn Percent Calculated 
chromosomes Percent salduexs DNA frompecn 

present* forming stable stable duplexes column 3 percent 
(No.) duplexes not reassociated assayed (6) as Y-chromosome- 

at Cot 46 withexcess Y-chromosome- in genomet 46,XX DNA ~~specific i eoe 

0 4.5 15 Ot 0? 
0 4.5 12 Ot 0? 
1 1.3 23 3 .009 
2 3.7 14 7 .036 
3 3.6 10 16 .058? 
3 3.6 9 18 .058? 

*Determined by karyotype analysis of each individual's cultured cells-. Each value was calculated as the pro- 
duct of three terms: (percent dpm forming stable duplexes, second column); (percent of stable duplexes failing to 
reassociate to DNA from a normal woman, third column); and (the percent of DNA in the third column assayed 
(6) as Y-chromosome-specific, fourth column). The calculation for an individual with three Y chromosomes (bot- 
tom row) is illustrated as follows: (3.6 percent) (9.0 percent) (18 percent) = 0.058 percent. tValues for the 
46,XX female, when twice assayed (6) for Y-chromosome specificity, were within the error of the assay. ?Two 
independent determinations were used to calculate the percent Y-chromosome-specific DNA in the genome. 
liThe calculatedlow value is discussed in the text. 

1). While 60 percent of the labeled 
47,XYY-derived DNA which survived 
purification could reassociate with whole 
genome DNA from a 46,XY individual, its 
reassociation with whole genome DNA 
from a 46,XX individual was in- 
distinguishable from that seen with Esche- 
richia coli DNA. Equivalent results have 
been obtained in individual reassociation 
assays between these highly purified la- 
beled Y-chromosome-specific sequences 
and excess DNA isolated from seven other 
males and five females. Further veri- 
fication of Y-chromosome specificity 
arises from our finding (Fig. 1) that the 
rate of reassociation between the highly 
purified 3H-labeled sequences and whole 
genome DNA from a 47,XYY individual 
is twice that of its reassociation rate with 
whole genome DNA from a 46,XY indi- 
vidual. 

Calculations based on the same logic as 
outlined in Table I for [3H]DNA from 
lymphocytes indicate that Y-chromosome- 
specific sequences prepared, on two sepa- 
rate occasions, from nick-translated DNA 
represent approximately 0.1 percent of the 
genome. Since the Y chromosome repre- 
sents 1 to 1.5 percent of the genome (8), 
these sequences account for 7 to 11 percent 
of the Y chromosome. These percentages 
of the Y chromosome are considerably 
greater than the corresponding estimates 
of - 1.2 to 1.8 percent obtained from 
DNA labeled during lymphocyte culture 
(Table 1). The difference between the two 
estimates may reflect (i) the influence of 
differing labeled DNA piece size (3) on re- 
covery and assay or (ii) differences in the 
specific activity of Y-chromosome-specific 
sequences relative to the rest of the ge- 
nome. Whatever the explanation, we em- 

phasize that each kind of estimate is repro- 
ducible and the discrepancy between them 
does not detract from the demonstration 
that Y-chromosome-specific tracts exist 
(Table I and Fig. 1) and can be isolated 
(Fig. 1). 

The relation of these Y-chromosome- 
specific DNA sequences to male differ- 
entiation is unclear. It may be revealed by 
correlating the presence of these sequences 
with the various phenotypes associated 
with particular qualitative abnormalities 
of the Y chromosome. 

Louis M. KUNKEL, KIRBY D. SMITH 

SAMUEL H. BOYER 

Division of Medical Genetics and 
Clayton Laboratories, Department of 
Medicine, Johns Hopkins University 
School of Medicine, and Johns Hopkins 
Hospital, Baltimore, Maryland 21205 
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