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An improved method for detecting Y chromosomal DNA
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Summary. The DNA probe Y97 was derived from a repeat se-
quence in the human Y centromere, a region which must be
present in a mitotically functional Y chromosome. We have
demonstrated that Y97, which detects a Y-specific 5.5-kb
EcoRI fragment by Southern analysis, is very useful for the
molecular detection of small amounts of Y-derived material
and represents a significant improvement over previous tests
for molecular diagnosis of sex. The male-female difference in
hybridization was unequivocal even when only 25ng of total
DNA was used per lane. Furthermore, in mixing experiments
the 5.5-kb EcoRI fragment was detectable even when only
5% of the total DNA was male. By increasing hybridization
stringency, we have developed a rapid, sensitive, and accurate
method to detect Y chromosomal DNA in unrestricted sam-
ples.

Introduction

The availability of repeat sequences relatively specific to the Y
chromosome has aided development of techniques for molec-
ular detection of Y-derived material (Lau et al. 1984; Lau and
Schonberg 1984; Lau 1985; Disteche et al. 1984; McDonough
et al. 1986). Several groups have reported the determination
of sex of origin in small samples of genomic DNA by using
DNA probes containing repeat sequences derived from the
heterochromatic region of the Y chromosome long arm. Lau
et al. (1984) used a 3.4-kbHaeIlI fragment to develop a simple
screening test for sex diagnosis. This molecular technique was
more rapid and required smaller amounts of tissue than a
karyotype analysis (Lau et al. 1984). The use of a probe spe-
cific to the heterochromatic region of the Y would be of li-
mited use, however, for molecular diagnosis of patients with a
marker chromosome lacking this region. Furthermore, the oc-
casional absence of the heterochromatic region of the Y chro-
mosome in normal, fertile males and the presence of the
heterochromatic region in some aparently normal females fur-
ther confounds the use of the Haelll probe for molecular
diagnosis of sex.

The DNA probe Y97 contains sequences from a human al-
phoid centromeric repeat family and detects a Y-specific 5.5-
kb EcoRI repeat sequence by Southern analysis (Wolfe et al.
1985). In situ hybridization confirms the localization of se-
quences detected by Y97 to the centromeric region of the Y
chromosome (Wolfe et al. 1985). Thus, Y97 should be useful
for detecting the presence of Y chromosome, even in individu-
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als possessing a Y chromosome lacking normal structural
characteristics, such as the heterochromatic region. We now
report the development of conditions for the reliable use of
Y97 to detect small amounts of Y-derived chromosomal mate-
rial and for rapid “sexing” of human DNA.

Materials and methods

Cosmid Y97 was originally isolated from a partial human Y
chromosomal library (Wolfe et al. 1985) and was used to de-
tect a 5.5-kb EcoRI fragment characteristic of the alphoid
centromeric repeat in the human Y chromosome. The human
Alu-repeat sequence probe pBLUR11, which is found in both
male and female DNA in equal abundance (Rubin et al.
1980), was used to estimate total DNA in slot blot samples.

Human genomic DNA was prepared from whole blood by
standard procedures (Maniatis et al. 1983). Aliquots of DNA
were incubated with the restriction enzyme EcoRI at 4U/ug
overnight at 37°C (as suggested by Bethesda Research Labo-
ratories, Gathesburg, MD). Fragments were separated by
electrophoresis in 0.9% agarose gels containing 0.0002%
ethidium bromide. Samples were transferred to nitrocellulose.
The filters were prehybridized and hybridized at 52°C in 50%
formamide, 1.0 M NaCl, 1.0% SDS. The probe was nick-
translated to a specific activity of 5x 108 cpm/pg. Filters were
washed to a final stringency of 0.5 X SSC at 65°C and were ex-
posed for 61 to 4 days to Kodak XAR film at —70°C with in-
tensifying screens (Dupont Cornex Lightening-Plus).

For slot blots, unrestricted DNA was denatured and
aliquots containing 0.5-5.0 pg of DNA were applied to a Man-
ifold Slot Blotter (Scheicher and Schuell, Keene, N.H.). The
nitrocellulose filters were prehybridized in 50% formamide,
1.0 M NaCl, 1.0% SDS at 52°C for Y97. Filters were washed
to a final stringency of 0.2XSSC at 65°C and exposed to
Kodak XAR film for 7h with or without intensifying screens.
After stripping, filters were rehybridized with BLUR11 at
42°C and subsequently treated as above. Autoradiographic
films of slot blots were scanned using a Zeineh Soft Laser
Scanning densitometer (Biomed Instruments Inc., Fullerton,
CA). The corrected signal intensity for Y97 was determined
by calculating the ratio of peak height for Y97 bands to peak
height for BLUR11 bands for each sample.

Results

When Y97 was hybridized to EcoRI restricted female and
male DNA, only lanes containing male DNA were positive for
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Fig.1. Hybridization of male DNA in mixtures of EcoRI restricted
male and female DNA with Y97. Each lane contains 5ug DNA.
Lane 1, 100% male; lane 2, 50% male; lane 3, 20% male; lane 4, 10%
male; lane 5, 5% male; lane 6, 2% male; lane 7, 1% male; lane 8,
100% female. Y97 was nick-translated to 5x 108 cpm/pg; hybridiza-
tion was performed as described in “Methods”; and exposure was 1h

the 5.5-kb EcoRI fragment. The male—female difference in
hybridization was unequivocal, even at an amount of DNA as
low as 25 ng total DNA per lane, indicating sufficient sensitiv-
ity to detect Y-derived sequences in small samples or in a
minor cell line (data not shown). The ability to detect Y-spe-
cific sequences in the presence of female DNA, a potential
situation if the probe is used to study Turner syndrome
mosaics, reconstitution in bone marrow recipients, or amniot-
ic cells, was tested by hybridization of Y97 with different mix-
tures of EcoRI restricted male and female DNA (Fig.1).
Aliquots of male and female DNA were mixed in varying pro-
portions so that 5 pug total DNA were pipetted per slot. Some
slots apparently received less than 5 pg DNA, yet Y97 detect-
ed the male-specific band in the presence of excess female
DNA. Although the band was quite faint, the 5.5-kb EcoRI
fragment was detected even when male DNA constituted as
little as 5% of the mixture, making this a useful probe for de-
tecting Y material even in low percentage mosaics.

A rapid and simple sex diagnosis procedure for blotted,
unrestricted male and female DNA was developed using Y97.
When hybridization was carried out at 42°C in 50% forma-
mide and filters were washed to different stringencies, unre-
stricted male DNA was not distinguishable from unrestricted
female DNA. However, when hybridization stringency was
increased, Y97 could be used to distinguish between unre-
stricted male and female DNA in slot blots. The most striking
difference occurred when hybridization was carried out at
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Fig.2. Hybridization of unrestricted human DNA with Y97 and
BLURII in a representative slot blot. In column A, 5-ug samples of
unrestricted human DNA were hybridized with Y97 in 50% for-
mamide, 1.0 M NaCl, 1% SDS at 52°C for 16 h; washed to 0.2 X SSC
at 65°C; and exposed for 7h with an intensifying screen. Samples in
column B are the same samples as in column A except that filters were
stripped and rehybridized with pBLUR11 at 42°C and exposed for 3h
without an intensifying screen

52°C in 50% formamide and 1.0 M NaCl. Duplicate slots were
prepared with blind-coded samples of either male or female
DNA and hybridized with either the Y97 or pBLURI11 probes.
A representative blot is shown in Fig.2. After hybridization
with Y97, slots containing male DNA gave markedly more in-
tense signals than those containing female DNA (Fig.2, col-
umn A). After stripping, rehybridization with the Alu-repeat
probe pBLURI1 gave approximately equal strength signals
for all but one sample, which was not included in the analysis
(Fig.2, column B). A scanning laser densitometer was used to
quantify the intensity of each signal (Table 1). To correct for
slight differences in the amount of DNA applied for each sam-
ple, the ratio of Y97 signal intensity to BLUR11 signal inten-
sity was used. The mean corrected intensity for male DNA
was 14-fold greater than that for female DNA. The lowest
ratio found in a male was 0.454, while the highest ratio found
in females was 0.072. Thus, at least a six-fold difference sepa-
rated the extremes of the two sexes. Similar blots were
achieved with 0.5 and 2.0 ug DNA; however it was difficult to
get accurate densitometry scans on the low signals from fe-
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Table 1. Signal intensity for Y97 hybridized to unrestricted individual
samples of male and female DNA in slot blots

Male Female
0.7117 0.072
0.836 0.048
0.454 0.065
1.042 0.043
0.972 0.072
0.836 0.048
0.048
b4 0.809 0.057
+SEM 0.085 0.005

? Ratio of Y97 signal intensity to BLURI11 signal intensity

male DNA without overexposing male DNA slots. We con-
clude that Y97 can be used in a rapid and simple test to deter-
mine sex of origin for samples of unrestricted DNA.

Discussion

We have demonstrated that the DNA probe Y97, which con-
tains sequences from an alphoid centromeric repeat family of
the human Y chromosome, is very useful for the molecular
diagnosis of sex. When great sensitivity is required, Y97 can
be used to detect a male-specific 5.5-kb EcoRI restriction
fragment in Southern analysis of a sample containing as little
as 25ng DNA or when as much as a 20-fold excess of female
DNA is present. When a rapid sex diagnosis is required, a
simple slot blot of unrestricted DNA can be probed with Y97.
However, it is also necessary to assess total DNA with a probe
such as BLURI11 to eliminate error due to too little DNA, as
exemplified by sample 6, Fig.2. Previously described tests
have similar advantages (Lau et al. 1984; Lau and Schonberg
1984; Lau 1985; Disteche et al. 1984). However, previous tests
have used probes to the heterochromatic region of Yq. This
region of the Y is sometimes greatly reduced or occasionally
absent in normal males (Bobrow et al. 1971; McKay et al.
1978), is carried as a translocation by 1 in 3000 normal females
(Cooke and Noel 1979), and appears to be absent in Turner
syndrome mosaics whose marker chromosome is a Y deriva-
tive (Fryns et al. 1980; Magenis and Donlon 1982). Thus, the
probes to the heterochromatic region of the Y chromosome
long arm have an increased chance for incorrect diagnosis of
sex. The use of single copy probes relatively specific to the Y
chromosome have also been used for molecular diagnosis of
sex. The advantage of one such probe is that it detects a re-
striction fragment specific to Yp (De Martinville et al. 1984)
where the testis-determining factor appears to be located (re-
viewed by Goodfellow et al. 1985). However, the probe also
recognizes sequences specific to the X chromosome with equal
or greater intensity and therefore cannot be used in a simple
and rapid test of unrestricted DNA. Furthermore, detection
of the Y-specific fragment appeared to be hindered by the
presence of greater than 50% female tissue in mixing experi-
ments (De Martinville et al. 1984). Our use of Y97, a probe to
the Y centromeric region, represents a significant improve-
ment over previous tests. When time is not of the essence,

subsequent analysis of samples “negative” for Y97 could be
analyzed with probes to Yp to detect the rare cases, such as
XX males, who have Y material in the absence of a Y centro-
meric region (Goodfellow et al. 1985).

The DNA probe Y97 was originally detected by screening
a cosmid library of the human Y chromosome with a plasmid
containing a sequence from the alphoid centromeric repeat
family derived from the X chromosome (Wolfe et al. 1985).
Comparison of the 340-bp consensus repeat element from the
X probe with several 340- or 170-bp repeat elements of Y97
revealed about 70% homology (Wolfe et al. 1985). Although
we were easily able to detect differences between male and
female DNA samples by Southern analysis because of the
male-specific 5.5-kb EcoRI fragment, the high degree of
homology between the human X and Y alphoid repeat se-
quences originally hampered the use of Y97 with slot blots of
unrestricted DNA. Despite the apparent homology, we were
able to alter the hybridization stringency such that hybridiza-
tion of Y97 to unrestricted DNA gave a 14-fold stronger signal
for male than female samples. We are currently exploring the
possibility that Y97 will detect high frequency restriction frag-
ment length polymorphisms associated with the Y centromeric
region similar to those recently described for the X chromo-
some and chromosome 17, which are recognized by probes
containing 170-bp o repeat elements (Willard et al. 1986).
Variation among males in the intensity of signals from frag-
ments detected with Y97 has been noted and is consistently re-
peatable for each male (J. Wolfe, unpublished; J.R.D. Stal-
vey and R.P. Erickson, unpublished).

In summary, Y97 is a useful probe for rapid and accurate
sexing of human DNA; however, this is not the limit of the
technique’s usefulness. It can be used to detect small amounts
of male DNA in mixtures with female DNA which may be of
use in following host versus graft cells with bone marrow or
other transplants and in small samples such as amniotic cells
or chorionic villi samples. It would also provide an alternative
to extensive karyotypic searches for XO/XY mosaicism in pa-
tients with Turner syndrome, in whom the presence of a Y has
important prognostic significance.
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