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SUMMARY The range of variability in the population distribution characteristics of sperm DNA
content was surveyed in a selected group of donors. The donors included identical twins, carriers of
chromosomal translocations, and oligospermics. The DNA content of sperm was measured indi-
vidually in an automated cytofluorometer. In contrast to normal donors with high sperm counts and
relatively constant modal values of sperm DNA, the balanced carriers of translocations were oligo-
spermic and showed wide dispersion of modal values. This is an unexpected finding, since reciprocal
events in the alternate form of segregation, which occurs predominantly in male carriers of
balanced translocations, should not alter modal values of sperm DNA nor should they be associated
with oligospermia. It appears that sperm DNA content in oligospermia, independent of its association
with translocation, varies over a wide range. Thus, it is likely that genetic factor(s) unrelated to
chromosome translocation control sperm DNA content.

Population heterogeneity in sperm DNA content
probably results from, and may serve as an index of,
abnormal genetic events in spermatogenesis. In order
that the sperm DNA analysis be pertinent to genetic
studies, the measured DNA content should be pro-
portional to the mass of DNA in chromosomes and
the number of cells examined should be large enough
to include the products of segregation (Sumner et al.,
1971; Pearson et al., 1973). An automated flow cyto-
fluorometric method has been adapted to register
rapidly and accurately the relative DNA content of a
large number of sperm. The staining ofDNA is similar
to the methods used for microphotometric studies,
where the basic fuchsin of the standard Feulgen
method is replaced with the fluorescent acriflavine dye
(Kasten, 1960; Kraemer et al., 1972; Sarkar et al.,
1974). The acriflavine-Feulgen technique appears to
give the most reliable results among the methods pre-
sently available (Gledhill et al., 1976). The con-
taminating cells in the semen can be effectively
removed by centrifuging washed cell suspension on a
discontinuous sucrose gradient; sperm has a high
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density (- 1.23) and bands uniquely at a position
away from contaminating cells.

Using these methods, we have found that the mean
DNA content is remarkably constant in normal popu-
lations of donors with high sperm count (>1OOM
sperm/ml) (Sarkar et al., 1974). Modal values of 15
such donors examined by us showed that the dif-
ferences were negligible and well within experimental
errors (less than 2%). However, standard deviations of
the population distributions of DNA content per cell
were characteristically larger for sperm compared with
somatic cells (Kraemer et al., 1972), and the values
were still larger in sperm from carriers segregating
chromosomal translocations. In some carriers even the
modal values were far outside the range of normal
mean. These latter results were unexpected; family
studies strongly suggest that alternate forms of
segregation are favoured over all other forms of
meiotic segregation in male, but not in female,
balanced carriers (Hamerton, 1971). Since all
products of segregation have equal probability to
mature as sperm, and therefore are present in the
ejaculate, the directed alternate segregation in male
balanced carriers should not affect modal DNA value
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or the normal range of variability. Since this was not
the case in the carriers of translocations we examined,
it became necessary to determine the contribution of
specific translocations to modal values of sperm DNA.
In two cases the carriers were also oligospermic; we,

therefore, needed to separate the effects of oligo-
spermia and translocation. To this end, we examined
the dispersion of modal values of sperm DNA
content in various types of donors. We asked, how
similar are the DNA histograms of sperm from
identical twins compared to brothers with a karyotypic
difference between them? Do genetically unrelated
carriers of a specific form of translocation involving
chromosome 21 and 14 (ascertained through their
children with Down's syndrome) have similar modal
values of sperm DNA because of the similarity
of their karyotype, or do their modal values vary
over a wide range? Are there genetic traits which
control modal values of sperm DNA during chromo-
some segregation and sperm maturation (Leuchten-
berger and Leuchtenberger, 1958; Welshons and
Russell, 1959; Nowakowski and Lenz, 1961;
Ford, 1970; Pearson et al., 1970; Hamerton, 1971;
Jacobs, 1971; Hulten and Lindsten, 1973; Cohen,
1974; Stolla and Gropp, 1974; Sager and Kitchin,
1975), and do they have a role in producing the selec-
tive advantage in the paternal transmission of chromo-
somal translocations (Hamerton, 197 1)?
We present the initial results of this survey in the

report.

Materials and methods

SPERM DONORS
Two pairs of identical twins (VG, HG: KR, BR) were

first ascertained through family history. Blood group
antigens and blood enzyme typing showed complete
identity (courtesy of Dr E. R. Giblett's laboratory at
King County Blood Bank and Puget Sound Blood
Center, Seattle, Washington). The identical twins were

medical students, unmarried, and appeared to be in
excellent health.
The carriers of chromosome translocations were

karyotyped by us (WC and OWJ). Of 7 balanced
carriers 5, listed below, have been reported earlier
(Sarkar et al., 1974):

(1) BS (age 19), 45, XY, t(13;14) (pll;qll),
sperm count 1M/ml,

(2) RP (age 41), 46, XY, t(l;2) (q32;ql3), sperm
count 50M/ml,

(3) GP (age 74), 46, XY, t(1;2) (q32;q13), sperm
count 40M/ml,

(4) RS (age 69), 46, XY, t(7;14) (q36;q22), sperm
count 100M/ml,

(5) JG (age 26), 45, XY, t(14;21) (q14;q21),
sperm count < 1M/ml.
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An additional two (TF and MC) carriers of trans-
location 45, XY, t(ql4;q21) are reported here. The
three 45, XY, t(ql4;q21) carriers JG, TF, and MC
were found to be oligospermic, as well as the brother
of JG, who had a normal karyotype. All carriers,
except BS who is not married, have children bearing
the paternal translocation. KG, the brother of JG, has
normal children.
The infertile oligospermic donors were attending the

Tyler Clinic (E.T.T.) in Los Angeles and the Urology
Clinic in La Jolla (courtesy of Drs V. J. Flynn and R.
H. Mcllroy). The oligospermia in these donors is of
unknown origin and the reason for their infertility is
not known. Semen samples, which were highly
viscous, of very low volume, or had an excessive
number of contaminating cells and fragmented cell
debris, were not included in this study primarily
because of technical difficulty in purifying the sperm
from these samples. Sperm mobility was in excess of
75% in all the selected samples.

SPERM PREPARATION AND FLOW MICRO-
FLUOROMETRY
Semen was diluted two- to fivefold with pH 7.2
phosphate buffered (0.02M) isotonic saline and was
centrifuged to recover the sperm pellet. The pellet was
resuspended in the same buffer and centrifuged again
on a discontinuous sucrose gradient 15 to 60% w/v.
Sperm forms a distinct band at 50% sucrose layer
(density - 1.23). The band was collected and
examined under the microscope for relative purity. In
this band, sperm from normal semen is 90 to 95%
pure and from oligospermic semen is 75 to 85% pure.
The impurity level is usually caused by the amount of
massive agglutinate of cells and sperm in certain
samples. Addition of 0. 1% triton-X, a mild detergent,
to the gradient and buffer improved the level of purity.
The banded sperm was collected and washed three
times and fixed with formalin before fluorescent
staining by the Feulgen method (Sarkar et al., 1974).
The stained preparation was screened under the micro-
scope for cells contaminating stained sperm.
A suspension of stained sperm, approximately 104

to 10o cells per ml, was passed through the flow micro-
fluorometer which registers the fluorescence value of
each cell and presents the accumulated data as the fre-
quency distribution of the population. A sample from
each donor was processed in this manner and the
accumulated data were taken into punched tapes for
statistical analysis. Chicken erythrocytes, which have
human sperm equivalent of DNA, and normal human
sperm from one standard donor, were routinely used
to standardise the staining procedure and calibrate the
assay (Sarkar et al., 1974). The statistical analysis was
performed in the haploid DNA region, which consti-
tutes the main peak, and outliers between 5 and 10%
of the total population were eliminated from the input
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data. The computer programme in its present form is
different from the previous one in that an automated
search technique for the best fit eliminated to a great
extent the manual intervention of data processing.
The stoichiometry of DNA content and fluores-

cence caused by Feulgen staining was obtained
empirically by varying the time of staining at room
temperature (Kasten, 1960; Bolund et al., 1969). Our
adapted procedure (Kraemer et al., 1972) gives nearly
equivalent amount of fluorescence for sperm DNA,
chicken erythrocytes, and half the value (1:1.96) of
human peripheral lymphocytes as the diploid standard.
Pretreatment of sperm with denaturing agents, such as
16-mercaptoethanol or dithioerythritol, did not alter the
staining intensity compared to the control. The relative
units of fluorescence, expressed as channel numbers,
are proportional to the amount of Feulgen-stained
DNA.

Results

SPERM DNA DISTRIBUTION OF IDENTICAL
TWINS
The separate histograms of sperm DNA content of the
identical twins are superimposed in Fig. IA and lB to
show the near identity of the frequency distribution in
the twins. The difference between the histograms of
HG:VG and BR:KR accentuates the uniqueness of
the patterns frequently found among individual
donors. The mean values of these distributions were
calculated by integrating the channels under haploid
peak (HG, 172-223; VG, 177-237; BR, 145-235;
KR, 150-233). The difference in the modal values is
2% between HG and VG, and 4.2% between KR and
BR (see Table 1). We have tentatively assumed for
subsequent analyses that the mean DNA difference
above 10% probably results from true genetic
differences in sperm DNA content among individual
donors.
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Fig. I Cytofluorometric analysis ofsperm DNA. The
number ofsperm (ordinate) is expressed as afrequency of
their relative DNA content (abscissa). The histograms have
been normalisedfor direct comparison. (A) Identical twin
pair HG and VG; (B) identical twin pairBR and KR.
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Table 1 Dispersion in sperm DNA content: identical twins

Donors Age Sperm Relative mean
count and SD

Identical twins:
VG 46,XY 25 1O5M 210-02 (27-62)
HG 46,XY 25 106M 205-90 (29-06)

KR 46,XY 23 IOSM 194-34 (25-71)
BR 46,XY 23 IOSM 186-26 (32-88)

CONTRIBUTION OF SPECIFIC FORM OF TRANS-
LOCATION IN DETERMINING DISPERSION OF
MODAL VALUES OF SPERM DNA

In order to characterise the contribution of a specific
form of translocation to the frequency distribution, the
histogram derived from a carrier of a t( 14q;2 lq) trans-
location (JG) was compared with that of his brother
(KG) who has a normal karyotype. In addition, two
other genetically unrelated donors (TF and MC), who
are balanced carriers of a similar translocation of
chromosomes 21 and 14 to JG, and were ascertained
through their children with Down's syndrome, were
included in this group. Thus, the four donors selected
for this study are fertile and oligospermic, as we will
discuss later (Table 2). The histogram of JG (carrier)
has been superimposed on that of his normal brother
(KG) in Fig. 2A, and has been compared again in Fig.
2B with two other carriers (TF and MC). The mean
values are listed in Table 2.

The modal value of sperm DNA from JG (carrier)
is approximately 14% lower than that of his brother
KG (normal karyotype). The two other translocation
carriers, TF and MC, gave modal sperm DNA values
far in excess of the normal mean (Table 2); hence the
histogram of JG (carrier) more closely resembles that
of his brother KG (normal karyotype), than the histo-
grams of two other carriers (TF and MC) who are
karyotypically similar to him (Fig. 2A and 2B). It has
not been possible as yet to perform tests on the
brothers of TF and MC; TF has a brother with a
normal karyotype and MC's brother carries the
identical translocation. Should this study become
possible, it would complete the test and hopefully
clarify the relative contribution of translocation from
any other genetic factor(s) that may be responsible in

Table 2 Dispersion in sperm DNA content: carriers of
translocations

Donors Age Sperm Relative mean
count and SD

Nonidentical sibs:
JG 45,XY,t(14q;21q) 26 1M 181-00 (19-5)
KG 46,XY 30 3M 209-28 (21-9)

Geneticallv unrelated:
TF 45,XY, t(14q;21q) 30 3M 281-68 (57-99)
MC 45,XY,t(14q;21q) 33 5M 321-62 (45-51)
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Fig. 2 Cytofluorometric analysis ofsperm DNA. The number ofsperm (ordinate) is expressed as afrequency oftheir
relative DNA content (abscissa). The histograms have been normalisedfor direct comparison. (A) Nonidentical sibs JG and
KG; JG is a balanced carrier oftranslocation t(ql4;q21) and his brother KG has a normal karyotype. kB) Histograms ofJG
replotted with two other translocation carriers t(ql4;q21), TF and MC. Only the haploid regions ofthe histograms have been
normalised and presentedfor comparison.

determining the modal values of sperm DNA. The
average modal value of sperm DNA from 7 translo-
cation carriers we have so far examined is 260-69 (SD
62-3; SEM 23.54) (Sarkar et al., 1974 and Table 2 of
this paper); this modal value is about 20% higher than
that of normal donors. This suggests that trans-
locations, to be normally transmissible, associate with
genetic traits which give rise to extreme differences in
modal sperm DNA values (see Discussion). Since only
one (KG) of the four oligospermic donors in the above
group (see Table 2) has a normal karyotype, we chose
14 oligospermic donors with various levels of sperm
count who were karyotypically normal. The sperm
DNA values obtained from these donors are given in
Table 3. Though the average value from 14 oligo-
spermic donors was similar to that of normal donors,
the scatter in the distribution of individual modal
values is almost as wide as the range of dispersion
observed among the oligospermic donors who are also
carriers of chromosome structural rearrangements
(compare values of Tables 2 and 3).

Table 3 Dispersion in sperm DNA content: oligospermics

Donors Age Sperm Relative mean
count and SD

RT 46,XY 30 <IM 172-3 (62-14)
RH 46,XY 33 <IM 124-87 (68-99)
HS 46,XY 26 <IM 132-39 (85-60)
EK 46,XY 33 2M 201-40 (72-52)
DS 46,XY 31 3M 219-53 (50-53)
JEP46,XY 30 3M 175-24(39-10)
EJ 46,xY 29 SM 278-67 (62-97)
DF 46,XY 28 6M 216-15 (46-94)
VA 46,XY 43 8M 199-13 (42-54)
M2 46,XY 32 lOM 273-84 (43-91)
IT 46,XY 24 17M 230-11(81-65)
MS 46,XY NRt 22M 237-53 (43-12)
AD 46,XY 37 32M 191-42(27-16)
Ml 46,XY 34 38M 273-68 (52-89)
* Fertile.
t Not recorded.

Discussion

Several technical advances were made in recent years
to correlate the total DNA measurements of individual
cells to the DNA content of individual chromosomes
(see Mendelsohn, 1976, for a review of methods and
results). The highly condensed nucleus of the sperm
and anisometry of the head structure give rise to some
special technical problems in DNA measurements
(Gledhill et al., 1976). The observation made by
Sumner et al. (1971) under the light microscope,
showing the Y and X chromosome bearing sperm with
detectable differences in DNA content, prompted us to
determine the DNA content of sperm in the automated
flow system which became available a few years ago
(Sarkar et al., 1974). The automated flow system does
not permit the visualisation of the cells during the
measurement of its DNA content, therefore prior care
must be taken to purify the sperm from other con-
taminated cells usually present in the semen. This
presents a serious technical problem for oligospermic
semen; the semen was heavily contaminated in these
samples with nonsperm cells and the semen volume
was small, viscous, and clotty, with a low sperm
number. For this reason we were forced to screen a
number of oligospermic donors to select semen
samples which could be adequately purified for the
automated procedure. Another limitation, which must
be considered in assessing these results, is the method
of purification which is based on selecting the class of
cells that fall near or at the density region of 1.23 in
the discontinuous sucrose gradient. This limitation as
well as many others (Gledhill et al., 1976) should be
eliminated from the automated procedure for an
adequate population study. Our limited sampling
indicates that such a study should prove valuable, and
we are making several instrumental and procedural
changes to make such a study possible.

274

1000 r A

[.cn 800

( 600
0

w 400

2 200

o

I/

_

I

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jm

g.bm
j.com

/
J M

ed G
enet: first published as 10.1136/jm

g.15.4.271 on 1 A
ugust 1978. D

ow
nloaded from

 

http://jmg.bmj.com/


Population heterogeneity in human sperm DNA content

The present survey was undertaken to obtain a
measure of the extent of heterogeneity in sperm DNA
content that may exist in a larger population. The twin
studies show (Fig. 1, Table 1) the near identity of the
frequency distributions between identical twins and a
unique characteristic pattern which distinguishes one
twin from the other. These results as well as those of
earlier analyses (Sarkar et al., 1974) indicate that
environmental influences do not perceptibly change
the sperm DNA distribution in normal population.
However, it is likely that profound environmental
assaults in the form of administration of a mutagen
(Hughes et al., 1959; Wyrobek and Bruce, 1975)
could cause pseudogenetic variability in the sperm
DNA content, as was observed in a mutant mouse
strain (Hollander et al., 1960). Thus, subjects who
have been exposed to large doses of radiation, or to
DNA-binding drugs, should be included in future
studies to estimate the nature of environmental stress
that can produce such effects.

Variation in the modal values is more dispersive
among translocation carriers who are oligospermic
(< IOOM/ml) than among normals. We needed to
separate the effect of specific translocation and oligo-
spermia to assess their independent contributions
(Sarkar et al., 1974). The average value of sperm
DNA from 7 translocation carriers (see Materials and
methods: Sperm donors) we have studied so far is
260-69 (SD 62.3; SEM 23.54); that of 14 oligo-
spermics is 209.0 (SD 48.48; SEM 12.95); and of 15
normals is 213.26 (SD 6.6; SEM 1-7). It is instruc-
tive to note the relative differences in the scatter of
values from donors in each of the three classes (Sarkar
et al., 1974; Tables 2 and 3 of this paper). The average
modal values of 14 oligospermics of normal
karyotypes (Table 3), and 15 normal donors with high
sperm counts (Sarkar et al., 1974), are very close and
particularly striking because there is a wide dispersion
of values among the oligospermics and most oligo-
spermic donors are reportedly infertile. In contrast,
most of the translocation carriers are fertile (6 carriers
have children and 1 is unmarried), but on the average
appear to have 20% excess of the modal DNA values
over the normal. The range of DNA differences
among five unrelated donors, all carrying trans-
locations involving chromosome 14 (Sarkar et al.,
1974 and this paper) are nearly the same as that of
three donors (TF, MC, and JG) involving both
chromosomes 14 and 21. A possible explanation of
this finding is that modal sperm DNA values are
altered not by specific translocations but by specific
traits which are unrelated to, and more prevalent than,
the occurrence of the translocations, and that chromo-
some translocations are frequently found to be
associated with these traits. We expect to find the
segregation of these traits independent of trans-
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locations, as in JG and KG (see Table 2). We hope to
test the predictions arising from this explanation
through the analysis of frequency distribution
characteristics of sperm DNA in families of balanced
carriers, as well as of oligospermic identical twins.
We cannot, with the present technique, estimate the

range of variabilities in terms of absolute amounts of
chromosomal DNA. The individual variabilities could
occur because of a preponderance of nondisjunction
(Hamerton, 1971; Sumner et al., 1971; Pearson et al.,
1973). Alternatively, amplification (or deletion) of
repetitive (or unique) sequences in DNA, distributed
among the chromosomes (Stolla and Gropp, 1974;
Sager and Kitchin, 1975), may be responsible in the
gametogenic stages for producing modal differences.
Whatever the mechanism is that induces variability, it
must give rise to discrete genotypes as evidenced by
the unique patterns of the frequency distributions (see
Fig. 1 and 2).

It is possible that modal values of sperm DNA, in
spite of being widely disparate, are controlled by a few
genetic elements; variations observed among sperm
populations of oligospermics may thus arise from
polymorphism in these traits. Polymorphism may also
give rise to unique histogram patterns without appreci-
ably changing the modal values (Fig. 1 and Table 1).
Knowledge of the mode of segregation of these traits,
particularly if they are Y-linked, should prove useful in
clinical genetics (Pearson et al., 1970; Sumner et al.,
1971; Kajii et al. 1973; Pearson et al., 1973;
Mikkelsen et al., 1976; Wagnebichler et al., 1976), and
may lead to further understanding of the biochemical
basis for sperm DNA variations.
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