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INHERITANCE IN HUMAN DIZYGOTIC
TWINNING*

CoLIN WHITE, M.B,, B.S.,$ AND
Grace WysHAK, Pu.D., M.S. Hve.i

NEW HAVEN, CONNECTICUT

THIS paper is concerned with the question of

whether the father plays any part in the occur-
rence of twins among his children. Stern® has
pointed out that “the genetic interpretation of typ-
ical dizygotic twinning is complicated by the as-
tonishing results of several studies which indicate
that the disposition towards dizygotic twinning is
also found in males.” In one of these studies® the
rate of twinning was so high that one may con-
clude that many singleton births were not counted;
and the apparent effect of the father on twinning
can therefore be regarded as due to a bias that re-
sulted in less complete histories, so far as singleton
births are concerned, about the father’s relatives than
about the mother’s. However, this bias is not obvious-
ly present in the work of Greulich,® whose findings are
cited by Stern. Greulich obtained data on 273 pairs
of dizygotic twins. The sibs of the fathers of these
twins theruselves had twins in 46 out of 1851 births
(2.48 per cent) whereas the sibs of the mothers had
twins in only 44 out of 2020 births (2.17 per cent).
It seemed, therefore, that the genotype of the father
is at least as important as that of the mother in the
production of dizygotic twins.

Not all the earlier authors obtained results agree-
ing with those of Greulich; Weinberg,* for ex-
ample, in his classic investigation, found that dizy-
gotic twinning was hereditarily determined only

*From the Department of Epidemiology and Public Health, Yale Uni-
versity School of Medicine.
tProfessor of biometry, Yale University School of Medicine.

fResearch associate, Yale University School of Medicine.

through the mother’s side. Nevertheless, in view of
Greulich’s finding, we have obtained further data
on this problem, using a method that does not de-
pend on histories reported by probands.

Data

The data were obtained from genealogic records
on file at the Genealogical Society of the Church of
Jesus Christ of Latter Day Saints at Salt Lake City,
Utah. The records used were the family record
sheets described by Gardner, Harland and Smith.5 A
single record contains information about the chil-
dren borne by a specified woman to a specified hus-
band. There are more than 4,000,000 such records,
the majority being based on families formed in the
eighteenth and nineteenth centuries. The record on
each family lists the children in order and gives, for
each child, the name, date of birth, sex, place of
birth and, when applicable, the name of the
spouse. It was helpful for purposes of the present
project to find that each record carried a notation
indicating whether a child appeared as the mother
or father of a family listed elsewhere in the Ar-
chives, for this information facilitated the tracing of
the family from one generation to the next.

The family record sheets were searched system-
atically to provide cases in which a family included
twins, at least one of whom was known to have
married, and whose family sheets were also on file
in the Archives. Such twins constituted the index
cases. A search was made for the record sheets
that listed their children and also for the family
record sheets of sibs of the index twins. There were
2504 eligible index twins in the sample studied so
far. They were classified by the sex of the twin
and the co-twin, and by a relevant feature of their
record as parents -—— namely, the number of ma-
ternities experienced and the number of sets of
twins born to them. Similar information was ob-
tained about the sibs of the index twins.

ANALYSIS

Twinning rates were computed as the number of
sets of twins per 1000 maternities. The results ob-
tained when the parents were themselves twins
are given in Table 1.
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TABLE 1. Number of Maternities, Number of Sets of Twins
and Twinning Rate when One of the Parents Is an Index
Twin from a Pair of Specified Sex.

SEx oF SEX OF No. or No. oF No. or  TwINNING
InpEX Co-TWIN INDEX MATER- SETS oF RATE
TwiN TwiINs NITIES TwiNs
per 1000
mater-
nities
M M 948 4767 60 12.6
M F 586 2914 23 7.9
F M 365 1522 26 171
F F 605 2621 28 10.7
Both sexes  Both sexes 2504 11824 137 11.6

It is clear that a male twin had a considerably
higher probability of appearing in subsequent rec-
ords as a parent than a female did, since the data
cover 1534 male index twins and only 970 female
twins. However, there is no reason why this should
be related to the twinning rates found in the fam-
ilies of the twins who were followed. The overall
twinning rate of 11.6 is appropriate for the popula-
tion under study. One may compute the approx-
imate standard error of each rate as:

r/\/ n
where
r = the rate under consideration
and n = no. of sets of twins on which it is based.

The rate for a female twin parent who is a mem-
ber of a dizygous set of twins is high (17.1, with a
standard error of 3.4) whereas that for a male twin
parent who is also a member of a dizygous set is
the lowest of all four rates (7.9, with a standard
error of 1.6). The difference is statistically signi-
ficant, and the comparison of these two rates pro-
vides a direct test of the unimportance of the
male parent in determining the occurrence of twin-
ning in the offspring. The remaining twe rates,
which are included for completeness, but not dis-
cussed further in this report, are based on cases in
which some of the parents were from dizygous
sets of twins and some from monozygous. The cur-
rent view is that monozygous twinning is not in-
herited.®

The twinning rates of the sibs of twins, reported
in Table 2, throw further light on this problem.

TABLE 2. Number of Maternities, Number of Sets of Twins
and Twinning Rate when One of the Parents Is a Sib, Male
or Female, of Twins of Specified Sex.

No. or

SEX OF SEX OF No. or No. oF TWINNING
INDEX TwINS INDEX MaTER- SETS OF RaTE
Sie Sies NITIES TwiINs
per 1000
mater-
nities
M MM 946 5215 55 10.5
M MF 842 4421 58 13.1
M FF 532 2796 37 13.2
F MM 484 2161 23 10.6
F MF 528 2300 39 17.0
F FF 415 1841 19 10.3
ALL ALL 3747 18734 231 12.3
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A sib of dizygous twins would presumably have
the same probability of inheriting the dizygous twin-
ning gene or genes as the twins themselves. If such
genes can be expressed through the female but not
through the male, the twinning rate should be
raised in the families of female sibs of unlike-sexed
twins but not in the families of male sibs. This
finding is shown in the results presented in Table
2 although the difference between the relevant rates
(17.0 and 13.1) is not significant in the statistical
sense. Since like-sexed twins include both dizygous
and monozygous pairs, the sibs of these twins
should have a twinning rate lower than that for the
female sib of unlike-sexed twins. This was in fact
observed: the rates for male sibs of MM twins (10.5),
male sibs of FF twins (13.2), female sibs of MM
twins (10.6), and female sibs of FF twins (10.3)
were in each case lower than those for the female
sibs of unlike-sexed twins (17.0). Finally, one
would expect the male sibs of like-sexed pairs to
show lower rates than the female sibs of such pairs.
This is true in the comparison of the sibs of MM
pairs, but not in the comparison of the sibs of FF
pairs. The differences are small in either case, but
this is not surprising in view of the facts that the
groups being compared are heterogeneous for zygos-
ity and the standard errors involved are large.

To obtain the most comprehensive test of the role
of the father, the data from twins may be combined
with those from their sibs. If the comparison is
restricted to cases in which the twins were of differ-
ent sex, and hence known to be dizygous, it is found
that the offspring of the males include twins in 81
out of 7335 maternities (11.0 per 1000) and the
offspring of the females in 65 out of 3822 materni-
ties (17.0 per 1000). The difference in rate is 6.0,
and its standard error 2.45 (p less than 0.05).

DiscussioN

The conclusion drawn from these data is that fe-
male twins from dizygous pairs, and female sibs of
such twins, show an increased twinning rate among
their own offspring, but that male twins from dizy-
gous pairs and male sibs of such pairs do not show
this increased rate. The results are consistent with
those of Waterhouse,” who, in a self-selected sam-
ple of respondents, found 11 sets of twins in 122
maternities when the mother was a dizygous twin
and 1 set in 66 maternities when the father was a
dizygous twin. Evidence of an altogether different
type, but supporting the same conclusion, has re-
cently been obtained by Morton,? who studied the
children of interracial crosses in Hawaii. He found
that the frequency of twinning is independent of the
father’s race but.is greatly influenced by the race
of the mother. One is led to conclude that the
findings of Greulich on the father’s role in twinning,
like those of Davenport, are probably due to less
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complete ascertainment of singleton births in the
male line than in the female. It is noteworthy that
Greulich’s rate of twinning in the male line of
monozygotic twins is somewhat high — namely, 16.1
per 1000 maternities.

CoNCLUSIONS

When women who are dizygous twins become par-
ents they produce twins at the rate of 17.1 sets per
1000 maternities. On the other hand, the wives of
men who are dizygous twins have a twinning rate
of only 7.9 per 1000 maternities. The female sibs of
dizygous twins behave like female twins, and the
male sibs like male twins, so far as the frequency of
twins among the offspring is concerned. These data
are consistent with the hypothesis that the genotype
of the mother affects the frequency of dizygous twin-
ning but that of the father does not.
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Stupor, Hypercalcemia and Carcinoma of the
Renal Pelvis*

Har H. Bourne, M.D.,}
Ricuarp E. TrREMBLAY, M.D.,} AND
JuLian S. Ansgerr, M.D.§

SEATTLE, WASHINGTON

SINCE Albright' suggested that some tumors

‘might be producing parathyroid hormone,” hy-
percalcemia associated with malignant tumors with-
out bony metastases has been recorded with increas-
ing frequency.>® Transitional-cell carcinoma of the
renal pelvis is here added to the list of neoplasms
that hypercalcemia may accompany.

*From the Division of Urology, Department of Surgery, University of
Washington School of Medicine, and the Veterans Administration
Hospital.

+Senior resident in urology, Division of Urology, University of Wash-
ington Affiliated Teaching Hospitals.

iClinical associate, Division of Urology, Department of Surgery, Uni-
versity of Washington School of Medicine.

§Associate professor of urology and head, Division of Urology, Depart-
ment of Surgery, University of Washington ’School of Medicine.
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Ficure 1. Microscopical Section of the Kidney, Showing

a Transitional-Cell Carcinoma.

Case REPORT

A 69-year-old oyster farmer entered the hospital in stupor.
In 1918 he had received a shrapnel wound to the right
kidney, and in 1930 a right-sided staghorn calculus had
been demonstrated. During the year before admission pro-

gressive anorexia, nausea, vomiting, constipation, weight
loss, episodic chills and fever, lassitude, confusion, in-
appropriate behavior and finally progressive somnolence

were noted. His condition deteriorated until he was bed-
fast.

Physical examination showed an afebrile, cachectic and
disoriented man with marked postural hypotension. A
smooth mass was felt in the right flank.

Urinalysis indicated gross pyuria, hematuria and pro-
teinuria. The hematocrit, white-cell count, blood urea
nitrogen and alkaline and acid phosphatases were normal.
Serum calcium levels were 16.9 and 14.8 mg., and the
serum phosphorus 3.4 mg. per 100 ml. The urine was
sterile.

Intravenous urography revealed a nonfunctioning right
kidney containing a staghorn calculus and a metal frag-
ment. The left kidney was hypertrophied but otherwise
normal. Retrograde pyelography showed a dilated right
ureter deviated medially by a large mass in the lower pole
of the kidney. A bone survey, including the hands, demon-
strated slight osteoporosis.

At nephroureterectomy a pyonephrotic right kidney was
found containing the staghorn calculus and a transitional-
cell carcinoma of the renal pelvis (Fig. 1).

After operation the stupor cleared rapidly. The serum
calcium was 9.6 mg. per 100 ml. 1 week after operation.
In lihe 2 years since the nephrectomy the patient has been
we

Discussion

The hypercalcemia associated with some malig-
nant tumors can threaten life, contributing greatly
to the morbidity, and perhaps cloud the clinical
picture. With increased observation of this com-
bination of hypercalcemia and malignant tumors,
interest in the mechanisms linking these two entities
has been stimulated.

Four explanations have been suggested: there are
unrecognized metastases to bone; the tumor pro-
duces a substance with activity like that of vitamin
D: the tumor secretes a parathyroid-stimulating
agent; and the tumor elaborates a substance with
activity like that of parathyroid hormone.
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