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A NOTE ON SEGREGATION ANALYSIS OF
MULTIPLEX FAMILY!

Norikazu YAsSUDA

Division of Genetics, National Institute of Radiological Sciences,
Chiba 260, Japan

Summary In segregation analysis of multiplex family, a method was
presented for testing genetic hypothesis by utilizing the scores of maximum
likelihood. This source of materials is very informative to genetic analysis
of high-risk cases.

INTRODUCTION

In segregation analysis of inherited diseases, data on high-risk cases sampled
from multiplex families may be collected by omitting isolated cases. In practice a
selection of families with two or more affected siblings, ascertained by linking hos-
pital records, death certificates, inquiries to physicians, examination of a population
sample, or other direct means of ascertainment. Then simplex families will not
enter the sample, and the problem remaining is to develope method of analysis
appropriate to multiplex sibships. In this communication we shall suggest a simple
method when the ascertainment probability is not known.

MODEL

Suppose that p and = are respectively the segregation frequency and the prob-
ability of ascertainment. Distribution of r affected siblings in sibships with the
size s will a priori be binomial; that is,

Q@=Cep (1 —p)-r.

After sampling multiplex families with two or more affected sibs, the posterior dis-
tribution P (r|F) becomes

P (r|F) = —_EJ_@P_QQ
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where w (F|r) is the probability of selecting a family (F) with r affected sibs in the
sample. If the ascertainment probability is uniform among sibships, the weight
w (r|F) will be 1— (1 —=)*.

A model of segregation analysis for multiplex families thus will be

Lrpr(1—=p)s—r[1—(1~=)]
1 —(1—=zp)s—spr(1—p)-!

P() = (r=2,++,59) (1)

which was first derived by Morton (1959). The scores for p are

1
U=z ————[A— 2 And]
p(1—-p) [ s
and
1

K= G pF &

Beng

(definition and derivation of scores may be found in Cavalli-Sforza and Bodmer
(1971), pp. 836-841), in which n; is the observed number of sibships with the size s,
A is the total number of affected individuals in multiplex families, and

[l = (1 =p)s=i—(1 =) (1= pr)*-1]

A (s (—p!

and

sp(l—p)

DG
- sprm j!

B; = 5

[D +(s—1)pzF —

with D=1—-z(1—-p)s-1=(1—z)(1—px)s-l, E=1—(1—pn)s~-i—spr(l—p)s-!, F=
(1-py-2+(1-o)(I-pn)-? and G=(1-pr)s~1—(1—-p)*~1+(s—-Dp—p)s~2
A; and B; have been tabulated in Tables 1 and 2 respectively for p=1/4 and
1/2, and §=2,3,----,15 and = is from 0.0 to 1.0 with the increment 0.1.

Single ascertainment (z—0). When every family contains only one proband
and the other affected sibs are secondary cases through the proband, the model
becomes

s-1Cr-10771(1 —p)-F

P(r)= 1__(1_13)5_1 (I'=2,---',S) (2)
with
_ (s—=1p
A=l
and

Bs=(As—1(I-p)[1 -(As—D)(1—-p)s~2].
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The results are in fact the same as those from distribution of a probands among r
affected sibs (model (14) in Yasuda (1979)), replacing = by p, r by s—1 and a by r—1.
Complete ascertainment (z=1). If all affected sibs are proband, the method

of ascertainment is said to be complete or z=1. The model (1) will be

sCrpi(l—-p)s—r

PO =i ot TR <)
with

o Sll=(-p]

* 1-(1-p)s—sp(l—p)s~!
and

B. — [I—(1—p)s—1]2—(s—1)?p*(1 —p)s~?

[1—(—p)s—sp(l—p)s-i]?

These results are again mathematically equivalent to those from distribution of mui-
tiplex probands ((21) in Yasuda (1979)).

NUMERICAL EXAMPLE

A distribution of congenital deafs among sibs born to normal parents has
been reported for Kanto district (Furusho and Yasuda, 1973). Apart from sporadic
cases the data were compatible with the hypothesis of autosomally recessive modes
of inheritance. As an illustration, the hypothesis will be tested by the multiplex
families only. Table 3 is reproduced a part of table for observed distribution of
affected sibs within sibships or “SR table” (Table 4 in Furusho and Yasuda (1973))
taking only multiplex deafs among sibs born to normal parents. The total number
of deafs is thus A=Y rn. =565, where n is the number of sibships with the size

I g

s containing r affected sibs.

Multiple ascertainment. The data have been gathered through sibs’ probands
and contained the secondary cases. The distribution of probands among affected
siblings was observed as “RA table,” from which the probability of ascertainment
was estimated to be 0.5011. For illustrative purpose we assume z=0.5. Follow-
ing Cavalli-Sforza and Bodmer (1971), their notation 4, corresponds to p=1/4=
0.25 in our terminology. Also S(6,) and 1(4,) correspond respectively to U and K
computed by assuming p=0.25 and z=0.5 by the aid of Tables 1 and 2, and the
procedure of calculations is summarized in Table 4. We found U= —53.22 and
K=2,259 so that y*=U%K =1.25 with one degree of freedom being not significant
at 5% level. Then we have estimate of segregation frequency p=0.25+U/K=0.23
with the standard error v I/K =0.02. It should be emphasized here that those
calculations do not themselves prove the hypothesis of recessive mode of inheritance

Vol. 27, No. 1, 1982



6 N. YASUDA

Table 3. Distribution of multiplex deafs Table 4. Segregation analysis of multiplex
among sibs born to normal parents (nsr). deafs among sibs born to normal parents
(Furusho and Yasuda, 1973) (p=1/4 and z=0.5).
No2o3 4 5 6 |ns s ns As Bs
2 25 25 2 25 2. 00000 0. 00000
3 42 7 49 3 49 2.11475 0.10159
4 46 7 2 35 4 55 2.23827 0. 21760
5 37 10 2 1 50 5 50 2. 37053 0. 34778
6 17 4 1 1 23 6 23 2.51145 0. 49161
7 19 4 2 1 26 7 26 2. 66086 0. 64831
8 6 3 2 11 8 11 2.81851 0. 81686
9 2 2 4 9 4 2.98409 0.99612
10 2 2 10 2 3.15724 1. 18480
12 1 1 12 1 3. 52456 1. 58504
sum | 192 39 12 2 1 246 A=565. 3] Asng=574.97882 3 Bsng=79.42258

565.~574.97882
U="oms(i—02s) ~ 322097

K =79.42258/[0.25(1 —0.25)]*=2,259.13116
+/T[K=0.0210, U/K =—0.0235
p=0.25—0.02=0.23, U¥/K=1.25.

As, from Table 1; B, from Table 2.

in deafs, but do infer the distribution of affected individuals in siblings does not
differ significantly from that would be expected if the disease were due to such a
gene.

Single ascertainment (n—0). Very often in practice each family was selected
through a single proband or was assumed simply single ascertainment. Let us
suppose that data of deafs were sampled by the method of single ascertainment for
an illustrative purpose. Taking the similar steps as in the previous case by using
the values for z=0 and p=0.25 in Tables 1 and 2, we arrive at U= —162.54 and
K=2,707. A value of chi-square for p will be U¥K =9.76 with one degree of free-
dom being highly significant (p<0.005). Maximum likelihood estimate for the
segregation frequency becomes Pp=0.254U/K=0.19 with the standard error 0.02,
and which agrees with Weinberg’s estimator* of 0.20. This result simply indicates
that the method of ascertainment is critical for testing genetic hypothesis.

Complete ascertainment (r=1). The other ideal extreme in method of ascer-
tainment is complete or every affected individual being proband. Computations
using the value for z=1 and p=0.25, we have U= —4.26 and K=2,081 so that U?%/
K=0.01 and $=0.2540.02, It is not significant at five percent level.

* Weinberg’s estimator of p (Weinberg, 1912) becomes 3 (r—1)(r—2)ner/ 5 (r—1)(s—2nsr for
multiplex family data.

Jpn. J. Human Genet.
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DISCUSSION

The above numerical example illustrates an importance of parameter = in testing
genetic hypothesis. Careful designs of family selection is therefore of important.
In most practice however definition of proband among affected siblings is vague or
even not defined explicitly. The probability of ascertainment is then not able to
estimate quantitatively, but is rather guessed by investigators the quality of their
survey and/or the experience of surveyors. Following suggestion then may be prac-
tical. Since the parameter p changes almost linearly when = varies, minimum at
7=0 and maximum at z=1 (Yasuda, 1981), the necessary scores may be obtained
from averaging the ones calculated under the assumptions of single and complete
ascertainments, respectively. In the present example we have U=[(—162.54)+
(—4.36)]/2= —83.45, and K=(2,707+2,081)/2=2,394, which yield y2=U%/K=2.91
being not significant at 59 level and $=0.22+0.02. The results are practically the
same those obtained by multiple ascertainment. This is actually due to an implicit
assumption of ==0.5 in the above conventional method. In general approximate
formulae for the scores may be used in practice; namely,

U=({1-nU0)+zUQ) 4
and K=(1-z)XK{0)+zK() } (4)

in which (0) and (1) designate respectively single and complete ascertainments.

It can be shown for using (4) that ¥*=U?%K will be less than 3.84, a critical value
to be significant at 59 level, for 0.42=<z<1 in the present example, indicating a
robustness for testing segregation frequency p for ascertainment probability =. The
following procedures thus may be instructive for testing genetic hypothesis when
no appropriate estimator of = would be available. First, calculate the scores under
the hypothesis of single and complete ascertainment, respectively. Then, calculate
U and K from (4) and/or use of Tables 1 and 2, assuming various values of =z, for
instance, 0.2 for moderately single ascertainment, 0.4 for moderately multiple, and
0.6 for moderately complete ascertainment. For each value of =, y>=U?K can
be computed for testing the hypothesis. This procedure may give a clue for decision
making on genetic hypothesis in addition to experiences in family selection. This
approach however is no use to the material in which U(0)>0 and 4*=U?%K was
significant, because the segregation frequency p almost linearly increases when =
becomes large. Most likely explanations for such observations is the sampling
biase towards to many multiplex families because of interests in high-risk cases,
and/or wrong genetic hypothesis being tested. In former situation inclusion of
simplex families in analysis might give a clue. It is strongly recommended that
several methods of analysis should be applied for a given set of data for establishing
mode of inheritance in diseases.

The use of multiplex families might be less common practice in industrialized
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countries where the size of sibship has been reduced, but the method is still very
informative in genetic analysis of high-risk cases and such data can be gathered
from intensive surveillance systems which would be developed in industrialized
nations.

Acknowledgements I wish to thank Mr. K. Fukuhisa for his technical assistance in running
computer programs on ACOS-700S installed in the National Institute of Radiological Sciences.

REFERENCES

Cavalli-Sforza, L.L., and Bodmer, W.F. 1971, The Genetics of Human Populations. Freeman,
San Francisco, pp. 836-841.

Furusho, T., and Yasuda, N. 1973. Genetic studies on inbreeding in some Japanese population.,
XIII. A genetic study of congenital deafness. Jpn. J. Human Genet. 18: 47-65.

Morton, N.E. 1959. Genetic tests under incomplete ascertainment. Am. J. Hum. Genet. 11: 1-16.

Weinberg, W. 1912, Uber Methode und Fehlerquellent der Untersuchung auf Mendelsche Zahlen
beim Menschen. Arch. Rass. -u Ges. Biol. 6: 165-174.

Yasuda, N. 1979. Estimation of the ascertainment probability of rare disease. Jpn. J. Human
Genet. 24:; 265-291.

Yasuda, N. 1981. A statistical analysis of the heterogeneity of inherited diseases. Jpn. J. Human
Genet 26: 1-17.

Jpn. J. Human Genet.



