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GOVERNIN G BOARD PREFACE

WHEN WE ventured to launch this series of volumes we hoped and
believed that its usefulness and popularity would increase as the
number of topics covered grew larger, and we are glad to find that
this optimistic view had some basis: the appearance of each vol-
ume has stimulated demand for its forerunners. This is due, of
course, to the enthusiasm and skill with which successive editors,
associate editors, and contributors have approached their tasks,
so that a high standard has been maintained. It is perhaps un-
neeessary to explain that editors and topies are tentatively selected
some years in advance, and that, since some sections take longer to
complete than could be foreseen, these plans have to be flexible
enough to permit some reshuffling. The time is probably approach-
ing when we shall have to consider sections planned to supplement
and to bring up to date topics dealt with in the earlier volumes.
We feel that there will never be any shortage of desirable subjects;
and we note with gratification that there seems to be no serious
shortage of expert colleagues willing to undertake the onerous tasks
of authorship. . : ;

The tasks that fall to us, as members of the Governing Boaid,
are relatively light and pleasant. It was inevitable, though ‘to us
regrettable, that we should nevertheless fail t6 keep the original
group together and intact; it is on the other hand very pleasant to
weleome to the circle such distinguished scientists as Dr. René J.
DuBos and Dr. C. N. H. Long, who share with us the planning of”
forthcoming volumes.



EDITOR’S PREFACE

““There are men that will make you books, and turn them
loose into-the world, with as much dlspatch as they would
do a dish of fritters.”

. M. DE CERVANTES, Don Quizote

THis BoOK, the Editqr wishes to point ouit, is the antithesis of such
a one. Lik& previous volumes, it has emerged from the labor of
many contributors over a long period of time and is not the result
of 20 minutes over ‘the frymg pan of sizzling ideas.

In the preface to Volume 5 the Governing Board pointed out that
there is really no ]onger need to attempt to explain or to justify
this series. Its purpose is thoroughly established and if, as Dr. A. C.
Corcoran suggested in his preface to the same volume these books
have found their way into the laboratories rather than into the
libraries, that purpose will have been largely accomplished. The
way in which each volume has been received makes the need for
them self-evident. The Editor’s remarks are, therefore, limited to
comments on the present volume.

It might be said of the section on Clinical and Climatological
Research that there is some overlapping between the chapters on
Energy Metabolism and Metabolic Reference Standards, but Dr.
Daggs and the Editor agreed that since the two points of view were
so appreciably different, a little overlap was healthy. It seems also
of interest to point out how some of the other sections dovetail.
Dr. Lazarow describes and-gives beautiful illustrations of various
types of cages and tells one how to build them. When one has built
or bought one’s cages, Dr. Mainland very conveniently tells one
where to put them in order to get the most out of the study.

Then, too, there is the obvious relation of the statistical approach
in plannmg and evaluating the results of an experiment, in Dr.
Mainland’s section, to that of the somewhat different use of statis-
tical analysis in Dr. Ciocco’s section on genetics.

Though the reader may not want to read all of the detalled tech-
niques included in these sections, the general approach to the prob-
lem may prove of interest. It is our hope that by having methodol-

_ogy so well compressed between the covers of a single volume
much of the labor of looking up methods will be saved for the worll
ers in the respective fields. By the same token; the labor which
Ger i



vi 'EDITOR’S PREFACE

went into the preparation of these sections: will become apparent.

The Editoy must confess that after the members of the Governing
Board have planned the volume, the Associate Editors and con-
tributors have done the work and the pubhsher has expedited
matters with great efficiency, little ‘credit is left for the Editor.
He has, however, this opportunity to thank all of those who have
given 8o generously of their time and labor to make this volume a
; reahty and to express the hope that it will help make work lighter
in the laboratories of those who use it.

—J. N[URRAY STEELE.
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Some Methods of Studying
- Human Genetics

ASSOCI1ATE EDITOR— Antonio Ciocco

INTRODUCTION

GENES ARE THOSE mysterious entities that hold the answer to all
human traits—if one can read their evidence accurately. The
various methods of studying genes become as: important and
dymamic as the study of the genes themselves. The purpose in
this section is to explore some methods used in the study of human
genetics. .

Research in human genetics involves the application of the same
fundamental concepts which characterize genetic studies on plants
and animals. However, there are some basic difficulties in studying
human genetics which arise from the eternal problem that observa-
tions on experimentsponducted by the subjects themselves must
replace observations on experimentation designed by the investi-
gator or, simply, man studying man. T :

~ In studies in human genatics the first step is, of course, the col-
lection of pedigree data to provide information regarding the inci-
dence of the condition under study. This _céndition may be a disease
or a physiologic or psychologic trait in the familial aggregate.
Analyses of the data should provide definite impressions concerning
the genetic constitution of the family and the manner in which the
observed trait is presumably transmitted from generation to gen-
eration. Both these steps, collection of data and analysis, require
thorough- knowledge of statistical logic and of analytical tech-
niques. In addition, knowledge of biology and of the mechanisms
of cellular reproduction are prerequisite to correct analysis. In this
section, Dr. Li limits himself to exploration of certain methods

1



2 . HUMAN GENETICS

which have, in recent years, been proved to be sufficiently simple
for general use in the problems encountered in the ﬁeld of ¢linical
medicine.

The physician’s interest in genetics is aroused by the patient
who possesses a certain condition or disease which is “familial.”
Therefore Dr. Li has limited his description to the analytical tech-
niques of tracing pedigrees through a propositus-——the case seen in
the clinic or physician’s office: To illustrate the analytical methods,
examples have been chosen concerning the genetic nature of the
following conditions; human albinism, congenital absence of
maxillary lateral incisor, sickle cell anemia, allergic asthma, dia-
betes mellitus, peptic ulcer and mammary cancer. .

Three aspects of methodology are covered. The first deals with
methods of estimating the proportion of offspring with certain
traits born from matings in which parents do not manifest thesc
traits: Segregation of Recessive Offspring. The second deals with
the increased knowledge of the genetic nature of several human
diseases resulting from improved precision in diagnosis of disease
and statistical analysis: The Severity of Abnormality. Methods of
establishing the genetic role is the third aspect of methodology
discussed. Several recent examples are given to illustrate the
current method of approach.

A detailed account .of methods of detecting and measuring
genetic linkage in human populations is beyond the scope of this
section. However, Dr. Li believes it necessary to include a brief
discussion of this sub]ect in the closing paragraphs.

As we are dealing with the methods of studymg human genetics,
the. references listed at the end of the section give only examples
of the available literature on methods. Readers who are interested
in the heredity of particular diseases will have no difficulty in
finding pertinent references in their field of interest.

The most conspicuous omission of methods in current use is the
series of methods concerned with populational 'gene-frequency
analysis. These have been summarized by Hogben (11), Li (15)
and Dahlberg (1). Some excellent papers by Snyder (23, and the
references listed there) should also be consulted by those interested.
As to the general principles of human genetics, Stern’s book (24)
is. an indispensable reference. Those who are interested in the
broad aspect of human genetics may find valuable references given

“by Strendskov (25) and Muller (18, 19).

—AxTonio Crocco.



I. SEGREGATION OF RECESSIVE OFFSPRING

C. C. LI, University of Pitisburgh

MzTHODS OF ESTIMATING the proportion of offspring possessing
traits not apparent in their parents are highly important in studies
in human genetics. The indication would be that the factors for
their genetic transmission (genes) are present in the parents, but
recessive (recessive genes). Therefore, an accurate estimate of the
true proportion of recessive offspring from a certain type of mating
becomes the first step. toward elucidating the genetic pature of the
trait. For the sake of conereteness and brevity, we shall refer to
individuals bearing certain traits as “affected’” and to those with-
out the trait as “normal.” .

When a trait is absent in both parents but present in their off-
spring, there is a strong suggestion that the trait is due to the
homozygous condition of 1 or more pairs of recessive genes. Let
us consider the simplest case, in which the trait is caused by only
1 pair of genes. Then the genotype of the “affected’’ individual is
aa, while that of the nonaffected or “normal” individual is either
AA or Aa—the gene A being dominant to its allele @

It is evident that the aa or “affected” individual can be produced
from 3 types of parental combinations: Aa X Aa, Aa X aa and
aa X aa. If we assume that the recessive gene a is rare so that
there are relatively few aa individuals in the general population, it
follows that heterozygous individuals would be much more numer-
ous than the homozygous recessives. Since there are few aa indi-
viduals, the aa X aa type of mating will be extremely rare, and
the Aa X aa type of mating will also be uncommor. Conse-
quently, most of the “affected”” individuals will be the progeny of
the matings Ad X Aa in which Both Dbarents are “normal.” It is
this type of family that we shall consider in the following para-
graphs. - i o i

It is important to realize that the da X Aa type of mating can-
not be distinguished from the other types of mating involving 2
“normal”” parents (A4 X AA or AA X Aa) unless they produce
at least 1 “affected” child among their offspring. The “affected”
child then serves to indicate that both parents are heterozygous.
(Matings of “normal” parents when either is of the AA genotype
could not produce an aa child.) , :

-+ As an example of a simple recessive trait, rare in the general
population, let us consider human albinism—the absence of pig-

3



4 i HUMAN GENETICS

ment in skm, hair and iris. This trait is found in about 1 in 20,000
individuals in Europe. According to the Hardy-Weinberg law
for random mating populations (Stern (24), chap. 10; Li (15),
.chap. 2), the frequency of the albino gene in the general popula.tlon-

. would be approximately 1/140, being the square root of the pro-
portion of albino individuals in the population. Consequently, v
the proportxon of heterozygous individuals (apparently normal, but
carriers, Aa) in the general population is approximately 1/70 or
1.4%. Wehaveseen that only certain types of matings can produce
an “affected”’ child. Now it should be clear that almost all of the
albino individuals are produced by Aa X Aa matings because
Aa X aa and aa X aa are much too rare. The only way we can
distinguish Aa X Ao from A4 X AA or AA4-X Aa is, however,
by the presence of at least 1 alhmo among the offsprmg of -the
particular mating.

This method of dutermmmg the parental genotypes by their
offspring is quite similar to the concept of “progeny-test” em-
ployed by plant and animal breeders. Unfortunately for the study
of human genetics, in many cases heterozygous individuals cannot
be distinguished from the homozygous dominant individuals with-
out a “progeny-test.” Even more unfortunate is the fact that the
“‘progeny-test’”’ in man is not at all efficient because of the small
number of children in a family. Since the Aa X Aa matings can
only be identified by their having at least 1 “affected’ child, those
matings that fall to produce any affected children would not be
observed.

The main purpose of the methods to be discussed here is to
overcome the bias caused by the omission of some of the Aa X Aa
families which has distorted the elassic mendelian ratio. The
probability that an Aa X Aa mating would produce.an aa child
is /4. If Aa individuals could be distinguished from AA without
the “progeny-test” so that we could seiect a number of da X Aa
umons, the total offspring of such matings would consist of 5%

“normal’’ children and 259, “affected.”

Suppose that these matings (Aa X Aa) produce 4 children.
The probability of all of the children being ‘“normal’’ is (3/4)*
or 81/256. This fraction of Aa X Aa families could not be identi-
fied and so would be omitted from our observation. The rest of
the families, 1 — (3/4)4 or 175/256, would have at least 1 “af-
fected” child and thus could be identified. Observe that the total
progeny of the 256 families will consist of !/, “affected’’ persons,
but those of the selected 175 families with at least 1 ““affected”’
child will have a much higher proportion of recessives because of

.the selectivity. Even for larger sibships, where there are 5 chil-
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dren, for example, there still will be (3/4)® or 243/1024 of the
Aa X Aa families unidentified. ¥ ;

The situation is quite similar to Mendel’s peas in this respect.
Of the total number. of peas of the F, seeds (derived from self-
pollinating F plants), 3/, are round and smooth and 1/, are.cuboid
and, wrinkled. But examination of the peas in each single pod,
which usually number 4-6, would not always verify the 3:1 ratio.
Specifically, among the pods with 4 peas each, 81/256 will contain
all round smooth peas and no wrinkled ones. Discarding these 81
pods and counting the peas in the remaining 175 pods, the pro-
portion of wrinkled peas will be much higher than 1/,,

Our problem, then, is how to obtain the correct proportion of
recessives in human families 'when the identifiable families consist
of only a part of the real whole. MR A

SOME PROPERTIES OF THE BINOMIAL DISTRIBUTION

Let us consider certain well known properties of binomial dis-
tribution which will provide an approach to the solution' of this
vroblem. : s , ,

For the first example, let p be the probability of “success of an
event” in a single trial, and ¢ = (1 — ) be the probability of its
failure. If we have s independent trials, then the number of suc-
cesses in the s trials will be distributed according to the expansion
of the binomial (g + p)*. Let r be the actual number of successes -
among the s trials, P(r) the probability of having r successes in s
independent trials, then the probabilitydistribution for the various
possible results will be : : :

r2a0, s

§ ey s
P(r): o, apg*1. ., (ﬁ)p'q‘“’,,- S ' (1)

The sum of P(r) from r = 0 tor = sis of course 1. If ‘we multiply
each P(r) by its corresponding r, the resulting series of quantities,
rP(r), will be proportional to the terms of the expansion of a
binomial of a lower degree, that is, (g 4 p)*~L. This is easily seen
when the common factor sp is removed from each term of the
series 7P(r). Then the series can be expressed as -

0, °—1 N, 8—2'.' 8?"1‘1_ ..r“.-.l—‘ : ;

[0, ¢, (¢ — 1ypg", Corwnim] @

As a numerical illustration, coné_ider the binomial expansion in
which the probability of success p=1/4.1f wehaves =5 inde-
pendent trials, the distribution of the number of successes, r, will
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be glven by the terms of (3/4 + 1/4)5. Thus: wrltu;g the common
denominator of the fractlons P(r) as the “sum’’ for convenience
0, 3, 4, ‘5 Sum
P(r) 243 405 2(0 90 ]5 1./ 1024
bR 0 405 040 270 60 5 / 1280

Note that the last row is proportlonal to the terms of (3/4 4 1/‘)‘

T =r—=1: 0, 2 34 Sum
P(r')—-P(r—l) 81 108 54 12 1/25b

thus

- 405 81 540 108

1280 ~ 256" 1280 ~ 256’ °
This indicates the important fact tha.t a binomial distribution of
s degree can be reduced to a binomial distribution of s — 1 degree
by the simple operation of multiplying each term of the original
distribution by its corresponding value of r. It may be noted that
in this operation, it is mot necessary to know the value of P(0)
corresponding to r = 0 since this term will drop out in the reduced
distribution. 2

Let us now consider another question. Suppose that we are

given a complete binomial series, how would we proceed to find the
value of p which has given rise to the distribution? This question
can be solved in various ways. The simplest method is to derive p
from the mean number of successes (r) per s independent trials.
From the property of binomial distribution we have just deseribed,
it follows from formula (2) that

>

3

3z ZTP(T) = sp(q + p)'~! = sp (3)

=0

From this formula the value of p can be obtained immediately.
Tor example, if we are given the series 243, 405, 270, 90, 15, 1
orrespondmg tori='0,12,3 4 5 where s = 5, then the mean
value of r is found to be

?*1-2—8-—0—9 =35
Ut o R

Therefore

1280, 1 1

P=1024 %51
If the givén series lacks the first term corresponding to r = 0
so that it consists only of the numbers 405, 270, ete., corresponding
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to r = 1, 2, etc., we cap still find the valueof p by the simple

. operation of first reducing it to a complete series of a lower degree,
and. then following the procedure given above. In the case of the
previous example, the fruncated distribution” for s = 5 will be
reduced to a complete distribution for s’ ='s — 1 = 4 and the
mean value of :

°
8’

Flo= E r’P(r'.) = ;%5 =3'p=4dp

. r=90

Therefore, p = 1/4, as before. S -
The methods to be described—proband-méthod, sib-method
and maximum likelihood estimate—involve the -same _prineiples

outlined here, either by direct application or by some modification.

' PROBABILITY ‘OF DETECTING A SIBSHIP

Our prablem, as previously stated, is how to obtain the correct
proportion of recessives in human families where the identifiable
families consist of only a part of the real whole. We now approach
this problem by utilizing the properties of the binomial distribu-
tion already discussed. : i

Let us consider the families with s children, s being the “size”
of a sibship. Let r denote the number of “affected”” children in a
sibship of s members where p is the probability that a child should
be “affected.” Thus, ¢ = (1 — p) is the probability of a child’s
being “normal.” The various kinds of sibships (r = 0,1,2,;..5%)
will be distributed according to the binomial expansion . of
(g + »)° (1). But there will be ¢* of these families without any
affected  child. Therefore identifiable sibships consist of .only
I — ¢ of the total sibships in which both parents sare hetero-
zygous. The distribution of these identifiable sibships is therefore
a truncated binomial series lacking the first term

7 1 2, Sinaay bl

P(r)'.: jﬂ:;;” _(_2 e

ik
e

W (4)
so that the sum of P(r) from r = 1 to r = sis unity, This can be
considered as the “universe” of sibships of size s from which we
observe a number of families—the sample. Let. a,; be the observed
number of sibships of size s with r “affected”’ members; thus
: r=3 :
Qrs =Ny

r =1
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is thé total observed number of sibships of size s. Then our problem
is to estimate the value of p from the observed series a,..

w2 N T : .
a: Gigy Q2gy « « oy gy o « Agp | Mg = Sty (5)

Tt should be clear that the estimate of p depends on the distribu-
tion of a,, in the total of n, families. In turn, the number of families
(the proportional partition of n, into its parts), a.,, depends upon
the chances of detecting a sibship with its various values of r..
Hence we must seek to examine what effects the different values
of the probability of detecting & certain’sibship will have on the
relative values of a.,. i :

" TFirdt, consider the simplest case where each sibship is equally
likely to- be detected, regardless of the value of r (number of
affected members present in the sibship) provided, of course, r
equals at least 1. In this case, if we have a large number of sibships
of size s, it is obvious that the observed numbers a,, will be pro-
portional to the probability distribution as given by formula (4).

However, the assumption that a sibship with r = 4 is-as likely
to be detected as one with r = 1 is valid only when our search
for affected offspring in a population is complete so that every
family with any “affected” children at all will be detected and
noted. If ‘this could be accomplished, the observed a,, should be
distributed according to formula (4), obviously, because the whole
universe has been ascertained. To state it in a more rigorous
manner, let & be the probability of having a single affected indi-
vidual detected; if = — 1 so that almost every affected child in a
population has been sscertained (many of them belonging to the
same family, of course) the distribution of a,, will be of the form
(4). To be more realistic, we are fully aware that genetic investi-
gations are based on the collection of data on persons visiting a
clinic or a physician’s office, or are selected in some other manner,
o that = will be much smaller than unity.

Let us, therefore, consider our problem from another angle.
The probability that an affected individual will not be detected is
1 — a. Hence, the probability that a sibship containing r “‘affected”
will escape detection is (1 — x)7, so that the probability that it
will be detected is 1 — (1 — x)". It follows that the larger the
value of r in a sibship, the more frequently it will be detected.
Thus, if the probability of detecting an “affected” individual is
1/3 = m, the sibships with 2 affected members will have a 55%
c¢hance of being detected while those with 4 affected members
will be detected in 809, of the cases. In particular, if # =0 (very
small, as when we have only a small collection of faffected’” per-



