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CHAPTER I

INTRODUCTION

1.9 Tongue pigmentation in man :

The 'pa.rtioular-' type of dark epots and patches on the surface
of the tongue, as investigated in the present thesis, was first
noticed in human populations by Davis [5_7, who called it 'tongue
pigmentation'. It is to be emphasized that not all colour pigments
come under this 'particular' type. There are some pathological
cond;tions giving rise to transient discolouration of the tongue.
This aspect will be discussed a little later. Such tongue
pigmentation does not seem to have been reported for any population,

human or otherwise.

Tongue pigmentation is usually found on the upper surface
or borders (rim) of the tongue. In most of the cases, the spots
were observed on the upper surface including the tip of the tongue,
and the patohes on the borders, right and left. It may be recorded
here that out of all the tonpue pigmented peopde seen 80 far,
nearly 80% showed only epots, 15% showed only patches and the
rest showed both spots and patches. Very few individuals had
this pigmentation on the interior surfade and/or the borders of

the tongue. Thus, one may have either exclusively spots or



lpatehes, otherwise both. The trait’exhibits variation in the
number as well as the distribution of the spots and patches, and
also in the size and shape of the latter. There may be one spot
to many spots, isolated or clustered, and patches from the size of
about 2 sq. mm. to as large a size as covering nearly half of the
tongue surface. Out of several thousand examined so far only one
was observed showing Just one spbt covering an area of nearly 0.5

sq. mm. on the deep interior surfdce.

Some observations indicate that the trait is not sub ject
to any changes over time. For example, I bicame aware of a patch
of sbout 1 sq. cm. on my tongue in 1964, but therc has not been any
change of any sort till now, either in respeot of its size or
intensity of the colour of this piémentation. Also, at the tiwe
of the tongue examination, most of the literate and pigmented subjects
were asked as to whether they remember to have had it since birth.
In some cases, thelr parents were interrogated about it. Though in
most of the cases the reply was "I am not sure", quite a few of
them confirmed to have it unchanged ever since they first noticed
it on their tongues. This provides an encouraging evidence in

favour of the above contentlon.



Method of examination :

The subject was asked to wide open the mouth, extending
the tongue outward frontally as far as possible. Most of the
tongues were examined in the diffused day-light, though a few had
to be examined under torchlight. Generally, the Socuth Indian women
were rather shy to show their tongues especially in the presence
of others. But most of them could be persuaded to show the tongue,
though examination had to be done under torchlight inside their
houses. Also, most of the new born babies who wbkre studied in
Calcutta hospitals for the trait, were examined under torchlight
inside murseries. Though it was not very difficult to examine the
grom-ups under torchlight, considerable difficulties werc faced
in the examination of the babies at hospitals under torchlight.
It is not, however, advisable to examine the tongues under artificial

light, or direot sun light.

The habit of chewing betel (may be with tobacco and/or catechu)
oreats a deep colouration on the upper surface of the tongue, which
in most ohewers oan mask the pigmentation patchus completely, if
present. It can also produce coloured artifacts on the tongue
resembling (to the less experienced investigators) the pigmentation

patches.



To avoid this difficulty, it was hecided to discard all
such cases unless they agreed tn be examined in diffused day-light.
Inspite of this, if the subject could nnt be classified one way or
the other with complete accuracy, it was decided to discard such
cages. It may be noted that a few subjects were discarded this way,
all of whom were under the regular habit of chewing too much of betel.
Thus, only those subjects who were most favourable for tongue

examination were included in our studies on tongue pigmentation.

The spots and patohes, coming undér 'tangue pigmentation',
agsume slightly different colours. The apots ére dark brown wherens
the patches are usually of dark ash-brrwn colour. The cnlour of this
pigmentation itself makes it quite unique, and thus distinguishing
this pigmentation from other pseudo-pigments of the tongue arising
out of certain pathologlcal condi%ions, or from artifacts due to
habits of chewing betel or tobacco (many rural Indians chew tobacco
leaves regularly). Betel chewing produces discontimious and large
patehes, the oolour being red (in different shades). And tnbacco
leaf eolour is developed in cases of tnbacco-chewers. In any case,
{f there arises any doubt due to the presence of artificial c¢olour
cnatings on the tongue, a little scratching of such rcas with some

sharp edge should clarifly it. This method was frund to be very useful



in some regular tobacco-chewers. The possibility of confusing
between tongue plegmentation and other types of discolouration of the
tongue arising out of some pathologlcal conditibns is much reduced
by an understanding of the latter conditions. Some such pathological
conditions are considered belows

(1) White spots and patches : These are usually associated with

vitamin deficiency. The 'seratching technique' helps t» isnlate these
spots without any difficulty. This type creates no problem while

examining for tongue pigmentation.

(11) Whitening of the tongue surface 1 iThis usually happens due

to leukaemia, a condition arising out of a greast excess of white
corpuscles in the blood, assoelated with changes in the lymphatic
system. This condition does not produce as such any patches, but
the normal colour of the tongue changes all over since the relative
density of white corpuscles gets elevated. This colour also dces
not stand on the wny of search for tongue pigmentation.

(111) Light-brown to red spots : This is most likely to be confused

with tongue pigmentation. This type of spots appear on the tongue
almost surely due to malmutrition. At times, even discontirmuous
patches appear under this condition. Though it is possible to

serateh these spots and isolate them without paining the subject,



{t is not knoyn whether this scratching methnd actually sufficcd

to identify all these cases with cnmplete accuracy in our studieé,
because, not all the subjeots'identified tn have this type of
plgmentation allowed their tongues to be scréfched for this purpose.
Thus, there remains an element of doubt in respect of distinguishing
tongue pigmentation from this type of piementation. Since most of
the cases of malmutrition arise out of poverty, data on the families
coning from economically very backward colonles are not subjJected

to any analysis and they are left out of this thesis. This is done
Just to safegiard the data from possible doubtful observztion. In
fact, only at the inftial stages of data ¢nllection, a few families
from ecnnomically very backward colonies (mostly sebeduled caste)
were examined and the data recorded. Later on, such families were
not even examined. However, some population data were collected

from such commnities also, which are repnrted in the next Chapter.

(1v) Blagk patches 3 These patches are suspected to be cancerous
in origin (Sanghvi 1732_75. Active research is being carried out
at the Cancer Research Institute of the Tata Memorial Centre (Bombay)

on this aspect. In any case, this cnlour raises no problems about

identifying tongue pigmentation.

(v) Dark-blue patches t This is caused by carcinnma of the




tongue. Though not very much is known about it, thie pismentation
can be accurately distinguished from tongue pismentation by a thornugh

examination of the tongue.

These are the few pathological conditions that are known to
produce some colour pigments on the tongue. Prnbably there may
be a few more pathological conditions giving rise to such pigments.
If there are, presumaly they are diagnoscd as cases of tongue
pigmentation in this study. But, this possibility does not appear
to have effected this present study, for, 2 panel of medical cxperts
could not identify amy pathological cnnditinn giving rise tn
pigments on the tongue amoﬁg the supposedly trngue pigmented people
whn were brought to their attention at the Andhra Medical College
(Waltair, Andhra Pradesh). In fact, a small contral study wag carried
out at the Andhra Medical College as follows. A team of medical
experts, including physicians, pathnlogists and skin specialists,
were taken around the in-patient wards of the Medical College
Hospital, and all the in-patients were examincd first by me for
trngue pigmentation. Each nf the many tongue pipmented penple thus
identified were subsequently examined by each member of the medical
team separately for possible pathnlogical conditions showing pigments

on the tongue. A4t the end, the entire medical team sat together,



discussed their findings and came tn the conclusinrn that none except
one of the tongue pigmented people had any nther pigmegt due to a
pathnlogical condition. The single case; hewever, shnwed one patch
coming under tongue pigmentation, and a disenlourcd area on the
tongue, which was attributed to leukaemia, with which the patient
was affected. They also thoroughly examined the tongue plgmented
people in order to arrive at a possible interpretation of this
pigmentation. But for suggesting that this could be the melanin
pigment, they could not contribute anything mnre on this aspect.

It was reported by most of the members of the medical team that in
thé past also they had noticed such pigmentation iﬁ many p~tients,
but not knowing its relevance to any disease, they were just ignoring
1¢. All this makes the method of examination and identification of

tongue plgmentation unambiguous .

Figure 1.1 presents three black and white photographs
depioting one case with only épots and the other two with only a pateh
each. It may be noted that the true colour of tonguc pigmentation,
whieh is not possible to be brought in a black and white photograph,
could not be caught even through coleur photography. Figure 1.1 may

be found on the inner side of the back cover.



Material studied :

Altogether 10 pedigrees each one covering 3 tn 4 generations,
were coilected for this trait from Kerala and Andhra Pradesh. Data
were also obtained on 406 families (a family consists of two living
parents and atleast one living child), covering West Bengal, Andhra
Pradesh, Madras, Kerala and Mnharashtra, five states in India. Also,
data were collected on 18 endogamous caste groups, 4 tribes and 17
more groups which are mixtures of caste groups from Orissaand the
above-mentioned 5 states of India. Lastly, we have examined 845
new born babies at three hospitals of Galeutta. A1l this constitutes
the entire material studied for the trait under study, which was

collected during 1968-1970.

Concerning the consistency in the identification of tongue
pigmentation, a small sample~check was carried out. Out of 2 total
of 132 families studied in West Bengal, which forms a part of the
total of 406 families studied for the trait, 27 families were re-
examined with a time-lag of nearly two menths between the two visits
to each of the 27 families. The diagnosis at the second visit wos
oonsistent with thet of the first, but for the case nf an infant

who was not available at the gecond visit.

A1l the materials studied for tongue pigmentation are analysed



art by part in the ncxt three chapters in order to investigate

whether nr not this trait has any genetic basis.

Notation : Without any significance attached to the symbnls right
now, L and 3 are used to simply denote 'normal' and 'tongue
pigmented' cases. Now on, unless stated otherwise, 'pigmented',

'affected' and 'trait' will be used to mean 'tongue plgmented', in

the mext three chapters.

It may be recorded here that after tongue pigmentation was
first reported by Davis, several people were lead to think (personal
cbmmunication to Davis) that this pigmentation might appear due to
regular chewing of betel leaves. That this explanation is at best
of very limlted value will become evident mnce the next section of
this chapter and the sécond section of third chapter are looked intn.
Next section reports the rates of incidence of this trait in some
Indian populations. The distribution of this trait in the different
Indian populations studied does not appear to he consistent with
Fheir chewing habits. For example, West Bengal shows a significantly
smaller rate of incidence than that for thé tribes of Andhra Pradesh
studied, whereas, West B;ngal has relatively more chewers of betel

than the tribes of Andhra Pradesh. Also, many tongue pismented



bables arereported in the first section ef fiurth chapter, babies
having been examined a few hours after their birth. Therefore,
explanations like chewing betel, food habits etc. can nnt ancount

for the incidence of tongue pigmentation.

1.2 Genetics of hypertrichosis of the ear rims :

Hypertrichosis of the ear rims, correspnrnding to thick, lorg

and dark hairs on the ear rims of men, ig taken as a muman genetic

trait. These hairs may be present on one or both the ears, exhibiting

great varlation in the rumber of hairs. By intensity of this trait
we shall mean the mmber' of hairs. If both the ears are affected,
their intensities are usually the same. This condition is inherited
through the male line, from father to son. However, not all the
gons of an affected father may exhibit the trait. Manifestation

usually starts after 17 years of age.

It is not clearly knmown whether an affected man with a certaln
intensity exhibited the same intensity at the time of manifestation
(age of onset), or that the intensity grew over age. A few available
. cases, hgwever, go ,to the credit of the latter possibility. In my

own case, 1 remember to have noticed just one hair on each of the

11



two ears sometime during 1968, and no hairs were noticed before
1967. Now there are three hairs on the left ear and twn on the right.
Similar observations were also reported by Dronamraju [ 8 _7 and
Gates et al [-12_7. More longitudinal studles arc necessary 1o

have any definite idea sbout the pattern of growth.

The total variation in the intenaity of the trait may be
artificially broken up into several grades, each grade corresponding
tr.a a certain range of variation for the intensity. Thus, depending
on the intensity of the trait at the time of examination, an affected
men is olassified into one of the grades. It is felt that the
intensity is also {nherited, and therefore grading the intensity is

meaningful.

Based on studies of huge pedigrees and family data, this
trait was suggested by earlier workers as a Y-linked dnminant trait,
though some of them doubted it. This means that all the sons of an affe
father should carry the dominant gene, not necessarily manifesting
the trait. Incomplete penetrance of the dominant gene could very

‘well suppress manifestation.

Method of examination :

Both the ears of each subject were personally examined for



the trait. Ear examination was done Ffrom a distance of not more
than six inches. In most of fhe cases where the intensity of the
$rait is low, the head hairs were gseparated by hand

and the ear .time were closely e)gamined by putting hand on them.
In any oase, after a thormugh examination, each subject was asked
if he had the habit of plucking car-hairs. Judgement about the
intensity was based on this information also. The presence of
atleast one coarse hair on atleast one ear, anywhere on the rim

except the lobe, classifies a man as affeoted and otherwise normal.

The present study reporte data on 168 families (fathers and
adult sons) from West Bengal, which were collected during 1969.
These data are analysed to study the genetics of the trait. With
a brief review of the earlier findings, results of the present study

are included in the fifth chapter.

1.3 Estimation of MNS-chromosome frequencies

The genetics of MNS blo‘od group system 1ls so well known that
1t 1s not necessary to give an introduction about it. If the blood
samples are tested using the three antisera anti-M, anti-N and
anti-g, we have six phenotypes, which are popularly denoted by M,

XS, M¥, MNS, N and N3, The M-gene frequency is denoted by m, and
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that of Nby n =1 = m. Also, M, Mgy N4 and ng are uged to

represent frequencies of the chromosomes Ms, MS, Ns and NS respectively
(ms +mg=m and n_ + ng = n). Ths, there are altogether 2
independent parameters 1n this mndel, say, m, Mg and ng. Bnyd

[ 1 __7 presented the maximum likelihood estimatinon of these

parameters, under random mating. Two other versions of the same
estimation problem are considered in the sixth chapter, after

giving a brief account of Boyd's results.



CHAPTER II
TONGUE PIGMENTATION IN MAN
PRELIMINARY STUDIES

0.1 Distribution of the trait in some Indian populationss

The fallure bo identify tongue pigmentation as arising out
of some visualizable factors necessitates further studies in new
dimensions. It was felt that 1ts distribution in different populations
will throw some light on this area. Davis [ 5 7 has reported that
ﬁhe rate of incidence of this tralt increases as one prnceeds from
north to south,‘at least in Indian populations,with a few except~-
{ons. This, he explains, may correspond to some positive correlation
of the trait with skin eonlour, though the implications are not clear.
Therefore,several Indian populations were gtudied for the trait, in

ordet to investigate the distribution pattern afresh.

Tiough many of the 'populations' studied here are meaningfully
'sub=-divided popﬁlntinns' nr 'endogamous groups',quite a few of them
represent heterogeneous groups with mixed caste affiliations. The
latter type of populations are studied here just for the sake of record-
ing the distribution of the trait over different geographical regions.

. Altogether,22 endogamous groups and 17 'other' populations are studied.

The latter 17 populations are studied separately from the former 22 because
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either the endngamms identity is unknown for such populations, or,
due to smallness of the semple sizes several endogamous groups from
the same geographical region are grouped together to constitute one
'population’. The 22 endogamous groups represent 18 caste groups
and 4 tribal groups. Table 2.1 presents the necessary information
in two parts, (a) dealing with the 22 endogamous cagte groups,

and (») dealing with the remaining 17 groups.

Observe that Table 2.1 (a and b) assigne(:one identification
mumber (first column) to each of the population groups. Hereafter,
the populations will be reforred to by their corresponding identi-
fication mumbers., Numbers 1 to 18 correspond to the endogam-us
caste groups, and 19 to 22 represent the 4 tribes. Number 32
represents a mixture of two tribes, both’from the Srikakulam district
of Andhra Pradesh. The samples corresponding to mumbere 6,7 and 19
$o0 22 are deliberately pooled over both males and females because,
gex does not create differential rates of incidence for those
populations. This aspect is discussed in details in the fourth
gection, wherein, these 6 populations are also dealt withe With this
general introduction to the material studied, we shall now briefly

desoribe the sources »f these data.



A1l these 39 samples were personally studied during 1968-1970.
The 6 populations studied from Maharashtra were represented in our
samples by school-going students at Poona} whose ages ranged from
5 to 17 years. In West Bengal, 132 families (52 Bralmin and 80
Kayastha) were ctudied for this tralt (vide section 4). 264 parents
of these families, together with 4 more individuals, all above 20
years of aée, constitute the samples for 6 and 7. Again, school-
goiﬁg students at Jeypore constitute the samples for 8,9,10,24 and
25, all between 7 to 19 years of age (mostly around 12 years). 35
families, representing many caste groups, were studied at Waltair
(Andhra Pradesh), and the parents of these families form the samples
for mmbers 31 and 34. Their ages ranged from 19 years to 58 years.
The rest of the semples from Andhra Pradesh caste groups (11 to 18,
26 to 30 and 33) were obtained from the students of Andhra University
(Waltair), whose agee ranged from 17 years to 25 years., Samples
for 35 and 36 consist of the parents of 79 families examined at
Madras, which had mixed caste affiliations and whose ages ranged
bgtwaen 21 to 67 years. Samples from Kerala (37 to 39) were, again,
represented by school-going students at Ernakulam, their ages ranging
from 6 years to 16 years (mostly around 11 years), The tribes of
Orissa (19 and 20) were studied in and around Jeypore, under Koraput

district. They were all above 20 years of age. Finally, the tribes



of Andhra Pradesh (21 an® 22) were studied in the agency areas of
Srikakulam district (around ¢.L.Puram), who were all adults. It may
be noted that the tribes studied here (19 to 22 and 32) are mostly

oonfined to the districts of Srikakulam and Koraput and that these

two districts are adjacént to one another.

In Table 2.1, all the populations coming from economically
very backward classes are pointed out by asterisk (*) marks along-
withl their identity mumbers. This is done in accordance with the
first chapter. The importance of the rates of incidence for such

populations is left to one's own judgement.

The rates of incidence for two populations may be compared by

using the etatistic

2 2 2
(r1 - rz) / (s;1 + 92)
which follows & chi-square distribution with 1 d.f. A glance at
Table 2.1 revenls 2 grrat deal of variation in the incidence rates,

tus suggesting it as an Anthropological marker in human populations.

We shall now investigate whether or not the incidence rate
inereases as one proceeds from north to smuth, as was observed by
Davis [5_7. In Figure 2.1, we represent each of the 22 endogamous

populations [presented in Table 2.1(3.)_7 by a point on the vertical



line corresponding to the rate of incidence. These points are identi-
fied by the corresponding identity numbers (as glven in Table 2.1),
together with the geographical regions from where they were studied.
W, E, SE and INE stand for West, Eas@, South-eastern and North-
eastern respeotively. A study of the sequence of these symbols, from

top to bottom in Figure 2,1, fails to support Davis' observation.

A olose observation of the figure discovers several clusters
or homogeneous groups of populations. For example, the rates of

ineidence for populations 1, 2, 6, 9 and 18 tend to cluster around a

single point.

Before passing on to the next seotinn, we shall attempt here
to investigate whether or not there is any assnciation between the
rate of incidence and skin colour, a problem that was raised by
Davis 175;7. Let us consider the Parsis, West Bengal Brahmins,
Andhra Pradesh 2rahmins (pooled over Vaidiki and Niyogl) and all
the four tribes (vide Table 2.1a). These 4 groups are ordered
above in the decreasing intensity of falrness of the skin colour.
The 4 x 2 contingenoy table (4 population groups and 2 categories
T and & for the trait) ylelds X ° = 65.35 (3 d.f., P 1is nearly
zero). This provides a strong evidence in favour of an association

between thg rate of incidence and skin colour, thereby supporting

19



Davis' observation. It is clear that the rate of incidence is
higher for dark skinned populations than that for fair gskinned.

Sinee the skin colour is controlled by the amount of melanian
pigment, it appears that tongue pigmentation and melanin are closely

agsociated, if not the same.
2.2 Pedigree study:

This section presents a study of altogether ten pedigrees
collected from two states of India, Kerala and Andhra Pradesh.
The purpose of this study is to detect the probable genetic
mechanism, i€ any, controlling the trait under study. It may be
noted that though there is nothing umusual with the unequal distri-
bution of the trait in some Indian populations, as was seen in
the previous section, our failure to aseribe any simple reason for

{ts occurrence seems to necessitatefurther studies on it,

The ten pedigrees are presented in Figures 2.2 to 2.11.
The symbols used‘in the pedigrees are explained in Teble 242
Figure 2.11 runs over five living generations,Figures 2.5 and 244
run over 3 generations, the remaining running over 4 generations.
The propositi are shown by arrow marks. The populations from
where these pedigrees were collected are indicated in Table 2.3.
As a first step, it is felt useful to compare the rates of

inoidence in the pedigrees with those obtained through population

20
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gtudies (Table 2.1) for the same populations. This analysis is
clearly set out in Table 2.3, Where, n, gtands for the rumber of
individuals who were personally examined for the trait; the rate

of incidence in a pedigree (r1) is compw;ted by treating the doubt-

ful cases (marked by ? in the pedigrees) and the unexamined but
pigmeﬁted cases (indirect information, marked by partial dark

shaﬁe in the pedigrees) as normal ones. Thus, T4 represen.ts an
underestimate. The other gymbols in Table 2.3 carry the usual
meaning. Out of the ten pedigrees, five show significantly higher
rates of Iincidence than those at the population level. This

provides strong evidence tn éuspect gome genetic bagis for the

trait. However, slnce we identify only two phenotypes,there 1s

every reason to think in terms of a single gene hypothesls for the
trait. We shall c¢onsider autosr;mal (dominant and recessive), autosomal
and sex~limited, Y~linked (dominant and recessive) and X-linked
(dominant and recess'ive) hypotheses as the several possibilitics under
the single gene theory. It is abundantly clear from the pedigrees
that Y-linkage end sex-limlted hypotheses oan not be suppnrted as
pnesible genetic ﬁodels for the inheritance of tongue pilgmentation.

Let us now consider X~-linked recessivity as a possibility. Let 'A' & 'a!

represent the dominant é,nd recessive alleles respectively.It is clear that,
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under such a genetic hypothesis, all the sone shéuld be affected
(an) and all the daughters should be normal (XA Xa> from each
mating of the type "affected female x normal male" (XaXa x IAY).
But, all the ten pedigrees studied prgvide evidence against such
an expectation, thereby totally rejectiﬁg X~-linked recessive hypothe-
sis. Similarly, under X-linked dominant hypothesis, we expect all
the sons to be normal (XéY) and all the daughters to be affected
(XA Xa) out of every mating of the type "normal female x affected
nmld‘(XaXa X XAY). Neither this expectation is realised in the
-pedigrees. Thus, X-linkage is totally ruled out as a possible
genetic hypnthesis for the inheritance of the trait. Now, let

us look at the autosomal dominant hypothesis. Under this, all the
children out of "normal x normal" matings (aa x aa) are expected
$o0 be normal (aa). This is not supported by the pedigrees, though
there are some individual families in the pedigrees that go to the
oredit of such a hypothesis. Thus at least by emumeration proocess
we arrive at the autosomal receiving as the only possible simple
genetic hypothesis for the inheritance of the trait. We sghall
often refer to this single locus diallelic autosomal recessive

hypothesis simply as recessive hypothesie.

Now, under the recessive hypothesis, the two phenotypes are

L (AL and Aa, normal) and a (aa, pigmented). Ll1 the pedigrees



provide very gond evidence in favour of this hypothesis. Nevertheless,
there are several a x 5 matings giving rise to at least one A child,
which is in contrary to the récessive hypothesis. From now on, we
shall refer to such cases as texceptional' cases. Notice that these
exceptiona} cases are not many in numbei, and that they may be
disposed off on so@e grounds like illegitimacy or some variation in
the genic action. In all, we have 8 individual families ( a x a) in
the ten pedigrees, which produced some exceptional cases. Altogether
25 children in these 8 families were examined, out of whom 9 turned
out to be normal. This high proportion of exceptional cases within
2 x a families (nearly 1/3) certainly can not be explained under
illegitimacy alone. It may, however, be recorded here that the

last seven pedigrees (Figures 2.5 to 2.11) were collected from very
mich underdeveloped villages, where illegitimacy is known to exist

to a considerable extent. However, in none of these cases sero-
logl~al tests could be performed. On the other hand, the pedigree

in Figure 2.3 comes from a business commnity (Hindu) known to

have a peculiar marriage custom prevalent among them, particularly
in earlier days, by which an unmarried younger brother could be

the real father of any of the children born to the wives of his

elder brothers. I have gathered this information from the

local people, but was unable to investigate this matter personally.

23
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The propositus (arrow marked) had two unmarried younger brothers
either of whom could also acoount .for the 13 years old normal
daughter born to the wife of the propositus. The author's discus-
glons with the propositus and his brothers were quite revealing
and supported the above contention. The question, however,
remained undecided as to whether the sald girl showed a violation

of the proposed genetic hypothesis or not.

In any case, barring the exceptional cases, the pedigrees

gupport the recessive hypothesis for the inheritance of the tralt.

2.3 Paplly data and testing for non-genetic chance hypothesist

In this seotion we shall present data on 406 Indian families
(parents and ohildren) and investigate whether a non-genetic ohence
hypothesis can account for the incidence of the trait. The chance
hypothesis may be stated as "the occurrence of tongue pigmentation
in a population is determined purely by chance without any influence

of heredity".

Data on 406 families are presented in Table 2.4, which
presents a x a families each with at least one % ohild separately.
This inoludes 134 families from West Bengal (represented by two

caste groups, Kayastha and Brahmin), 137 from Maharashtra
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(represented by two caste groups, Maratha and Brahmin), 56 from
Andhra Pradesh and 79 from Madrass The last two groups represent

two heterogenenus samples having mixed caste affiliations.

In the family data of Table 2.4, \under the chance hypothesis,
the ratio between affected and normal children should come out
all the same irrespective of the mating type. A simple test for
this is provided by a study of the agsnciation between the mating
tﬁe and the offspring phenotype. Considering the data on the
offspring alone of Table 2.4, one obtains from the corresponding
3 x 2 contingency table 7(2 = 194.29 (P = 1). This rules out the
chance hypothesis beyond any doubt. It may be noted that, in the
above contingency table, all the a x a families were pnoled

together.

We shall, however, go a step further to examine the family
data in more details, in order to come to a decisive conclusion
about the relevance of the chance hypothesis for the trait. The
probability of an individual's tongue being normal ( N ) is
estimated from the parental data of Table 2.4 as

b v S84 = 0u793

Let us consider a family of any mating type having ¢ children



(o stands for the number of children actually examined for the
trait). Under the chance hypothesis, the probability that such a
family has at lcast one plgmented child is simply glven by

c
Mo = 1 -1

Let,

Observed number of families (of all mating types) of size c.

=2
i

R_ = Obgerved mumber of families (of all mating types) of size c,

each family containing at least one plgmented child.

Then, for each value of ¢, provided that the rumbers involved are
large enough, the statistic for testing the validity of the chance

hypothesis is glven by
2
(Rc - Nonc) /NcnC (1 -nc)

which follows a chi-square distribution with 1 d.f. The detalls

of the analysis are incorporated in Table 2.5. It may be remarked
here that the analysis for ¢ = 1 under the chance hypothesis coin-
cides exactly with the one under the hypothesis of recesalve
inheritance for the trait. Therefore, the single eib families have
been left out of Table 2.5. All this enalysis, thus, provides

very strong evidence against the non-genetic chance hypothesis.

26



Therefore, the recessive hypothesis remains as the only
poseibility. However, under the recessive hypothesis, the five
nornal children out of a x a matings (Table 2.4) again turn out
to be exceptional cases. These cases may be explained on the same
grounds as we did in the second section. Our inclination to
treat these cases as arising out of agsignable causes and not real
contradictions to the recessive inheritance, stems from the fact
that no other hypothesis, including the nrn=-genetic one, can
geoount £or the incidence of the trait. Clearly enough, we are
concentrating only nn single gene models. More attention will be

paid to the problem of exceptinonal cases in the fourth chapter.

Note that, depending on the context, the symbols A and a

are used to mean either normal and pigmented, or dominant and

recessive respectively.

2.4 Variations due to sex and age:

As the next step, we shall now investigate as to whether or
not the two factors sex and age create any variations in the rates
of inecidence of the trait, before prnceeding to the detailed

genetic studies on the trait. The data for this study are taken

from Tebles 2.1 and 2.4.
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2.4.1 Variations due to sex:

This study is based on the parental data (Table 2.4) from
West Bengal, Maharashtra and Madras, and also on the population
data on the four tribal groups studied in the first section
(mmbers 19 to 22 in Table 2.1.a). Note that, out of a total of
134 families from West Bengal, 52 came from Brahmin community and
& from the Kayastha. The parental data on these two caste
groups are geparately studied in this section. Similarly, the
137 families from Maharashtra correspond to 34 Brahmin families
and 103 Maratha families, which are separately studied here.
The 79 families from Madras represented many castes and they are
all pooled as such. The analysis of all these 5 caste groups
and the 4 tribal groups is presented in Table 2.6. But for the
wixed group of Madras whioh ylelds X3 = 5.92(P<0.02), no other
sample provides evidence in favour of any association between
gex and the trait. The genetic heterngeneity of the Madras sample
oould be responsible for the outcome. Therefore, it is concluded
that the trait occures equally frequently among bnth males and
females, which is alsn a necessary condition for any autosomal

inheritance model.
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2.4,2 Variations due to age ¢ The four proper caste groups of

Vest Bengal and Maharashtra, excluding the mixed sample of

Madras, and the 146 school-gning students of Parsi community
(number 1 of Table 9.1.8)arc studled for this problem. It may

be noted that the mixed Madras gample is ;mt analysed here since
anyway the heterogeneous group does not sexve much of a purpose.
Also, the 4 tribal groups are not included in this study because
the ranges nf age variations for these samples are rather narrow.
Tms, only five samples are analysed here, the details of which
are given in Table 2.7. All this suggests that neither age is
agsnciated with the ineidence rate of tongue pigmentation.

However, it does not rule out the possibility of an assnclation
between the two at younger age groups, since our gtudy 1is limited
mostly to adults. Kirk [‘I 3_] detected strong positive asgociation
betwesn the two factors, based on a study of 470 individuals from
an Australian abnriginal community. Most of them had ages between
6 to 15 years. Also, Davis [6_7 found similar association among
Kindergarten students. Nevertheless, for the time being, we shall
confine our attention only to what is suggested by the present

gtudies. This aspect will again be considered in the fourth chapter.
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Though the chances of misclassification are remote, in view
of the possible confusion between tongue pigmentation and pseudo-
plgments due to malmtrition, a well-planned medical study of

both normal and pigmented individuals #ill be of considerable

importance.,

The pattern of the distribution of the trait in different
populations might suggest the origin of the pigmentation gene
and 1its migration path. However, more populations should be
studied before attempting to tackle this problem, especially

the Mongoloid and the Negroid races.

The problem of associatinn between age and the trait ocan
be tackled better by studying all age groups in an endogamous

population.



TABLE 2.1

(a) Distribution of tongue pigmentation in some Indian

endogamous groups.

sample Incidence Vari-

Ko, State Pnpulation Sex silze rate ance

n r(%) o

1 Maharashtra Parsi M 146 8,22 5.15
2 " C.K.P. M 108 9.26 7.78
3 " Brahmin M 571 13,13 1.99
4 " Maratha M 832 17.07 1.69
5 -0 Mali M 35 20,00 45.70
6 West Bengal Brahmin M+F 104 9.62 8.36
T " Kayastha M+F 164 18.29 9.11
8 Orissa Brahmin(Holua) F 89  23.60 20,26
9 " Brahmin(Dama) F 60 10.00 15.00
10 " Karan F 42 16.67 33.07
11 Andhra Pradesh Brahmin(Niyogi) M 68  17.65 21.37
12 " Brahmin(Vaidiki) M 88 17.04 16,06
13 " Vysya M 37 13,51 31.58
14 " Kamma M 73 23.29 24.47
15 " Velama M 13 23.08 136,56
16 " Naidu M 25 20,00 64 .00
7 " Kapu M 44 29454 47,30
18 " Reddy M 30 10.00 30,00
19% Orissa Gadaba M+F 60 43.%33% 40,92
200 v Parja M+F 69 30443 30,68
21% Andhra Pradesh Jatapu M+F 160 37.50 14.65
2% v Savara M+F 107 21.78 20426

* Econnmically backward communities (see page 6)

Symbols used s

Mand F for Male and Female.
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TABIE 2.1(Contd.)

(b) Distribution of tongue pigmentation in some Indian

populations (mixed).

¥o. State Population fex n (%) o

2% Maharashtra Others M 260 15.77 5.11
24 Orissa Sarua & Kottiglya F 18 5.56 29.17

Brahmin

25 " A1l M 73 8,22 10433
26 Andhra Pradesh Other Brahmin M 34 17.65 42.75
27 " K+Y+5S M 31 22,58 56439
28 " Christian M 36 30.56 58.95
29% " Scheduled Caste M 28 32.14 77 .89
30 " Unknown F 61 19.67 25.90
b3l " Unknown M 35 20.00 45.70
52% " KD + JD M 25 24,00 72.96
5% " Harijan & Girijan M 18 22.22 96,02
34 " Unknown F 35 28.57 58437
35 Madras Unlmown M T9 11.39 12.78
%6 " Unknown F 79 26.58 24.70
37 Kerala Christian M 268 19.78 5.90
38 " Hindu M 231 24424 T.95
39 " Others M 32 12.50  34.22

&

¥ Many ere from ecnnomiocally beckward familles
K for Kshatriys

Sywbols uged

Y for Yadava
S for BSali

XD for Konda Dore
JD for Jatapu Dora
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TABLE 2.2

Explanation of the symbnls used in Figures 2.2

to é.11

[:] H Male

(::) : Female

D H Dead
N.S. ¥ Not seen
N.A s Not available

Numbers below

the individuals Corresponding ages

Dark shade : Presence of tongue plgmentation,
sonfirmed through personal
examination

Partial dark shade Presence of tongue pigmentation,
confirmed only through hear-say

information

Question mark(?)

Examined, but doubtful

Arrow mark (- )

Propositus




TABLE 2.3

Comparis~u of jncidence rates obtained through

pedigree and populatinn studies

Population Pedigree study Population study Xz
studied Figure " S2 . r s2 1
S P TR e T S S 2
%2221a) 9.2 78 38.46 30.34 231 24.24 T.95 5.28
?ﬁﬁila) 2.3 49 67.35 44.88 23124.24 7.95 35.18
ﬁzggi) 2.4 15 26.67 130.38 158*18.99 9.74 0.42
8ali
(Andhra Pradesh) 2.5 54 16.67 25.72 31%%22.58 56.39  0.42
Kapu
(Andhra Pradesn) 26 46 32.61 AT.77 44 29.54 47.30  0.70
Jalari
(:rﬁa;;ra PradeSh) 207 1220 27.05 16.17 e bad - -
v
W8 rate) 28 60 25:00 23.44 3T 13.5131.58 240
Yadava
(indhra Pradesh)  2°7 26 50,00 96,15 31%%22.58 56.39 495
Kapu
(Andhra Pragesn) 210 O 62.74 45.84 44 29.54 47.30 11.83
' Reddy
2.411 51 33.33 43.57 30 10,00 30.00  7.40
(Andhra Pradesh)

34

from Madras, ae given in Table 2.1(b).
from Andhra Pradesh given as K+¥+S in

# (Corresponds to a mixed sample
™ (Onrresponds tn 8 mixed sample
Table 2.1(b).



TABLE 2.4

Data on tongue pigmentation in 406 families

from India

‘ Parents Children

Mating type No. & a

Txh 257 645 90
‘Txz 130 261 7%

(including

ax1)

axa 15 0 41

axa 1 1 1

axa 1 2 1

axa 1 1 1

®
kel
O]
—_—
—_—
no
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TABLE 2.5

Analysis of 406 families under non-genetic chance hypothesis

Sibship 8

szze Mo Nc NCTLC Ro Nc‘nc (1—nc-) X a.f. P
2 0.371 136 50.456 34 31.737 8.53 1 < 0.004
3 0.501 99  49.599 39 24.750 4.54 1 < 0.04
4 0.604 62 37,448 25 14.829 10.45 1 ¢ 0.002
5 0.686 30 20,580 12 6.462
6 0.751 10 7.510 6 1.870 11.84 - 1 ¢ 0.0007
T 0.803 4 3,212 3 0.633

Totals - 341 168.805 119 80.281 35,36 4 ¢ 0.00001

2
For the totals ¢ Y- = (”2615258051 - 30.90 (1 d.f., P = 1)




TABLE 2.6

Variation due tn sex in the incidence of tongue

37

pigumentation
Pigmented Normal X o
Population Male Female Male Female 1 °F
Kayastha 11 19 71 63 2,61 > .09
Bratmin 5 5 47 47 0 1
(Vest Bengal)
Maratha 24 31 79 T2 1.22 2 .25
Bralmin 6 8 28 26 0436 > .53
(Maharashtra)
Mixed group 9 21 70 58 5092 <.02
(Madras)
Jatapu 48 12 81 19 0,02 > .88
(Andhra Prade sh)
Savara 18 16 44 29 0.51 > 44
(Andhra Pradesh)
Gadaba 17 9 25 9 046 > .48
(Orissa)
Parja 15 6 43 5 3,59 >.05

(oriesa)
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TABLE 2.7
Voriotiom due tn age in the incidence of tongue
pigmentation
Population Age grmp Pigmeuted Normal X~  d.f. P
20-30 9 38
Kayastha 30-40 12 44 0.90 2 > .63
> 40 "9 52
Bratmin < 40 E 44 0,04 1 > .84
(West Bengal) > 40 5 50
20-30 8 23 }
Maratha 30=40 21 56 ] 6.25 3 > .09
40-50 19 2
2 50 7 40 J
Brahmi. '
ahmin < 40 7 21 0.57 1 S 43
(Maharashtra) > 40 7 33
Parsi 5-10 4 7 2,60 1 > .09
10-18 8 57
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CHAPTER 7II
“PONGUE PIGMENTATION IN MAN

STATISTICAL ANALYSIS OF FAMILY DATA

Having rejected the ehance hypothesis. for the occurrence of
tongue pigmentation in human populations, it is cléar that there are
some systematic forces that contiol the incidence of the trait.
0f the several possible simple genetic models considered in the
previous Chapter, all the ten pedigrees provided very good
evidence in favour of the diallelic autosnmal recessive hypothesis
for this trait. Nevertheless, one can not afford to come to such
a rash conclusion on the basis of a study of Jjust ten pedigrees.
Inspite of the good evidence thpe pedigrees provide in favour of
the recessive hypothesis, it could turn out to have a different
mode of inheritence, should it at all be an inﬁerited condition.

The chances for this alternative possibility are rather considerable.
On the other hand, these pedigrees provide good motivation for
further sea}rch on the genetics of this trait. Also, the accumulative
evidence contained in the pedigrees 1is strongly suggestive of only
the simple recessive hypothesis, and that no other simple genetic
theory seems to hold good. Therefore, it is 1likely that this tralt

is inherited either as a simple recessive condition or has enme



complicated aenetic basis. 'But, the fact that there e_xre mly two
phenotypes (pigmented and normal) makes it rather unbelievable

that 1t oould have a complicated genetic basis. Thisg, in any

czse, does not rule out such a possibility, but merely makes 1t

lose probable. Should mrre phenotypes be identified for this trait
(say, based on factors like size and shape nf the plgmented areas),

a complex genetic theory for {1t would sound more meaningful. Therefore,
it was deoided to make detalled anelysis of the family data presented
in the previous Chapter in order to verify the suggested autosomal

recessive hypothesis.

In what follows, expected frequencies fnr different possible
events are obtained under the recessive hypothesis and they are
compared with the corresponding observed frequenoies through
'tests of significance'. Thus, this problem is tackled as &
'testing' problem in the next twn seotions, and the same is

translated into an 'estimation' problem in the third section.

3,4 A priori expectation of the number nf recessives in sibships

of different sizes

Assuming tongue pigmentation to be an autosnmal recessive

condition, the two phenotypcs are denoted by Iy (AA, Aa) and



a (aa), where a is the recessive or the 'pigmentation’ allele.
Throughnat the analysis that follows, we shall restriet to only
those families each of which have atleast one plgmented child.

Thus, by a family in this section we ﬁean a family with the above
condition, unless specified otherwise. The analysis is carried

out separately for families of the two mating types AxA and

X x a2 (including & x A) based on a priori expectation of the number
of recesdsives in sibships of different sizes. 4 gnod account of

the method of analysis is found in Smith [f3§;7.

3.1.%, Analysis of dats on & x & families.

(bserve that all the famili;s nf the mating type A xa are
in faot Aa x aa, since each such family has atleast ~ne a child.
The probability of a chilé from such a family being piemented is
1/2. Therefors, the probability of getting atleast one pigmented
ohild in a sibship of size ¢ 18 given by 1 - (1/2)C. Also,
the probability of getting exsetly r pigmented sibs in such a

sibship 1s given by

G) (172 / [ - (1/2)7

the mean 3, and the variance bc of this truncated binomial
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distribution are seen to be

[¢]
e T o/ - (1/2)Y

y
and bc = ac[—-;—'—q--acj

Fumerical values of a, and bc for different values of ¢
were tabulated by Smith zfﬁﬁj7.

Let
m, = Observed number of families each having ¢ children

Ro = Observed number of pigmented children in all families, each
with o ohildren

Ey, = 3, Ty = Expected mumber nf pigmented children out of all
families, each with ¢ children.

Vc = b° m, = the corresponding variance.

Observed and expected frequencies are now enmpared for each

value of o, to test for their agreement. The test gtatistic 1is
2
(Rc - Eo) / Vo

Jhich follows a X2 dlstribution with 1 d.f. Alsn, the totals



44

are tested for the overall fit using a gtatistic similar to the

above one. There are altogether 49 families of the mating type

Aa x aa. Analysis of this data, carriel out as described abnve,

is presented in Table 3.1. Thus,.this analysis provides very gnnd
evidence in favour of the autnsomal recessive hypnthesis. It is

of concern, however, that the chi-square value corresponding to
sibships of size 2 ig significant (4.79, P<0.,03). This is indicative
of some type of heterogeneity in the data. Hawever, the overall

£it is quite satisfactory.

3.1.2 _Analysis of data on A x A families.

Note that all these families are of tbe type Aa x Aa, since
each of these families contains atleast one recessive child. Such
o family produces a pigmented‘child with 1/4 probability and a
normel child with 3/4 probability. Thercfore, the prnbability of
getting atleast one pigmented child in 2 sibship of size ¢ 1is
1 - (3/4)%, and the probability of getting T plemented sibs in

a sibship of size ¢ 18
(©) (/7G0T [ - (3/8)° 7

from where one can get the mean Ac and the variance Bc' which



are given by

A - [+]
° 2[1 - (3/0)° 7

- 3+0 _
and Bc Ac['_ 4 Ac'7
Smith [ 35_7 has tabulated the values of Ac and Bc for Aifferent

values of o©.

Let

Mc = Gbserved mumber of families, each havine c¢ children
Rc = Observed rumber nf pigmented children in those Mc families

Ec =ACMO and Vc = BGMO .

Agreemgnt between the corresponding observed and expected
frequencies are now tested using the same Cstatistic ag glvon in
3,1.1. In all, w%e have data on 63 A x A families, cach having
atleast one pigmented child. Analysis of the data nn the above
lires is set out in Table 3.2. One finds convincing evidence from

this analysis in favour of the recessive hypothesis.

Though so far things went on rather smoothly 1nspite of

the diserepency detected in A x a families with two children each,

45



the observations mm 2 x a families appear to challenge the
{nference concerning the appropriateness nf the reoessive hypothesis.
Thogh illegitimacy can  account for the 5 nnrmal children born

to plgmented parents (see Table 2.4), 1t can not be taken for granted
since no serologioal tests were performed on those families. For

the time being we explaln these 'exoeptional' cases as arising out

of either extra-marital influence or some variation in the genic
sotion. The latter possibility will be explored in the next

Chapterx.

3.2 Further analysis of the family data :

The previous section presented analysis of the family data
svhieh was aimed at studying onl;} the segregation ratios through
a purely genetic approach. As was seen, the analysis was free
from gene frequency concept. Before having some idea about the
genetics of any trait, it would be gquite meaningless tn talk abnut
gene frequency. A4lsn, the analysis was carried out essentially on
the entire famiiy data, which was enllected from as many as five
states of India covering a large geographical area and also which
represented a mixture of many endngamous grnups. The present section

deals with some further analysis of the family data for extracting

46
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whatever evidence they show in favour of the recessive hypnthesis.
Since this analysis involves gene frequencies, each endngamous

group will be studied herc separately. It is quite relevant now

to talk about the tongue pigmentetion gene frequency since the previous
section afforded a strong evidence in faveur of the recessive

hypothesis.

In all only two endogamous groups are studied here, for,
the other groups are represented in the pooled sample only by small
mumbers of families. The two groups are Brahmin (52 families)
and Kayastha (80 families), both from West Bengal. Most of these
families were studied at Calcutta, though 2 few came from nearby
places. These 132 families form a part of the total 406 families

reported in the previous Chapter.

The two endogamous groups are studied here for the following

aspects, whose details will be found respectively in 3.2.1, 3.2.2

and 3.2.3.

(1) Testing the Hardy-Weinberg law (random mating)

(2) Sib-pair analysis to test the recessive hypothesis and the
chance hypothesis (as stated in the second chapter), and

(3) Fisher's method of analysis.
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3.2.1 Testing the Hardy-Woinberg Law ¢

The different mating types, their expected proportions under
random mating and the corresponding observed frequencies in bnth
the endogamous groups are shown in Table 3.3. 'The maximum 1ikelihood

egtimate of q. the recessive or plementation gene frequency, and

{ts variance are given by

~ 1/?
q = ['(Qn4 +ng + nz)/2n_7

and V(@) = (1 -12%)/en

where, n4, n5 and ny stand respectively for the observed frequencies
of families of the types 2 X 2, axh and L xa, and n denotes
the mumber of families studied in a group. These estimntes, their
“tandarderrors and values of the goodness of fit statistic ( X2
#ith 2 d.f.) are also included in Table 3,5, The low chi-square
‘yalues for both the groups (5.87 and 5.49 for Bnatm@ and Kayastha)
exhibit a good fit of the random mating mrdel. Therefore, we shall
assume that these two populations are in equilibrium under random
mating. The gene fi-equency estimates given in Table 7,3will be

be used in further analysis.
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3,2,2" Sib-pair analyeis :

A1l possible sib-pairs were extracted from the family data
on the twn populations. For example, a sibship of size ¢ gives
rise to (g) sib-pairs. This way, altogether 200 pairs were obtained
from the 52 Brahmin families and 260 from the 80 Kayastha families.

These sib-pairs are classified into four types

(1) A& , both the sibs are normal
(11) 35 , elder sib is normal and the younger is pigmented
(111) 3A , elder sib is pigmented and the younger {s normal, and

(iv) ®a , both sibs are pigmented.

The exvected frequencies of these four types are derived
under the recessive hypothesis as follows. Table 3.4 presents-the
different genotypic mating types, their frequencies under random
mating and the corresponding sogregation probabilities. The
probability of observing o type (1) eib-pair is obtained from Table
3.4 as the sum of products of enlumn (2) and squares of c~lumn (3)3

l.e.,
P(AR) = ot 4 4p5q + 4p2c12(3/4)2 + 2p°0° + AIJC13(1/2)2
- (4 + 4q - 38 - a°)p/4

where, p = 1 - q. Similarly, ths probability of observing a
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type (ii) gib-pair is obtained from Table 3.4 as the sum of

products of crlurns (2), (3) and (4), which is given by

p(F3) =pl(3+a)/t =P(3L)
In the same way one gets
P(33) = 2(14a)’/a = 1-P(TE) -2p( L a T

Multiplying these probabilities by the total number of sib-
pairé Qne gets the corrésponding expected frequencies. The relevant
analysis 18 sét out in Table 3.5, where, hypotheses I and II
gorrespond to the fé%a%%ive and the chance hypotheses respectively.
The probébiiifies nf the four sib-palr types undér the chance
hypothesis ars derdved as follows. Let ¢ denote the proportion
of pigmentediindividuals in a random sample study. This ¢ is
obtained here as ,a 2+ Now, if the chance hypothesls were to be
true, the probability that an individual is pigmented 1s estimated
¥y t. Therefrre, the probability of A X sib-pair is simply

(1-t)2. The four probabilities thus obtained are

B(TET) = (1=t

) = (1-t)t =P( a1k ), and

o8 |

p( L
p(as) =t

The analysis nf sib-pair data under the chance hypothesis



is also included in Table 3 .5. This analysis also provides very

good evidence against the chance hypnthesis, and in favour of the

genetic hypethesis.

3.2 Fiﬁheg'g,mm gf analysis :

The advantage of this method of analysis is that we can
analyse data”on all the families of the mating types 2 x A and
Ixa . We notide that earlier, in the first section, we eould
analyse date on only siach families each of whi¢h had atleast ome
pignented child. (Thia‘ condition $s cempletely relaxed in this
type of analysis: The analysis of section one was enncerned with
mmbers of pigmented ci'!ildren, whereas this analysis, known as
F;is}wr'a method of analysis, is baged on numbers of sibships of

a given composition.

inalysis of da‘ba ot 5 A familjes : "able 3.6 present's the

necessary material for this analysis. Consider a family of A x Iy
mating type with ¢ ohdldren, and not necessarily having any
pignented children. The probsbility that all the ¢ sibs are
normal (I) is given by the ratio of the sum of products of
colums (3) and (6) of Table 3.6 relevant o % x &, and the

frequency of the 1 x I mating type.

9l



le., /% + 4000 + 02 3/ T /(1 - 2)°

- ——4-“-—— [ - (3/4>°__7 P, say
(1 +q)°

ind therefore, the probability that a sibship of size ¢ resulting

from a AxA mating has atleast oné pigmented child is given by

- -—-43-—— [1- 06/ T=1-2,
(1 +a)°

Therefere, each family of the m‘ating type A x & can be classified,

on expectation basis, into the first type (all ¢ sibs normal)

with probability P and the second type (atleast one plemented

sib) with probability 1 - P . Variance of the number of families

of size ¢ having atleast one pigmented child is simply ncPc(1 - Pc),
vhere n, is the numbef of families nf the mating type Zxa ’

each having ¢ children. n P and nc(1 - Pc) glve the expected
mmbers of families of the two types. The necessary computations

for Brahlmin and Kayastha are presented in Tables 3.7 and 3.8,

For A x A Brammin families we get from Table '3.7,

2 (ze.738 - 371)° , (1 = 5. 262)2
Xt (1a.f.) = 38,736 5262

= 0.65 (P>0.403).

whioh shows excellent fit of the recessive mndel. Also, following

52



Smith [357 we get

o 2
X (1a.s.) = (1 ;.3&?62) ~ 0.66 (P> 0.403)

shich again affords the same inference. Fisher's methnd of analysis
for Kayastha sample is gummarised in Table 3,10, Following Smith

557, from Table 3 .8 we get

2
g2 12 -~ 10,422
X (1 a.£.) = ( 8.1684 ) 0.30 (P> 0.580)

yhich supports the recessive hypothesis.

inalysis of data on T x a families. The probability that a

fomily of A x 2 mating type with ¢ ohildren has no pigmented
child is again obtained from Table 3 .6, which is given by

vea[1-UWT T

(o 1+ 4

and the rest nf the procedure is just the samc as the one presented
abrwe for A x A families, with Qb replacing Po' This analysis
i{s oarried out only for Kayastha fomilies, since Brahmin familles
of this mating type are very few. Table 3 .9 presents the relevant
‘ compﬁtations, whose results mnder this methnd are summarised in

Table 3 .,10. Table 3.9 gives, f£nllowing Smith,
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2
X2 (1 d.£.) = (1 ;.;2;86) =1.93 (P>0.157)

It is very clear from all ¥hat was done in 3.2.3 that the
diallelic autosomal recessive hypothesis for the inheritance nf

tongue pigmentation stands supported.

3.3 Estimation of segregation ratins @

In this section we shall estimate the twn well-known Mendelian
ratios which are exﬁected to be 1/2 and 1/4, for the two mating
types Aa x aa and Aa x Aa respectively. It may be noted that
in sectinons 1 and 2 we have tested whether these ratios are realised
in the family data. Instead, the twn ratioé, defined as the
probabilities of getting a plemented child from the twn matings,
will be estimated here from the entire family data. The necessary
statistical methodology for this can be found in Patil/ 17_7, whioh

will be briefly outlined here.

Let us filrst of all consider families of the mating type
X x 3. If a family of this mating type produced atleast one a
child, the geqotypio mating type 1s necessarily Aa x aa, under
the recessive hypothesis. And, from all such families (42 x aa),

half of the c¢hildren are expected tn be of the genntype aa. In
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the previous two sections we had agsumed this segregatinn ratig
(1/2) and tested for the goodness of fit. Instead, we shall now
attempt to estimate this ratin and see how close it turns out to
1/2. Let us consider all families (out of the 406 families presented
in Table 2.4) of the mating type A x a, eash one of them having
atleast one & child. Thus, all these families are genntypically
Aa x aa. Let m denote the probability for a child from the above
nating type to be a. Clearly, m 1s expected to be 1/2 under

the reoessive hypothesis. Now, cnﬁsider a family of the above
type having ny ehildren (note that, for the sake of ready
reference, we shall follow the notations of Patil /177 in this
seotion). The probability that x out of these n , ohildren are

a is glven by the truncated binomial model

. ‘
X - - n
<xj) IR P AR R

X w 1, 2, esey nj

nJ - 2, 3, soey K

where, K = maximsm size (number of children) of any family in
our study

Let, Nﬁ = mumber of families of size nJ

and, TJ = number of 2 children in the Nj families
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Then, the likelihood equation for the estimation of “j is given

by
z . T

B4

i
1 - (1 -7,
(1 -m3)
here, X, = T,/N,.
where, Xy = Ty/N
An iterative solution of this equation yields the maximum likelihood

A
estimate ‘Rj’ for each family size (nj for familles of size

. ‘ ~
nj). The asymptotic variance of Itj is given by

mn(1 - m,) o ay
Nj dnj

Var.( ,T;j) -
15:1(1 - WJ) 1-(1 -”d)nj ' n, ‘nj(1 - nd)nj_1 y
st oy el

N n
1o 3
1 - (1 th)

J J

where,

fl*

j oy TEJ/[1 - (1 -nj)nj]

For different values of th gpaced at intervals of 0.01,
¥*
the corresponding values of ( Hy /nj) where tabulated by Patil /177,
This table can be profitably used for the estimation of nj. In

the present study, the estimates are nbtained from Patil's table,



57

-using linear intérpolation wherever necessary. Let us denote the
estimates thus obtained by ;}30 (initial estimates). The improved

fa3
estimates, say 7‘31’ can then be obtained from

*

. = au |
%1 = 1?30 + [(Xj - n%p) / ﬁ‘i A j
3Ty = T

where, addition of ero' to the subscript implies that T 10
should be substituted for nd in the concerned expressions. A
repeated application of this process will yield very accurate

estimates.

Por the present study, however, we follow the fnllowing
procedure., Since there are families of different sizes, Wwe shall
first of all obtain the initial estimates of Ty (‘n 30) as
desor?,bed above. Then we shall test for the homogeneity nf the
different distributions in respect of the parameter 1 Or in
other words, we shall test whether the trngue pigmentation gene
gegregates alike in families of different sizes (i.e. whether
all the nd's are equal). If this test suggests hemngene1ty,
we shall mbtain the combined estimate of ® very accurately (pooled
over all families of all sizges). Otherwise, we shall go back to

the initial estimates ',}-30 and improve them repeatedly till we
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wrive at the desired acouracy. It may be noted that testing for

homogeneity and combined estimation of @ are oarried out similtaneously.

Under the }Wpothes:is of hnmogeﬁeity, let us denote the
* A
¢ommon value by m . A4 starting or initial estimate T o of T
, A
pey be chosen as that value around which the = jo's cluster. The

next approximation to the maximum 1ikelihnod estimates is then

given by
%1 . %04_ i:u
)
where,
1. % w3
- jr:ﬂ NJXJ/N
k
- *
M 3§1 NdujO/N
k
d *
s
30 dnj A
nd- njo
k
and, N= X Nj
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'Repeated application of these cyclic operatinns will ultimately
yield the maximum likelihood estimate, tn be dennted by m . 4

test for the homogeneity hypothesis is then given by the statistic

\

e ol - ou(R) 12

7(2 . 1 5 J N
ﬁ(1 -%) j=1 (dﬂd('ﬂ?)>

dm

n=T
where,
N,
Hy (n) = -
le {1 - 7) 3
d u,in) My

and in =1t(1"'ﬂi). [1*‘(113"1)7[‘“3_7

The above test statistic, Xz, follows a ;(2 distribution

with (X - 1) degrees of freedom.

Let us consider the data given in Table 3.1 on A x 2
families, each having atleast onme a child. The detailed
analysis of the data is neatly inecorporated in Table 3.11. Compuations
in eolumns (1) to‘ (6) are already explained. Observe that the ;c\jo’s
are clustered around 0.4, which we take as %O' Corresponding to

A N
this value of T, making use of Patil's table we obtain u*Jf (7:0)



frr each value of nys which are presented in column (7). Also,
column (8) is computed directly from the formula given already,
with T = O.4. Wext, we obtain X, H. end 3 in the last
row of Table 3.11, from where one gets the improved estimate

Ry o= 0. 4 122196 L 0304

and an apprnximate variance estimate

~ A
N R (- R

A
Var. (Tt.l) =

= = 0.002993
NO

S.e. (?:1) a 0.055.

Using ?51, we now compute uj( 1’;1) directly from the
formula already given, the values of which are given in column (9).
Similarly, column (10) is also computed directly from the formula.
It 18 next seen that one more cycle of operations brings nn more
improvement in %1 upto the third decimal place. Therefore, we
take this value as 1’; and perform the necessary computations in

column (11), from where we get

X2 . Total of onlymp (11)
3 T (1-7)

= 3070



which exhibits a very good fit (P> 0.28) nf the homogeneity

wpothesis to our data. Thus we have, for the entire data,

~

T 0.394

i

and € o(R) = 0.055

i

It may be nnoted that this cstimate does not differ significantly
from 0.5, at the 9% level. Thus, this finding is quite crnsistent
with the suggested recessive inheritance hypothesis for tongue

pigmentation.

Let us now consider all X x A families given in Table
3,2, each having atleast one 2 ochild. Thercfore, the value of w
is expeoted to be 0.25 for these families. The procedure being

the same as above, the detailed.analysis is gset out in Table 3.12.

We have taken here ;;’O = 0,25 and got %1 = 0.265, with a standard

errcr 0.040. While performing the next cycle of operations,
we got X = ﬁ (§1), and therefore ?;1 {s taken as T , the

maximmm likelihood estimate. With this T , we have
Xg = 8.28 (P> 0.13) which supports the homogeneity hypothesis.

Hence, 7 represents the overall segregatinn ratio (estimate) for
all the 59 X x A families. It is clear that% does not differ

significantly from the expected value (0.25) under the recessive

61



nypothesis (at the 5% level).

The analysis carried out in gections 3.1 and 3.3 provided
qufficient evidense tn suggest the recessive .hypothesis for the
inheritance of the trait. Through gene frequency estimates, the
family data analysis of gection 3.2 also supported the same
conclusion. Therefore, we accept this hypothesis as the mode of
inheritance and imestigdte the penetrance aspect in the next

Chapter.
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TLBLE 3.1

Number of a children in Axa (including ax E) families

each containing at least one a child

Sy W of Ot BReelE e (0 af.
c mc
1 5 5 5 0 - - -
2 15 16 19.995 3.330 4.79 1 < 0.03
3 17 26 29.138 8.330 1.18 1 > 0.27
4 (O 13 14.931 5.474 0.68 1 > 0.40
? 5 13 12.905 5.410 0.00 1 1

~ Totals 49 73 81.969 22 .544 6.65 4 > 0.14

For totals : X2 - {I3:= 81.969)°

52,504 = 3.60 (1 d.f,, P >0.05)
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TABLE 3.2

Number of a children in X x & families each containint
at least one a c¢hild

Sibship No. of Observed Expected Variance )(2 a4.f. o
size mE{shlps 2 children a children
Cc
[+]
1 4 4 4 o - - - -
1
2 12 12 13.716 1.464 2.01 1 > 0.15
3 16 20 20.752 4.208 0.13. 1 > 0.06°
4 17 26 24.8T1 7.140 0.18 1 > 0.65
5 6 12 5.834 3.552 1.32 1 > 0.24
6 6 9 10.950 4.656 .
.16 - 1 > 0.65
7 2 7 4.040 1.940
Totals 63 90 88.163 22.960 3.80 5 > 0.57

2
For totals : X2 = (902;_3866163)— = 0.15 (1 4.f., P>0.65)




TABLE 3.3
Tegt for HardyAWeinbefg Law

Mating type Mating Observed frequency
Male;_;_»Female frequency Brahmin Kayastha
Ex1 (1 - ¢)? 44 53
Ty3 (1 - ) 3 16
ax’ (1 - o) 3 6
axa q4 2 | 5
Totals (n) 1 52 80
? 0.310087 0.447214
S.e. 0.046612 0.035355

X2(2 a.t.) 5.87 5.49




TABLE 3.4

Genotypic mating types, their frequehcles under
random mating and the corresponding segregation

probabilities
Genotypic mati Probability of a child being
Type Fre uency T . =
(1) (2) (3) (4)
AL x AA pAr 1 0
—xha  4p7q 1 0
2.2 ,
Aa x Aa Ap a 3/4 1/4
AA x aa 2p2(12 1 0
lax —  4pa’ 1/2 1/2

66
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TABLE 3.5

Sib-pair analysis for testing genetic and non-genetic
chance hypotheses

Observed Expected frequency under

Si:;rg:ir frequency Typothesis - T Bypothesis - 11
Bralmin Kayastha  Brahmin Kayastha  Brahmin Kayastha
'y 161 172 169.790 183.227  163.388 166.400
ia 12 22 10.980  24.772 17.382  41.600
a i 17 36 10.980  24.772 17.382  41.600
aa 10 30 8.250 27.229 1.848  10.400
X% (with 3 d.f.) 4.22 6.37 37.64 4712

P > 222 5,093 <.00001 < .60001




MABLE 3.6

Phenotypio and genotypic mating types, their frequencies,
corresponding segregation probabilities and probabilities
thercof for observing all-normal sibship of size o

68

Probability of

Phen%i;;?g tygznotypic f¥2332§cy i_;g-ilj—bg—iljg all the c __Sibs
A a being 4
(1) (2) (3) (4) (5) (6)
Mxa o 1 0 1
Ax A - X Aa 4p3q 1 0 1
Aa x Aa 4%® 34 /4 (3/4)°
Total (1 - )2 - - -
AL % aa 202 1 0 1
Axa Aa x — 4pa° 1/2 1/2 (1/2)°
Total 2°(1-%) - - -
4

©1
L]
®1
B
"
&
o)
o
o




Fisher's method of analysis

TABLE 3.7

fnr A x A Brahmin families

Sibship Number Number of gibships Mumber of sibships, each
sige of with all A eibs with atleast one a sib
pibships Observed Expected Observed Expected Varianoe

1 8 8 7.552 0 0.448 0.423

2 12 12 10.824 0 1.176 1,061

3 7 5 6,097 2 0.903 0.786

4 11 7 9.317 4 1.683 1.426

5 4 4 3.316 0 0.684 04567

6 2 1 1.632 1 0.368 0,300
Totals 44 37 38.738 7 5.:262 4.563

TABLE 3.8 ‘

Fisher's method of analysis for AxA Kayastha families

1 8
2 19
3 14
4 7
5 2
6 1
7 2

Trtals 53

7.232
15.827
10.906

5.173

1.416

0.686

1.338
42.578

2

12

0.768
3.173
3.094
1.827
0.584
0.314
0.662

10.422

0.694
2.643
2.410
1.350
0,413
0,215
0.443
8.168

69
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TABLE 3.9

Fisher's method ~f analysis for A xa Kayastha families

Sibshi Number Numbcr of sibships Mamber of sibships, each
Si6 P of with 211 A sibs with atleast one 8 sib
gibships Observed Expected _ Observed Expected Variance
1 5 5 3.455 0 1.545  1.068
2 10 T 5.360 3 4.640 2.487
3 2 1 0.918 1 1.082 0.497
4 4 2 1.680 2 2.320 0.974
5 1 0 0,401 9 0.599 0.240
Totals 22 15 11.814 7 10.186 5.266
TABLE 3.10
Summary of Fisher's method of analysis nf T5 Kayastha
families
Mating Number of sibsbipe .y 2
type Sibship composition Gro=iicd Expected X d.f. P
__ Mleibs A 41 42.578
AxA _ 0.3%0 1 > .580
Atleast one a sib 12 10.422
Axa All sibs A 15 14.814
(including 1.86 1 > .168
Zx%) Atleast one a sib 7 10.186

Totals - - 2.16 2 ) 332
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Computations for the estimation of 7

TABLE 3.11

data on tongue pigmentation

from A x a family

du.
-— — ~ o A (—l) g
n, N, T. X, X,/n, 1P v (7 ) o TRCHN! L X* component
3 Jd 5\ Jd © 3 Jo 1
O BRO NG N RN G B¢ SR MR S (11)
2 15 16 1.067 0.53%34 0.125 1.250 0.781 1.245¢ 0.771 0.612
3 17 26 1.529 0.510 0.400 1.531 1.716 1.520 1.706 ©.001
4 7 13 1.857 0.464 0.406 1.838 2.772 1.822 2.747 0.003%
5 5 13 2 .60C 0.520 0.504 2.169 3.895 2.145 3.872 0.267
Totals 44 68 - - - - - - - 0.883
Weighted averace 1.545 - - 1.556 1.813 - - - .
Ak NAX, - . ()]
Column (8) : 3, = (—(;7?1)’\ Column (11): 7(2 component = -3 g
. no (dﬁ;j/d‘n)h

T
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TABLE 3.12

Computations similar to Table 3.11, corresponding to A x A

Families

a) & 0 €9) () (6) (1) (8) (9) (10) _ (11)
2 12 12 1.000 0.500 0.000 1.143 0.652 1.152 0.668 0.415
3 16 20 1.250  0.417 0.216 1.297 1.404 1.318 1.434 0.0%
4 17 26 1.529 0.382 0.278 1.463 2.239 1.497 2.290 0.008
5 6 ’ 12 2.000 0.400 0.356 1.639 3.156 1.686 3.237 0.183
6 6 9 1.500 0.250 0.166 1.825 4.137 1.888 4.236 0.213
7 2 7 - 3.500 0.500 0.496 2.020 5.171 2.098 5.299 0.742

Totals 59 86 - - - - - - - 1.613

Weighted average 1.458 - - 1.426 2.07% 1.458 - -




CHAPTER T
TORTE PTTHRITITION T W

PENETRANCE AND OTHER STUDIES

It was clear from the previous phapter that this trait
has a simple genetic basis. In all probability, the mode of
inheritance is autoscmal recegssivity. The only cases threatening
this rigid mode of inheritance (which implicitely assumes full
penetrance of the alleles involved) are provided by the few normal
children born to pigmented parents. Should these cases

represent genuine exceptions, not arising out of extra-marital

influence, consideration nf incomplete penetrance nf the plgmentation

allele seems to justify such cases. For example, under the recessive
inheritance model, a child born to recessive parents s expec¥ea

tn be of the genotype aa and not neccssarily piemented. He e¢nuld
very well be normel (unpigmented). Failure of venetrance of the

pigmentation allele in the child could acerunt for this. After

all, it is the genotype that is inherited and not the phenntype .

Tt shnuld be recalled here that we failed to detect any
variation in the rate of incidence due to age factor. But, our

study was restricted only to adults. Davis [TE;7, on the nther

hand, observed some significant variations due to age among
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kindergarten students. The same is true for the Malag tribe of

an Australian aboriginal community (Kirszﬁj7ﬁ. It appears,
therefore, that there is significant difference between the rates
of incidence,,onc corresponding to very young ages and another
corresponding to adults or even nlder, for the same population.

To study this aspect more in details it became necessary to look
for this pigmentation in the infants. Accnrdingly, a study of 845

tnfants is presented in the next sectinn.

4.1 A study of the new born babies :

The purpose of this study is to analyse the rates nf
incidence of the trait among the new born, and to compare the same

with those for the adults as reported in the second Chapter.

A total of 845 new born babies were studied for tongue
pigmentation. This study was carried out during March tn August
1970 at the maternity wards of Nilratan Sirkar Medical College,
Calcutta Medical College and R.'G. Kar Medical College hospitals
of Calcutta. Nearly one-frurth of the babies were examined in the
day light and the rest under torch light. It may be stressed at
this point that tongue examination of the new born is extremely

difficult. At the first place, nbservations nn 71 babies were



trtally discarded sine2 it was not possible tn force npen the mouth
for thorough examination of the tongue. Secrndly, even barring
these 71 cases, observations on 13 babies out of 845 werc 'doubtful’
in the semse that it could not be confirmed as tn whether they had
tongue pigmentation. Twn plausible cxplanatinns for this could be
the difficulty with examination under torch light and the dilute

intensities at which pigments are generally formed in the infants.

X, a and 4 are used to mean 'mormal', 'affected’
(pigmented) and 'doubtful' respectively. Depending on the context
they also stand far the corresponding frequencies. Table 4.1 presents
data on 845 babies clagsified according to age (in days), sex, caste

and the trait.

For human genetic prnblems 1t is desirable that a trait
mist be identified with great accuracy leaving almost no drubt.
It may be nbserved that, in the present study, 1.54% of the observatinns
on the trait are doubtful (13 out of 845). Though this figure sounds
high, it is, perhaps, justifiable since the study refers tn infants
only. Crncerning the doubtful cases, it is next attsmpted to see
whether at all sex plays a rnll in the accuracy of identification.

Table 4.2 presents the relevant analysis, which rules out any such



assnciation. This analysis is done separately for two age-groups,
since it is felt that the age-group cnuld very well influence the
nature nf such associations. Tt should be remembered, however, that
gome cell frequencies in Table 4.2 are very small. The )? values

were computed after applying Yate's errrection.

Table 4.3 incorporates results nf sex-trait assnciation
study. This is also dnne geparately for twe age-groups for the
same reason as given above. From the low ‘XZ values none Infers
that the twn attributes, sex and tongue pigmentation, are independent.
Thus, 1t appears that sex does nnt play any role in the incidence

of the trait, even at birth.

Finally, Table 1.4 presents the rates of incidence nf the

trait among the new born. They are comnuted as

Minimm @ = x 100
A+a+d

Maximm : —2—43— x 100
A+a+td

It should be noted that the true rates of incidence lie
between the corresponding minimum and maximum rates. The overall

rate for the infants of West Bengal is estimated at 2,90% (maximum),



whereas the enrresprnding figure for the adults nf West Bengal is
15,9%% (pnoled over the entire data). This figure for the adults
was obtained from the data on parcnts alone, nf the families that
were studied in West Bengal for the trait; together with data on
o few more individuals whn were examined just recently. This
consisted nf 104 Brahmins (10 Pigmented) and 166 Kayastha (33

pigmented). The rates for infants and adults are seen 0 differ

significantly.

Another observation is #lght in order at this stage. Notice
from Tabie 4.1 that the overall maximum rate for Kayastha is
significantly higher than that for Brahmins. Interestingly, the

same is true f£or the adults nf Bengnl (vide Chapter 1I).

In view of the very low incidence rate of the tralt amnng
the new born, the fnllowing twn explanations are offered, either
of which might be accepted at this stage, befrre further investigation
is carried out m~n this aspect ¢
(1) Some of the supposedly normal bables are actually pigmented,
but the intensity ~f the colour is sn dilute that it becomes
tnn difficult t~ identify such cases at birth.
(11) Penetrance of the pigmentatinn allele increases nver Age,

atleast during early infancy.



Perhaps the truth lies in a eombination ~f the two. It is
felt that, in any case¢, the penetrance incrcases very rapidly from
the time nf birth to very early infancy. The foet thnt penetrance
at birth is very low is clear from the fnllowing argument. Assuming
that the first explanation given above is ineorrect, nne nbtains an
upper bound for the penetrance at birth as (3.90/15.93) x 100%
= 24.48%. Hnawever, should the first explanatirn be alsn true,
a¥least partly, one gets higher penetrance estimates than given
above. In any case, incomplete penetrance seems to be nn essential

phen~menon.

The overall results obtained in this seatirn are alarming
enmugh tn create motivation for a thorrugh search on the penetrance
of the plgmentation allele. The first point that bothers us the
most is the exceptionally low rate nf incidence among the new bnrn.
Under the first explanatinn given to aconunt for this, though srme
of the phenntypically nnrmnl babies might really be tonguc pigmented,
it srunds rather fantastic that mere 3ilute intensity of the pigmentatir
in the babies should give rise t~ such a 1w rate. Of course, it
is nothing very umusual since most nf the babies were examimed ander
torech light, an artificial 1light that cruld very well nrevent the

detection nf tongue pigmentation at dilute intensities nf the colrur.



On the nther hand, the assumption nf incomplete penctrance alone

does not appear to be smuni, for similar reasrns. We shall, however,
assume that in some cases the pigmentation allele fails to penetrate,
thereby classifying some of the recessive genotypes (aa) as dominant

phenotypes (A), and investigate further in the next section.

~

4.2 Penetrance of the tongue pirmentation allele :

Chapter Ii reported family data on tongue pigmentation in
man, which containcd some 'controversial' observations relating tn
the families with piemented parents (2 x a) giving some
normal (K) children, thereby oppnsing the prnpased genetic hypothesis
.fnr the inheritanse nf the trait under study. It was then nbserved
that these cases might have been due tn extra-marital influence or
snme variation in the ggnic aotinn. However, the first nngsibility
could nnt be verified due to lack nf co-operatinn from the
partioular familiss concerned. An attempt is made here tn explore
the latter pnssibility, asQuming this tn be the only prssibility.
Thus, it should be noted at this stage that the family data should
be made free of illegitimate cases before employing the method

presented here.

In this sectinn, by introdusing the concept of penetrance



probability of a gene, denoted by B , the Joint distribution of all
the sample families is derived under the assumptinn of random mating
with respect to the lucus under study, and the parameters involved

are estimated by the methnd of maximum -likelihnnd.

Tt may be noted here that Elandt-Johnson [ 197 -has
recently ocnngidered a similar methndological problem. However, she
estimates the parameters for each parental phenotypic mating separately,
whereas the present method deals with the estimation ~f parameters
from the Joint distribution of parents and nf fspring (of 211 mating
types taken at a time). The present method will be better especially

if the penstrance of the gene i known to be high.

Model

Define
B = Prob. (phenotype 18 a given that the genntype is aa)

q = frequency of the pigmemtatinn allele (a)

p = frequency of the normal allele (8)

Table 4.5 presents the different genétynic mating types,
their frequencies under randnom mating, the probabilities with which

the genotypic matings are classified under the pnssible phenotyvic
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mating types, and the segregation probabilities corresprnding to
each genotypic mating type. The jnint distribution of parents and
offspring is presented in Table 4.6, which is derived from Table 4.5

as frllrws ¢

Consider A x A mating frequency (»). It is nbtnined as the

sum of products of columns (1) and (2) nf Table 4.5, i.e.,

K 2
M o= ot o+ tpq + 4 + 2p2<12(1 -g )+ 4pa’ (4 -p) at(1 -g)

- (1 - B,

Similarly, the sum of products of cnlumns (1) and (3) will yield Ao

and sn on.

Neow oonsider the probability of & child being a from x4
mating type (Riglkl)‘ R12 is obtained as the sum »f preducts of

columns (1), (2) and (6) of Table 4.5, i.e.

. 28 sordp(1-g) + a0 -p) 8

g - pa)

Ryp

Similarly the other entries of Table 4.6 are nvtained.

Estimation of the parameters

Cnnsider 2 random sample nf N families with a tntnl ~T n



offspring. The distribution of these N families acenrding to the
parcntal mating type and the offspring phenntype 1s shown in Table

4.6 within parentheses.

The joint likelihnnd is given by (Adhikari, Sarma and

Chakraborty, 1970, unpublished, and cited in Chakraborty [ 2 D

AN N - N IR R RO
L = K (IT IT . 1 f
=1 1 { 121 §= 1y 1 )

where, K 1is a constant, and £(8) refers tn the family size

distribution, which is nnt necessary far the estimation problem.

The two parameters q and B are now estimated by the
maximum likelihond methnd. To gtart with one obtains some initial
estimates of q and f , ond then jmprove these estimates by the

well known {terative procedure. The expressions for the efficient

scores
Lq = (9 1log L/ 8d)
Lg ~(31logL /0B )

and fnr the variance-covariance matrix

§2



qu = variance of g
VQ.B = oovariance of aq and (3
VBB = variance of B

are glven below. It may be noted that we get the information matrices
for the Aistribution of parents, and the cnnditional distributions
of offspring corresponding to cach nf the threc phenotypic mating
types 'separately and then pnol these four matrices giving the following

overall information matrix.

3 W Ohy 3 2 =n,, OR
Lq=z<1 Ly + 25 gl
{m Ay fwl §=1 i) 1
3 N, =-n 2 n
1 -9
Lg = = (57— )( + P2 -g-ﬁ—‘i)
B 1 L 1 3al

2
ny £y “2%

+

. |
M Byp Ry ’*oRm o

I = 8N BA+

n, £, £y
R Bk K H 2%
ap AR, R % R,
¢ 21 Yo Mo Byy Bop
2 n 12 n f2 n
*Na A 153 2 4 3
Ing = + = + +
BB B o N g1 -8)
MRy Ryy  AdRyq By

where,
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Ve (e A/ VR -2 Vg

3R, N,
£ =2 aq) N aq
2 Ry, 0 Ae

£y = Ao aq)-R’22<aq)

12 0N

£ 55 - F2(5E )
8R22 g

f/l = hﬂ ) - R22("a"§‘)

where, 3 stands for the differentiation sign. The pnoled variance -

covariance matrix is obtaincd by inverting the information matrix I.

The ocomputational methnd is briefly as follows. First
gchonse smme trial values or initial estimntes nf Qq and B, say
49 and po. For example, nne can obtain 4, from data on the
parental mating types alrne, under random mating. BO can be obtalned
as the proportion of recessive children (8) amrng all matings of
the type 2 x a. With these initial values of aq and (3, ovaluate
the efficient scovres and the dispersion matrix, from where one obtains

the correctinn factors for q, and (30

& =V L

%o 9.9, 46 + VQOB LB
o "0

and

0" dofy 45 BoBo By



The improved estimates are thus obtained from
@ =% * &8 and Blzﬁo“ﬁaﬁo

111 this consists nf one cycle of operations. Unlesa the correction

factors are as small as we wish, the entire computatinnal procedure
should be repeated time and again taking the improved estimates in
me cycle as the initial cstimates {nr the next ome, ti11l the desired
accuracy is attained. These estimates, however, converge tn 2 atable

value with probability one (Rao [197).

Table 4.7 presents the family data on tongue pigmentation in
man (see Table 2.4). Starting with 0.4 and 0.95 as the initial
estimates of a and B respeotively, it took altogether 11 cycles
or iterations to arrive at the final egtimates with accuracy upto
the sixth decimal place. Some parts nf these compubations are
incorporated in Table 4.8. Using the final estimates of q and
the expected frequencies have been gomputed, which are shown in

Table 4.7 within parentheses.

From Table 4.8 one obtains the final estimates as
4 = 0.482634
N .
and B = 0.861736

with respective standard errors 0.,018015 and 0.045445.



Tms, under sultable assumptions, it follows that the
tongue pigmentation allele (a) has high penetrance. However, it
should be reminded that all this is valid only if the tgnntroversial'

dservations are not due to oxtra-marital influence.

The above analysis is carried mt on the entire family
iata, representing geveral endogamous populations. It was felt that
the penetrance is very high and therefore, in order to estimate
pnetrance values close to 100%, huge bndy of data are necessary .
for this reason the family data where ponleAd together. Hnowever,
sgeparate estimation has been done from Brahmin and Kayastha family
data. This was done just to sce whether the penetrance values
{iffer very much. From 2 x a Brammin families we have 6 children,
2l of whom are a. On the other hand, 7 x a Kayastha families
produced 1 & and 9 & children in all. The 1 Kayastha child is
smggestive of incomplete penetrance, but the 2 x a Brahmin families
i not suggest such a phenomenou. Sinec the penetrance is very high,
in the absence of A& children out of % x a matings, we may fail
tr distinguish a penetrance value close to 100% from 100%. This is
because, the 2 x a families are most informative about B (Rao
[27_7) The analysis for Brahmin and Kayastha families, separately

and tngether, is gummarised in Table 4.9. Obgerve that, as remarked



abnve, the penetrance estimate from Brahmin families is no Aifferent
from unity. On the whole, the pigmentation allele is scen to have

high penetrance.

A.3 Other studies @

Having satisfied ourselves about the genetics of tongue
pigmentation, it is of considerable interest to study smme other
aspects involving this trait. Some such problems are :

(1) Histopathologlcal studies of the pigmented tongue tissue

and comparing thesc findings with those for normal tongue

tissue;

(11) Possible biochemical studies aimed at exploring the nature

nf this pigmentation; and
(111) Relation or assnciation between tongue pigmentation and other

traits of general intercst. This problem includes tho

tinkage studies alon.

4.3.1 _Pilot studies on Histopathological and Biochemical aspects :

Concerning the first one of the above prnblems, a preliminary
study was carried out nn twn dead people who were pilgmented. They

were examined for the tralt at the N.R.S.M.C. Hospital of Calcutta
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nearly ten days after their death. In fact, altogether eleven dead
brdies were examined with the result that twn of them were identified
as tongue pigmented. Of the many living pigmented penple examined

at the Andhra Medical Cnllege (Waltair, Andhra Pradesh), only two

have agreed tn extend their cn-operation for this study. Accordingly,
the pigmented tongue tissues were collected frrm the two dead bndies,
and only biopsy specimens were obtained from the two 1iving individuals.
One slide of each of these four specimens Were'kindly examined by
Professor H. Gruneberg, F.R.S., University College Londion and by
Professor I. Doniach, London Hospital Medical Schnol. They both

have agreed in their findings, a summary of which is glven below

(Gruneberg, personal cnmmunicatinn).

"In one of the dead tissues (male, 40 years) there are
extensive extravasatlons of blood under the mucnsa which would have
resulted in a livid disenlouration and could thus have given‘the
impression nf pigmentation. In the other Acad tissue (male, 25 years)
there is a marked dilation nf venules under the mucesa, but no
extravasations. The dilation of the blond vessels under the mucosa
could have produced a 14vid discolouration as in the first casc.

In both the biopsy specimens (mnle, 50 years and female 45 years)

a2 moderate ameunt of brown piement 1is present in some places in



the connective timsuc."

Thue it is clear that this study should nnt be ecarried out
on ten days ~1d thornughly decompnsed decad bodies, which could lead
to a very misleading results. It was, therefore, Adecided not t0

pay any attention to the rosults obtained from dead tissues.

The results nf the two living specimens, nn the other hand,
are quite interesting. A project to study many more living cnses
is being carried out by the Indian Statistical Institute. A part
of this program includes the study nf these tissues with the help
of the iron test (Pruesian blue reaction) tn see whether or not this
pigmentation is haemnsiderin, and hence derived from haemoglobin.
Should this test give negative results, a Dopa test will be carried
out to see whether the brown pigment is melanin. It is hoped that

this project will solve the problem one way or the nther.

Concerning the possible Binchemical studies, analysis of
the serum covper oxidase activity is considered to be one of the
means of finding out whether this trngue pigmentation is melanin or
not. Since it is assoclated with melanin production through tyrosinase
activity, it is hoped that this study will throw much light on this

problem. Study of the serum copper oxidase activity among both



trngue pigmented and normal individuals is of current interest to

ne.

4.,3.2 Relation with other traits :

Ab~ut the possible association this trait may have with
nther attributes, it will be interesting to carry ~ut an investigation
imvelving as many well defined genetic markers as prssible. Such a

study can be suggestive of prnasible linkages also.

Here, we shall report the findings of a pllnet study to
investigate the relatinon between tongue piementation and mental
ability. In some South Indian commnities there is a strong belief
that "tongue pigmented” pecple are more intelligent than others.
Assuming that this "tongue pigmentation" is the same as the nne we
have been talking about, this stud} was carried out to verify the
old belief. Also, another motivation for this study was provided
by some assertions in the 1literature sugresting positive associatirn

between the two attributes (Vogel, F. : persnnal communication).

A sample of 342 students, 242 males and 100 females, aged

11 to 19 years, from M. M. P. Schonl at Srikakulam (Andhra Pradesh,

India) was examined in the day light for tongue plementation.



:

;Although not all of the applicants are admitted to this school,
selection is not based on intelligence tests. The sample may,
therefore, be considered as a representative of the normal population

of children in Andhra Pradesh. In all, 62 maie and 24 female students

vere affected (a).

The students were subsequently given special written and

oral tests, worked out the approval of Pgychometricians, and awarded

scores (maximum score = 10). The method followed fnr these tests

was as follows 3

The students were divided into seven groups on the basis
of their educational levels. In order to assess their mental
abilities, ten questions were prepared for each group on the basis
of the subjects they were taught, and the questions were not of
the pure achievementtype, but were expected to measure reasoning
2bility and speed. The candidates were to answer these questions
verbally and each question carried 1 /2 marks, and hence the maximum
for these ten questions were 5 marks. The answers to these questions

were evaluated on the spot.

Next, ten more questions were prepared and the oandidates

vere to answer them at their homes and had t» submit their answers
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the next day. No background knowledge was necessary to answer these

questions, and the candidates had to use their reasoning poﬁér to

arrive at the correct solutions. As before, the answers were evaluated

and the maximum marks for these ten questions were 5. The total

score thus secured by a student, out of a maximum of 10 marks, is

taken as an index of his mental ability. Table 4.10 presents the

frequency distribution of scores for the 86 affected (pigmented)

and 256 unaffected (normal) students, classified according to the
sex. Thus we have four frequency distributions, one each for the

normal male, pigmented male; nomal female and pigmented female

gstudents. The mean scores and the variances for all these four

distributions are also presented in Table 4.10. The hypnthesis to

be tested may be stated as "mean score of the pigmented group is equal
to that of the normal".We shall test this hypothesis separately for
males and females. Though this sample alsn fails to show any
variantions in the incidence rate due to sex, we are not pooling
males and females together in this problem because of the fact that

the denominator of the test statistic used below is likely to be

elevated by such a pooling.

Assuming that the sc6res fallow a normél distribution,

the following statistic is computed based on data for male students
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(Table 4.1 0):

5.121 - 4:694 _ 4,688
2.030 }_::_ZZ_

180

which follows stanﬁaxﬁ.t;t@@k.§&$ﬁt§hﬂ§&QnJ gimilarly, for the

data on female students, the value of the statistic turns out to

be 0.82%. Thus we 8ee that, both values bveing low, the hypothesis

under examination gtands supported. Hence, the twn attributes tongue

pigmentation and mental ability (as determined pere) are independent,

thereby disposing off the assertlons contrary to it.
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TABLE 4.1
Tongue pigmentation data on new born babies
Age Normal () Pigmented (2) Doubtful (4)
( in ) days) Sex Brahmin Ksyastha Others Brahmin Kayastha Others Brahmin Kayasthz Others
Male 25 54 114 1 5 p! 1 5 0
1
Female 22 68 93 0 4 1 0 1 2
Male 33 74 95 1 1 1 0 " ;
2 Female 28 63 122 0 0 1 0 1 1
Male 0 2 8 0 1 0 0 0 0
Unknown Female - 0 0 11

D
(@]
-
@]
O
@]
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TABLE 4.2

Investigation of pnssible agsociation
between sex and 'doubtful observations'

2
(iﬁgzays) ‘-Maie ‘?emfle x d.f. P
A+ a d A+ a d

< 1 202 6 188 3 0.30 1 > 583
Rest* 216 2 226 2 0.21 1 > 600
Totals 418 8 414 5 0.51 2 > T
FOR TOTALS : 0.65 1 > 403

* Includes cases of unknown age-group

TABLE 4.3

Sex-variation in the incidence nf tongue pilgmentation
in new born habies

Age Male Female X2 .5 P
(in days) - i :
<1 193 9 183 5 0.91 1 > 317
Rest* 212 4 224 2 0.22 1 > 584
Totals 405 13 407 7 1.13 2 > 549
-OR  TOTALS 1.79 1 > 119

* Tncludes cases of unknown age-group



TABLE

4.4

Incidence rates of tongue pirgmentation
in new born babies

Incidencc rates

Population f?eque?cy of (in percentages)

A a d Minimum Max iinum
Brahmin 108 2 1 1.80 2.70
Kayastha 261 11 8 3,9% 6£.78
Others 443 7 4 1.5 2.42
Totals g12 20 13 2.37 3.90
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TABLE 4.5

Genotypic Mating Probability with which Probability of
mating frequency the correspouding geno-  "an nffspring
typic mating type is being of the
classified under phenotype
B Exa o i :
(1) 2 (3) 1) (5) (6)
AA x AA p4 1 0 0 1 0
AL x Aa 4p3q 1 0 0 1 0
: 22
Aa x Aa Ap dq 1 0 0 1-Q /4) B /4
AL x aa L’pzq2 1-8 B 0 1 0
ha x aa 4p q3 1-8 8 0 1-(8/2) B/
2 2
aaxaa  d (1-8 )° 2p(1-g) 1- B

97



-~

Joint digtribution of parents and offspring

98

Thenotypic mafing Protability of an ofropring Téfalg-
Type equency being of the phenotype

. A a
Ax A A () Rip/M (ny9)  Ryo/ (ny0) 1 (ny)
AXE ) Ry /Mo () Bop/p(ngg) 1 ()
aX a4 A (115) 351/7\3 (nq) Ren/Ag (Nn0) 1 (ng)
TOTALS 1 (W) .. (n)
Where

(1 - gq°)"

=
(.

>
2
i

zgq’?(l -g Y

>
"

2 4
3 1-M->§2=Bq

B EQ -po)”
Ry = N - Rpg

Rop = 287 (1= pa)

Boy = X = Bop
2280‘14 and
R, = A\, -~ o

oLl Q “
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TABLE 4.7

Observed and expected frequencies of mating tyres
and the corresponding of fspring phenotypes under
the incomplete penetrance model

Of fspring phenotype

Mating - =
Type Fregquency A a
Ex A 257(259.37) 645(656.21) 90(78.79)
T xa 130(130.27) 261(232 .48) 73(101.52)

= xa  19(16.36) 5(7.05) 46(4%.95)
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TABLE 4.8

Estimation of @ and £ from family data on
tongue pigmentation .

It;i?tion 3 % 3 a a’é La LB
1 0.4 0.95 0.07R667  -0.0645190 334 .600659 -7.984148
) 0.479267 0.885481 0.00180T2  -0.0171108  -10.237299 -11.959057
3 '10.481074 0.868370 0.0011396  -0.0048120 0.014650 -2.411703
6 0.482603 0.861873  0,0000228 —Q .0000996 -0.004904  -0.049441
10 0.482634  0.861737 OqOOOOOO“( -0.0000006 -0.000030 -0.000281
" 0.482634  0.861736  0.0000000 -0.0000002 -0.000010  -0.000078
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TABLE 4.

Estimates of § and g, and their standard errors
for Brahmin and Kayastha families

Mumber of

Number of

- 5 (') 3 %)
Population families iterations '+ S.e.l B 4 S.e.(a
Brahmin ° 52 14 0.999999 0.000%310  0.314682  0.038352
Kayastha 80 14 0.818127 0.112766 0.484127 0.042930
Brahmin

and 132 13 0.891012 0.075305 0.417263 0.029208

Kayastha
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TABLE 4.10

Frequency distributions of scores obtained by
342 gtudents, classified according to sex and
and tongue pigmentation

Score

(O?g)Of Normal Malgigmented Norma}Femal;igmented
2.0 11 3 9 2
2.5 4 0 0 0
3,0 22 2 3 3
3.5 3 11 1 0
4.0 25 3 21 2
1.5 23 14 8 b
5.0 35 7 19 6
5.5 13 7 3 1
£.0 26 0 4 5
6.5 7 1 4 0
7.0 3 2 1 0
7.5 2 2 1 )
8.0 4 6 1 0
8.5 2 3 1 0
9.5 0 1 0 0

Total 180 (&) 16 24

Mean 4.694 5.121 4.513 4792

Variance 2.030 3.292 1.941 2947




CHLPTER V

GENETICS OF TYPERTRICHOSIS OF THE ELR RIMS

5.1 Review of the enrlier findings :

The problem of gemetics of hypertrichosis of the ear rims
received general attention ever since ﬁhc first pedigree was published
by Tommasi ZT38,39;7, and more so after Cockayne ZTA;7 postulated a
dominant gene on the Y-gchromosnme to be responsible for the inheri-
tance of this tralt. This mode of inheritance secems to have been
accepted since then. 1t was Stern 1736;7~who raigsed dnubt for the
first time about the Y-linkage for the trait, and this marked the
begimning of gerious investigations partaining to the genetics of

the trait. Major contributbrs o this problem are Gates and Bhaduri
[fﬁ1_jn Dronanraju ZTB,27, Sarkar et aJu1r327;Gates et al zfﬁgjl Slatis

and Apelbeum [ 34/, Stern et al [31] and Chakravarttl 37

Gates and Bhaduri have reported 2 few infants showing hairy
ears, though they did net personally exnmine them. They gtudied
21 pedigreces, ineluding a huge one. These pedigrees were baged,to
a great extent, on indirect {nformation (hesr-sey). They contained
geveral normal adult soms nf affected fathers, indicating fallures
of penetrance of the dominant gene, under y-linkage. Thus tho overall
evidence oontained in the pedligrees about Y-linked dominant inheritanoce

is quite satisfactory,though,reliability of the data is questionable.
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It may be noted that, when an affected son of a normal father, but
whose maternal grand father is affected, was observed, the authors .

$ried to explain them as zases of crossing over from Y =X in the .

() \\(v"
maternal grand fathers. However, this argument sounds artificial, Y Rer

Iy
since such cases can also be explained as due to incomplete penetrance T,
of the dominant gene in the normal fathers having affected sons.

Apparently, the latter possibility did not receive much of their

attention.

Subsequently, 3 pedigrees were added by Dronamraju, including
one € his own. Y-linkage theory was supported by the pedigrees,
barring the ymng normal sons of affected fathers. An attraction of
this article is that two alternative modes of inheritance were also
considered at length. However, though the pedigrees are compatible
with one or the two alternative theories (autosomal dominant and male
sex-limited), the probability of observing such compositions in the
3 pedigrees simultanenusly under this theory was shown to be negligibly

small.

Sarkar et al have contributed 7 more pedigrees, which are
consistent with the Y-linkage theory, accepting occasional non-
penetrance of the gene. Incidentally, they were the first to

introduce the cnncept of grades, by artificially breaking uw
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almost continuaus intensity of the trait. They introduced a system

of 5 grades for the affected men.

6 more pedigrees were added by Gates at al,all of which provided
good evidence in favour of the Y-linkage theory with incomplete pene-
trance. They concluded saying "it only remains to say that all pedi-
grees of hairy ears yet published are compatible with 2 gene in the
Y~chromosome with occasional failure of penetrance, and mest of them
are incompatible with any other form of inheritance”. The authors
seem to have jumped to conclusions Just on the basis of datg,whose

reiiaiili%i is Yory much limited.

A leading contribution to this problem came f{rom Slatis and
Apelbaum, who analysed the data in a highly original manner. For
the first +ime, they gave 2 physical shape to the penetrance of the
gene responsible for the incidence of the trait. From a2 random sample
study, the proportion of affected men was obtained for each of
several age groups, and these propertions were divided by the maximum
proportion occurring in any of the age groups (usually, the oldest
age group). The thus revised proportions were called the 'apparent
penetrances' for the respective age groups. And, the 'ad justed
penetrances' were obtained through the best line of fit betweon age

and apparent penetrance. Using these adjusted penetrances, they have
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analysed their family data under the Y-linkage hypothesis, and found
good evidence in favour of it. They have also analysed the same data
under conditions most favourable to the autosomal dominance and reces-
give hypotheses, and failed to support either by them. Thus, this
study provided good evidence in favour of\the Y-linkage theory. It
may be noted that they classified a man as affected if he had at least

several coarse hairs on the top or side of the ear.

Another leading article on this topic is that of Stern et al.
Their method “of examination,is, perhaps, the best possible one that
minimises the chances of misclassification. A man was clagsified as
affected if he had at least on e coarse hair on st least one pimna.
It was observed by them that sometimes the informant classified
affected as unaffected and unaffected as affected. This tends to
lower the importance of the geveral assertions made by previous
workers in favour of the Y-linkage theory, gince observations on many
individuals of the pedigrees they studied were obtained through the
informants. Next, analysing “heir family deta in an ingenious
manner, Stern et al have demonstrated that the trait isc eof hereditary
importance. However, they falled to discriminate between the three
possible hypotheses considered by Slatis and Apelbaum. This study,

thus, turned out to be a genuine challenge to the appropriateness of
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Y-linage for the trait.

Finally, Chakravarttl made an attempt to investigate the accept-
ability of Y-linkage theory. In this study also a man was clagsified
as affected if he had at least several coarse hairs on the top or side
of the ear. The family data collected by him supported the Y-linkage
inheritance model. This secms to be the last publication pertaining
to the genetics of the trait, excepting the present study covered In

the next section.

Thus, we see that some gtudies failed to wupport the Y-linkage
hypothesis, though many of them have supported it. Nevertheless, most
of the studies that turned out in favour of Y«linkage, suffered from
accuraocy of observation, and as such do not carry much of importance.
Therefore, it was decided to ocolleot family data and study the
problem afresh. The results‘of this study are presented in the néxt

section.

5.2 Present study :

Data on 168 families from West Bengal constitute the material
for this study. Usually, a family was gelected for this study only
if both the generations were represented by semc 1iving adult males.
It may be noted that in as many cases as possible, adult female

members of the families also were examined, but none was seen to have
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expressions. The starting or the inltial estimates of mg and ng

ae given by

m\/n(n + ng +n§

8 a m .

_ n\/ni(n1 + n3 + ni)
. en/n5 + ng

and n

where,

2 = myn,/(n; + 1,) + 0V /Ta, + ng)
The information matrix I = ((Ii;j)) is computed from

E E E
-1
I1=4G[1 +~E-2—+E-§-+§i-_7

%, E

B
12=2G[1+-E-i-_«'-7-121

and, the vatance - covariance matrix V « ((V ,j)) of the estimates
of m and n is obtained by inverting I. The efficient scores
(Rao [9_7) for m  and n  are given by
2
. n1+n3 “.2nzm5“11§n'3
B

1 B, E2 4
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of affected men can now be’ computed for each of several age groups,
once we clasgify the n subjects into geveral age groups. These
proportions are analogous to the 'apparent penetrances' of Slatis

and Apelbaum 1734;7. Next, the best line of fit between ages and
proportions (obtained above) is obtaindd. This represents the
penetrance curve, from where one reads off the penetrance value

for any individual age. These penetrance estimates are used in

the analysis that follows. Though this is an ideal methnd, a slightly

different method has been followed here. Since the fathers of all the

168 families are affected,one‘son from each nne of them was drawn at random,

Thus, the n = 168 sons selected this way constitute our gub-sample,
and the rest carries through as above. This method yields 0.258,
0.386, 0.750 and 1,000 as the proportions of affected sub-sample
subjects for the age groups 18-30, 3%0-40, 40-50 and 50=60 years

respectively.

It should be clear that these estimates are obtained under
the assumption of Y-linkage of the trait, though the two autosomal
theories will also be tested by using the same estimates. It may
be noted that, following Slatis and Apelbaum.[f34;7, Stern et al’
ZT31;7 reported the apparcunt penetrances for west Bengal as 0430,

0.35 and 0.59 for the age groups 20«29, 30=39 and 40-49 respectively.
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A part of th~ differences hetween their estimates and our estimates
can be attribut-d torsome casual factors, and as such there do not
geem to be any major Aiffeorences, which, if present, may arisc due
to the difference between the two methods. Thus, our gstimates may

be used for testing the autosomal thecories also.

Tegt for Y-Iinkage

The analysis is done separately for two groups of familics,
one consisting of families of grade~t1 fathers, and the other group
consiesting of families of higher grede fathers. Under Y-linkage,
all adult sons of all families in each of the two groups are
expected tn carry the gene. However, some of them may not manifes?d
the trait, due to fallures of penetrance. Therefore, the expected

mumber of affected adult sons within each group is obtained by

By ’Z"i
{
where, Xy is the penetrance value corresponding to 'btke age of
one adult son, the summation being taken over all adult sons in a
group. Denoting the corresponding cxpected mumber of normal adult
sons (obtained by subtraction) by By, the statistic for testing

the Y-linkage hypothesis is given by

(B, + By (0, - EA)Z/EAEN
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Using the estimates obtained in Step~1, we can compute the matrix

n, and F, denoted by A = ((aij)), is glven by

= 2ms(1—F) +F 8y, = 0 a5 = ms(‘l-ms)

= -311 322 = 0 i 3?3 o ms(1‘m‘ms)
= 2(1-F)ns Ay = 2(1--}5")mS Az = -2m.n_

= a5, a5 = 235 85 -2 (mn-msns)
=0 Ay = 2ns(1~F)+F Ry = ns(1-ns)
=0 %62 " P52 ags = ng(1-n-ny) -

A, from where we proceed to compute the information matrix (of

order 3 x 3)I = ((Iij))' where,

I

6 1
13 ° G[f1 akiE:k __7 for 1,3 = 1,2,5%.

Denoting the varlance - oovarianse matrix of mey 1 ‘and F by

V = ((Vij))’ we proceed to

Step-3: Compute the efficient scows for Moy D and F by
n,+n, n2(1 -F) . n1(1-F) a, 1'1l n

Ly = =3 Y L) +om (1-F) T m (1-F)+F "~ m_ ~ mn-m n

2} ] 8 8 8 8'g

121



PEA. Similarly the other frequencies are obtained, and the analysis
is incorporated in Table 5.2, which provides evidence against this

mode nf inheritance.

However, if the above test ylelds insignificant differcnces
between the corresponding nbsefved and expected frequencies, the
autosomal theory can neither be accepted. The reason isg that we
are overestimating the dominant gene frequency by the above method.
In such situations, one could estimate the true proportion of

affected men over all ages by

7 2 (/%)
where, N 1is the total sample size (for a population study), ny
is the mumber of affected males in the i-th age group, and X,
is the penetrance value for the same age groups The summation is
taken over all age groups. Now the dominant gene frequency can

be estimated from the above proportion, and the rest of the

analysis remains the same.

Tegt for autnsomal recessivity.

Denoting the recessive gene frequency by aq, the probability
that an adult son of an affected father is also affected is given

by Q = q. With the same maxlmum proportion, 0.6, we get

112
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Q = q = 0.779, the rest of the analysis being presented in Table
5.3« It is clear that the present study fails to support the

autnsomal recessive hypothesis.

Taking all the available evidences into account, we
conclude that the Y-linked dominance hypothesis, with nccasional
failures of penetrance, is the most probable mode of inheritance

for hypertrichosis of the ear rims.



TABLE 5.1

Test for Y-linkage

Fathers of grade

Sons above 19 years Totals
1 2,3 & 4
Observed 39 29 68
Affected
Expected 37.142 23.127 60,269
Observed 108 57 165
Normal
Expected 109.858 62.873% 172 .731
2
7( 0.12 2.04 2.16
2.f. 1 1 2

2

For totals z)(

1.34(1 d.f.)
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TABLE 5.2

Test fnr Autnsomal Dominance

Sons above 19 years Faﬁhers of grade Totals
1 2,3 & 4
Obsexrved 39 29 68
Affeoted
Expected 28,228 17.576 45,804
Observed 108 57 165
Normal
Expected 118,772 68.424 187.196
Kz
v 5.09 9435 14.44
d.f. 1 1 2

2
For totals zjKL - 13.39(1 dof.)
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TABLE 5.3

Test for Autosomal Recessiveness

Fathers of grade

Sons above 19 years 7 573 % 4 Tntals
Observed 39 29 68
Affected
Expected 28.97T1 18.040 AT.011
Observed 108 57 165
Normal
Expected 118,029 67.960 185,989
2
X 4.32 8.43 12,75
d.f. 1 1 2

2
For totale s+ Yo = 11.74 (1 &.1.)



CHAPTER VI

ESTIMATION OF MNS-CHROMOSOME FREQUENCIES

6.1 Maximum likelihond estimatinon of MNS~chromosome frequencies under

random mating
The problem of estimating the chromosome frequencies for this
blood group system was considered at length by Boyd [1_7 Since
these estimates will be used {n the next section, a brief outline
of Boyd's estimation procedure is glven here. The three {ndependent

parameters to be estimated are m,m_ and n, es stated in section 1.3,

For the six phenotypes M,MS,MN,MNS,N,N5  let the observed
frequencies be n1,r12,n3,n4,n,’ and ng respectively in a sampls of

gize G. The expeoted phenotypic proportione are given by

2
M: E, =u MNS E4 = Z(mn-msns)
MS = m2 +2m m N ¢ 2
2
MN.E3=2msns NS -ns+2nn

m and n are estimated by simple gene counting,
1.e. m=[n1+n2+(n3+n4)/2_7/(}
and, n-[n5+n6+(n3+n4)/2‘_7/(}=1-m

Now, it remains to estimate m and n. Thie is done by the

wel}-lmom jterative method. We shall merely give the relevant



expressions. The starting or the initial estimates of m and ng

ag given by

mvn, (n, + n, + n.)
I e s Tl

nyn.(n, + +n.)
and n = 2 1 n3 2

8 a,\/n5 + n6

where,

a = m\/h?/(n1 + 527 + n\/n,j/(n5 + n6)

The information matrix I = ((11 3)) is computed from

E, E. E
1
Ly =46 [ gt 22 ]
2 3 4
% B

I,, = 46 [ *ﬁz"‘i:"*""

E
I, =26 [ +§i:7.121

and, the vatance - covariance metrix V « ((vi;j)) of the estimates
of m_and ng is obtained by inverting I. The efficient scores

2
(Rao [79_7) for o and n, are given by

=“2n14-n_), _2n2m5-n4ns
1 ms E2 A

L
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9 6 _
a«nd [} L o= - E E

which lead tn the correction factors for the initial estimates of

L and n_y given by,

Ams =L1 VH +L2 V12

Ay =
ng =Ly Vi, + 1, ¥y

thereby giving the improved estimates

* = * =

m’s mB +Am8 n'5 nB + Ans
where, m, and n, are the initial estimates. If both Ams and
Ans are negligibly small, our estimates are already obtained above.
Otherwise, taking m; and n; as the initial estimates, we need
to repeat the entire procedure time and again t111 AmB and An_

beoome as small as we wish. Denoting the final estimates by 58

and ﬁs, their standard errors (s.e.) are given by
B+€ 0 (mg ) = \/611 SeC e ( ns) = \/v22
g.e. ( r-r'ts ) = \/V(r-ﬁs) and s.e. ( ;)s) = \/V(Es)

where,
_ (m-ﬂé) (1-m) - (n—2ﬁs) (1-n)
V(mg) =V, + 5 and V( ng) = 7,, + 0

This brings us to the end of this section.

119



120

6.2 Maximam likelihood estimation of chromosome frequencies and

the parameter F_ of Wright's model from MNS blood group daba @

We shall now estimate the parameters m,y Dy and ¥, under
Wright's model. The additional parameter F 1is the go-called
inbreeding coefficient. It may be noted that this parameter measures
the deviation from random mating. Tnbreecding coefficient is a compo-
nent of F. Estimation of these parametbers is split up into 5 steps
which are desoribed below. The method is essentially the same as

601.

Step~1: From the random gsample of G individuals, we estimate
m, mg and n, following section 6.2. For notational convenience we
ghall denote the estimates EB and ﬁs, thus obtained, simply by

L and n_. Choose a trial value of F on a priori grounds .

Step-2: The phenotypesy observed Pequencies and expected propor-

tions are denoted by the same symbols as in the preceding section.

Here,

E = mi(1~F) + Fo B, = 2(1-F)(on - msns)

B, = (1-F) + Fag + 2(1-F)mmg By = mg(1F) + Png

By = 2(1-F) m N E¢ = n§(1-F)+FnS+2(1-F)nSnS .

The matrix of partial derivatives of E's vith respect to
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m_y ng and F, denoted by A = ((aij)), is given by

a4 = 2ms(1—F) +F a, =0 By = ms(1-ms)
Boq = T894 2y = 0 Bz = ms“““‘ms)
Byq 2(1-—F)ns ag, = 2(1-—F)ms Agz = -2m_n_

agq = =3 2o 7 235 a5 = -2 (mn-msns)
By = 0 Ay = 2ns(1-F)+F fgy ™ ns(1-ns)
g1 = 0 36p =50 ags = ng(1-nny)-

Using the estimates obtained in Step~1, we can compute the matrix
A, from where we proceed to compute the information matrix (of

order 3 x 3)I = ((Iij))’ where,

6
¢ [ 2 f—k-i-ﬁ-a—k-ij for 1,3 = 1)2,3.

T 22
13 k=1 k

Denoting the variance - covariance matrix of my Ny and F by

V= ((Vij))’ we proceed to

Step~3: Compute the efficient scoes for myy 0 and F by

. n,+n, . 112(1 -F) n1(1-F) W, 1, N
F- + - m——
1 m ms(1-F)+F+2ms(1-F) ms(1-F)+F m, ~ mn-m_n



n 40 ‘ n6(1-F) ) n5(1-F) __?é._ , m
2 g + Eg(1-F)¥F+2nS(1-F) nq(1-F)+F ng mn - m Ny

(1-m~m5) n6(1—n-ns) n1(1-me)
Ly = o (19 Evan, (1F) © ng(1-F )+ +2n,(1-F) Yo (TF) + F

. n5(1-ns) N ng 4 Ty
nq(1-F)+F 1 -F

Step-4t The corrections A myy A Py and AF for the initial estimates
of the parameters and the improved estimates are now computed follow-

ing 6.1.

1f all the three correction factors are negligibly small then
the above estimates are the final ones. Otherwise the cyole should
be repeated from step-2 onwards till we get stable estimates, Tho

standard erros can be computed analogous to section 6.7

Example : The various formulae required for computations having
already been given clearly in sevezl steps, only the results of
an example will be presented here. The following are the phenotypic
frequencies in a sample of 805 individuals, as reported by Lester
[ia 7.
M s 145 MNS ¢ 144
MS : 80 N 135

MN : 240 N 61
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Simple gene - counting yields
T = 0,518012 and n =1 -m=0.481988

Final estimates of th: chromosome frequencies and the so-called
inbreeding coefficient, F, together with their standard errors are
gi;en in Table 6.1. It may be noted that it took altogether four
cycles or iterations to obtain the final estimates with accuracy
upto the sixth decimal place. The trial value of F was taken to
be 0.2. Notice that the standard error of the estimate of F is
tuite large. The value of the .)(2 goodnese of fit with 1 d.f. turns

out to be 0.608, which demonatrates a very good fit of the model.

The rather large standard error for the estimate of F
suggests that in order to obtain reliable estimate of this parameter
one should base the estimation on even larger body of data. The
estimated value of F should not be confused with inbreeding
coeficient. F accounts for both inbreeding and several types of
heterogeneities in the data which, at least at present, can not be
geparated one fom the other. A good discussion on this 5spect is

recently offercd by Chakrabocty Lfé_7;

6.3 Maximam likelihood estimation of chromosome frequencies from

family data under restricted random mating

The Hardy-Weinberg law (HVL) is so powerful a tool that many
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population geneticists have expldited it thowoughly in many useful
applications. A great application'of HVL is indeed in the estimation
of gene frequencies for Mendelian characters. Though the agsumption
of BWL greatly;eimplifies the labour involved in estimating the
frequencies, it scems reasonable, however, that one should relax

this assumption to the extent possible since the HWL does not strictly
hold good in any natural population. An attempt to this effect is
recently made by Adhikari, Sarma and Chakraborty (unpublished).

In tﬁeir work, they oonsidered the problem of estimating gene
frequencies from family data on ABO blood groups by slightly relaxing
the assumption of HWL, Details of this method are glven by
Chaksborty /2_7. They call such a mating system, the RESTRICTED
RANDOM MATING (RRM). The essential purpose of this section is to

. present the analogus estimation of the MNS-chromosome frequencies
under EKRM. It may be noted here that these estimates are probably
superior to those obtained under HWL. The exact extent of gain due
to REM invdlves the comparison of HWL and REM whioh will not be

attempted here. The estimation procedure is also illustrated here.

Other parameters being as in the first seotion, the

following two functions arec defined :

g = ms/m and d = ns/n
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The 21 phenotypic mating types, their frequencies ( Kj_'Q and
the conditional probabilities of the offspring phenotypes are shown

Lo Zodle Kb Tne roble 2lep inelndes data from & rondom sample of

¢ families (parents and their offspriné).‘ The coﬁhﬁ%\ﬁﬁ§l§§ﬁ§ﬂ§kxxf

ties in Table 6.2 areconstructed as follows ¢

Consider the mating type MS x MS. This phenotypic mating is
split up into the three corresponding genotypic matings in the propor-

tions as shown below.

gz;o;%gtgtzgzinga;zzz g;;e; 1S probability
MS/MS x MS/MS (1"€)2
MS/MS x MS/MB 28(1"6)
MS/Ms x MS/Ms &

Observe that the first two genotypic matings glve offspring
of the phenotype MS with probability 1. The last mating gives two
types of offspring MS and M with probabilities 3/4 and 1/4 respect-

ively. Therefore, we get

P(an offspring is of phenotype MS/the phenotypio mating
is M8 x MS)

- (1-g)? + 2g(1=g) + (3/8)&
- 1= /4 -
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Similarly the other probabilities are computed.

Observe that the parameters to be estimated are hi's

(1 = 1,...,21), m, g and 4, from where we can obtain the chromosome

frequenciesn.

The log—likelihood of the sample (parents and offspring) is

easily seen to be

Log L = Constant + Log L1 + Log L2
where,

21

log L, = 1§ ¢, log Xy

Log L, =4 logg+ B log d + C log(1-g) + ngy log(1+g)
+ D log(2-g) + my log(2+g) + E log(1~d)
+ Doy log(1+4d) + F log(2-d) + nyqz log(2+d)
+ N3 log(z-é%) + (n15 +n 1) log(2-gd)
+ Dyy log(4=-gd) + Ngg log(1=gd) + ngs 1og(2-d)
+ Nog log(g+d) + Ns log (2-g=d)

where,
A= 2n2+n8+2n14+n16+n20+n22+n28+n.54+n44+2n68+n70+n74+n82+n88
B = n16+n28+n46+n58+n70+2n72+n78+n82+2n84+n90+n1OO

My 21014+ 00
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(]
[}

n 43+n67+n7 3+n87
ml 4-n7+n1 9+n2 4 +n33
=n 45+n7 14-x'x77+n89 and

1.').57-l')f'199+1’!.1 o1 +n1 1 34'1‘11 19

(=]
]

=
1

It may be noted that the above partition of L into L1 and
L2 gimplifies the estimation procedure since )\i"?are confined only
in I_-1 and, g and d are confined only in L2. Thus, one obtains

the maximum likelihood estimates of }si's as

A
My uGi/G
n N 3
and V(M) = Gi(G - Gi)/G
Val A A 3
Cov( ki,kj) = -GiGj/G for 143
i, j = 1,.00,21.

Now turning to the estimation of m, by gene-counting method

one obtains

8w () + (MS) + 1/2./7(m) + (wws) 7

where, (M), (MS) etc. are the expected phenotypic proportions among
the offspring, which are obtained from Table 6.2. One can also show
that the above one is the maximum likelihood estimate of m. After

substituting the expressions for (M), (MS) etc., we get
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m = % .(4&1 + 3&% + 243 + &4)
where,
o = Nt Ay t Ny
A Mg + Ag
Ag = As + k6 + LlO + Lll + Alz + le + h16

and, %y = Ay * Mgt Ao+ Mg
A A
¥v( m ) oan be obtained fom the yariance - covariance matrix of li's,
™~ Fal Fa
Note tht V(n ) = V(1-m) is the same as '%( 2 ).

It remains now to estimate & and 4 for whioh it is enough

to oonsider Lz. The estimation is carried out through the wellknown

{terative dethod.

In what follows we first start with the initial estimates

of g and &, B3y g, and do, given by (De Groot ZT 1;7)

g, =V 5/(6+T)

and a, = \/‘66 / ( Co Cg)
where, T.'s are the observed phenotypic proportions of the

i
of fepring in the sample of G families (Table 6.2).
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In order to obtain the correcticn factors to the initial

estimates, one obtains the efficient scores by

ologL, » ¢ D61 D M Zgnu__d(nﬁ*“m)

L = = -
g vE g " T-g " Tve " 2-e YEe T, & 2 - ed
f\nz dn n n7
4-gd Togd g+d  2-g=-d
- olog L, H_}_a_ +“71 F_, i3 _ 24 mgs _g(n15+“s1)
a- o4 1-d T+d 2-4 2 + 4d 2_dz 2-gd

gnZ’L gn69 +ﬂn76 M5
4~gd ~ 1-gd gd  2-g-d

where, A,B,C,D, E and F are defined earlier; and the informae-

bion matrix I = ((113)), t,5 = 1,2, is glven by

R2+R4+R6 2R -4-2R15 J_ 2R5 R12

L= Tgleme) 7 4e(i-q) 4_gZ ¥ - ¥ 1mg? %i+ ¢
112 =f +e
s, 1y = S e

T

2-d 4-4



where, 7 R,‘ 2 R
2ty 5 12
f =3 " el T 2(1-gd)

R, Ry
and, e --T}—-—” 2oga +—(-L” )

and, Ri's ave the totals of offepring for each type of phenotypic

mating (Teble 6.2).

By substituting the 1n1tial values g, and do one can
evaluate the efficlent scores L'g and I’d and the information

matrix, and proceed as in sections 6.1 and 6.2

Having estimated all the paremeters, we now glve the maximum

likelihood es'timates of the ohromosome frequencies and their variances

(De Groot [7_7).

sy g8
' 1

> Y
H> H?

>

(1-8) @

%-(1-3)?1 .
@) =327 @® +227 @
129 @) +2%27 (@)
(1-8 ¥ TGy + 22 5(8)

(R = 14 T®) +2 2 7@

<> <> <> <>
—
8 B
o]
~
B R



Example ¢
We shall illustrate here the methods developed in this section

with the data presented in Table 6+.2. The data were extracted from
a series of two earlier publications (Sanger et al.[31_7 and Race
et.al.[‘l&]. However, the estimates of?»i's and their variance-

covariance matrix are not presented here. We hé;ze
£ - 0.554878 A=t -m e 0.,445122
and, T(AY-T (4) =o0.000812 .
The initial estimates of g and d are glven by
g~ 0.403786 and c’.lo = 0,808122.

By ueing these estimatee one evaluates

Lg = =57 .391564 and Ld = =31,700293

and hence, A g, = ~0.139217 and N do = =0,067030 ,

Sinee the correction factors are quite large, we get the

following improved estimates after the completion of one oycle

8 = 0.264469 and a, = 0.741092 .

1

Repeating these computations for five cycles altogether we

obtain the final improved estimates, whichare presented in e



Table 6.3 along with their standard errors. Table 6.3 also presents
the estimates and standard errors of several other parameters of

interest.

An interesting problem is the comparison of HWL and RRM as
{introduced in the third section. One way of tackling this could
be by obtaining the variance-covariance matrix for the egtimates
of g and 4 from family data under HWL, and oomparing this
with the corresponding matrix obtained under REM. The concept of

generalised variance can be profitably used here.

132



TABLE 6.1

Maximum likelihood estimates of the chromosome frequencies

and inbreeding coefficie

group data

nt together with their standard
errors from MNS blood

parameter estimate 8.0
mg 0.111441' 0.002156
m 0.406571 0.009644
ng 0.090170 0.003749
ng 0.391818 0.009110
F 0.052808 0.033645




TABLE 6.2

Phenotypic mating types,. their frequencies and the
conditional probabilities of the of fepring phenotyges
8

(sample frequencies are shown within paren*these

Mating offspring
Conditional probabilities & observed frequencies
Type Frequenoy MS M MNS MN Ns N Total
frequency
[€D) (2) (3) _ (4) (5) _(6) (1 (8) (9)
A (a-@)/a /4 o 0 0 0
MS.x MS

6, (6) (15 m(0) ng(0) n,(0) n(0) nG(O) R, (15)

A (2-g)/2 &/2 0 0 0 0

6,(3)  n (D ng(1) ng(0) nyo(0) my(0) n,,(0) R, (8)

Aq (2-2V/4 /4 (2-gd)/4 &d/t O 0

6,(17)  my5(21) ny,(1) ny5(9) nMU)m7m>mew)R4M)
A (2-g)/1 g/t (2-g)/4 &/4 O S0

6,(10)  ny(11) 1y,(3) ny (10) my (1) 1y5(0) g (0) B, (25)

MSx.NS Ay O o _(4-gd)/4 ed/4 O 0
6. (6)  mo(0) m(0) ny(12) m(@) no(0) mr(0) Bg(14)

Ag O 0 (2-g)/2 &/? 0 0

6g(6) 1y (0)  mg(0) ngy(6) myy(6) ng(0) nyg(0) Re(12)




TABLE 6.2 (contd.)

135

N z___ 3 @ (5] ) 7y (8] (9)
A 0 1 0 0 0 0
MxM 7
6,(0) 1y (0) ngg(0)  nz(0) n,o(0) 1y (0) 1y, (0) R, (0)
Ag (1-g)/2 /2 (1-a)/2 4/2 0 0
M ¥ MRS
6y(4)  1y5(10) 1, () my5(0) nyg(9) 1y7(0) 1,5(0) B(19)
A 0 1/2 0 1/2 0 0
M x MN 9
6(7)  my(0)  meo(D) n;(0)  ngy(9) ng(0) n.,(0) Ry(16)
A 0 0 (2-a)/2 d/2 0 0
M x NS 10
Gyo(1) n55(0) n56(0) ng, (1) n58(0) n59(0) ngo(0) Byg(1)
N "11 0 0 0 1 0 0
G11(5) n61(0) nGZ(O) n63(0) n64(13) 1’165(0) n66(0) R11(13)
Mo (=) /8 €/4  (1-e1)/2-63/2 (1-a%)/4 & /4
MNS x MNS !
615(12) ng; (6) neg(0)  mgg(16) ng(2) w4 (4) noy(3) Ryp(33)
Mg (1-g)/4 &/t (2-g=3)/4 (g+d}/4 (1-d)/4 a/4
. MNS x MN
6y5(15) my5(5)  mp, (1) mg(15) no(6) ng (1) m(T) Byy(35)
A O 0 (2-gd) /4 ga/t  (2-a2)/4 &/4
MNS x NS 14
GM(S) n79(0) ngo(0) ngy (5) ngp (0) n83(2) %4(1)314(8)



PABLE 6.2 (contd.)
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(1) (2) (3) (4) (5) (6) (1) (8) (9)
N5 0 0 (1-g)/2 /2 (1-4)/2 d/2
MNS x N ) R (22)
>~16 0 1/4' 0 1/2 0 1/4
MN x MN
G,g(7) gy (0) ng,(2)  1gy(0) g, (11) 1g5(0) ngg(3) Ryg(16)
Mo 0 o ()4 a/s  (e-a)/4 d/4
* G17(4) n97(0) n98(0) n99(2) n_100(2) n1o1(1) n102(1) R17(6)
Mg 0 0 0 1/2 0 1/2
MN x N
616() Ry03(0) 00 805(0) ™106(2) 207(0) ny0(3) Rygl>)
Mo 0 0 0 o (4-a?)/4 &°/4
MWz ‘ .
N0 o - 0 0 0 (2=d)/2 df2
NS x N .
Gpol#)  nyqg(0) 1y4g(®) P199(0) 04a(0) 1y19(4) Mypo(8) Fpo(®)
g >~21 o 0 0 0 0 1
| 6,4(1) nyp(0) 1y (0) nypz(0) 1yp (0) nyp5(0) nypg(3) By (3)
1
TOTALS
a(123)  C, (1) ©,(15)  C5(62) 6,(10) ¢(1T) €4(32) 7(293)




TABLE 6.3

Maximum likelihood estimates and their
gtandard errors

s

parameter estimate standard
erroxr
m 0.554878 0.0202“93
n 0.445122 0.,020293
g 0.269478 0.047864
a 0.735158 0.060473
m 0.149527 0.027111
mg 0.405351 0.030414
n 0.327235 0,030773
ng 0.117917 o.oé744'1
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