\

- A GENETIC COMPARISON OF TMO NOVA SCOTIAN COMMUNITIES

'
»

* ) ’ BY
¥
v , - T .
ELIZABETH .JOAN TOMNSEND WINSOR

Submitted in partial fulfilment of the requirements for the
Degree of Doctor of Philosophy at Dalhousie University
. - April 1973

approved by:

JE SN

©® Elfzabeth Joan Townsend Winsor 1974 ‘ «

T §
E
; P AN - L

o o et



TABLE OF CONTENTS

. Page
LIST OF TABLES \ iv
LIST OF lmmﬁs ’ ° . v
ABSTRACT ‘ - vi
SYMBOLS AND D!:FINI‘TIONS vii
ACKNOWLEDGEMENTS }, viix
CHAPTER I: ) INTRODUCTION 1
Inbreeding ‘:r ) g 1
Cb‘lamcteristics of the Populati'on‘ ) L 3
CHAPTER II:. 'I:HE NOVA SCOTIA VARIETY OF NIEMANN-PICK DISEASE 7
Description 7
Common Ancestors 10
Segregation Analysis \ \ 17
Frequency , Ils
Eugenics 23
CHAPTER I1I: COMPARISON OF 'gy() COMH!}NITIES 25
Method . 25
Family Size 26
Inbreeding Measurement ’ 50"
Surname Frequency, Isonymy and Awareness of Inbreeding - 41
Genetic Diseases 45
SUMMABY ' 56
REFERENCES 58
APPENDIX I - 65 -
APPENDIX 11 71

iii



=

Ed

111
Iv

VI

VII

VII1

IX

XI1

X11

LIST OF TABLES A1

“+ E] —

. g

Paée
- %
Common Ancestors of Children having) Niemann-Pick 0 y .
Disease Type D ‘ - ; 14
Segregation Ahaflysis of N‘lemann-Pick Disease Tyge D 20,
Family S;ze of Index Fam111es(/1n HP and MWP 27 '
Coefficient of Imbreeding and P;arcent Completeness » “’j oo
of f’e&igrées ofi’Twelve Children with Typ? D Niemann-Pick "‘N o - )
Disease for Ten'zienerations , . 33

Coefficient of Inbreeding and Percentage Completeness for
Pedigrees of Ten Random Families in HP for Ten Generations 34
Coefficient of Inbreeding and Percentage Completeness for
Pedigrees of Ten Random Families in WP for Ten Generations 35
Comparison of the Coefficient of Inhreedingc and Percent
C‘(Jmpleteness Calculated for Ten Generations . 37
Comparison of Inbreeding Coefficients for Isolates in

Nova Scotia and Quebec e 40
Surname Frequencies in WP and {IP by Number of Housgholds 43
Isonymy, €onsanguinity and Awareness of Consanguinity 44
Common Ancestors for Alstrdm's Syndrome 48
Contribution of a Consanguineous Marriage to the Total F

Value Relative to the Number of Generations from the

Index Case 69

i
<%



-

v i LIST OF FIGURELS
«l » ,
€ ¢ * » :
+  Figure ' . Page
1 Map showing Distribution of cases of Type D Niemann-

Pick Disease 9 -

2 _ Relationship of COmug;x Ancestors of Children with 4
. Type D Niemann-Pick Diseasé ‘_ ; ) 15
3 Pedigree of Type D Niemann-Rick Disease 16

4 Sibships with one or more caséz; of Type Ir Niemann-

%o
- ~

I

Pick Disease ot 19
5 Map cf Yarmouth County indicating HP ané ﬂg 22
6  Pedigrec of Alstrom's Syndrome ;o 50
7  Pedigree of Usher's Syndrome . 52

* 8  Pathway for Calculation of Coefficient of Inbreeding’

for Offspring of a First Cousin Marriage 67
' _ 9  Area Representation of Four Generations for Calculation .
N of Pedigree Completeness 70
. !



s ABSTRACT

: Fifteen children of French-Acadian origin affected
with Niemang-Pick disease Type D (NﬁD) were tra&ed through both
parents to four common ancestral couples., It i; proposed that a
single mutation 200-300 years ago was respoésible for all known
patients. Common ancestry, segreg;tion analysis and sex ratio support
the autosomal recessive inheritance hypothesis., Alstrom's apd Usher's
syndromes were identified in the same large kindred. tm%

. Ten of the children affected with NPD lived in the
same)small commnity (P}, Estimates of the freqrency of NPD in the
school age population of lIP were approximately l%ihomozygotés and
11-26% heterozygotes. Coefficients of inbreeding (F) were calculated
for ten generations. The mean F for affected child¥en (0.0306) was
higher than that for random families in HP (0.0079) but approximately
equal to the mean F';alue of 0.0254 in a control community WP,

Results of common ancestry calculations and the high
carrier frequency estimation suggest that most parents of school age
children in HP are at fgsk for producing children with NPD. However,

advances in transportation and reduction in family size are rapidly

changing the breeding patterns of both lIP and Wp.
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_'SYMBOLS AND DEFINITIONS

F - Coefficient of Inbreeding, defined as the probability that any -
single locus is homozygous by descent.

Isonymous Marriage - marriage between individuals of the same surname:
&

1!
HP - Geographical area in Yarmouth County, Nova Scotid as indicated in
? «
Figure 5 ( page 22j.
WP - Geographical area in Yarmouth County, Nova Scotia as indicated in

Figure 5 (page 22). . )
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CHAPTER I:

- 8

Nova Scotia was stimulated by reports of several .children who suffered

from an unusual lipid storage disease.

-

investigation was:

(1) to determine the mode of inheritance and the frequency of the

particular disease, and

v

Ay

The purpose of the present

INTRODUCTION

[l
Y

®

1

1
Genetic interest in the French-Canadian population of

(2) to compsre the families having' affecied children, in their breed;:ng‘

patterns and their frequency of other genetic conditions, with

families who have similar historical origin, but do not have child-

&
ren affected with this conditiom.

&

“An important aspect of the comparison is the amount of inbreedsng and

1

some of its comsequences in these families, °

B 7

Inbreeding

. The terms "inbreeding" and "consanguinity' are often used

interchangesably to indicate mating between indIviduals who /are geneti-

cally related to each other, Schull and Neel (1972) distinguished

between "consanguinity effects" and "inbreeding.effects" on the ¢ff-

spring. "Consanguinity effects" refer to the effects on offspring
characteristics of parents who are genetically related to each other,

“"Inbreeding effects" refer to the effects on offspring characteristics

when one or other of the parents was the product of a consanguineous

marriage. The coefficient of consanguinity or coefficient of inbreed-

ing (F) is the probability that any s;inglc locus is homozygous by

descent from a common ancestor.

“(/

{
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page 2.
[fuman inbreeding in Nova Scotia betdeen 1963 and 1967
was estimated by F.M, Crawléy (1971) from the frequency of isonfﬁous
“# marriagks in{ :27 communities of populations less than 1000. The per~
céentage of isonymous marriages varleé over the 5 yeaxs with a range of
e 1.45% to 1. 81 The corresponding coeff1C1ent of inbreeding (F) values
range from O 0035 on Surette's Island, Yarmouth County, to 0. 1260 in
Scott's Bay, King's County, Thus, there is no doubt thaﬁ detectable .
1nbreeding dogs exist in Nova Scotia. Studies have been made of many
inbred populations, notably thexﬂutterltes, {(Mange, 1964a) Amish
(MeKusick et al., 1964a and 1964b) and Japanese (Neel, et al., 1949).
Perhaps one of the most re;evant studies for comparison was a study of
- French-Caadians in Quebec by C. Laberge (1968, 1529). For a rurfl
’ . populatron he estimated an F value of 0.D958 based on church dispensa-
tion records from 1955 to 1965, .
’ The alleged harmfulnes; éf consanguineous m;rriages was
discussed by BSbk in 1957, YHis stu&% was limted to 34 first cousin
marriages and confrols in the North Swedish population. He found that

cousin parents tend to produce more inxeliectually defective and less

gifted children than average control parents; and that the total gene-

tic morbid risk for children from first cousin marriages was consider-

é .
ably increased, i.e. about 16% against about 4% for children from the

*

random marriages, (For this purpose, Bliok calculated genetic morbid

9

risk on the basis of specific conditions which were known or strongly

suspected to be caused by recessive genes, Stillbirths and abortions

were not considered.) In a .Japanese study, fetal loss and death prior

N
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The alleged harmfulnes; of consanguineous marriages was
discussed by Bobk in 1957, ’His stu&% was limited to 34 first cousin

marriages and controls in the North Swedish population. He found that

v

cousin parents tend to produce more inxeliectually defective and less
gifted children than average control parents; and that the total gene-
t1c morbid risk for children from first cousin marriages was consider-
ably increased, i.e, about éﬁ% ag&iﬁst about 4% for children from the
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b

risk on the basis of specific conditions which were known or strongly

suspected to be caused by recessive genes, Stillbirths and abortions

were not considered.) In a .Japanese study, fetal loss and death prior
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to the age of reproduction are both esu ited at approxmqtely 4%

-

in the chxldren of a first- cousm marriage as compared with childr
|
resulting from the marriage of unrelated parents {Schull and Neel s

First cousin marriages are probably extremely rare in the Fx\'pndx-A'

"

population as none were reported in a sample of twenty fapilies in

current study. ‘

1 %O

Another consequence of inbreeding is the presence o

1

recessive disorders which have become relatively common in certain

t

lated populations. An example is a frequency of Ellis-van Creyeld
syndrome of about 5 per 1000 births in the 0ld Order Amish of Lanca
Pemnsylvania (Mckusick, et al., 1964c). °
On the other hand, the \foncept of’an "inbreeding bot
neck" implies that if the phenotype 71’ the homozygote is deleteriou:
inbreeding Juill actually cause a dfféline in the frequency of that ge

~ @

Throygh close marnage over many centuries the population might redus

4

[

the averag nuyb;r of rare recessive gers carried by each 1nd1v:.dua

as compared with an outbred populatxo‘n.a

/ i Characteristics of the Population °

Factors which suggested that the French-Acadian popula

tion would be well suited for genetic studies were: availability of
extonsive genealogical records spanning, in some instances, thirteen

‘ 4
generations; probability of a relatively high degree of inbreeding

e

}ilndicated by relatively few original settlers and a prevalence of

- oM

certain surnames; relatively well-defined communities based'on churth

-
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. .
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~.
“ e
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*

/ certain surnames; relatively well-defined communities based'on churth
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\
and school boundaries; and excellent cooperation of local medical, - ,;

LY .

church and school ‘authorities,

e, a ~

€ . ~3

] " The communities in Yarmouth County chosen fb} the
*  present-study aée simlar to the Acadpan community in neighbofing
Digby County which was extensively studied by hughgf‘gg_gg: (1960). "
They studied a prosperous fishing village, referred to by the code .
name Lavallée, from the social psyChtatry vz;e[%«:poin%. In %;a\’rallée,
: 281 1nd§viduéls, of the total community popdiéfio§ of 296; belonged ‘
to at least one of four large extended fam lies. Hughes glﬁ .al. de-

scribed the family in its reiigioustcontext.aé the most.important
! ° LS

~NS

basic social’unit, regulating many ecoriomic, church centered, and ‘

PR

¥ k4 ¢

social activities. The Acadians are a separate ethmic group, bound

v K

togetﬁgr by common languagej religion, and culturad tradition. The

4 hlstoriéal background of the Acadians played a major role in the for-

mation of this social structure, ’ ’

* g
P

» _* The founding of .Port Royal an 1605 marks the beginning

of French settlement in Nova Scotia. Micmac Indians wére already
13

El

living 1n the area and were instrumental in helping the colony to
survive, Over the next few years French/ familigs were recruited for

the colonies. lowever, Lnglish occupa ion of Acadia in 1654.prevented

K

# new immigration and many Acadian families returned to France or moved

to Quebec, o ' -

‘ . .
o The colony was given back to France in 1667 and by the
o .

¥

“end of 1671, Port Royal and-the neighbouring area had 68 families and

a gopulation of 373. At Cape Sable, also known umder the seigneurial

‘o J L
: . s
{ 5
i

<
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name of Poboncoup (Pubnico}; belonging é{the Entremont fapily, there

S ¢ were 25 persons 1nc1ud§ﬁg the two sons of Charles Latour,, Jacqueés and

Charles, who stayed with Philippe Mius d'Entremont theiy father's old
j - a L) ) 5 o a
8 ,Heuténant,. Philipp&'had been in Acadia since 1651 when Charles Latour

1)

was naued Gévernor of- -Acadia by Louis XIV.

! t

T e Bq‘a Arsenault (1966) describes the Acadian’ pioneers
around 17002 'T{{e fertility of the land 1s ¢quivalent to the fecundity
»  of the married ;:ougles and this was the wealth of the flourishing
p;tr}shes. Large families were the rule rather than the exceptioi and -
it was not unusual to have ten, fiftéen, or even twenty children." n

\ . .
" Many wars and treaties marred the life of the early

Acadians. Then the ’exgulsion of 1755 totaﬂlly disrupted the, colony.
Exiel’és were sﬂpr?ad from /Massachusetts to Gedrgia. A few Acadi‘an fugi-
tives succeeded in fleeinp to warious points in the Maritimes seeking
" a living by hmtmg and fishing often among the friendly Indians.
. Settlemonts in the Pubnico area where Acadians 11ve
“ today were all astablish:.\d after the return from exile about 1766
(Ars;:r)xault). Some descendarits of Baron Philifpe Mius d'Entremont were
‘among those who retumed from Massachusetts. At this time descendants

» »

of the ?amn‘s sons Jacques and Abraham who married {aughters of

v

Charles Latour used the surname d'Entremont, while deScendants of the

g third son Phn:ppe, who pz:rried a Micmac, were known by the name Mius
(d'Entr:aawnt, 1968a). Today many descendants of the d'Entremont branch
of the family st311 live in the Pubnico area while the descendants of

L
. the Mius family tend to live in the Tusket area. Other families

a
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-

currently living in Pubnico, Cape Sable, Yarmouth, and Tusket areas
whose ancestors returned from the exile include Amiraults, Belliveaus,

and Surettes (Arsenault). 5
a - '§

= . H .
These commmities remained relatively isolated over a
1
period of several generations. llowever, current widespread availabi-
lity of rapid transportation, regional schools and the increasing

n’ﬁ(wbe;s of young adults who seek employment or advanced education

!

outside the commumity are rapidly changing the family sti'ucture éf

5

these previously isolated communities.
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CHAPTER II: THE NOVA SCOTIA VARIETY OF NIEMANN-PICK DISEASE

L Classical Niemann-Pick disease was described by Albert
Niemann in 1914 and Ludwig Pick in 1933. It is characterized by
serious central nervous system involvement and enlargement of the solid
viscera, with a marked increase in tissue lipids, specifically sphingo-
myelin., Microscopically the accumulated lipid appears as large multi-
vacuolated "foam cells"™. Onset -occurs in infancy followed by progres-
sive deterioration and early death.

. Clinical and chemical variations in the classical
picture “led Crocker (1961) to divide his patients into four parts:

Type A ~ "Classical" Niemann-Pick disease

Type B - heavy visceral involvement but with riormal central nervous

system !

*
!

Type C - moderate central nervous system problems with onset in late
infancy ’ .

Type D - Nova Scotia Variety 7
Gray matter sphingomyelin increases are characteristic only for the
"classical” type of infant. Crocker's other patients showed much
milder abnormalities in the brain,‘ and he concluded that the diffex:-—
ences between groups probably were due to separate hereditary defects.
Fredrickson and Sloan (1972) added type E to the Niemann-Pick disease
classification to designate adultgs who have sphingomyelin accumulation
in one or more tissues but‘ who do not have neurological abnormalities,

The remainder of the current discussion of Niemann-~

Pick disease is confined to the Nova S;:otia variant. At the present

A

o
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time the design;tion of type D is reserved for patients of ‘Nova Scotian
ancestry who otherwise have a course similar in many ways to type C
(Fredrickson and Sloan). However,, the problem of whether type D is a
separate disease entity has not been resolved. The biochemical defect
in type D is currently being investigated by M.W, Spence and B.G, Raé;
Departments of Paediatrics and Biochemistry, Dalhousie University.

Figure 1 1llustrates the geographical distribution of
all known cases of Type D Niemann-Pick disease. '}‘ype D was first
described by Crocker and Farber in 1958. They described four patients
who differed from the classical Niemann-Pick disease because of atypi-
cally prolonged courses with death at 12 to 20 years of age. These
patients were clinically similar and were all of Fr;n;h—Canadian
Catholic ancestry with immigration to eastern ﬁassachusetts.

‘ In 1966, Fredrickson reported three sibs in Delaware
who ‘were identical, in terms of their father's ethnic and geographic
origin, to the pat1gnts‘yomprising the Nova Scotian group described

by Crocker and Farber. ‘Jaundice was a prominent feature of Epeir

disease and they had a protracted course in which neurological abnor-
3

2

K

malities slowly progressed to severc disability and death.

v

In North Carolina, Fox and Kane (1967) described an
adolescent boy of French-Canadian ancestry whose presenting symptoms
resembled schizophrenia. Microdcopic examination of splenic tissue
(performed 1n Dr. Farber‘s‘labératory) was reported as-‘''clearly
consistent with Niemapn-Pick's disease®,

Sdbsequen;ly, twelve children were identified in

r



page 9

VIGUPE 1

NOVA SCOTIA TYPE
NIEMANN - PICK DISEASE \

NEW YORK CONN.” R. 1.

p
z "
PENN. ATLANTIC OCEAN " °
, N,
! ) ‘é\
w.v: DEL.
’ WASH. ..
v
VIRGINIA

ne ()



page 10 -

Yarmouth County, Nova Scotia (Tibbles and Welch, 1972). At least five
of the patients had transient jaundice in the first year of life.
Intellectual development appeargd normal wunt1l school age. Clumsiness
and personality changes develapéd gradually in midchildhood. Physical
and mental deterioration was progressive and no patient survived,to

¥

age 20. Autopsies were performed on six patients. These all confirmed

the prasen;e of a lipid storage disesse with maximal involvement of the
liver, spleen, reticuloendothelial ;&stem and the brain. In the past
few years, at le;st six children from the~sameiéommunity have died in
1chi1dhood or early teens. In retrospect,.it seems possible that some
of them may have suffered from Niemann~Pic§,d£sease but no clinical
details are available and they have been omtted from the current

N
study. Inquiries were made to hospitalsaanp physicians' throughout the

i
province of Nova Scotia but no children’ with a similar condition were

reported in other commmities.
»

Iy o

~éommon Ancestors

o 1
»

The occurrence of a previously unkno&n disorder in a
group of children all having a common ethnic origin, immediately
suggests gpe possibility of autosomal recessive inheritance due to a
single mutation several generations ago, If a common aﬁcestaf could
be found for all affected chiléren the recessive theory would be
supported and an estimate COUIdee made concerning how widespredd the
defective gene is in the present population, Crocker and Farber (1958)
noticed that there was repeated occurrence of surnames in the four

families they studied, but actual kinship was denied. Dr. Crocker

L]
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page 11
kindly provided us with fam:ly histories of all of his patients.

2

Identification of Frederickson's patients was also obtained. Several

Yoo - » .
unsuccessful attempts were made .to trace the pat:ient“,ﬂascribed by Fox

and Kane. ’ i

LY

The twelve Nova Scotian cases belong to nine sibships.

h ]

A partial pedigree of the Niemann-Pick families*was constructed byIF.M.

' Crawley {1971) but a comwon ancestor was not clearly shown for all

known cases. Additional information was obtained from parents, grand-

parents, ”and relatives by personal interview usually in their own)houe.

‘Mrs. I.F. Bruce assisted with some of the interviews by visiting speci-

fied individuals. This was a time-consuming and often frustrat‘ing method
of obtaining genealogical information. Many'of the individuals did not
have telephones; thus, it was often not pozsi;ﬂe to arrange in advance
for interviews. In a rural area, unfamiliar to the interviewer 1t was
often very difficult to locate an individual's home. Pedigres searching
for this particular Kindred was further complicated by illegitimacy,
informal adoptions and occurrence of several persons with identical
names. Much of the information regarding individuals bom .prior to

the present century was obtained from Rev. C.J. d'Entremont (d'Entremont,
1967, 1968a, 1968b, 1968c). His records include all available birth,
marriage and death registers as well as a great deal of unpublished
material he has collected over a period of many years. A published
genealogy by Brown (1888) was used wi'th cautaon. In the event of dis-
crepancies, the opinion of Father d'Intremont was accepted.

[y

Information from all sources was integrated by means

L
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page 12
of a card file system. When.possible, the card for each in;ividual
contained the name and date of birth of the mdivisdual and the names
oé his parents, spouse and children. This preliminary sorting of the
data was necessary :mﬂorder to prepare the input for the computer cal~-
culztmns. Input conswtsﬁ‘of a unique code nunber for each indiv.idual

and the code numbers of' his parents. Use of nicknames, variability in

spelling of names (‘Appéndix IT), and the various degrees of accuracy

.and conpletene}ss of the information sources contributed to the problem

1
of assigning unique numbers. The unique npaper not only implies that
i i

every individual has a different number, but\that every time the same
individual appears in the pedigree he has the Xame number. The latter
aspect of the coding required considerable searching and matching,
especially in the case of individuals in several generations with the
sam7 name. )
Calculation of the most likely common ancestor was
carried out using a computer program by Mange (1964b, 1969) and adapted
by Bolling (McKusick and Cross, 1968) (Appendix I}. The program com-
pares 313 the codes on the mother's side of the pedigree with all the
codes on the father's side. All codes which appear on both sides of
the pedigree may indicate a common ancestor. Since all ancestors of a
common ancestor alse appedr on both sides .of the pedigree not every
match (coincidence) indicates a ''real® common ancestor. The. program
tests, for valid coincidences and tallies nonly those cases when the

common ancestor's child on the father's side of the pedigree was

different from the common ancestor's child on the mother's side,
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It was possible to trace the ancestry of twelve couples

(nine Yarmouth County, three in Massachusetts) for, in some instances,
thirteen generations. Not included were patient E.D. 7Crocker whose N

"

» « N
father is unknown and Frederickson's family whose mothér was Italian,

Results of the calculation of common ancestry are given in Table 1. ‘
Four couples fit the criteria for being common ancestors of both .
parents of the twelve sibs'hips. 'n‘xe mother of Crocker's BD and the
father of }-‘mdorid:son' s family can also be traced to these couples:
The relationship of three of the anclestral couples toleach other is
shown in Figure 2. The fourth couple is not known to be directly
related to these three couph;s.
The number of valid coincidences indicate the npumber of
pathways between the affected individuals and these four couples (Table 1),
If the mutation occurred in an individual in -a remote generation, then ,
the more pathways between that individual and his descendants, the
greater the chance .that the mutation was transmitted to the descendants.
Of the four couples that are common ancestors, Joseph Muise (529) and
his wife Marie Amirault (556) have the greatest number of v\ﬁid coinci- *
dences. This seems to suggest. that the mutation is more likely to have
originated in one of them than the other three couples. Joseph Muise
was born gbout 1679 and his wife Marie Amiranlt was born in.1684, They
had five sons and eight daughters, most of whom settled in Tusket area
after return from exile.‘ Accc;rding to C.J, d'Entremont (1968a) this

¢ -

Joseph Muise was the ancestor of all persons by the name of Muise

(Appendix II) in Canada and the United States. Figure 3 is a simplified o

t
version of the pedigree showing at least one pathway tp the ancestral
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TABLE I

@

'd A
Common Ancestors of Children having
Niemann-Pick Disease Type D

Identification N;{nbers Frequency of Coincidences

529 and 556 2217

18 and 37 1353 * |
101 and 160 uz .
505 and 856 n 184

@

-
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couple (528 and 556) from both parents of affected children. There is
no reason ‘to belisve that the pathways illustrated are the most likely
pathw‘ays’ for transniss}.on of the mutant gene.” However, illustration:
of the possible 2,217 pathways was not practical.

Although it seems reasonable to propose that Joseph

¥

Muise or his wife are most likely to have transmitted the mutant gene,

»

we cannot ignore the fact that three other couples are common ancestors
of the affected children. As shown in Figure 2, couple 18 and 37 are
- parents of Marie Amirault (556). This relationship conpli-ca’ses the
problem of trying to identify the origin of the mutation., If the'iz
mutation occurred in one of them (18 or 37) and was transmitted to Marie
(556) but not to their other children, this could not be distinguished
from the possibility that the event oc;:urred in Marie or her husband.
The same éituation applies to 505 and his parents, 529 and 556. \:’)
The information now available is not suffici?tt to
eliminate any of the four couples as a possible source of a'le mutation.
1f other pa;:ients were identified, whose parents could be traced to one
of the couples but not the; others, this would provide some ‘evidence for
a decision. However, due to the inbreeding, this kind of evidente seems
unlikely. It is also possible that if the genealogy were mom complete,
other colgales would fit the common ancestor criteria. |

. .

Segregation Analysis

As a further test of the recessive hypothesis, a
segregation analysis was carried out for nine sibships., In all cases

the parents were normal. Since heterozygote couples are not recognized
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U

mless they have at least one affected child, allowance was made for
% .
hias of ascertainment, An attempt was made to include all cases in :

¥

the community and the "a priori method" for complete ascertainment’ was

used. The nine sibships are represeﬁted in Figure 4, Due to the late

onset of the disease al} children less’ than six years of age were

omitted from the pedigree. Also children who died in early i;fancy or ,
childhood were omitted. The second child in sibship H was considered i
af@bc?ed for the purpose of analysis althoughishe was not examined.

-1 [~

She died at age sixteen and was described by her mother as being
similar to her sister kho was ;onﬁgrmed by tissue biopsy. )

A total of thirteen observed cases was compared-with
%6.69 expected cases in Table II. The difference between the observed
and expected numbers 1s less than two standard deviations and supports

the recessive hypothesis,

! b » \"
> ; Examination of the sex ratio of all known affected

children also )uppo;ts the autosomal recessive hypothesis. Of the

twelve Yarmouth cases and four Boston cases, nine were male and seyen

i
Il

were female, , *
3 Frequency ’ ,

On the hasis of the fact that twelve children bomn in
Yarmouth County and three born in Massachusetts with Niemann-Pick
disease ty?e D, can all be traced through both parents to a common
ancestor and that no other instances of the disease are known through-
out the province of Nova Scotia, it seems reasonable to assume that the L
defect is due to a single mutation which occurred in one of the eight

individuals who were shown to be common ancestors. Segregation
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) TABLE 11

I Segregation Analysis of Niemann-Pick Disease

Sibship , No. of No. of Number Affected Variance*
Size Sibships Sibs Observed Expected*

1 1 1 1 1,000 0.000

3 1 3 2 1.297 9.263

4 ‘ 2 8 2 2.926 0.840 '

5 52 10 2 3.276 1.004

s 1 ‘8. 2 2.223 1.172

11 1 11 2 2.8710 1.805

12 1 12 2 3.098 2.020
Total 9 53 1Q3 16,691 7.104
S.D. 2.665 o

Observed - Expected =-3.691
Number of S.D, =|3.691/2.665) = 1.385

* From tables of L. Hogben (1946) an Introduction to Mathematical
Genetics, W. W, Norton and Co., Inc, In McKusick (1969). -

~
-
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3

gmlysis and the sex ratio support the autosomal recessive inheritance
"~ fheory. - -

Thus, based on the assumption that the disease is the
result of a single mutation which occurred between two hundred and
three hundred years ago and it is tramsmitted as an autosomal recessive
’gane, the following/estiutes of'“%affected individuals and carrier; are
relevant only to a small segment of the *nch-'Acldian population. At
the present time, we know of only three living children, who are
affected with Niemann-Pick disease. s

Because it was impossible to trace all the descendants
of the common ancestors in order to compare the total nusber of births
with the total number of affected children, an approximation of the
disease frewuency was made on the b;;sis of the current school popula-
tion in the area where the majority of the affected children lived.

The school population was appropriate because Symptoms of the condition

are usuallv not evident until the child is school age. The region

which is served by Ste. Anne du Ruisseau and Amirault's Hill schools

s

(HP) includes ten of the twelve cases known in Yarwouth County -

(Figure 5). The 1971-72 total registration for these two schools was
385. Three affected children would have been in one of these schools
at the present time if they had not been affected. Thus, the frequency
of affected children was estimated as 3/385 or approxiuataiy 1% (95%
confidence limits 0.32-2.32)1. .

’ If we assume that the affected children are homozygotes
for a recessive geme, then yging the Hardy-Weinberg law the hetero-

zygotes or carrier frequency would be approximately 16%. The 95%

/ ,
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2 FIGURE 5

MAP OF YARMOUTH COUNTY
!NDICATING HP and WP .
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confidénce limits for carrier frequency would be 11% to 26% or approx-
imately 1/9 to 1/4 of the HP school population. Use of-the Hardy-

Weinberg principle is based on the assumption that mating in the popu- .
lation is.random. No human population mating is truely random but
there-is no evidence that matings in HP are assortative with respect
to the gene for Niemann-Pick disease, | '
Lugenics

Most of; the ind‘ividuals in the‘ HP community can be
traced to at least one of the four couples shown in the previous
section to be common ancestors of ghe Niemann-Pick children. Evi-
dence for this comes from a random sample of fen couples. (Details
of the selection of these couples are given in Chapter III), Of the
ten’ couples, six could be traced throuéh both husband and wife to at (:j
least one of the four common ancestors. The other four could be traced
to one or more of the common ancestors through either the husband or
the wife. However, for each individual that could not be traced to one
of-the four common ancestors the pedigree information was incémplete.
An important observation was that the consanguinity is so rspote in -
most cases that husbands and wives were not awars that they were
Yrelated" to each other or fo the couples wha had affected children.
Thus, for practical purposes any individual with ancestors from the
HP area is a possible carrier of Niemann-Pick disease. On the other
hand, knowlfdge of the common ancestors gives reasonable assurance .
that an individual whose ancestors are from outside this group has
practically no risk of being a carrier.4

2

Since the biochemical defect is unknown, there is no
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easy way to test for potential carriers of this disease. Char;cteris-
tic "foam cells" were found in the bone marrow of patients with
Niemann-Pick disease, type D, and (;f heterozygous carriers (Vethama}y
et al.; 15:/2). However, bone marrow analysis is not a desirable or ¢
practical method of testing large mumbers of individuals for carrier

Status . /Jﬁ" k]
\M—-

1 ;

Preliminary di:scus}j.ons were held with church authori-
ties and other community mamber; in an attempt to make the families
concerned aware of the hereditary nature of the condition and to dis-
‘courage their children from marrying within their own community. On
the other h;nd, we must exercise cautipn in suggdsting that community
membeys be made more aware of the disease, A physician practicing
in this area suggested to me that a few parents have brought healthy
children for medical attention unnecessarily due to the fear of t!le
dreaded disease. Since at the present time there is n}; treatment for
the condition there seems to'bg‘little value in causing anxiety from
the time of birth of a child until the age of onset. Detection of
carriers before the production of children is cbviously desirable.

‘



page 25
CHAPTER ITI: COMPARISON OF TWO COMMUNITIES
Nethod :
Two sample aregs were chosen such th“;t éme (HP)
included the majority of known cases of Nova Scotia va'ricty Niemann-

Pick disease and a control (WP) in which thé disease yas unknown

(Figure 5, page 22). ) ; ;
‘West Pubnico sppeared to he an ideal control community

y sevexil reasons: (1) wost oflthe nenbexzs of the conmity”wen
. 4
ycendanty of the same early French settlers as those living in the

HP area, (2} it is geographically well-defincd, (3) it has approxi-

mately t;w same, size population as HP, and (4) there were indications”
that the people would be willing to participate in the study.

It was not practical to obtain medical and genealogical
information for every member of the two commumities, Various methods
of choosing a sample such as electoral boundaries, postal routes,
church parishes, and school districts w019 considered. School regis-
ters seemed to offer 'a reasonable method x‘!f sample selection. These
w'era made available by Mr. R.E. Doucet, Superintendent of Schools,
Argyle Municipal School Board.

The criteria for an index family was having a school~

age child and having both parents avhilable for an interview, This

method biased the sample for large families because the more children

there were in a family the more likely one of the children wotfld be
chosen from the register as an index case. Two children were ex-

cluded as index children becauss their parents were not available
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for an interview. In both cases, one of the parents was permanently '

. confinéﬁ to a hospital., Thus, selection may have biased the sample
toward healthy parents,

I
The school districts of Ste, Anne du Ruisseau-Amirault’'s

Hill and West Pubnico were chosen as the sample source, The Fotal
1971~72 school enrollment for grades 1 to 8 for the former district
(designated HP) was 385 and for West Pubnico (WP) was 405,' Ted
families were chosen from the class registers of each district using
a table of random numbers. The project was discussed in advance with
members of local medical,.school and church groups and a letter was
sent to cach of the twenty families prior to a persomal interview.
The.cooperation of all twentytfamilies was excellent. The information
requested was: (1) name, date of %irth, medical and school history
for each child in the inde; sibship, (2) names, ages, and medical
problems ‘of the'father and mother, and }heir sibs, (3) the fhthér's
occupation, (4} names of parents, grandparents, etc. of the father and

mother, and (5) whether the couple thought they were related before

' marriage. - Information on genetic conditions known in the two communi-

1 4

' tles was sought from Yarmouth physicians, interviews with the index
familigs and wedical records of the Yarmouth Regional Hospital and the

£ »

Izask Walton Killam Hospital for Children, Halifax,
Family Size ,
The number of live horn children in each'of the index

famllies is recorded in Table III, Twins were counted as individuals

- t

for this purpose, The mother's age at the time of the interview is
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for Index Families in HP and WP

- mother's
age in 1972

30
38
34
43
33
34

sibship size

mother's

g
[ =1

- -t et
N 00 W DDA OO e ~N VT UTW 00w
.
w

=

it

~

v

>

father's

page 27

sibship size

L]

A'3

9
5
1o
13



page 28
given to indicate that families are incomplete. From this small
sample there is no indication of a difference between the average
fbmily size in WP (4.3)'and that in IIP (4.1). Due to the way the
families were chosen they are«;qt representatiye of all couples.
Couples without children were not included in selection and couples
with many children had a greater chance of being included in the
5a4§13 than those with one or tho children. ‘. ,

‘ The sibship size of the father and mother was used to
estimate the average family size for completed familiga of the
pf;¥§ous'generat1on (Table TIT). ' Half sibs weré eliminated from this
count, This informgtion was obtained from the index couples and is
subject to at least two types of error. In very large families,
individuals may not recall all siblings who died or moved from the
community. On the other hand, 1llegitimate children who were

¢

"adopted" may have heen recorded as full siblings. The(?areutéﬁ

-

sibships are not representative of all sibships in the community of

&

the same time period because sibships of size zero were not included.

S — -

As mentioned above, the index families were bia fﬁ?’i;;;;};;;;lles.

This may mean that the parental sibships arc also biased if th;re is
:.tendency for couples who have proéuced large families to be them.
selves members of large sibships. Another pias toward large fhmilaes
in g%c'parental generation is that the larger the parental sibship,
thegmore likely that one of the members married in the community and
‘tuﬁéently has o%fspring in school, At the 5% level of s%gnific;nce,

there was no difference between the size of the parental sibships in

L4

£
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HP (8.1) and the size in WP (6.8). The mother's sibship size and the
father's ;ibship size :an each ares (Table III) were combined for these
estimates,

- Statistical comparison of these figures with those for ®
oéher paptilations is not justified becanse of the method of sample
selection, }b{(ever, these figures appear lower than \a mean of 11.2

«children reported by Mu;gc (1964a) for completed Hutterite families.

J For this estimation Mange considered a complete family as one in whic@
"the father was living and ;hu mother was age 45 or older when she died
or when the data were collected. The HP and WP figures appear to be
similar to the value of 7.6 children calculated by Laberge (1968, ’1969)
'for the average completed family in the French-Canadian isolate, Isle-
sux:Coudres, Completed families were those in which the mother was
45 years old or older at the time of the ceqsu; (July, 1965}, one ’
parent had’ died before the mother was 45, or-the nother had had hys-
terectomy or bilateral ovariectomy before the .age of 45,

The most relevant cbservation from the data on family

-

s*ze is th tic difference between the index family size and

. ——their para:;s' family s In making this comparison we must keep in

mind that the size of the index lies probably will increase. Yet,

there seems to be little doubt that the completed families of the
index couples will be smaller than their $ibships. Laberge noted a

- recent decline in the fecundity (nusber of| conceptions) of uncompleted

-~

families in Quebec. He suggestskthaf it must ‘be more a voluntary

H
- AR E
b

' linitation of family size than the x ult of genetic factors because
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suc{h a sharp genetic change in so short a time is hardly possible.

. Income level, edu::ation and age levels of pamm;sg
religion, ethnic origin and urbanization are all fact;ars which affect
family size (llealth and Welfare Canada report on Faﬁ:ily Planning, 1971).
It was not possible’to relate family size directly to ig:come{levels.

In WP the_ fathers: were all employeq, seven of the terd JOb,S were related
to the fishir;g industry. 1In IiP, three were fishermen and th“ree w;rked
in the oonstru;;tion industry. One of the ten in HP was unemployed
because he had a physical disability which prevented him from\doing
manual labor and he lacked the education and ability to do any other
type of work, All of the index families in both commmities are mewbers
of the Roman Catholic church., lowever, religion may no longer be a
major determining factor in family size. In 1968, K;mtner et al. re-
ported that 62% of 396 Roman Catholic (presumz;bly) Can;dianﬁwomemat-
risk were using contraceptives as compared with 76% of the total number

e !
of women~at-risk. ,‘5

’ As a result of the decrease in family size ;ne ng};t
predict a decrease in consanguinity for the next generation. In
other words, as families become smalle:; each individual will have
fewer cousins available to marry and hence will be more likely to seek

a mate outside the family group. . : .

Inbreeding;_Measurement

The coefficient of inbreeding (F) was measured by

pedigree analysis for each of the ten families in the two areas, In
\)rdor to code the genealogical information for the sample families

b



page 31
it was necessary to iﬂtagratc this informstion with the card file s
established for the Nia-nnnjpick”pedigree. This was ppces;;ry
because some individusls were ancestors, not only of sevéral families
.within the same¢ commumity, but of families both in HP and WP. The
difficulty previously mentioned resulting from several ;ndividuals
haviﬁg identical names was intensified, Also names were recorded
differently depending on the source of information (Appendix II). 1In
total, approximately 1700 indiv{?uuls were involved in the calcula-
tions: The calculations were carried out using a computer program
{Appendix I}.- -
In addition to the coefficient of inbreeding, the
"degree of co-;leteness" of the pedigree was ca!culated. This mcasure
of completeness attempts to estimate what percentage of the “true" F
value is represented by the F value ﬁznputed on the basis of known
. '

ancestors.

o
3y -

The “degree of completeness!' fhctgr ::::‘5e inte;prated
with caut?on. For example, in WP, the father of }ndex family WP §

was born outside of Yarmouth County. His pedigree was not coded beyond
his parent's ggggration because his ancestry was known for several
generations to be non-Acadian. In this instance fhe “"degree of com-
pletencss" for ten generations as indicated by the computer calcula-
tion was only 21,6%, Yet, we are reisonablylsuré that this individual
is not genetically related to his wife. On the other hand, couple WP 9
also has an'F value of 0.0 and relatively low (11.6%) cempletencss. In

this case, the low” completeness value is due to difficulty encountered

»

LT
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in obtaining information, It seens possible that if the family history

s

oL
of HP 9 were complete for ten generations the F value might be righer

than zero. Diff ty in the interpretation of pedigree completeness
was also encountered by the group at Johns Hopkins who used this pro-
gram for their study of the Amish population. Bolling and Cross
(Personal communi%ation) recently altered their program so that in
tracidg‘back to a marriage thf; involves a person outside the Lanca¥ter
group of Agjsh éhé pedigree line 1s considexred ;omplete. However, the
program as ;E used it indicat;d completensss only if all the ancestors
were traced. Thus, on¥ cannot distinguish between a low "degree of

cdipleteness" due to a*total lack of information about the ancestors

I
L

of a particular indiyi&ual and a low "degree of completeness™ due to
discontinuance of a pedigree because 1t was known to extend outside
5 4

the French Acadian grouﬁ.

. For the purpose of calculation parents are considered

as first generation, grandparents sqcond generation and great-grand-

parents as third generation, etc. Thus, the offspring of a first cousin

marriage is expressed as consanguineous in the third generation because
- i

one set of great-grandparents on the mother's gide is the same as one

B v

set on the father's side. This corresponds to an F value of 0.0625.
Offspring of a second cousin marriage 1s indicated by an F value of
0.0156 in the fourth generation. The F values for generations one to
ten and the corresponding degree of completeness of the pedigrees from
which they were calculated are shown in Tables IV, V and VI for twelve

children with Niemann-Pick Disease, ten randomly chosen families in HP

1 A
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and ten randomly chosen families in WP. Tt is obvious from these

2

NS

tables that in most cases the consanguinity is more remote than four
generations. As indicated by the ten generation calculationsjthg

- effects of consanguineous marriages are cumulative, However, as the
number of generations increase the contribution of each additional
generation becomes \gery small (Table XII, Appendix I).

The F values for the tenth generation of the three
groups are compared in Table VII. The ‘mean F value of 0.0079 for
index families in HP was conside;ably lower than the mean value of
0.0254 for index families in WP, This is perhaps not unexpected since
WP is géographically and culturally more isolated than HP. However!
the low mean F values for indexl fa;mi:lies in HP may reflect incomplete
pedigrees more than a real lack of inbreeding. In general, available
genealogical records for WP tended to be more complete than those for
HP. One might expect that if individuals in HP were really as inbred
as the families in WP that the ancestors would be from within the
comounity and hence bé knownoby the informants in HP: As mentioned
previously, .illegitimacy frequently contributed to the difficulty ,in
obtaining accurate pedigree information. In small rural communities
it seems probable that most unidentified fathers were members of the
same or nearby commmities and would have contributed to the "true"

F value. However, all illegitimate children were not the result of
consanguineous matings. For examplf:, in the past, according to the
local rumours there were a few "Valley babies" annually, Each fall a

number of young girls were transported to the Annapolis Valley to pick

apples. Girls who became pregnant during this time returned to their
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TABLE VII

[

Comparison of the Coefficient of Inbreeding (F)} and
Percent Completeness (PC) Calculated for Ten Generations

HP(Himnp-Pi ck) » HP(random) WP (random)
F PC F PC F PC

, 0286 45,9 .0087 54.4 0645 60.4
,0255 85. 0172 56.4 .0054 30.2
L0385 51.6 - 0006 27.7 0409 60.2
0344 65.0 0000 14.7 L0230 7¢.0
0284 60.6 0368 76.5 . 0000 21.6
.0506 73.2 .0106 31.8 0046 25.1
.0373 74.9 0060 46.9 .0201 56.6
0257 44,6 . 0000 17.8 ’ .0469 59.8
0073 52.2 D000 11.6 .0000 18.8
0173 49.0 .0000 12.6 L0489 64.3
0300 43.9
437 65.8
mean

0.0306 57.7 L0079 35.0 .0254 46.7

L3N

o
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own commumity and the children were “adopi"ed". At any rate, it seems
most likely that the F vajues calculated from incomplete pedigrees
are underestimates of the "true" F values. Thus, the real wean F*
value for randomly chosen families in HP is probably higher than the .
one calculated here (0.0079) but still lower than the mean F value for
WP (0.0254). . )

The mean F value for Niemann-Pick families (0.0306)
a;lppears considerably higher than the value for randomly chosen HP
families, It is possible that velatives of affected children were
more cooperative in revealing fdmily histories. However, it seems
likely that parents of affected children really are mqre closely re-
lated to each othér than randomly chosen couples in the same commumity.
It is not surprising that the Niemann-Pi¢k sibships have relatively
high F values, since it was demonstrated in Chapter II that they all

[

have at least eight common ancestors (four couples).

The estimate of the mean F value for the'twelve Niemann-
Pick sibships (0.0306) 1s coﬁsiderabl): higher than the mean F value of
0,0097 as calculated by Crawley (1971) from two pedigrees. This dis-
crepancy can easily be explained by the fact that the pedigree informa-
tion in the present.study is much more complete than that of Crawley.

The mean F value for the parents of children affected .
with Niemann-Pick disease (0.0306) is similar to the mean value for
randomly chosen couples in WP (0.0254). This may suggest that the

apparent differences in levels of inbreeding in the three groups are

Y
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due to chance amg the variation in the accuracy of the estimates
rather than .to any real differences between the populations,

' Crawley calculated F values for isolates in Yarmouth,
County based on the frequency of isonymous marrisges (of the same
surname) from 1963-1967 using the method of Crow and Mange (1965).
Thé three isplates which she designated Yarmouth I, (Amirault's Hill),
Yarmouth Iy (Surette's fsland) and Yarmouth I, (Quinan) are gepgﬂphi«-
Bcally roughly equivalent to HP of the present study. Yarmouth I
includes WP of the present -study as well as several neighbouring

v%llages.’ Estimates obtained in the two studies are given in Table

' VIII. The F valuves calculated by the two methods for the French-

Canadian isolate, Isle-aux-Coudres, are also given in' Table VIII,
Laberge (1969) obtained his estimate of 0.0236 for thia population in
1965 after 12 generations by compiling the complete genealogy, back to
al]l migrant. ancestors to Canada, of one family chosen at random on the
island, All other couples were traced for five genealogical genera-
tions. He then estimated the mean F for the population by assuming
that the distribution of F in generations five to twelve for all
pedigrees was equal to the distribution in the one family which was
traced completely. )

: In summary, Table VIII suggests that the coefficients
of inbreeding (F} for French isolates in Nova Scotia, and Quebec
range from about 0.02 to 0.05 as estimated by iso;xymy (Crow and Mange)

or path coefficients (Wright) for 10 to 12 generations.
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Surname Frequency, Isonymy and Awareness of Consanguinity

}

) Estimates of the frequency of surnames in the two

communities were made from déta in the Household Directories
prepared by the F}derallpostal Department, 1971, The postal districts
used for sampling are: i a
WP (Lower West Pubnico, Middle West Pubnico, and West Pubnico)
HP (Tusket R.R. 2, Tusket R.R.3, Ste, Anne du Ruisseau and Ste. Anne
du Ruisseau R.R.1). | ]
&t should be noted here that WP corresponds directly with the school
distwsict previously used for sample selocgion. There are, however,
minor discrepancies in the delineation of HP from the postal districts
and the area served by schools at Ste. Anne du Ruisseau and Amirault's"
Hill, Thenpfoblem is due, in part, to the fact that the schools .chosen
for sample sflection use French as their first language. There is also
an English speaking schopl near HP and families may choose which school
their children will attend. Thus, families living in adjacent geogra-
phical areas may have the same postal designation but their children
may attend different schools.

The percent of householders with a given surname is only
a rough estimate of the number of individuals bearing a certain name.
The postal listings do not differentiate between a household compo;ed
of several individuals from the. listing of a person living alone. Yet,
presumably the criteria fbr,a "household" would be the same in both
commmities and thus percentages would be roughly proportional to the

popalation distribution. Illegitimacy, adoptions and changes in name

spelling F}so contribute to the error in this type of estimate.
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Different forms of names wyhich are believed to be of similar origin,
suip as Doucette and Dgucet and Meuse and Muise were grouped for the
purpose of this tally (Appendix IT). The' results are given in Table
IX. 1In WP, 76.2% of the houscholds have the surnames d'Entremont or
d'Eon, while in WP, only 1,5% of the households have one or other of
these names. In HP, 34.6% of the households have the surmame Muise
or Surette while these surnames contribute only 5.7% of the households
in WP, The 6bvious differences in the frequen;y of surnames in the
two comnunities suggests that although both populations had a common
origin, they have now diverged. On the other hand, sinée females

take the surname of their husband at marriage, rigration of females

&

)
between the communities would not be obvious in the examination of

surnake frequency. i ’ .
The indéx couples in eqph community were asked whether

they knew of any relationship to each other before marriage. Of the

twenty index couples, only one marriage was between second cousins
% i

v

(F = 0,0156) and no closer relationships were re;orded. Awareness of
relationshiglwas correlated with the occurrence of isonymous marriages
and the F values which were calculated from pedigree information
A(Table X). The isonymous marriages and F values for the parents of 12
children affected with Niewann-Pick disease are also given for compari-
son. This group of parents were not systematically polled for aware-
ness of consanguinity. Howevgr, the relationship in 11 of the 12

couples was more remote than second cousins and it seems likeiy that

most couples were unaware of distant relationships.

v »
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! TABLE IX

Surnamse Frequencies in WP and HP
by number of Households

o . WP
Surname Number of percent Number of —
households of total households

d'Ent remont 226 56.1 N
d'Eon 81 20.1 1
Amirault 26 6.5 22
Surette 22 5.5 70
Leblanc ° .10 2.5 26
Pothier 3 0.7 22
Muise 1 0.2 83
Bourque 1 g 0.2 49
Babin o~ 0.0 18
Doucette 0 0.0 65
Hubbard D 0.0 14
other 33 8.2 66
total 403 100.0 442

3
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.- R TABLE X

¥

Isonymy, Consanguinity and Awareness of Consangyinity

Husband Wife's Husband's .

and Wife  parents parents Knowledge of F foi teh

Isonymous® Isonymous plsonymog,s relationship generations
Wp 1 no no no yes . 0645
Wp 2 no no no yes 0054
Wp 3 yes no no * .0409
WP 4 no yes yes * . 0230
WP 5 no no « No no .0000
WP 6 no .no ne no .0046
Wp 7 no yes no .o .0201
WP 8 no no no yes . 0469
WP 9 no yes no no " .000D
WP 10 1o no no né .0489
HpP /)] \Qz . no no no .0087
HP/ 2 n no no no 0172
HP 3 no no . no no - .0006
HP 4 no no yes no .0000
HP 5 ‘no no no no 0368
HP 6 no no no no 0106
HP 7 no no no no .0060
HP 8 no no no no .0000
HP 9 no no no * . -.0000
HP 10 no no no * .0000
NP 1 no yes no L0286
NP 2 yes no yes .0255
NP 3 no no no : .0385
NP 4 no no no .0344
(NP 5 no no no ) .0284
NP 6 no no no .0506
NP 7 no no no 0373
NP 8 no no no ’ L0257
NP 9 no no no L0073
NP 10 no no yes 0173
NEwd 1 no no no 0300
NP ne no yes L0437

* * Did not know of the exact relationship but were aware of the L

probability of remote consanguinity.
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The data is insufficient to furnpiate any definite

conclusions absut awareness of ‘inbreeding iﬁ the two communities.
However, it appears that, in general, couples in WP a;; more aware
of the possibi}ity of remote consanguinity than couples in HP, This
seems to be at least partly due to sense of pride and interest in y
ancestry which was:not observed in HIP. The high proportion of indivi-./
duals in WP having the samc surname probably also contributes to the
awareness of conganguinity. -

Genetic Niseases

None of the children in the index families were known
to suffer from a severe genetic disease, By chance none of the index

families in HP included a child uitﬁ Niemann-Pick disease, However,
' ."u’%

one index father was-the uncle of a child with Niemann~-Pick disecase

AT

”"-w
and an index wother was the aunt of thfée girls with Alstrom's

-

syndrome.

;Ve’
As mentioned in the introduction one might expect an

increased incidence of rare recessive conditions in inbred communities.

For example, if a recessive discase affects only four cases per million

it will appear 32 times as often in the children of first cousin mar-
ri;ges as in the general population (Li, 1963). Th;ce rare conditions:
(1) Alstrom’'s syndrome, (2) Usher's syndrome, and (3) Hurler's sy?drone
were identified from hospital records, physicians agd family interviews,
These conditions are so unusual and severe that it seems likely that

if additional cases existed they would have been brought to medical

attention and hence would have been included in this report, It is \d!“”-
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noteworthy, from the point of view of the genetic diversity of the
two communities, thét none of these conditions was present in both
commmities. Each condit:on is described separately in the following
section,

Alstrom's Syndrome

o
Alstrom's syndrome 1s an autosomal recessive condition

characterized by atypical retinal degeneration, obesity, diabetes

- 4

mellitus and neurogenic deafness. Alstrom et al. (1959) first identi-~
fied the con?ition ag a distinct entity as a reiult of a.clinical and
genetic examination of a large kindred ;n Sweden., Their patients did
not have mental retardation, polydac@yly or hypogﬁnl;alism.

Weinstein, et al. (1969) described two brothers.with
hypogonadism, blindness, nerve deafness and metabalig abnormalities.
They felt that some clinicai and labgratory features of both brothers
resemble those reported by Alstrom et al. The family was of French-
Canadian origin and denzed consanguinity. We have not been able to
determine whether this family may have been of Nova Scotian origin.

The current report is concerned with three sxsgfrs age
26, 24, and 20 years at the time of investigation. All three were
cbese andrtotally blind. The mother reported the girls appeared
normal at bi?th, althouéﬁ they were 'big babies" in comparison with
her other children.. She recalled that as young children they could
see enough to go to the nearby store unaided. Investigations ‘at the
Victoria General llospital in 1972 revealed the girls closely resembled

Alstrom's description of the condition (Welch, personal communication).
»

-

v
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was calculated in the same manner as for the Niemann-Pick pedigree.

]
¢
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3 S & = . ]
S BM (VG72-15031) born 1948, This girl was admitted to
hospital with chronic renal failure. She had been diabetic for O/
% ?

several grears and st the tike of examination had bilateral cataracts,

"retinitis pigmentosa and a marked hearing\ defect, She died (age 24
years) early in 1973 and autopsy reports were not availsble at the

»

£ &

@ - - - ‘
time of writing. . .

LY

~ EM {VG72-15895) born 1952, Essential features were

]

bilateral cataracts, retinitis pigmentosa and disbetes mellitus. She
had mild renal failure, possibly on the basis of her diabetes.

- PM (VG’7‘2-15895) born 1946. She resembled her sisters in

- »

that she was obese, and had bilateral cataracts, retinitis pigmentosa , o
and hearing loss. ° However, her glucose tolerance test was normal.
I

All three girls were considered to be méntally" retarded,

i

3

but psychological ‘evaluations were umreliable due to the hearing and\(

<

sight problems. - ¥

8

The family history revealed six siblings, all reputedly
“normal. A half-brother of the girls' father died at age 25. He was -

&

2 ¢
also blind and obese and probably suffered from Alstrom's syndrome
although no documented medical evidepce was available. His infant

brother died of unknown causes, °

A
! = The most common ancestral couple for the two sibships

The results are given ;n Table XI. ﬁese figures indicate that .
Francois Amirault (18) and his wife Marie Pitre (37) have the great-

est number of pathways from the affected individuals. They were

e
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TABLE XI

- Common Ancestors for Alstrom's Syndromé

Identification Numbers Frequency of Coincidences
18 and 37 100 o
529 and 556 66
409 22
398 . 14
652 and 659 13
101 and 160 ’ 8
485 and 571 6
505 and 856 3
113 and 136 3



).

A}

page 49?
married in 1683 or 1684 at Port Royal and are ancestors of many of the
individuals in this study. It is interesting to note that some of the
ancestors are the ssme as those of the Niemann-Pick pedigree. However,
this appears to be due to chancs rather :h;n any real association be-
tween the two conditions,

1

“The simliﬂed pedigree shown in Fig..6 traces the ~
affected individuals to the common ancestral couple (18 and 37).WA3 h
in the Niemann-Pick pedigree, only a few of the pathways are illustrated
snd there 1s no evidence concerning the most likely path of gene trans-
mission, The parents (1331 snd 1332) of the three affected girls were
not aware of conunzuinit;(: They were also m'wgﬂ of any relationship
to the affected boy other than the cbvious 1ink through 1335 who was
the mother of the affected male and tho paternal grandmother of the
three affected females. n'u not surprising that the families were
not sware of the relationship ba;wcan the affected girls' mother (1332)
and the affected boy's father (1343) bauuuu‘tho common méntry in most
cases was ut least seven gonarations back on one side and six genera-
tions on the other. |

Bvidence of common uncestry and occurrence of affected
msles snd fewmales support the nutosomul recessive inheritance theory.,
Bssed on the pedigree information thure is u stronyg possibility that
meny other individusis in the vommunity could be hutcrnnim for the
condition, Unfortunately, at present there is no way of identifying

the heterozygous state,

»
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FIGURE 6
ALSTROM'S SYNDROME \
B | 3 '
' I‘_ll &""B
856 | 529

|
g 9 2
N g:“ & S | |

54 316 350
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474 w32 1(523 586 é
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/ -
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: —9

B 1332

M Alstram's Syndrome : 6 o | ‘

Numbers are identification codes

* not examined, presumed affected
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Usher's Syndrome

In 1914, Usher described a syndrome involving the
combination of retinitis pigmentos#® and severe congenital hearing
impairment, more commonly known as deaf-mutism. Kl&epfer et al.

(1966) studied a group of French-Acadians'in Louisiana. From detailed
studies of controls and of families of 44 individuals, they assumed
that these individuals have a recessive gene for the syndrome, All
individuals in their study group were believed to be homozygous for

a single genotype, In t;very instance of marriage between two homozygous
individuals with the syndrome, all offfspring were congenitally deaf and
developed the same type of eye anomaiy {the number of such offsg;ring
was notép&}f\ied in their report). =

One man (identificatidn code 866) living in IiP was

1

examined by Dr. J. P, Welch, and was considered to have features typical
of Usher's syndrome, This man's brother (865), now deceased, reputedly
was similarly affected. Mecdical records on three other individuals

now living in the HE. area indicate that they have similar clinical
symtoﬁs. In Brown's "Yarmouth, Nova Scotia, A Sequel to Campbell's
History", published in 1888, five siblings were described aswf and V
dumb”. These individuals, born in the early 1800's, were children of
Athanase Surette (}685) and his wife Louise d'Entremont {1684), Some
links between these ten individuals are indicated in the abbreviated
pedigree of Figure 7. As illustrated, Pierre Surette (659), Jeanne . "
Pellerin (652), Francois Amirault (18), Marie Pitre (37), Joseph Muise

(529) and Marie Amirault (556) are common ancestors of bofh parents -

d
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of the affected brothers, 865 and 866. Computer calculations indicate
that there -are at least 20‘0 additional common ancestors of the parents
oii these two men. Identification of the cestors of the other three
sibshxips is incomplete, but it seems possible that all ten affected
individuals could have at least one comwon ancestor.

Sinc; many Acadian exiles settled in Louisiana after the
deportation of 1755, on;:ui‘ght specnlate‘ that there i; an ancestral
link between the individuals in the pedigree of Figure 7 and those E
described b); Xloépfer, et al. The data on the individuals of the HP
area is insufficient to test the recessive hypothesis by segregation

analysis and sex ratio, but there is no evidence for rejecting the

N -

recessive hypotliesis.

Hurler's Syndrome (mcopblysaccharidos;is I)

Hurler's syndrome is a rave disorder of mucopolysaccha-
Px_'ide netabofisug. It is characterized by dwax:fism, clouding of the
cornea, eniargemnt of th‘en liver and spleen,' and mental retardation
(McKusick, 1966). Patients have been described as gargoyle-like.

One child of the WP area has this condition. The diagno:-

*
.

si; was confirmed by the presence of mucopolysaccharides in 5the urine
and fairly classical bone changes in the spine and hand x-rays (I.W.K,
UN53479). A paternal sécond cousin reput;dly died at age 4 or 5 years
in Boeston due fo a similar condition. 'However, this has not been
verified by medical records. No other children in the WP or HP

communities are known to suffer from this condition.

e
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Differences in gene frequencies in HP and WP are revealed
by the appearance of homozygosity for rare recessive conditions in one
community but not in the other. The origin, and maintenance. of such
genetic diversity may be attributed to ;enetic drift wnd founder
effect, McKusick (1969) makes the following distinction between the
two cOncepis: random genetic drift represents decrease in the origi-~
nally existi‘g variability because of chance gametic choices, whereas
founder effect is poverty of genetic variability existing from the
beginning bec?use of chance zygotic choices. )

 We might suppose that the high frequency of Niemann-Pick
disease in the HP area is due to founder effect. In other words, a
mutation which occurred in one of the early settlers has become common
after several generations due to intermarriage of the descendants of
this individual. g A

Occurrence ;f the recessive conditioqs in HP and not in
WP and vice versa may be due to drift. Under the influence of drift,
village populn;ions tend to become more and more different, even if
at the beginning the} were hogpéeneous in theair composition of here-
ditary types Chévalli-Sforzg, 1969).

LS

A condition which is relatively common, such as cystic
. ‘ AN
fibrosis, is more likely to occur in the offspring of non-consanguineous
£}

marriages than a very rare condition. In o;her words, the relative
increase in homozygosity due to inbreeding is less marked for common

genes than for rare genes (Li, 1963). lowever, the xisk that a carrier

!
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will ;arry anothér carrier is higher if ha'narries a relative than if
he marries at randow. Estimates of the incidence-of cystic fibrosis
in the Caucasisn population range from 1 in 2000 to 1 in 4000 1ive
births with,a:?orrasponding incidence of heterozygotes of approximately
4% (Lobeck, 1972). Omly onc family in WP and no family in HP with
affected children were known to Dr. C. T. Gillesp;e, Director of the
éystic Fibrosis Clinic at the I.W.K, lospital for Children, Halifax
(Gil;yspie; personal communication). As with the other severe condition;,
if other cases existed one would expect that they would have been known
to the local physicians or the Cystic Fibrosis Clinic. The two affected
sibs in WP have an F value of 0.0579 for ten generations which is higher
than the wean F value for randomly chosen sibships in the same commmity,

This account is not intended in any way to be a compre-

hensive investigation of all genetic or genetically influenced conditions. °
Congenital cleft lip and/or cleft palate were reported in several members
of both communities. It was not possible to detetmine the frequency of
these conditions since many individuals had never been treated and
hence were not recorded in hospital or physician records. The inheri-
tance of cleft 1ip and palate has been thoroughly studied [Fraser, 1970).
Thus, -investigation of the families in HP and WP did not seem to offer
any signif¥cant contribution to knowledge of the genetics of this condi-~ s
tion. Other problems such as albinism and familial mental retardation,
were reported by qgmbers of both communities but were not thoroughly

%

investigated.

~
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.
SUMMARY &+

1
&

Twelve children from Yarmouth County, Nova Scotia and three of °
French~Acadian origin in Boston affected with Niemam-Pick disease
type D were traced through both parents to four common ancestral
couples. Common ancestry, segregation anaIysis;' and sex ratio
support the autosomal recessive inhe:x:itance hypothesis,

In the comm'tmity where ‘the majority of the affected children lived
(HP), the frpequency of the disease in the school age population

was appré)ximately 1% with a corresponding carrier frequency that ,
ranged from 11-26%,

The mean coefficient of inbreeding (F) calculated for tén genera~
tions from pedigrees of chl‘ldren affected with Niemann-Pick disease
(0.0306)  appears higher than the mez;n F (0.0097) of randomly

chosen families in the same community (HP) but approximately equal
1o fhe\‘mean F (0.0254) c;f randomly chosen families in a control
community (WP). ’ ! .
Although the consanguinity of the Niemann-Pick families and the WP
families over ten generations 1s’equivalent to relationships,
between first (F = 0.0625) and second cousins (F = 0.0156), it 1s
significant that the consanguinity is so remote that most c¢ouples
were unaware Jthat they were related to each other. This is
important in terms of genetic counselling with regard to ‘carriers
of rare recessive conditions.

Compatison of current family size with the sibship size of the

parents indicates a dramatic reduction in the average family size

<

a

N
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in a single generation. There were no significant differences
between thev family sizes of the two comsunities.

In addition to Niemapn-Pick disease, three rare recessive
conditions were identiﬁefi: Usher's and Alstrom's syndromes
in HP and Hurler's in WP. This distribution suggests that two
commmities of r;omon ori\gin have become isolates over a period
of approximately ten genera\tims\.\ Di fferences in the sumame
distribution also icndicate this di\ve}g ce,

Since the two communities compared .Wcr:ncho\m(o fit certain
¢riteria, the conclusions regarding inbreeding and disease
frequency are relevant only to the areas studied and cannot be

' generalized to the entire French-Acadian populationm,

¢

4
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APPENDIX I

Computer Program for Calculating Coefficient of Inbreeding (F)

'l

and Most Likely Comeon Ancestors

A program called "Human Inbreeding, No Disk Storage"
by Mange in 1964 was designed to calculate F hy systenaticall;r search-
ing the stored pedigree for common ancestors f;n' six ancestral genera-
tions. The program was written in Fortran II for an IBM 1620 machine.

Extensive modifications for efficiency and expansion
were made to Mange's original program by D.R. BolIing\at Johns Hopkins
Uiversity. The modified program was written in Fortran IV for a CDC
3300 and handles up to 11 gene;’atmns.

b Execution of the program on the Dalhousie Universi;y
computer {CDC 6400) were carried out with the assistance of AP, Smith

[

and D. Boss. )

Four-digit code numbers were assigned, uniquely but iq,
no particular order, to all individuals, Data was entered on punch-
cards, one for each member of the study population. On each card is
the code number of the individual and.the code numbers of his father ,
and mother, For each selected individual the program will construct.
and print out thg pedigree for eleven generations. ‘

éearch for common ancestors is carried out by comparing
code numbers of all mamber.’: on oneuside of the pedigree with all the
codes on the other side. A match og the same code number on the two
sides of the pedigree may indicate a common ancestor. Since all common

i

ancestors of a common ancestor appear on both sides of the pedigree,

v
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not every match will indicate a '"real” common ancestor. A "real"

comwon ancestor or a valid coincidence occurs wh‘en the common g
ancestor's child on the father's side of the pedigree is different

from the common ancestor's “child on the mother's side.

g F was calculatéd by the method of path coefficients b
‘(ﬁrighxt, 1922), | The general expression for the coef’ficient‘of con~
sanguinity is: F = I (31)‘}/ . . '

where n is the number of ancestors in the path commecting one parent
to the inbred offspring through ‘a common ancestor. The yalues for
each common ax;cestﬁ'e then summed. The % 1s based on the assump-
tion that if an individual has a certain gene that there is a 50%
chance that he will pass this gene to his offspring. 1If one of the
common ancestors is himself inbred, ther; the expression be(_:omes: ¢

F=2 (09" (1 +Fy

where Fj is the coefficient of inbreeding for the common ancestor. §

»

¥

For example, (Pigure 8) offspring of a first cousin

marriage could be homozygous be descent f‘gr a gene from their great-

~

grandfather (f) or their grea}:;ggrandmpther (g). There are five steps

in the pathway from the fath'é‘?!’;‘-(b) to the offspring (a) through the
common ancestor (f) as illus&;‘;:ated. Similarly, tﬂfw are five steps
in' the pathway from (b) to (al) through the commo; estor (g). Thus
for a first cousin marriage:: F=(%5+ ()5 = 1/16 or 0.0625.

If the great-grandmother or great-grandfather were
inbred their F value would be calculated independently and substityted

-
for Fp in the expression: F =1I (%)M (1+ Fp) .

»
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PIGURE 8

CALCULATION OF COEFFICIENT OF INBREEDING (F)
FOR OFFSPRING OF A FIRST COUSIN MARRIAGE
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The computer keeps score, by generation, of the increasingly incremented

F value. Thus, F values are %pendent on the number of generations

included in the pedigree.

The program as adapted by Bolling 15 limited to eleven
generations, In a few cases our data extends beyond this Ii;uit. How-"
ever, expansion of the program appeared to present major difficulties
with regard-to computer stamgé facalities, However, the contribution
of more remote gene;'ations to the total F value appears to be so small
that it was ignored. Table XII indicates the relative contribution of
consanguineous marmiages to the total F value. ~

The program also calculates a measure of ‘“'degree of com-
pleteness” which attempts to estimate what percentage of, the “true" F
value is represented by the F computed on the basis of the known ances-
tors, ° This measure of completeness is th; fraction of coixgmdences
which is knowsble, It is equal to the product of the fraction of the
father's pedigree that is known by the fraction of the mother’s pedi-
gree that is known. These fractions are based on the concept of area,
Fiure 9 illustrates the principle. For four generations the area on
each sid:a of the pediéree is 32 units, where a unit is the size of a
rectangle occupied by an ancestor im the fourth generation.

1
%

For example, suppose the pedigree on thg father's side

1

is known ei;c?pt for two members of generation IV(2/32 of the area) and
i

on the mother’s side only the mother's parents are known (16/32 of the

v

j
area). Then, the percent cgnqbleteness of the four generation pedigree

is: 322 X 32-16 X 100 = 46.9% )
’ 32 32 Y b



- ) TABLE XIT .

=

Gontribuiioq of a consanguineous marriage to the total F value
relative to the number of gentrations from the index case

Mumher of Contribution
Generations | ©  to F value
3 » 9% - 6.25 x 1072 o
4 % = 1.56 x 1072
5 098 = 3.91 X 1077
.6 9% 9,77 x 107 '
7 00 % 2,44 x 107
’ 8 094 6.10 x 1075
0 )%= 1.53 x 1075 |
’ 10 " ey s x 1070
n o 2% 0,54 x 1077
12 2% 2,38 x 1077, P
“ 13 (9% 5.96 x 107
14 0% 1.9 x 107P
15 0928 3,70 x 1077
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FIGURE 9

Area Repres,entation of Four Generations
for Calculation of Pedigree Completeness

Fs

P

[

Father's side Mother's side

father 1 * mother 1 . /
4 4
< ) :
father's 1 |father's 1 _ {mother's 1 (mother's 1
mother 8 |[father ' § mother 8 |[father 8-
1 f1 L1 I
g |16 {176 | 16 6 |16 |1 16
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32[32|32|32|32|32|32|32|  [3Z2|32|32|32 [3Z 32|3Z |32} |

The relative sizes of the rectangles represent the fraction of»
completeness for each side of the pedigree when the person in that . 77
» position 1s known. .
L3

e}

2

(modified from Mange, 1969) ,

i
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APPENDIX II .

1

 Yariations in Spelling of Sumames which weres considered as
Eqpiva}enﬁ in this Study

i

Amirault - Amero

o
|

o

»Ba,uchi?r - Boutier, Rouchie - v

Bourque - Burke

Clement - Clermont

d'Eon - Duon / ‘ ‘
Doucétte - Doucet
Dulong - Dulain, Dulin .

Frotten ~ Frontain -

Kyt 50

v

Hubbard - O'Bird, Hebert , ‘i‘
Lefave - Lefevre : , ;
Muise - Emieuse, Meuse, Mieurs, Mieus, Mieu‘és,

Mieusse, Miousse, Mius, Muis

(d*Entremont, 1968a)
Pothier - Pottier ‘ .

Surette - Suret

¢
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