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Abstract *
The presence of arare recessive genetic trait in different‘sibsﬁips in a founded population
suggests that the affected individuals are all autozygous for the same allele vyhi{:h entered
the populatron in one member of the founder generation. Knowledgq of the original
source of an allele in a population may be of some utlhty ina genetlc counsellmg situation,
and in cstnmatnOn of the number of affected unduvnduals one might expect to be born

We attempt to determine the ancestral source of the allele for the Bowen- Conradu

' syndrome ‘a putatlve autosomal recessive Iethal disorder, in the Hutterste populatlon

The Hutterites are a large Cau_casnan, anabaptust sect of North America. ~They constitute a |
defined population which is descended from a small number of founders;-and for which h
extensive genealogic records exist.  Sixteen cases of the Bowen Conradi syndrome -
have been reportedin’ 14 snbshups in the Hutterlte population. The' Bowen-Conradi

syndrome phenotype superficially resembles those of both trisomy 18 and a number of

cases grouped together as pseudotrlsomy 18. Eighteen founders common to all

B 0
parents of affected s:bshlps are identified. Based on a) the average proportional o ]

contribution to the mbreedmg of the affected sibships, and b) the products of the ‘ \_’/
expected proportlon of alleles contributed by a founder to all parents of affected 3 '
sibships, one couple is chosen as most likely contributor of the allele. ! Estimates of the

allele frequency range between 0.01 and 0.04. ‘ ‘ o . .

an
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I.  INTRODUCTION t .

The Problem

_ . The occurrence of a simple recessive genetic trait in two related individuals where
neither is ancestral to the other raises the possibility that their similar phenotypes are due
to identical genotypes The genes in question could be copies of; for mstance agenein

an ancestor common to the two individuals. It seems obvipbus that, depending on the

degree of fitness of the trait, segregatio trolling it is a more likely

explanation for the trait's occurrence thani (or recent) mutation. _

| In any population, a newly arising advantageous mutation has a'small finite
probability of establis'hing itself permanently in the popolationii(ojima & Kehelier, 1962).
If the population is undergoing uniform expansion, any newly arisen mutation, even a
deleterious one, has an increased probability ot survival over that in a stationary
population.  Only as the population size stabilises, will the number of copies of the
deleterious allele begin to decline due to selection (Ewens, 1979). However ina genetic
isolate, founded by a relatively small number of individuals and subsequently experiencing -
rapid growth, one might expect that such a deleterious gene could reach high frequency
by chance factors (founder effect and random genetic drift) and that the affected
individuals are all identical by descent at the locus in question ~ In such a case, it may be
possible to determvne the most likely founder couple to have |ntroduced the gene into the
" population. A more difficult problem would be to Rtermine if a familial cluster in an
isolate, of a trait with no simple mode of inheritance was, in fact, genetié.

. The Bowen-Conradi syndrome is a putetive single-gene autosomal recessive
disorder which has been described in the Hutterites a large Caucasian Anabaptist isolate
of North America. - Because the syndrome has been found in all subdivisions of the
Hutterite population, it is probable that the gene for this 'disoi;ger entered the population at
the 'founder’ generation, and is presently widespread. This p‘rioject was undertaken in
an attempt to answer the following questions: ' a
1) What is the range of phenotypic variability of the Bowen-Conradi syndrome ?

2) Has the incidence of the disorder been augmented by non-random matlng in the

- population?



3) What ‘is; the freqi.xency of the Bowe.n~Conradi syndréme allele?

4} Canthe rrllost likely ancestral source of the aljele be determined anc‘i can an estimate be
made of the ;1umber of carriers, number of mad:gs at high risk andlnﬁbér 6f cases to
expect in the population? : : A ' /' '

. ' \ /; ' 3
Background: Studies on Isolates . ~_ )

. A small sample of mdnvuduals from a Iarge population may not accurately represent \'\‘

the frequencnes of the aIIeIes Present at a given locus in their parental population.  This
‘founder effect’ can subsequently glve rise to a large drift effect in the newly established ,
population (Cavalll Sforza & Bodmer, 1871). leferences in fertlhty among the founders

and their descendants, coupled with the random variation that occurs in the samplmg

process of passing on gametes from one generatlon to the next (drift) could result in an o

allele that occurred at low frequency in the parental population attaining a high frequency .

in the founded population, and vice versa. The drift effect is most pronounced when the =

population is smgl\l{‘ '

Endogamy (chaice of a marnage partrer from wnthln one's own group), in a small
population which experleﬁces little in-migration, ultumately leads to high levels of
consqnguumty {Two mduvuduals are consanguineous if they have at least one common
ancestor; the progeny of consangumeous parents arg, by definition, inbred (Cavalli-Sforza
& Bodmer, 1971)). .Since the i.nbred individual is connected to the same ancestor(s)
through both of his parents, he can receive two cl:opies. {one from each parent) of an allele
that was carried in a single copy by that ancéstor. Thus, cqnsan’guinify increases the
" -probability of autozygbsity (identity by descent) of a gene, and hence the‘b\robability of

‘expression of arecessive gene present in a population.

e
-

- If itis possuble to trace to a single ancestral couple, the pedlgrees of the’ parents
of a number of sibships in whlch the same autosomal recessive gene is segregatlng then
* one member of that couple was likely heterozygous for the gene in question. If, in
'addition, the trait is rare, it can also be:assumed that this couple was the original source of -
the gehe in the population.

Many studies have been done, in isblatés, in which one goal has been to idéntify the

ancestral source of the gene for a known genetic disorder that segregates in the
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populatlon\ Two early studies of the Amlsh were concerned wuth arecessive form of

) dwartlsm the l':'llls:van Creveld syndrome, (McKusick, et a/. 1964) and pyruvate kinase .

deficiency (Bowman, et a/. 1965). In each of these studies, the investigators were able
to trace the ancestry of all parents of affbcted individuals back to a single |mmvgrant

ancestral couple in addmon the parents of affected individuals were able to trace thelr

‘ancestry to the relevant couple by more paths than they did to any of the other immigrant

. anhcestral couples Bowman, et a/. also calculated coefficients of relevant consanguinity,

F’, for each affected sibship (i.e. probability of autozygosity for an.allele derived from
one specific .ancestral couple).  They found that the average F' was the squivalent of all
parents being'related as about second cousins (average- .02296 1 range
.001464-.050973) and that the number of ways individual parental couples were related

ranged from 2 to 42.  These results were consadered supportlve of the choice of

' ancestral couples one member of whach is likely to have been a carrier of the gene for

these disorders.
The same method of tracing common ancestral pairs has also been used by

Barbeau, et a/. (1964l, for a study of the dominant Huntington's disease, and by Laberge

_(1969) for recessive hereditary tyrosinemia, both in French Canadian groups. Their

results were similar to those obtained in the Amish studies: in each case, parents of
affected individuals could trace their ancestry back to a single immigrant ancestral couple,
to whom they were apparently related in more ways than to other ancestral couples of the
populatlons o :

" Arecent study of the genet:cs of propionic acidemia in a Mennonite- Amush klndred
(K:dd etal., 1980) was, in many ways, analogous to what might be expected of an inborn

error of metabolism in the Hutterite population.  Kidd, et a/. found seven individuals in

four snbshlps with this disorder, all of whom were part of a smgle complex pedigree

which could be traced through 11 generations to members of the founding population of

the Old Order Amish in the U.S.A.. Three couples were found to be common to the

ancestry of all four affected sibships. The inbreeding coefficient, F, was calculated on
the entire known ancestry of each of the four affected SlehlpS including mbreedmg
through individuals who were not common to all of the affected sibships.” As it was not

possible to compare these F values with an average inbreeding coefficient of age-matched

1.
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children from the same community (this information was not available), the F values were

- calculated for each of '(hei eight parents of these sibships. The average F for affected

sibshipswas .01142, compared to an average of .00807 for their parental group.
Howaever, this comparison does not take into account the probability of an increase in
inbreeding in each generation due to the closed nature of the population.

For each affected sibship, an F’ value,'defined as the probability of autozygosity
for an allele derived from one specific ancestral couple, was calculated from the pedigree
of each of the three ancestral couples common to all affected sibships.  The F’ values
were used as 'probabilities’, to calculate a ‘relative likelihood' of each ancestral couple’s
being the original source of the mutant allele in the pedigree.  This relative likelihood was
based on the total probability over all four affected sibships, of autozygosity for an allele
from each ancestral couple common to all affected sibships.  This method calculates an
approximation of the true likelihood of each couple béing the contributor of the defective
allele to the population, assuming the independent occurrence of the affected sibships.
The couple chosen as most likely source of the allele was found to be about five and a half
times as likely to have carried the allele as the second ancestral couple, and over 1500 -
times more likely than was the third couple.

Due to computational limitations, Kidd, et a/. (1980}, were unable to consider the
possibility that the allele for pfopionic acidemia was introduced to.the Amish population
through more than one founder »le).  This problem was ap;C‘;ched by Thompson
(1983).  She presented a recursive ai-orithm for determining the probability t'.ai hoth
the materfial and paternal gene. at a .pe-ified locus, of a specified individual in »
gensalogy, derive, by descent, fr_-n 2 “pecified set of genes at that locus among the
ancestors of the individual in the genealogy. Using the propionic acidemia genealogy of
Kidd, et a/. (1980), a variety of ancestries were hypothesised for sach sibshfp, froma
single gene in one of the six common founders, to six genes.

Her-method gives an indication of the relative importance of certain ancestral
genes in the bilateral ancestry of the affected éibships. However, the genealogy is
based oniy on deécent to affected sibshi-ps, and not to the normal descendants on whom
no information is available.  Thus, hypotheses of more ancestral carriers are favoured by

the method, and will continue to be favoured until the point where homozygosity of the



parents is more likely than heterozygosity. In other words, without information on the
normal descendants of the ancestors, the likely number 6f ancestral genes cannot be
inferred (Thompson, 1983).

The problem of dependence between the four affected sibships, in descent from
a given set of ancestors, was also considered. It was found that "... little confidence can
be placed in relative likelihoods obtained by combining sibships independently”.
(Thompson, 1983). In general, to be considered likely, any hypothesis of ahcestral
source of the gene would have to be acceptable for each sibship.

Cystic fibrosis in the Ohio Amish was studied by Klinger (1983).  She found a
high incidence of cystic fibrosis in one group of Old Order Amish, but that a second group
had had no occurrence of cystic fibrosis in children born between 1950 and 1981. The
two groups reside in different counties, and represent separate Amish isolates. The
counties were settled by the Amish at dif ferent times (Holmes couhty around 1810 and
Geauga county about 1890), and their original founding groups were drawn from different
populations.  {Holmes County was settied by Amish immigrants to the United States:
Geauga County by settlers from several Amish communities in the U.S., including some
from Holmes County).  Thus the most likely cause of the éifference in frequency of
cystic fibrosis in the two populations is founder effect.

Nineteen cases of cystic fibrosis in six Amish sibships living in Holmes county
were ascertained. A frequency of 0.042 for the cystic fibrosis allele was estimated (19
cases of CFin 10816 births between 1950 and 198 1) (Klinger, 1983). The parents of
the affected children (obligate heterozygotes) were all found to trace their ancestry to a
single common ancestral couple, who immigrated to the United States in the eighteenth
century.  One member of this couple has been designated the most likely original source
of the cystic fibrosis allele in the populatién. Eleven -of’the twelve obligate
heterozygotes can be linked in an extended pedigree at a depth of four generations (the
great-grandparental level), 'but the closest relationship between the twelfth and any.of the
other parents is through a son of the couple considered most likely to have contributed
the allele.

Klinger noted that the couple she identified as the most likely source of the cystic

- ‘

fibrosis allele were very prominent Amish immigrants, and that Amish pedigrees are often



more complete with respect to descent from this couple than for other ancestors.

Since this could be a factor in the identificatior; of the common ancestor who contributed
the allele, she reconstructed the descent with respect to this couple both of the Geauga
County Amish and of the spouses of the siblings of the obligate heteroiygotes . It was
found that the Holmes County Amish are descended from a different set of this ancestral
couple’s grandchlldren than are those from Geauga County, and also that the descent of
the spouses of the siblings of the obligate heterozygotes was different from that of the
heterozygotés themselves. Both these findings lend support to the hypothesis that one
member of this couple was the originél carrier of the allele for cystic fibrosis in the

Holmes county Amish.

The Hutterites: History
The Hutte’r.ites are a Caucasian Anabaptist sect, descendants of about 1200 people
who migrated to the United States from Russia in the late 1870's. The group's history,
“culture and social organisatign have been well'”documented by Héstetler (1874). The
. following account of their history is taken primarily from that source. _

The religious origins of the Hutterite population date from the Protestant
reformation in the early sixteenth century in Switzerland, where they developed as an
outgrowth of the Anabaptist movement. Central to the beliefs of the Anabaptists were
the separation of church and state, the baptism and church membership of adult believers
only, and the practice of non-conformity to the world. They also refused to swear
oaths or to participate in wars. The Anabaptists were persecuted for their beliefs, and
many fled to Moravia. Among those who went to Moravia were Jacob Hutter and a
group of about 200 Tyrolese Anabaptists. Under Hutter's leadership, this group
established a socially cohesive communal organisation which expanded rapidly by
absorbing ihcomin\é refugees. Hutter's principles form the basis of the Hutterite
lifestyle today. Between 1529 and 1621, 102 Bruderhofs, or colonies, were
established in Mora'ia, and by 1588 the Hutterite population had grown, iargely through
adult conversions, to an estimated twenty to thirty fhousand individuals. By the late
1500's, persecution of the Hutterites was intensifying, and in 1622 they were ordered to

convert to Catholicism or to leave Moravia.



Most of the approximately 2500 Hutterites who fled Moravia at this time went to
Hungary, with a small group going to Transylvanja. However, after a time, the
persecutions resumed. The colonies in both Hungary ana Transylvania were continhally
harassed by both thellocal populations and the military.  They L)ltimately found jt
necessary to discontinue the practice of community of goods, and to ask to be
considered as individual fangilies. By about 1686 there were no Hutterite Bruderhofs
left in Hungary, and none in Transylvania by 1695. The Transylvanian group were
revitalised in the mid 1750's when migrants arrived from Carinthia (in Austria) and joined
them. By 1762 the Carinthian converts had established a Bruderhof and reinstituted the
community of goods.  In 1767 a group of about 70 persons escaped from Transylvama '-
to Wallachia, Romania. Three years later they moved once again, to Russia. Itis
estimated that about 116 members of the Hutterite sect.in Hungary and Transylivania .
managed to get to-Russia, where they had been promised land and exemption fr/;m military
service by Catharine the Great, by 1784. It is this group, with the addition of some later
converts, who are thg baologlcal ancestors of the modern Hutterite population (Bleibtreu,
1964).

e The Hutterites lived in Russia until 1874, when their immunity from military service
was' revoked Between 1874 and 1879 all the Hutterites then iRussia, with the
excéptlon of two families ( 1265/ individuals), emigrated to the Umted States.  Of these,
about 440 settled in three colonies In the Dakota Territory and the remainder settled on
individual homesteads in the same area. The Hutterites who took up individual
JFu;f{esteads became known as the 'Prairigleut’. - Both the Schmledeleut and 'Dariusleut’
subdivisions of the population had established communal living in Russna and resett/dc/! in
colonies in the United States.  The third group of cclony Hutterites, the ‘Lehrerleut
established communal living after arrival in the Dakota Territory. /

With the outbreak of World War |, the Hutterites were once again persecuted
because of their pacifism. .‘Many colonies sold or -abandoned their Ian;d in South Dakota
and, between 1917 and 1920, established colonies in Manitoba and Alberta. . After
World War I, in tﬁe face of legislation restricting their land purchase's, many.of the

Hutterite colonies reestablished daughter colonies in the United States. At the present

time there are approximately 25,000 Hutteriteg in North America. They reside in about



s

\

300 colonies in four Canadian provinces — Manitoba, Saskatchewan, Alberta and British
Columbia — and in ffve American states — Minnesota. North and South Dakota, Montana
and Washington.

Since their migration to Russia in the late 1700's, the Hutterite population growth
has been almost entirely due to natural increase. The hundred years in Russia saw an
approximate ten-fold incréase, from about 116 to neérly 1300 individuals, while the
populatidn of 443 who were living in colonies in the United States in 1880 had inc~reased
nearly fifty-fold, to approximately 21,500, by 1974 (Hostetier, 1974). .

During the early years in North America there was some movement of families
from‘;olony to individual homestead and vice versa, as well as intermarriages between
members of the colony and non-colony subdivisions. The movement between colony
and individual homes'teading had essentially ceased by the.early 1900’5,. except for the
occasional marriage of a Prairieleut woman into a colony family. The proportion of
inter-leut marriages among the colony Hutterites has also declined over time, especially
since World War I. At present, the majority of all marriages are between members of
the same leut, although a few individuals do marry members of another §ubdivision

(Hostetler, 1982, pers. comm.).

The Hutterites: Other Studies ‘ o

The ma;orlty of the studies of the Hutterites have focussed on aspects of their
social orgamsat:on socialisation, llfestyle and culture (e.g. Blelbt[eu, 1964; Hostetler
and Huntington, 1967, 1968; Hostetler, 1974 Stephenson, 1979)‘. However, the
Hutterites as a group have many useful characteristics for demographic, epidemiclogic
and gehetic studies. They constitute a defined population which is descended fromar®,
relatively few founder mduv:duals and which.has been effectively closed to mngratlon for
over 100 years. Extensive genealoglc records, back to the 1700 S, exist. The
population has had a high rate of natural increase since it's arrival in North Amerlca in the

late 1870's. At that time, three communally living subdivisions, g Schmiedeleut,

‘ Lehrerleut and Dariusleut, were‘e\stabhshed and have been maintained. The endogamy

practiced by these groups, coupled with a high incidence of a sibship exchange pattern of

marriage, has led to the development of a genetic isolate with a high average inbreeding

<
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coefficient (between that of second cousins and first cousins once removed)(Steinberg, et
al. 1967). These charavctekristics-of the population makae it particulariy attractive for the .
study of recessive traits, which are often hard to detect and study in humans due to the
outbreeding and small family sizes that are the norm in most populations.

A stuc;iy of the growth of the Hutterite population: from fhe’ 443 people living in
colonies at the time of the 1880 United States census, to 8542 people in 1950, was
made by Eaton and Mayer (1954). They found that the growth of the population was

“almost entirely due to natural increase, and estimated that the Hutterite population was
reproducing itself at close to the theoretical maximum level of human fertility for all but
the 15 - 19 year age group.  The median completed family size for Hutterite women was
10.4 liveborn children by 45 years of age.  The crude birth rate (number of births per
1000 population) was estimated to be 45.9 during the period 1946 - 1950: the population
was increasing'by about 4% per year, leading to a doubling time of about 16 years.

In 1850, almost 5] 1% of the population was under 15 years of age, and 2% were
over 65 with an excess of males in most age groups.  Contrary to what is generally
observed in human populations, there was a higher death rate for females than for males.in
the 15 -59 age group. It was suggested that this might be the result of the large number
of pregnancies experienced by most Hutterite wives causing a lowering of resistance to
general morbndlty in these women during the reproductive period and for about ten years
after. ‘ i

The demogra'phic data analysed by Eaton and Mayer (1854) had been obtained as
part of a study of mental illness in the Hutterite population.  This mental health study was
undertaken because the Hutterlte population was thought to have essentlally no mental
illness, and Eaton and Weil (1955) were interested in determining the factors in the social
and cultural environment’of the population which might influence the frequency of
appearance of various types of mental disorders. They found that the lifestyle of the
Hutterites was not.inhibitory to the development of severe mental iliness: 199 of the
8542 Hutterites had been diagnosed as mentally ill at some point in their life.  In addition,
Eaton and Weil felt that some types of mental iliness in the population had probably been
underascertained. Although the Hutterites were found to have an unusually low rate of

psychoses, the frequency of manic-depressives in this group was very high (about 74%).
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The h-gh incidence of manic- depressnve disorc\er was attributed to culturaj, factors
particularly the extreme emphasis placed on co\nmunal cohesiveness by the Hutterite
" socialisation process. '

_ Reproductive patterns of Hutterite ,vi)omeh have been studied by Tietze (1957) and
Sheps (1965). Tietze qreported an average of 9. pregnancnes per mother (9.6 per
woman), and a very low sterility rate (2.4%), in his sample of 208 Hutterite women who
had married before age 25 and were living with their husband at age 45. Both Tietze and
Sheps reported a tendency for the mean interval betheen births to increase with birth .
order and i increasmg maternal age. Based on 562 Schmiedsieut marriages for WhICh
there were complete pregnancy records, mcludmg information on miscarriages and |
stillbirths Sheps estimated that about nine percent of ali pregnancies in this group had
resulted in fetal loss. Mange (1964), using the same data as Sheps to examine the effect
of inbreeding on fertility, reported an average of 11.2 livebirths per mother (150
families). He found no apparent effect of the value of the inbreeding coefficient of the
offspring ori sither completed family size or on birthrate in these families. (Both A
completed family size and birthrate increased over all increments of rrwean coefficient of
inbreeding of offspring except for a decrease at the last increment).

A number of analyses have been reported of various aspects of the data collected
for a medical-genetic study of the entire Hutterite population, undertaken by '
Dr. A.G. Steinberg (Bleibtreu, 1964; Mange, 1964; Sheps, {965; Steinberg, et a/. 17967;
Martin, 1969.1970!. The effec/ts of colony division or splitting, a phenomenon that
- depends on both population size and social factors, were described by both Bleibtreu

(1964) and Mange (i1S.").  The Hutterites believe that all adult men must be charged with

specific tasks. Thecivi. - = colony results from growth of the population to a point
where.there are a numper c "2 males, but no positions of responsibility available for
them. At this point, lar.d is and, once the necessary buildings are in place, the
‘mother’ colony is divided e »oups, partially by ~asign andpartially bylot. The
division is such that each group .o comp-=tent indivicuals for the various aspects of
running a colony farrr as wel' s zon i wnual age ard sex distributions.  Families
_[not including married children) alw: = ~-~ve 25 2 uiut, and . . nossible for groups of

families who so wish, to remain togetrier. e group that will move to the 'daughter’



colony is determin_ed by lot. A man always lives in the colony in which he was born, or
~ one of its daughter colonies, while, in an intercolony marriage, the wife always moves to
the colony of her husbén'd. One of the effacts of colony division is to increase the
relatedness among both the group of husbands and the group of wives within the daughter
colonies.  This increase ih relatedness is probably the result of the tendency for a group
of married brothers (or sisters) to move as a unit (Mange, 1964). 7

The relationship between marriage partners in the Lehrerleut was exéminea By
Bleibtreu (1964). He found that the most frequent relétionship between husbands and
wives was that of second cousins (363/674 marriages or 53.9%), although most’ coup)es]
shared ‘many additional relationships.  Bleibtreu and Mange also noted that it is common
for more than one marr:age to oceur between two sibships in both the Lehrerleut and the
Schmiedeleut.  Often one of the sibships will supply all of the husbands and the second
< all of the wives, but exchanges involv,ing individuals of both. sexes from éach of the .
sibships also occur.  Bleibtreu reported that over 25% of a random sample of 259
Lehrerleut marriages involved sibship exchange while Mange s sample of 812 - )
Schmiedeleut marriages yseld_ed 228 (about 28%) which involved two, three or four
members of one sibship all marrying members of a second sibship.

Mange (1964) attempted to estimate the maximum number of gen.omes present in
the contemporary Hutterite population. He was able to determine that 68 individuals v
were sufficient to account corﬁpletely for the ancestry of all Hutterites living in 1960.
Due to the fact that these 68 people were not entirely unrelated to each other (pairs of
individuals picked at random from the group were related, on average, as about third
cousins), the maximurﬁ number of independent genomes in the Schmiedeleut was
estimated to be 124, |

Steinberg, et a/. (1967), calculated inbreeding coefficients based on six
generations of ancestry for all Schmiedeleut and Lehrerleut sibships whose pedigrees met
a completeness criterion that the pedigree to be lacking at most one couple on either side
through whom the parents could be related as second cousins. The value of the mean
inbreeding coefficient for the offspring of a sample of 664 Schmieaeleutlmarriages was
found to be F = 0.0211, and for the offspring of a sample of 6 18 Lehrerieut marriages F |

=0.0255. The greater value of F for the Lehrerleut was felt to be due to both the fact-
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that the Lehrerleut subpopulation is smaller than that of the Schmiedeleut, and that the .
Lehrerleut have fewer remote ancestors.  The inbreeding coefficients of the two
subpopulations were found to be almost entirely due to random mating within the
population. .
Steinberg, et a/. (1967), also determined that the 9536 Schmiedeleut and
Lehrerleut individuals represented in their survey of the population could be traced to a
maximum‘of 92 remote ancestérs. The mean coefficient of consanguinity for pairs of
individuals chosen at random from within this group was F = 0.0023, and it was estimated
that the 82 individuals represented at most 158 independent geﬁomes. The genetic
contributions of these femote ancestors to the coﬁtemporary Lehrerleut population varied
.considerably, based on analysis of both the number of sibships to whom they were
ancestral, and the degree of their relationship to the individual sibships. B
Martin (1969, 1970) studied founder effect in the Schmiedeleut and Lehrerleut.

She considered as founders only those individuals who were necessary to account for the
total gene pool of the contemporary parents. These founders {i.e. the remote
ancestors) did not all enter the-gene pool during the éame time period. Martin found that
‘all living parents in the two leut could be traced back to 113 ancestral indiv;duals.
- However, because many of these ancestors were related to each other, and some had
transmitted their genes to the contemporary gene pool through only one child, the
minimum number of individuals necessary to account for th'e gene pool of the popuiation
was not more than 91, who represented at most 150 independent genomés. Of the 91
‘minimum ancestors’, 67 were ancéstral to the Schmiedeléut and 68 to the Lehrerleut.
Fourty-f0uf of these founders were ancestral to both leut, but their contributions to the
o of the two leut were different.  Differential fertility on the part of the

pUnders was considered to be, in part, the explanatlon for the dlfferences in the

relationships of the two Ieut to the set of founders which they share

More recently, a number of studies of the Hutterite population have attempted to
analyse genetic faétors involved in c’ancer (M'artin, eta/. 1879, 1980; Simpson, et )
al. 1881).. The objective of these studies has t:een to look for recessive gene control
over oncogenesis by comparing the inbreeding levels of individuals with cancer to those

- of controls. Additionally, they were interested in detecting and analysing familial

[
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aggregates of cancer in the population. It was suggested that, because all Hutterites
share a relatively uniform environment and lifestyle, familial aggregateé of cancer found in
this_population are more likely to be due to genes shared by family members, than in the
general population where families differ from each other in both environmental and
genetic background.  With respect to the effects of inbreeding, comparison of
inbreeding coefficients of cases of cancer with controls from the population, matched
for age, sex and leut, showed no overall inbfeeding effect, except for cases of childhood
leukemia who had higher inbreeding coefficients than théir matched controls.

The types of cancers found occurring in aggregates were generally those already
known to show familial clustering le.g. cancers of the breast and of the digestive system),
most of which are transmitted in a pattern consistent with dominéﬁt inheritapce; n
particular, stomach cancer is present at slevated frequency in the male Alberta Hutterite
population: several of the‘ cases of this cancer form a far;nilial aggregate identified in the
Dariusleut (F\owlo'w, I973; Gaudette, et a/. 1978; Martin, et 'a/.. 1980).  Atthough several
studies Have indicated an increased risk of stomach cancer in close relatives of affected
individuals (Heston, 1976), it is not clear how much of this increased risk is due to common
genetic versus comrﬁon environmental factors. If a st‘rong genstic component in the
etiology of stomach cancer is proposed in this'rg}'OUp, itis not clear what mode of
transmission should be postulated. - Martin, Hauch & Dreschier (1I982), considering a
possible autosomal recessive mode of inheritance, compared kinship coefficients of pairs’
of cases, cases with controls, and controls, but these showed no consistent pattern.
Affected individuals occur in at least three consecutive generations, suggesting a possible
autosomal dominant mode of inheritance, perhaps with incomplete penetrance. In this
case the affected individuals could be either hOmbzygotes or heterozygotes for a
‘susceptibility’ gene.  In any case, if genetics does play arole in the incidence of this
cancer, one would expect to be ab:c to trace the pedigrees of the affected sibships back

to some subset of common ancestors, as is expected for the known genetic disorders.
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Organization of this Thesis

Both clinical aspects and genetic and gehealogic aspects of tHe Bowen-Conradi
syndrome in the Hutterite ;Sopulation are considered in this thesis., '

An overview of genetic disorders in the Hutterites is presented in Chapter 2.

This is followed by a general mtroductlon to malformation syndromes a d.EEJs*sTJn’of the
dlsorder that is the focus of this study, the Bowen ~Conradi syndrome , and descriptions
of several of the affected individuals. The Bowen -Conradi syndrome is compared to
“trisomy 18, which it superficially resembles, and to a number of cases grouped together
as pseudotr:somy 18. '
Descriptions of .thé genealogical materials used in the reconstruction of the
Bowen-Conradi syndrome pedigrees, and the computer programs qéed in the analyses are
provided in Chapter 3. | '
Chapter 4 presents a description of the Bowen-Conra:di syndrome genealogy, as
used in the study. The founders to the pedigree are described and their genetic
contributions to the affected sibships estimated. Inbreeding coefficients and the
biological relationships of the parents and gt z;n-dparentsk_of the affected sibships are
- discussed.  The effect on the value of the inSreeding coefficient, vof the dégree to which
the pedigree is known, is discussed. Finally, the most likely source of the
Bowen-Conradi syndrome allele and the possible allele fréquency are estimated.

. - The concluding chapter presents some areas for further research. Some of the

implications of this study with respect to genetic counselling and health care are

discussed.



Il.  THE BOWEN-CONRADI SYNDROME IN THE HUTTERITES

Genetic Disorders in the Hutterites ki

A number of genetic diseases are known to occur in the Hutterites. These
include cystic fibrosis, an autosomal recessive form of muscular dystrophy i in the
Schmiedeleut (Shokeir & Kobrmsky, 1976}, an autosomal recessive dysequ:hbrlum
syndrome’ in the Darlusleut (Schurig, et a/. 1981), the autosomal recessive Meckel
syndrome in the Darlusleut,(Schurlg, et a/. 1980), and'the Bowen-CShradi syndrome, also
‘autosomal recessive, in all three leut (Bowen & Conradi, 1976; Hunter et a/. 1979). - in
addition, four other autosomal recessive disordérs {albinism, séﬁsorineural deafness,
methylmalonic aciduria and a new, mucolipidosis-like syndrome), _four autosomal dominant
disorders (spherocytosis, 5th finger brachydactyly Dupuytren-like contractures and
essential tremor), and four uncertain or polygenic disorders (diabetes, pyloric stenosns
cardiomyopathy and commumcatmg hydrocephalus) have been described (Bowen & Lowry;
1982). ltis of interest to note that the Bowen-Conradi syndrome, a lethal syhdrome of
skeletal and gemtourmary anomalies, although only recently recognised as a distinct
syndrome, has been recorded in-all three subduv:suqns of the Hutterites (about 11 cases
dia.gnosed since first being described in 18976). The Meckel syndrome, a lethal
syndrome of occipital encephalq;:ele, polydactyly and cystic kidneys, with other )
malformations, was first described by J. Fv Meckel in 1822.  This disorder has often
been confused with other malformatnon syndromes, but, after delineation of its clinical and v
pathologlcal features by Opitz & Howe (1969) a thorough search of the literature
confirmed 49 cases occurrmg between 1822 and 197! (Mecke & Passarge, I97)). The five
known cases in the Hutterites are all from one of the su_bdiviéions, the Dariusleut.

In addition to diagnostic difficulties arising from variation in the expression of
many of these disorders, problems with identification of sibships segregating, in
particular, the Bowen-Conradi or Meckel syndrome, may resuilt frém early lethal effects.
Multiple spontaneous abortions or stillbirths appear in the reproductive histories of some
of the parents of individuals with these diseases, and it is Ilkely that some affected

individuals, and their carrier parents,: may never be xdentlfled due to the occurrence of

these prenatal deaths.

15
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Sunce dnsorders such gs Bowen-Conradi syndrome and Meckel syndrome are rare

elsewhere, it seems ely that the HutteNte jhdividuals manifesting these disorders are
autozygous for tha same genes, which entered the population ina single founder couple
~ .

— m@st likely a different couple for each of the disorders.

IC'onganItal Maiformation: Background and Terminology ,

| -Congen/t,a/ malformations are morphologic abnormalities of internal or externa‘l{

‘organs that are pPesent at birth, and that have actual or potential clinical significance. ‘
Congenital malformations are relatively common, V\[/hen spontaneoys abortions and |
stillbirths are taken into account: over 80% of abo ed embryos and approximately 25% of "

aborted fetuses have one or more developmental lnormahtnes while the mcxdence of
icongemtal malformatnons in hveborn nndlvuduals is about 2-4% (Gerald, 1982; Poland
1982). o

Congenital malformations may be duse to genetic or environmental factors.

' Although in tnost cases it is notpossible to determine with certainty what factor (or
factors) was responsnble lt is thought that the major cause of malformatlon is genatic
(Smith, 1982). ’

There are tnree’"ﬁ'incipal genetic modes of determination for abnormal
morphogenesis: poly>genic, mutant .genes in single or dooble dose, and gross genetio

imbalance due to a chrgmosomal abnormality . The extent t~ which mutant mitochondrial

genes contrlbute to congentital malformation has not been determined. It has been

estimated that single mutani~genes may acc or about 10-15% of all congenital
S malformations (Moore, 1977). ' .

A syndrome is a recognised pattern or aggre tuon of developmentally-
lndependent malformations which has.a single etiology (Plnsky 1977). With respect to
congen?tal malformations, syndromes are particularly likely'to occur because the number
of malformatlons found in a single individual is not random. This is due to the fact that
early prenatal disturbances will often affect more than one organ of the develop:ng

. embryo, leadmg to the presence of multlple malformatlons in the infant at birth.  Froma
statnstncal vuewpomt _the more anomalies present and the rarer each of these anomalies is

“in the general population, the less likely it is that they will occur, together by chanoe in an

¢

/
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Fak
individual.  Thus, the more likely it is that they are causally related (Cohen, 1982)
The concept of 'developmental fields’ is useful in considering malformatuons ané
malformation syndromes. By definition, a devel/opmental field produces characters in
‘a sequential and organisationally hierarchical manner. | The term ‘devel/opmental field
complex’ (DFC) refers to a group of morphological defects which are devel0pmentally
interrelated, and which result from a single disturbance of field- develo?ment These
~ malformations or anomahes may be confmed to a single oorgan or region, or they may
involve several contlguous or, more rarely, distant structures. The elements of a single '
DFC all develop at about the same time. DFC's are etiologically nonspecuflc an organ or’
structure has a limited range of responses that it can make in response to any disturbing '
mfluen_cq therefore, the same anomaly may result from any one of several different
causes. In addition, the same general cause may result in a gfeater or Iesser ;ieg;'ee of
distt ' -ce of a field;, resultmg in variation in the clinical severity or axpressnvuty of the
ultimate malformations,

There is a tendency to ascribe congenstal malformations, especnally if multuple and
familial, to heredlty but this is not justified (Warkany, 1974). Ideally, demonstration of
autosomal recessive mherltance requires a 25% segregation ratio, equal sex ratio,
increase;l parental consanguinity (for rare traits) and the demonstration of a carrier state.
However, for a new or obscure disorder, the presence of an affected sibling,
demonstration of consanguinity between unaffected parents, and/or ‘discovery of distant
relationship between two or more affected individuals is generally consvdered suffxcnent
to mfer autosomal recessive inheritance (Opitz, et a/ 1879). |If the affected individuals

.are all male, X-linked inheritance cannot be ruled out as a possible mode of iﬁheritance
unless male-‘to-male' transmissioﬁ is observed. Dominant inheritance is suspected if
transmission occurs from an affected parent to one or more offspring, however, fam:hal
occurrence in one or more generations may also have a polygenic basis.

Syndromes can bé classified in two;main Ways — 'on the basis of a single discrete
feature or variants thereof (e.g. syndromes wnth polydactyly), or on the basis of a large
number of shared features (e.g. syndromes attrlbutable to chromosomal abnormalities).

| This second approach is espec;:? approprlate for malfor'matlon syndromes. Since.

most, if not all, of the manifestations of malformation syndromes are nonspecific,
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diagnosis is usua!jy based on locsely defined phenotype and mode of inheritance (specific
biochemical tests are generally not available). For many syndromes {e.g. Down

) syndro:ne trcsomy 9p syndrome, tricho- rhnno palangeal syndrome), the resemblance of
one affected individual to another, unrelated, affected individual is greater than to his/ her
own siblings.  On the other hand, the major features of some well-defined, single gene
syndromes are often not constant, either within and between affected sibships or on both
sides of a single individual (e.g. the Meckel syndrome) (Opitz, et a/. 1979; Pinsky, 1977).
Autosomal recessive disorders generally show less variation in expression than do
autosomatl dominant ones, possibly because there is no normal gene product present to

}arry on the particular function. Syndromes recognised on the basis of dysmorphic
features are exceptions to this generalisation, probably because the phenotype is saveral
steps removed from the gene product. The greater variability in autosomal dominant
disorders (e.g. Treacher-Collins syndrome, Holt-Oram syndrome) may be due to minor
differences in the normal allele product or chance differences in ratios of normal to
abnormal subunits that make up the affected molecules‘. foferences in genetic'and
environmental background may also be responsible for some of the variability observed in
both dominant and recessive disorders. \

Newly described syndromes generally show little phenotypic variability because
the earliest exampies are diagnosed on the basis of how closely they resembile the first:
case. Theresult of this‘selectior; bias is a homogeneity of phenotype which often
emphasizes the most severe aspects of the syndrome (Cohen, 1982).  The number of
minor and/.or variable features of the syndrome tends to increase as the number of
patients increases, particularly as families with more than one affected member a;'e

ascertained. In'such families, exclusion of the proband from the study will result in a

less biased characterisation of the phenotype (Fraser and Lytwyn, 1981).

~ -
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Example: The Meckel Syndrome

One autosomal recessive disorder which has been diagnosed in the Hutterites and
which shows a large degree of phenotypic variability is the Meckel syndrome. Meckel
(1822) reported two affected siblings, born one year apart, with occipital encephalo;:ele,
cleft palate, microcephaly, polydactyly of all four limbs, and enlarged, cystic kidneys.
Since that time, there have been at least 100 individuals reported with sifnilar findings
{Norio, et a/. 1980).

Although th-e defects in the Meckel syndrome a‘re of many kinds and affect
different organ systems, the 'classical triad’ of occipital meningo-encephalocele, cystic
kidneys and postaxial polydactyly is considered to be diagnostic.  Other malformations
w?wich have often been reported are eye anomalies, cleft palate, microcephaly,
micrognathia and heart’ defects. Cases reported with genital ambiguities may have been
the Smith-Lemli-Opitz syndrome, not the Meckel syndrome (Lowry, 1983),as there is
some phenotypic overiap of these two recessively inherited syndromes. |

There have been a number of reviews concerned with phenotypic variability in the
Meckel syndrome (Mecke an;d Passarge, 197 1; Fraser and Lytwyn, 1981; Séller, 1881;
Lowry, et a/. 1983; Lowry, 1983). Mecke and Passarge (197 1) reviewed the genetics
of and summarised the clinical and pathological features of 49 cases. Seller (1981)
reported a family with four affected sibs, all of whom showed the same phenotype, with
only © . of the major anomalies of the syndrome - encephélocele and polycystic kidneys.
She noted that some 57% of the reported cases of the Meckel syndrome have all three
major anomalies, 16% have encephalocele and polvycystic‘kidneys, 15% have polycystic
kidneys and polydactyly, 3% ha\)e encephalocele and polydactyly, and 9% have only one of
the major features. A further review of families with more than one affected individual
showed that in 53% 6f these families the siblings had identical phenotypes and in 47% the
manifestation of the disorder, with respect to major signs, differed among the affected
éiblings. The expression of minor abnormalities was found to be quité variable among all
cases, including sibling groups.

Fraser and Lytwyn (1981) studied the range of anomalies in the affected siblings of
Meckel syndrome probands.  Their rationale was that these individuals would be more

repres?ntative of the true phenotypic variability of the syndrome, since they did not have
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to have the”classical’ phehotype in o'rdér to be ascertained. It was found that the
frequency of most of the defects was lower in the affected siblings than in the probands.
All the affected siblings like the probands, had polycystic kidneys, 63% had occipital
encephalocels (839% in probands), and 55% had polydactyly (85% in probands).

As aresult of their review of the literature, Mecke and Passarge (197 1) suggested
that the presence of at least any two of the three ma jor features of the disorder,
especially if accompanied by any of the ‘frequently associated anomalies, should be
sufficient to establish the diagnosis. (However, they accepted a diagnosis of Meckel
syndrome in four individuals with only.one of the ma‘jor features, none of whom had
" cystic kidneys.)  More recently, Fraser and Lytwyn {198 1) suggested that the ‘working
definition’ 'of the Meckel syndrome should consist of cystic kidneys plus at ieast two o.f
the other major defects frequently associated with the syndrome. Lowry, et a/. (1983),
do not feel that there should be an obligatory defect for the diagnosis of any syndronie,
and anticipate that there will be mildly affected cases of the Meckel syndrome whose
kidneys will be normal or nearly so. However until such an individual is diaghosed {on
the basis of having a sibling with *full- blown Meckel syndrome) the working deflmtlon of

'Fraser and Lytwyn is probably the best operational diagnostic criterion for the dlsorder

The Meckel Syndrome in the Hutterites
- The five known caées of the Meckel syndrome in the Hutterites are all from oﬁe of
the population subdivisions, the Dariusleut. Two siblings who were diagnosed duriﬁg
life, and a third infant, diagnosed retrospectively, showed a considerable range of
phenotypic variation (Schurig, etal/. 1980). One infant showed the classical.triad of
cystic kidneys, occipital meningocele and postaxial polyda\ctyly plus other malformatlons
while his brother, born subsequently, had no obvious external malformations. The third
infant, closely related to the first two, had an occipital meningocele, hydrocephalus, cleft
palate and microphthalmia, which is consistent With a diagnosis of the Meckel syndrdme.
It is not known if he had cystic kidneys. Two additional Dariusleut infants have been
diagnosed with the Meckel syndrome (unpublished information, R.B. Lowry, P. Bowen,

S. Ackroyd). | Because of the extreme phenotypic variability in this disorder, the Meckel

syndrome has probably been underascertained in the Hutterites.  This may be the reason
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why the Meckel syndrome has, so far, been found only in the Alberta Dariusleut.

The Bowen-Conradi Syndromq

‘The Bowen-Conradi syndrome is a lethal disufder of muitiple co’ngenifal
abnormalities which was recognised as awnew syndrome in the Hutterites in 1976 (Bowen
and Conradi, 1976). To date, 16 individuals with this syndrome have been diagnosed in |
14 Hutterlte sibships (See Tabie 2.1).  The major features of the disorder, reported in
essentually all patients, are intrauterine growth retardation, microcephaly, dollchocephaly
prominent nose, unusually formed antihelices, micrognathia, mild limitation of joints
(fingers, hips, knees), 'rockerbottom’ feet, undescended testes, normal karyotype and
infant death. @_:a\c'idition, the infants are hypotonic at birth, have feeding difficuities and
failure to thrive. l:'\constant abnormaliities include corneal clouding and abnormal neck or
shoulder region in sorhe patients Because of the number of obvsous features which are
present in every Bowen Conradl syndrome mfant it is unlikely that the Bowen- Conradl
syndrome is presently being underascertained in Alberta, although early cases probably

were missed. However, if an affected infant was born at home, it may not be

ascertained, as it may not survive iong enough to come to the attention of the medical

géne,ticists, and it is not clear how it would be recorded on a death registration. . On the
basis of its occurrence in siblings, parental consanguinity, and the inter-relatedness of the
families, the Bowen-Conradi syndrome is assumed to be an autosomal recessive disorder
(Bowen & Conradi, 1976; Hunter, etal. 1979) |

The uniformity of the clinical phenotype observed in patlents with the
Bowen-Conradi syndrome may be due to the fact that the descmptlon is based on relatively
few cases. The range of phenotypic variation in the Bowen-Conradi syndrome, including
the unpublished materials, is being reviewed (P. Bowen and R.B. Lowry, pers. comm.).

Although the Bowen-Conradi syndrome has often been misdiagnased clinicélly as
trisomy 18, by those who are unfamiliar with it, the phenotypic resemblance of the two
disorders is only superficial. There are a number of reports in the hterature of infants
with the phenotype of trisomy 18 but who have normal chromosomes (e. g. Burks and
Smkford 1964; de Grouchy 1865; Hook and Yunis, 1965; Lazyuk, et a/. 1980:; Le

Marec, et a/. 1981; Srmpson and German, 1969; Szotawa and Kowalewska, 1965: Taylor,
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1968).  Although it is possible that some of these individuals have had a small duplication
of part of chromosome 18 which was not detected, it has been suggested, on the basis
of some instances of parental consanguinity and several sets of affected siblings, that
these cases may comprisé one or more autosomal recessive syndromes. It is not
unlikely that at least some of these cases may have the Bowen-Conradi syndrome.
Twenty-eight individuals with pseudotrlsomy 18 have been reported in the
Ilterature since 1964.  Since 1968, about 16 Hutterite infants affected with the
Bowen-~-Conradi syndrome have been born; nine of whom have been reported in published
accounts. Table 2.2 lists the ma jt;r features that have been reported for trisomy 18,
‘pseudotrisomy’ 18 and the Bowen-Conradi syndrome, and summarises a comparison of
21 of the patients with ‘Pseudotrisomy’ 18 and 14 ‘of the Hutterite infants with the
Bowen-Conradi syndrome. (See Appendix 1 for descriptions of individual cases of
'pseudotrisoniy’ 18 and the Bowen-Conradi syndrome). For each of the featdres the_z
proportion (where known) of trisomy 18 patients showing the trait is given. The three
conditions share several features.  The affected infants have a variable degree of |
intrauterine growth retardation. Microcephaly, micrognathia and malformed helices
(‘faun’s ears') are common features, as are camptodactyly and clinédactyly. Itis alsol
evident that ‘pseudotrisomy’ 18 and the Bowen-Conradi syndrome diffe’r from true
trisomy 18 and from each other wifh respect to several major features. The sex ratios
of the affected infants are different in the three conditions. - Over 75% of trlsomy 18
“infants are female whereas only about 40% (11/28) of the reported cases of
‘Pseudotrisomy’ 18 and 50% (8/ 16) of the Bowen-Conradi syndrome cases are female.
A maternal age effect is evident in trisomy 18, the mean age of the mothers at 'the birth of
an affected child being about 32. years (Taylor, 1968). However, the mothers of
‘Pseudotrisomy’ 18 infants are about 23.5 years and those of the Bowen-Conradi
syndrome infants are about 28.9 years old at the birth of their affected child. This is
probably not significantly elevated as, in 1950, the mean age of Hutterite mothers at the
birth of a child was abaut 28 years kEaton & Mayer, 1954). _
Trisomy 18 infants have an altered gestational timing: about one-third are born
early and one-third are born late. The mean gestational period'for ‘pseudotrisomy’ 18

infants is about 37 weeks — only one of 17 infants for whom length of gestation was



Table 2.2: Major Reported Fe
the Bowen-Conradi Syndrome
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atures of trisomy 18, ‘Pseudotrisomy’ 18 and

sex
mother’'s age ‘at birth
of child (yrs)

gestation (wks)

breech

birthweight (gms)
birthlength (cm)

head circumference (cm)
dolichocephally
prominent occiput
‘microcephally

ptosis

small palpebral fissures
hypertelorism

epicanthus

small mouth
micrognathia

palate abnormalities
malformed ears

lowset ears

large nose :
prominent bridge of nos
short neck

short sternum -

shield chest

distally implanted thumbs
-camptodactyly &/or -
clinodactyly

hypoplastic nails
restricted hip &/or knee
flexion deformity, - wrist
short, dorsiflexed hallux
calcaneovalgus

clubfoot

‘rockerbottom’ feet
dislocated hips
overlapping fingers,
-clenched hand

cardiac anomaly

renal anomaly
cryptorchidism

other genital

hypertonic

hypotonic

depressed Moro & suck
reflexes

superficiallr normal. brain
feeding difficulty

failure to thrive
developmental retardation

respiratory. distress at birth

age at death

Trisomy 18 'Pseudotrisomy’ Bowen-Conradi
% with trait 18 Syndrome
77% f 11/28 f 8/16 f
=33 23.5 28.9
1/34:1/3} 37 term
— 1/21 6/14
2340 2460 2230
— 42.8 445
— 325 30.6
93 4/21 11/14
>50 5721 3/14
10-50 7/21 13714
— 5/21 1/14
>50 10/ 21 1714
81 8/21 —
41 2/21 2/ 14
>50 7/21 1/14
92 14/21 13714
— 10/21 7/14
88 13/21 9/14
88 13721 1/14
—_ 8/21 7/21
— — 12/14
10-50 1/21 - 4/14
68 3/21 1/14
10-50 3/21- —
52 -5/21 —
83 17/21 11/14
63 3721 4/14
10-50 6/21 14/ 14
10-50 4/21 1714
>50 5721 —
52 - 3721 —
10-50 8/21 1714
10-50 10/21. 11/14
<10 - 2/21 1714
>50 16/21 5/14
85 6/21 1714
62 5/21 1/14
100 3/14 6/7
— 4/21 1714
50 - B6/21 1714
36 - 5/21 —
—_ 3/21 7/14
92 —_ —
96 1/21 12/14
96 5/21 3714
96 5/21 4/14
9/21 3/14(7)

50% <2m, 90%
<ly




25
reported had a gestational period longer than 40 weeks. Most Bowen-Conradi
syndrome infants have a hormal gestational period.  In addition, almost half 6/ 11) of the
Bowen-Conradi syndrome Mfants were born by breech presentation, whereas o'nly one of
the ’pseudotrisomy_’ 18 infants was reported to be a breecr; presentation. The mean
birthweight of trisomy 18 infants is about 2340 grams.  Both 'pseudotrisomy’ 18 and
the Bowen-Conradi syndrome infants are small: however, the former are on the average
somewhat .heavier (2460 grams) and the latter lighter (2230 grams) than are trisomy 18
infants (See Table 2.3).  In addition to belng on average heavier at birth than are the
Bowen- Conrad| Syndrome infants, those wuth 'pseudotrisomy’ 18 tend to be slightly
shorter (_42.8 cmyvs, 44,5 '€m), and to have a larger head circumference (32.5 cm vs. 30.6
cm). |

Epicanthus, small palpebral fissures, hypertelorism, small mouth, short sternum,
distally implanted thumbs, hypoplastic na»ls short dorsiflexed hallux, clubfoot cardiac
anomalies and renal anomalies are’ all Iess commonly reported in both ‘pseudotrisomy’ 18
and the Bowen-Conradi syndrome than they are in trisomy 18 (See Table 2.4).
Malformed, lowset ears are common in trisomy 18 (88%) and in ’pseudotrisomy" 18
{13/21, 62%) infant:;. Sixty-four percent (3/ i4) of the Bowen-Conradi syndrome
infants were reported to have poorly formed antuhehces but only one (7%) had Iowset

ears. Mlcrognathna is common in all three disorders (92% of trisomy 18, 76§ (16/21)

of 'pseudotrisomy* 18, 93% (13/ 14) of Bowen-Conradi syndrome). A large nose was

reported in 38% (8/21) of the 'pseudotrisomy’ 18 ahd in 50% (7/14) of the
Bowen-Conradi syndrome infants. Some 'pseudotrisomy’ 18 infants had a depressed
nasal bridge. but 86% (12/ 14) of those with the ‘Bowen-Conradi syndrome had a
prominent nose, with n‘o glabellar angle.

There are three features for which trisomy 18 and 'pseudotrisomy‘ 18 show a

similar frequency of occurrence, which is dlfferent from that of the Bowen Conradi

' syndrome. The 'trisomy 18 hand’, a clenched fist with overlappmg flngers has been

found in well over 50% of trisomy 18 and in 76% (16/21) of the 'pseudotrisomy’ 18

cases reported. Only) 36% (5/14) of the infants with the Bowen-Cofradi syndrome

- were reported as having this feature.  Restricted movement at the hips and/ or knees is

found in less than 50% of both trisomy 18 and ‘pseudotrisomy’ 18 infants but in at Isast



Table '2.3: Gestation Period and Birthweight of Bowen-Conradi . Syndrome

Patients
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Random .Sex Gestation (weeks) Birthweight (grams)
ID Number. (1) (2) (1) (2)
17572 f term —_— 2622 -—
13951 f term — 2570 —
17956 f 44 — 1821 —
16955 f _ 40 —_ 2123
18068 m — 40 2040 2414
10591 m 37 — 2013 2070
12747 m 42 41 - 2097 2102
17212 m 38 . —_ ) 2210 —_
15286 , m term — 2030 —

11914 'm —_ 37 -— 2300 -
11817 f — 39 e 1975

13132 m — 42 4/7 —_ 2440
11073 f e .- 40+ —_ 2350
16722 m — —_ — —_
10433 f —_ 42 2110 2150
10839 f term - 42 2730 —

(1) published data

(2) birth registration or other

Note: if two values for
average of the two was

gestation or birthweight were reported for a case, the

used in the calculation of the mean.
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Table 2.4: Features with Different Frequencies in the three Disorders

FEATURE Number Showing Feature
. 4
"~ Trisomy 18 'Pseudotrisomy’ Bowen-Conradi
{%) 18 Syndrome

epicanthus 40 2/21 . 2/14
small palpebral <

fissures 50 ' 10/21 1/14
hypertelorism 81 8/21 ' -—
small mouth 50 7121 1714
short sternum 68 3/21 1/14
distally implanted

thumbs 52 5/21 : —
hypoplastic nails : 63 3721 4/14
short dorsiflexed ,

hallux 50 5/21 ; —_—
clubfoot 10-50 ) 8/21 . 1/14
cardiac anomalies 85 6/21 _ 1714
renal anomalies 62 5/21 1/14
malformed ears 88 . 13/21 9/14
lowset ears - 88 , 13/21 1714
micrognathia- 92 14/21 13714
large nose —_ : 8/21 7/14

ominent nasal .

bridge - — 12/ 14
overilapping fingers, ' . :

clenched fist 50 16/21 5/14
restricted hip &/or _ .

knee 10-50 6/21 : 14/14
‘rockerbottom’ 10-50 10/21 - 11/14
foot ) ‘
cryptorchidism 50 3/14 6/7
respiratory distress . -

at birth : — 9/21 : 3/14(?)

The first 11 of these features are found more frequently in trisomy 18 than
in either 'pseudotrisomy’ 18 or the Bowen-Conradi - syndrome , the remainder
occur at different relative frequencies in the three disorders.



86% (12/ 14) of those with the Bowsn-Conradi syndrome. However, a 'rockerbottom’
foot deformity has been present in 79% (11/ 14) of the Bowen-Conradi syndrome infants
but in fewer than 50% of those with either trisomy 18 or 'pseudotrisomy’ 18 (10/21).
Ckyptorchidism is found at a high frequency in both trisomy 18 (100%) and\the
Bowen-Conradi syndrome (86%, 6/7), butis relatively infrequent in '‘pseudotrisomy’ 18
(21%, 4/14).  Another feature, which has only been reported as a major trait in mfants
with ‘pseudotrisomy’ 18, is respiratory dist-ess at birth. - Howaever, it |s possible that this
has been present in the Bowen-Conradi syndrome infants but not mentioned in the

published reports..

Summary

Both 'pseudotrisomy’ 18 and the Bowen- Conradi syndrome can be distinguished
from trisomy 18 on the basis of karyotype alone. However, the cases described under *
the heading of pseudotrisomy' 18 probably comprise a heterogeneous group which may
include at least some cases of the Bowen-Conradi syndrome. The samilarity between

‘pseudotrisomy’ 18 and the Bowen-Conradi syndrome seems to lie in their 5uperf|cnal
resemblance to trisomy 18 and in their lack of, or Iow frequency of, severai anomalies
found at high frequency in trisomy 18, rather than in their sharing at high frequency
anomalies not found in trisomy 18 (See Figure 2. 1).

As Table 2.1 demonstrates, there are many overlapping characteristics as well as
some apparently differentiating features.  Infants with the Bowen;Conradi syndrome
tend to have a greater degree of intreuterine growth retardation, are longer and heve a
smaller head circumference than do those with 'pseudotrisomy’ 18. Craniofacial
features which are at higher frequency in the Bowen Conradi syndrome include
dolichocephaly (which may be related to a breech presentation), microcephaly and lack of
glabellar angle resultlng in @ prominent bridge of the nose, whereas these features were
either not present or were not recorded in the infants with '‘Pseudotrisomy’ 18. In
addition males with the Bowen-Conradi syndrome have a very high incidence of
cryptorchidism and essentially all the Bowen-Conradi syndrome infants are reported to
have feeding diffiCUlties The 'pseudotrisomy’ 18 infants had a high incidence of

. clubfeet, they tended to have small palpebral fissure . hypertelorism, a small mouth,



Figure 2.1: Oveﬂap Between Trisomy 18, ‘Psaudotrisomy’ -18 and the
Bowen-Conradi Syndrome. (Traits seen in >50% of affected individuals).
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lowset ears‘, to be hypertonjc and to present with extreme respiratory distress at birth.

At present, there qre no‘well-documented 'c‘:ases of the Bowen-Conradi syndrome
in non-Hutterite populations.  This could be dus to the gene for the syndror_ne being
confined to the Hdtterite population, although this seems unlikely. A more probable
reason is simply that the Bowen-Conradi syndrome‘phenotype is relé’zively nonspecific, -but
it may be being altered somewhat by the genetic background of the Hutterite population,

making diagnosis of affected individuals possible.

!



.  MATERIALS AND METHODS

'
w

Genealogical Materials-

Much genealogical and demographic information eXists for the Hutterites. The
genealogies of the Schmiedeleut.and Lehrerieut have been reconstructed, and
computerisied data bases for these leut exist in the United States (Martin, et a/. 1980).
Although the Dariusleut genealogy has not been completely reconstructed and
computerised, there are many sources of inforn'iation which can be used to reconstruct
particular families arjd pedigrees as requirgd. The available “sourcemixlogical and
demographic information, from the laboratory of Dr. Kenneth Morgan, Department of
Genetics, University of Alberta, Edmonton, included: ‘

1. . Acopyof Dériusleut family records from a census taken in the 1960's'by

Professor A.G. Steinberg, Case Western Reserve University, and his colleagues.
2. - Family reconstructions by heverené JK. Wipf, a Hutterite preacher in Alberta. ‘

He has reconstructed ancestral families 6f the Dariusleut as far back as the

1700's. |
3. Family recc’bnétr.uctions received from Mrs. A. BPFth of Calgary, Alberta. Her

family records are from the period 1729-18890. | ,

. 4. ‘ Kirchenl Buech |, a fegistry éontainir)% births, baptisms, marriages and deat'hs from
1756-1843. . An offset print of thé original registry of the Hutterian Brethren,
obtained from Professor John A. Hostetler.

5. Kirchen Buech Il, a continuation of the register from 1844-1978, with information

on a subset of the Dariusleut to 1975.

Methods. A _

Inbreedmg coefficients have been calculated for sibships with an individual ,
affected with Bowen Conradi syndrome (affected sibships) and for their parents. These
calculations were done using a version, KUDO, of a computer program by J; }MacCIUer
(MacCluer et a/. 1967) which uses Kudo's method (1862). (See Appendix 2 for &
descriptions of all computer programs).  In addition, coefficients of kinship betwsen :;II

pairs of affected individuals and between all pairs of their parents were calculated using

Yo 31

{



32

the same program. The set of all founders to the pedigree, as well as the set of
founders who are common to the parants of affected sibships, were determined using the
computer programs TRACEQ and PRUNE.  The expected genetic contributions of these
founders to the parents of affected sibships were also calculated, using the program
ALLELE which computes the proportion of alleles in an individual which are attributable to a
specific ancestor.

The number of Hutterite bifths betw?en 1968 and 1983 was estimated from the
crude birth rates for Alberta Hutterites determined by Laing (1975) from 1971 Canadian
census data, and an estimate of the total population size.  The average of Laing's six
estimates of c;ude birth rate, 38.4, Wwas used. Morgan (1983) estimated a total Huttarite
population size of 20,300.

~ Descriptions of 14 of the Bowen-Conradi syndrome infants are provided in
Appendixl 1. and were used in the discussion of the disorder in Chapter 2. Most 0. .he
genstic analyses used the genealogy of ten of the affected sibships. These ten include
Bowen and Conradi's original sibship, five additional sibships reported in Hunter, et
a/. (19789), (not including the sibéhip mentioned in their Addenda), and four uhpublished
sibships.  The estimated genetic contributions of thé founders to the affected sibships
and their parents were calculated from a genealogy which contained a reconstruction of
the first nine sit;ships identified. One of the estimates of allele frequency used the 15

sibships cohéining an'infant with a confirmed diagnosis of the Bowen-Conradi syndrome .

s
J IS

Identification of Probands

Bovv;gh and Conradi (1976) and Hunter, et a/. (f‘-é?S_), reported two and nine
infants, respectively, with the Bowen-Conradi syndroms (The nine infants in Hunter et
a/. include the two réported by Bowen and Conradi (1976).  One of the additional infants

is reported in the Addenda to the paper, and is not included in their Figure 1).

-

Identification of the Bowen-Conradi syndrome infar;ts in the‘?—luntér et a/. paper was made
available to Dr. Morgan byDr A. Hunter, Division of Genetics, Children's Hospital of
(Easter\n Ontario, Ottawa, with additional information provided by Dr. R.B. Lowry, Mgdiéal _
Genetics Clinic; Alberta Children's Hospital, Calgary. Information on the unpublish;ed

cases was made available to Dr. Morgan by Dr. P. Bowen, Division of Medical Genetics,

e

{
\
)
/
/
7/
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Department of Pediatrics, University of Alberta, Edmonton; Dr. R.B. Lowry, Medical
Genetics Clinic, Alberta Childre.. s Hospital, Calgary; Dr. A.E. Chudley, Department of
Pediatrics and Child Health, Children's Hospital, Winnipeg. Additional clinical information
was provided to Dr. Morgan by Dr. S. Ackroyd, Division of Medical Genetics, | '
Department of Pediatrics, University of Alberta, Edmonton, and Dr. S.B. Fowlow, Medical
Genetics Clinic, Alberta Children’s Hospital, Calgéry, and to Ms. Petrie Sy Dr. P. Bowen and - :
Dr. S. Ackroyd. |

Comparison Groups
When working with a po_pulatiqn which forms a single pedigree, there is no true

control grodp that can be drawn from within the population (Thompson, 1880). Because

~« the lines of descent tb the cases and controls are not independent due to the fact that
both involve the same paths of descent in the same genealogy, it is difficult first to choose |
a 66&)&01 sample, and second to compare the distributions of kinship coefficients in the
'gases' versus the controls. A further major difficulty in generating any comparison
group for the current study of the Bowen-Conradi syndrome in the Hutterite population
was the fact that genealogical information was not availabie for all three sabdivisions of
the contemporary population.  (No information was available for the contemporary
Schmiedeleut population).  Even so, there are a nUmber of different types of |
comparison group that might be useful to improve the inferences made from an analy3|s
of the ancestry and mbreedmg coefficients of the Hutterite sibships-containing an
individual with the Bowen-Conradi syndrome . These mclude: -
1 Arandom sample of .individuals born during the same ;)eriod of time as the
Bowen-Conradi syndrome cases.
2 Age-, sex- and leut-matched individuals for each of the Bowen-Conradi syndrome
cases. _ a
3 Individuals affected with a different genetic disorder having the same mode of
inheritance as the Bowen-Conradi syndrome . l '

- "4 Spousesof the siblings of the parents of affected individuéls.

Either of the first two comparison groups would provide information on the

distributions of inbreeding coefficients within the current generation of the Hutterite
. . - 1
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population and the biological relationships between marriage partners, as well as the
distribution of the estimated geneﬁc contributions of the founders to the members of the
contemporar;t population.  Since it seems urilikely‘ that two or more rare disorders will
trace back to the same founder couple, a'comparison sample of the third type, consisting
of cases of another disorder, would be helpful in inferring the most likely soerce of the
allels. A comparison group of the fourth type would provide the same information as
would the first two, butin addmon because of the hlgh frequency of sibship exchange
marriages in the populatlon could be used to determme the existence of any marriages at
high risk for producing an affected child.

I the absence of the data neceseary to generate any of the above types of '
‘comparison groep, the comparison deta used here come from the published literature.
These include the distribution of inbreeding coefficients »i 667 Schmledeleut sibships
whose parents were married between about 1900 and 1960 (Mange, 1964, mean
inbreeding coefficients of similar samples for all three leut (Steinberg, et a/. 1967;
Gordon and Martin, 1983), and coefficients of inbreeding of Schmiedeleut and Lehrerleut
indiQiduaIs ascertained with cancer, and their selected controls (Martin, et a/. 1980a,l:_>;
Simpson, et a/. 1981). In general, cases were grouped by sex, leut and type of cancer,
controls were either all Hutterites of the same leut, sex and decade of .birth as the pooled
- cases or, for some types of cancers, individual cases. The dlstrlbutlons of inbreeding
coeff:cuents derived from these data are presented in Table 3 1.

To generate/the mean inbreeding coefficients shown in Table 3 1, it was necessary
to determine the decades of birth of the individuals with specific cancers reported by
Martin, et a/. (1980a,b) and Simpeon eta/.{1981). This was possible beeause for many
of the cancers, only a smgle affected individual had been reported in the population.  For
these cases, the control data would consist of the mean coefflcuent of mbreedlng of all
Hutterites of the same leut and sex, born within the same decade.  The years of blrt}g for
many of the individual cancer cases was provided by Dr. Morgan.  In this way, it was
possible to estimate the mean coeffvicient of inbreeding of both Schmiédeleut and
Lehrerleut males and females for most of the decades between 1870-1879 and

1960-1969.
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Table 3.1: Estimated Mean Inbreeding Coefficients of Hutterites by Decade
- .of Birth
A. SCHMIEDELEUT

Decade of Number of Total  Mean F Mean F Mean F
Birth Males Females Number (males) (females) (total)
1870-1879 — . 8 8 — .0137 .0137
1880-1889 56 — 56 .0096 —_ - .0096
1890-1899 ° 79 ) 55 134 0165 .0087 .0133
1900-1909 129 225 , 364 .0157 .0150 .0153
1910-1919 202 - 192 '+ 394 .1056 .0139 .0148
1920-1929 728# 302 1030 .0195 .0176 +.0189 -
1930-1939 467 479% . 946 .0194 .0183 .0188
! 729% 1191 " .0200 .0198

1940-1949 — — — — — —
1950-1959 “1102# C—_ 1102 -.0221 — .0221

B. LEHRERLEUT ’
Decade of  Number of Total Mean F Mean F  Mean F
Birth Males. Females Number (males) (females) . (total)
1880+1889 29 36.. 67 .0130 . .0124 .0127
1890-1899 69 69 138 0121 .0129 .0125
1900-1909 94 102 196 .0123 .0143 .0133
1910-1919 154 153 306 .01860 .0162 .0162
1920-1929 236 243 479 .0188 .0191 . .0190
1930-1939 — ‘324 . 324 - —_ .0182 0182
1840-1949 — 436 436 — .0234 .0234
1950-1959 763 656 1419 .0269 .0274> ©.0271
1960-1969 687 — .0286

— 687

.0286

Derived from Martin, et a/. (1980a,b) and Simpson, et a/. (1981).

*

There ma
1950-1959 d
periods. Ther

y be problems with these numbers: the 1820-1929 decade and
ecade male sample sizes appear to be too large for these time

e were two possible sampie sizes for the 1930-1939 females.



IV.  RESULTS AND DISCUSSION

The Genealogy‘

The pedigrees of ten of the sibships known to have at least one individual affec_;ted_«;
with the Bowen-Conradi syndrome has been reconstructed (the six sibships in Hunter, et
al. (1979, plus four additional sibships). = The reconstruction was based on genealogic
information in the possession of Dr. Morgan as of August 1883. Four of the svibships
. are from the Schmiedeleut, four from the Dariusleut énd two from the Lehrerleut. The

pedigree contains 622 persons, (including twelve aiffectad individuals, but none of their,

unaffected sibs), 67 of whom aré ‘founders’. |
.

Ancestor Set _

Founders are defined as persons who have no known ancestors within the

pedigree and thus are considered to be unrelated to each other. Table 4.1 indicates the
- degree of overlap in the distribution of the founders to the three leut, as repfesentéd in
this pedigree.  Eighteen of the founders, all born in the eafly 1700's, are common to all
of the parents of affected sibships, and hence potential sources of the Bowen-Conradi
syqdrome allele.  These eighteen comprise eight couples plus two wivés of sons of two
of these couples.

The estimated genetic contributions of the 67 founders to the parents of affected s
sibships were calculated using the computer program ALLELE.  individual founders
contributed from 0.0% to 9.0% of thé alleles of individual parentsv.. The 18 common
founders, as a group, contributed between 42% and 66% of the alleles of individual
parents.  Similarly, the estimated genetic contributions of the. individual founders to the
éffected sibships-were calculated.  Individual founders contributed from 0.0% to 8.8%
of the alleles of individual siBships. The 18 common founders as a group contributed
from 46% to 62.5% of the alleles to individual sibships.

In an attempt to determine if there were any other individuals who might be a
pbtential source of the Bowen-(;onradi syndrome allele, five founders who are ancestral

| to all.- but one of the parents of the affected sibships were identified: two couples and the

wife of a son of a founder. These founders are all ‘excluded’ on the basis of not being

36
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Téble 4.1: Distribution of Founders for the Bowen.-Conradi Syndrome ‘
Pedigree :
Number of Maximum Number . Number of
Founders
Leut Affected of Founders Common to all
Sibships : . Parents of
Affected Sibships
Schmiedeleut 4 57 25
Dariusleut .4 57 29
Lehrerleut 2 47 v 32
Combined 10 67+ : 18

38 founders are ancestral to all three leut

A
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among the known ancestors 6f a parent of an affected Schmiedeleut sibship. Three of
them are excluded by one Schmiedeleut mother, and two by one Schmiedeleut father.
This may simply be due to the fact that, for these data, the Schmiedeleut pedigrees are
less known (and Iess_secure) than are those of the Dariusleut and Lehrerleut sibships.

| The estimated mean individual allslic contributions of these five foundérs to those
of the parents of affected sibships to whom they do make an allelic contribution ranges
between 1.9% and 3.8%.  Only two of these founders, one couple, have an average
allelic contribution which is within the top half of the range of‘the contributions of the
eighteen founders who are known to be common to all the parents of affected sibships.
The ancestry of the parent who excluded them is 100% complete for only fouf
generations, so it is possible that this ancestor coupie may be, in fact, common to all of

i

the parents.

. Inbreeding Coefficients
The inbreeding coefficient, 'F, was calculated for each affected sibship and for
both parents of these sibships. The values, shown in Table 4.2, were calchated on the
entire known ancestry of these iﬁdividuals ajmd include inbreeding through persoﬁs who are
© not common ancestors to all ten sibships.  The F values for the affected sibships rahged
from 0.0304 to 0.0866, and for their parents from 0.01431t0 0.0721. Themean
values of F for affected sibships, and for their parents, within leut, are shown in
Table 4.3.  This table also contains the average coefficients of kinship, ¢ab
calculated between all pairs of affected sibships, énd betwsen all pairs of parents (other
tha.n sib or first cousin pairs), by leut.  Sib and first cousin pairs were excluded from the
calculation to conform to thé Hutterites’ avoidance of marriage with individuals related as
first cousins or closer. Table 4.4 shows the average kinship coefficient between
sibships with an affected child, within and between leut. These indicafe that, in geheral,
the sibships with an affected child are more closely related to others within the same leut
than they are to the affected sibships in the other two leut. - This is not unexp’eéted, as

relatively few Hutterite marriages involve individuals from different subdivisions of the

population.

N\
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Table 4.2: Inbreeding Coefficients of Bowen-Conradi Syndrome Patients and
their Parents

Random ID - ' Closest Degree of
Number Leut Patient Father Mother Relationship of

of Patient _Parents Grandparents
, Paternal Maternal

17572 s 061 043 03 D2Cx 1x.C 2¢C
13951
17956 s .034 014 .025 2¢ 22¢c  3cC
18068 D 046 030 .028 2C ®2C ®B2C
10591 : | .
12747 L 075 042 065 D2C D2C
172120 S 054 024 021 2 ¢ 3¢ 3cC
15286 S 047 024 072 % 1L 2C 2k C
13132 D .030 058 062 Ta4C imC 2C
11073 D 057  -.072 038 26C. 1,C 3¢C
16722 L 087 062 042 %C 2C D2C¢C
11917 D .054 034 058 2 C 3¢ D2cC
# Double second cousins; Y2 — once rerﬁoved

Y2 1% C — half first cousins, once removed
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TaBIe 4.3: Average Inbreeding and Kinship Coefficients of Bowen-Conradi
Syndrome Affected and Parents ‘

Schmiedeleut Dariusleut Lehrerieut
(n)# {n) (n)

F. (affected) 0.049 (4) 0.055 {4) ' 0.081 (2)
F. (parents) .0.027 8 0.043 (8 0.053 4)
P, (affectad)# 0.027 .(6) 0.045 (3) 0.127 (1)
QDulparents)# - 0.027 (23 0.046 (12) 0.075 (2)
* number of (pairs of) comparisons ' -
# affected: all possible pairs except sibs

parents: all possible pairs except sibs and first cousins |

F: coefficient of inbreeding bf an individual ‘
$,, coefficient of kinship betwden two individuals = F: of their offspring
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Table 4.4: Average Kinship Coefficients of Bowen-Conradi Syndrome Sibships_

Overall
Number of Within Between
Pairwise Leut

Comparisons ‘ )

.028 043 022 s
(36) (10 1) :

' 025+ .033%
(35) @

* Excluding Lehrerleut:Lehrerieut comparison
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Kinship of Marriage Partners

As noted earlier, consanguinity increases the probability that. an individual inherits
alleles that are identical by descent from a common ancestor. This in turn contributes to
the incidence of autosomal recessive traits in a population.  The proportion of
homozygous recessive individuals in a (random matmg) population, produced as aresult of
parental consangum:ty is large when the recessive allele is rare. However, if the
recessive allele is common, (allele frequency 0.1 or greater), the increased incidence of
homozygdtes resulting from parental consanguinity is very slight (Crow and Kimura,
1970).  In an isolated population, it is possible that every member of the group will
become related to everyone else; that is, all marriages Will be consanguineous. Ih this .
situation, increased risk may result for the couples who are more closely related to each
other than are other couples in the population (Murphy and Chase, 1975).

{Coefficients of kinship have been caiculated for the parents of each of the
affected sibships, and for all grandparents and grea(t-grandparents. These calculations
were done using the known ancestry back to the founder generation and to only six
generations for each couple. In addition, the closest biological relationship of each of
these couples was determined. |

. The closest genetic relationship between the parents of the affected sibships were
determmed (See Table 4.2): one couple are first cousins once removed, one couple are
half first cousins once removed, two are double second cousins, four are second |
cousins, and two are more distantly rélated. Thus, in general, the inbreeding ot the
affected sibships is not due to very close relationships between their parents. _

i The closest biological relationship between the members of each parental couple
accounts for between ten and 50 percent of their total coéf_ficient of kinship,
demonstrating that there are’ multiple distant relationships between them. In the
grandparental and great-grandparental generations, a few marriages océurred in which the
closest biological relitionship of a couple accounted for most of the coefficient of
kinship, but in general, even in these generations, most of the kinship was =2 to remote
relationships rather than close inbreeding. ‘

The mean values &f the coefficients of kinship, based on six-generation pedigrées,

for samples of Hutterite marriages that occurred between 1900 and 1965, have been

<
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reported by-Steinberg, et a/. (1967), for Séhmiedeleut and Lehrerleut, and by Gordon and
Martin (1983), for Dariusleut.  For the Bowen-Conradi pedigree, the grandparental and .
great-grandparental marriages probably correspond to this period, and the six-generation
coefficients of kinship for these couples are cbmpared to the previou.s population
estimates in Table 4.5.  Since the number of marrnages that were ascertained through
infants affected with the Bowen-Conradi syndrome is small the kinship coefficients have
been averaged across the three leut.  The average coefficients of kinship of the
grandparental and great-grandparental couples, F = 0.025, corresponds well to the
'average values estimated for these generations in samples from the entire population.
This table also shows that, within the Bowen-Conradi syndrome genealogy, the

average coefficient of kinship b.etween' marriage partners has increased slightly in recent
- ge‘nerations. However, the parents of the affected sibships are on the averagé
considerably more closely related to each other than were average Hutterite couples of
the previous two generations (F=.0368 vs .0244). |

| Since the year of birth is not known for many of these individuals (none of the
Schmiedeleut parents and grandparents), and the numbers are small, itis not feasible to
calculate mean inbreeding coefficients for them by decade of birth. However,.by |
inspection, it can be seen that the mean inbreeding coefficient of the parents of affect;d
sibships, most of whom were probably born between 1940 and 1960, is cons:derably
hlgher than that of any decade of birth for the comparsion data within that period (see

Table 3.1).

Completeness of Pedigrees

It seems reasonable to assume that the calculated value of an inbreeding
coefficient is in part related to the amount of information on whuch the calculation is
based. In this context, information has two components: a) the number of generations in

(or depth of) the pedigree, and b) the amount of information (or number of ancestors

. known) within each generation. In  general, as the number of generations in the pedlgree

increases, the inbreeding coefficient will also increase. Increasing the amount of
information within a generation will increase the accuracy of the calculation, but not

necessarily the value of the inbreeding coefficient itself.  Since the calculation of an



Table 4.5: Average Coefficients of Kinship (based on six-ganeratidn
pedigrees) o

GENERATINN |

Parents - ~ 0.0368

Grandparents '0.0289
» Great-grandparents ’ 0.0218

POPULATION ESTIMATES#

/ Schmiedeleut - , 0.0211
Dariusleut : 0.0282
Lehrerleut | , 0.0255

Ve

» Population estimates are from the following sources:
Schmiedeleut - Steinberg, et a/. , 1967
Dariusleut - Gordon and Martin, 1983
Lehrerleut - Steinberg, et a/. , 1967

P
N
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inpreeding coefficient is based on a restricted number of generations, the caic ated value
will be a minimum estimate of the true inbreeding coefficient of the individual. Thus, in.
comparisons of inbreeding coefficients, the amount of information on which they were
calculated should aiso be considered.

A value called the 'percent completeness’ of the pedigrees of the individuals for
whom they reported inbreeding coefficients was calculated by Mange (1964), in a study
of the Schmiedeleut, and Cross (1967) and Kidd, et a/. ( 1980) in studies of the Old Order
Amish. Mange (1964) calculated F on the basis of all known relationships of fourth =
cousin or closer between the parents of an individual. When the individual for whom the
inbreeding coefficient is being calculated is considered to be in generation 1, this
calculation uses pedigrees that are six generations deep. Each of the five ancestral
generations is given a weighting of 20% — i.e. each of these generations is aesumed to

-contribute 20% of the information on the ancestry of the sibship in question. Mange
included in his analysis only those pedigrees which lacked, at most, one ancestral couple
who could be the source of a second cousin relationship between the parents.  This
criterion ensured that the whole pedigree would be at least 74% complete. He estimated
that the average percent completeness of the pedigrees of these mdlvuduals was 81%. but
(apparently) made no attempt to determlne whether there was any relatlonshlp between the
completensss of the pedigree and the inbreeding coefficient.

Cross (1967) calculated inbreeding coefficignts on the basis of the total known
ancestry of the individuals in his study, using a modification of Mange's program which
allowed him to use genealoglcal information to a depth of 12 generations. He defined
the percent completeness of a pedigree to be the proportion of ancestors known

" compared to the maximum number of ancestors theoretlcally possible. © The percent
completeness of the pedigree of an individual was taken as the average of the percent
completeness of hIS parents’ pedigrees.. For the 817 probands mvolved the mean
percent completeness of the pedigrees, on the father's side was 22.1%, and on the.
mother’s side was 22.9% (giving an average comple_teness of 22.5% overall). There is
no mean depth of pedigee reported. Cross found, especially for low’values of F, that
there was some correlation between the mbreedlng coefficient and the percent

completeness of the pedlgree The correlatlon coefficient was small (0 177), but it was
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significant due to the large sample size. For high values of F, there was no relatlonshlp
between inbreeding coefficient and pedigree completeness Cross estumated that over
98% of the variation in the values of the mbreedlng cqefﬁcnents at a given degree of
pedigree completeness was due to factors other than vtheamount of information known
on ancestry. ‘ ' v '

Kidd, et a/. (1980),vcalculated the completeness of the ance:try of each of tne
| four sibships in their study of propionic acidemia in an Amish kindred.  They note only
that the pedigrees are over 75% complete six generations back from the probands, and
that the complbteness of the pedigrees decreases sharply for the earlner generations.

Kidd, et a/. , determined the ‘degree to which ancestry was known' for each sibship, for

'~ each generatuon from the parents back, apparently, to the limits of their information: they

did not determine an overall percent completeness for the pedigrees, nor did they lndlcate :

how they calculated these valués.

Analysis v
| In an attempt to assess both the degree of completeness of the Bowen-Conradi

syndrome pedigrees (amount of mformatlon) and the effect that the dlfferences in

. completeness of these pedigrees might have had on the values of the inbreeding
coefficients calculated, ten of' the 14 sibships containing:an affected individual were
analysed The mbreedmg coefﬁc:ents have been calculated on the total known ancestry
of the mduvudual as waell as on ancestry truncated at each generatlon from the fourth to
the limit of the particular pedigree. The pedigree information for the affected sibships

extends back ten to eleven generations, but complete ancestry is not known to that depth.

The maximum depth of the pedigrees and the generation to which they are 100% complete

were obtained from runs of the program KUDO, which was also used to ‘COmpute the
inbreeding coefficients. - The number of generations involved in the calculation is given _
‘when inbreeding coefficients are computed and, by pnntlng out the family- lines
(|dent|f|cat|on numbers of all ancestors between the individual for whom the inbreeding

_ coefflment is being calculated and each of the founders ancestral to him), it can be
determined, by inspection, the generation in which the first 'founder’-appears, and the

~ number of ancestors who are ‘unknown’ in any generation.  Since, by definition, a

¥
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3 ynder is an individual whose parents are not known, the appearance of a founder in any
'ge .eratlon indicates that information on ancestry is mcomplete in the previous generation.
Because the loss of information on the ancestry of the affected sibships might also affect
the number of founders who are common to all the parents of these sibships and hence
inference regérding potential sources of the Bowen-Conradi syndrome allele, the patterns
of exclusidn of founders (based on the probability of their contributing an allele to each of
the parents of the affected sibships) was determined to assess whether any of the
founders were excluded by only one parent, and whether these individuals, if they had
been ancestral to all parents, would be a likely source of the allele for the Bowen-Conradi
syndrome. , ‘ .

The percent completeness of the pedigrees of the affected sibships was taken to
be the proportion of/ancestqrs known compared to the maximum number of ancestors
possible. (A non-inbred individual hés eight ancestors at the great-grandparental
generation, i.e. four sets of great-grandparents. A person whose parents are first
cousins has only éix ancestors at the same level; a single great-grandparental couple is
ancestral to two of his grandparents.  This great-grandparental couple wouid be counted
twice when determining the number of ancestors known at that generation). These

~values were calculated both for the total ancestry and by generation, to the seventh
generatuon for all affected snbsh:ps and to the eighth generation for those sibships whose
ancestry was totally known to the seventh generation. J
Effects of Pedigree Depth on inbreeding Coefficient

The inbreeding coéfficients for the affected sibships were determined on the
knowh ancestry truncated at each generation from the fourth to the limit of each pedigree.
These values are pre‘seynted in Fiéxure 4.1, which shows a plot of the value of the

ink:~edinc coefficient versus the number of generations of ancestry used to calculate it,

fcrceo- oF -c ten sibships.  Figure 4.2 shows the mean ‘'value of the inbreeding
cocff e . dyleut, v ~umber of generations of ancestry used in the calculation.
These gra'phé show N~ sibships, there is an increase in the value of the inbreeding

coefficient with increasin spth of pedigree information used in its calculatlon By the

pomt that nine generations of ancestry are being used in the calculation, the value of the

-

1
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Figure 4.1: Inbreeding Coefficients of the Bowen-Conradi Syndrome P‘atiants
versus Number of Generations Used in the Calculation.
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Figure 4.1: (continued)
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Figure 4.1: (continued)
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Figure 4.2: Mean Inbreeding Coefficients of the Bowen-Conradi Syndrome

Patients, by Leut, versus Number of Generations Used in
the Calculation. .
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/inbregding coefficient is between 89% and 99.9% of its ultimate value, determined when
all known ancestry is used. There is a positive correlation between the values of the
inbreeding cosfficients at each generation from four to nine and the values of the

- inbreeding coefficients calculated on total known ancestry. (Kendall's tau ranges from

579 for F at four generations versus total F, to .956 for F at generation nine versus .

total F).

Relationship between Completeness and F

The maximum pedigree depth for the parents of the affected sibships ranges from
eight to ten generations: eight to ten generations for fathers and nine to ten generations
for mothers. The overall average depth and the mean depth by leut are shown in 7
Table 4.6. It can be seen that the Dariusieut and Lehrerleut pedigrees generally have
more depth and are 100% complete to a greater depth than are the Schmiedeleut
pedigrees. The overall average completeness of the pedigrees of the affected sibships
was 98.5% at the sixth generation and 7% at the seventh. (See Table 4.7)

. The pedigrees ef the affected sibships are compilete for between four and seven
generations: four to'seven generations for paternal lines and five to seven generations for
maternal lines. When the affected sibships are considered, there is no correlation
- between maximum pedigree depth and the value of the inbreeding coefficient calculated

on the total known ancestry (Kendall s tau = 0),and the correlation between the depth to
which the pedigrees are 100% complete and the inbreeding coefficient calculated on the
total known ancestry is negative (Kendall's tau = -0.3 1).  Similarly, there is a negative
cofrelation between the percent completeness of the pedigrees of the affected sfbships
at both six and seven generations and the inbreeding coefficients calculated &n the total
known ancestry (Kendall's tau — percent completeness at six generations versus total F:
; -0.43; percent completeness at seven gene'rations Verses total F:'-0.35.  Howevaer,
~ when the parents of the affected sibships are considered, there is a small positive
correlation'between both (a) maximum pedigree depth and (b) the depth to which the
pedigree is 100% complete and the value of the inbreedinng coefficient when all’ known .
ancestry is used in the calculation, for both paternal and maternal lines.  .(Kendall's tau —

maximum pedigree depth versus total F: paternal 0.58, maternal 0.29, combined 0.48;

~
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Table 4.6: Depth of the Bowen-Conradi Syndrome Pedigrees
Affected Paternal Maternal
Sibship  Leut F*  Gmax+ Gmax 100% F  Gmax 100% F
\ toMH* ¢ to
Number {(gen) (gen) {gen) {gen) {gen)
1 D .0301 11 10 7 .0577 10 7 0611
2 D 0462 10 9 6 .0295 6 .0282
3 D .0566 - 11 10 7 .0721 9 7 .0390
4 D .0541 10 9 7 0338 g9 7  .0583
' e
mean D .0468 105 95 6.75 .0483 9.5 6.25 .0467
5 L .0834 11 10 6 .0574 5 .0388
6 L 0742 10 9 - 5 .0388 7 .0651
mean L .0788 105 95 . 55 .0481 9 6 .0520
‘% S .0502 10 4 0142 9 6 .0212
8 S .0338 10 0143 9 6  .0254
9 S .0469 11 10 5 .0318. 9 6 ..0237
10 S ,.0605 10 8 5 0354 g 5 .0431
mean S .0477 103 9 4.75 .0239 9 5.75 .0284
* F is calculated on total known ancestry
+ maximum number of generations

"% dept

h to which ancestry is completely known (generations)



Table 4.7: Percent Completeness of{Pedigrees

54

Sibship
Number

Generation+

% Completeness at
Generation Number

4 5 6 7 6 7 8

. 100 100 100 100 91 100 100 95
2 100 100 100 95 100 98
, 100 100 g7 97 98 98

Cﬁ 100 100 100 100 87 100 100 93
5 100, 100 - 97 95 98 94
6 100 1000 97 95 98 97
7 100 34 94 91 98 97
8 100 ° 100 97 94 98 96
9 100 100 97 92 98 95
10 100 100 94 91 97 94
99 9 95 985 g7

mean 100

Sibships are as in Table 4.6

* all pédigrees are 100% complete in generations 1 - 3
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depth to which pedigree is 100% complete versus total F: baternal 0.08, maternal 0.22).

That there is no significgnt correlation between the value of the inbreeding
coefficients of the affected sibships and a) the depth of the pedigree, b) the depth to
which ancestry is completely known, and c) the percent completeness of the pedigrees,
agrees with the observations of Cross (1967) in the Old Order Amish. This may be due
to the féct that it is the way that the individual is related to his known ancestors rather than
the number of known ancestors that determines the value of his inbreeding coefficient.
In addition, if the major conﬁponent of a (high) inbreeding coefficient is due to close
consanguinity between the parents o\f the individual, this may mask the effect of multiple
distant relationships. It is the parents’ sharing of remote ancestry which would result in
a correlation between increasing depth of pedigree and increasing value of inbreeding

coefficient.

Most Likely Source of the Bowen-Conradi Syndrome Allele

Since knowledge of the most likely so‘urce of a deleterious autosomal recessive
allels in the Huttarite populatioh may be of value in genetic counselling and diagnosis, an
attempt was made to determine the ancestor (couple) most likely to have introduced the
Bowen-Conradi syndrome allele into the populatior{ The approach used was similar to -
that used by Kidd, et a/. (1880), in their analysis of propionic acidemia in the Old Order
Amish.  The products of the expected proportions of alleles contributed by each
common fgunder to all parents of affected sibships (from ALLELE), and to the sibships
themselves, were determined. * In addition, the average proportional direct contibution of
each of the common founders to the inbreeding of all affected sibships was determined
(from KUDQ).

When the numbers so determined are used as ‘relative probabilities’, both methods
resulted in the same couple being most likely to have contributed the Bowen-Conradi .
syndrome allele to the population.  This couple is about 1.5 times more likely to have
done so than is the next most likely couple. . However, as pointed out by Thompson
(1983), this type of analysis requires information on the normal descendants of the
: a'ncestraliset, ana a more sophisticated computational method, neither of which was

available. "
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Frequency of the Bowen-Conradi Syndrome Allele’

A humber of approaches have been used to estimate the frequency of the
Bowen-Conradi syndrome aliele. ‘ )

Under tHe assumption that the sibships of the parents of the affected infants
represent a// sibships in the population which could have produced a heterozygote for the
allele, the minimum number of heter. zygotes in the parental generation can be determined.

Since there are 29 snbshlp among the parents of the 15 affected sibships,

N

‘and the mean complet@d fam

and Mayer, 1955} the :

»-Hutterltes has been estimated at 10.4 (Eaton

Br of heterozygotes in their sibships will be 150 (29
x 10.4 x .5). Usmgthe ag . |str|butloaof the Alberta Hutterite populatlon of
1871 (Laing, 1975) as representatn% of the entnre Hutternte population, approximately 35
percent of ail Hutterites are in the 'parental’” age group (20 - 49 years). Based on the
population size estimate of 20,300 individuals in 1976 (N‘a'gan, 1883), there are ae )
esti‘mated 7105 Hutterites in'this group.  Thus, the minimuﬁm frequency of heterozyvgoteé
in the population is about two percent, and of the allele frequency is 0.011.

A second estimate of the Bowen-Conradi syndrome allele frequency was obtained
from the number of definite cases ascertained N, and a.n estimate of the number of
Hutterite births during the years spanning the births of the eases (11693). This yields an
allele frequency estimate of 0.036. |

| The third estimate of the allele frequency, 0.027, was based on the average allelic
ontrlbution of the most likely carrier ancestor to nine of the affected sibships.

The three allele frequency estimates are presented to give an indication of the

range in Wthh the actual Bowen-Conradi syndrome allele frequency may fall.



V. CONCLUSIONS

The Bowen-Conradi syndrome is p‘ossibly the most common deleterious,
autosomal recessive disorder in the Hutterlte population.  The fact that some parentg of
affected snbshlps are not partlcularly closely related implies that the allele for this disorder
is widespread in the population.  In addition, the Bowen-Conradi §yndrome allele may be
- present at high frequency. -
.Mn‘fortunately, the number of founders common to all parents of affected sibships
. is large, and it was not possible to determine, with any degree 6f confidence, the ~
ancestral couple who are most likaly to have contributed the Bowen-Conradi syndrome
allele to the population.  Thus, it is not feasible to use déscent from a particular ancestor
(or the most likely couple) to identify couples in the contemporary population who may be
at high risk for having an affected child.

The frequency of the Bowen-Conradi syndrome allele is probably elevated in the
Hutterite population, and it is likely that one or more aﬁfected infants will continue to ber
born each year. (Table 2.1 indicates 16 cases born E)etween 1967 and 1982). Early
diagnosis of the syndrome may be facilitated by alerting physicians who provide health
care to Hutterites to the risk of this disorder in the populatnon

Segregation analyS|s was not attempted in this study because the numbers were
small, and the ascertainment of cases varied. - However, identification of more affected
sibships may permit a segregation analysis to be done.  In addition, identification of mofe
affected sibships will allow a better estimate of the allele frequency to be made.

There are several areas in which more information on the Hutterite population
would ;'Jfove useful for studies of thistype. There are no published data on normal

_ Hutterlte infants.  Information such as average birthweight and birthlength and the
mcndence of congenrtal malformatlon would be useful for the discussion of phenotyplc
variability in a disorder such as the Bowen- Conradn syndrome Knowledge of the |
distribution of relatlonsh:ps of marriage partners in the different subdlwsnons of the
Hutterite populatlon could aid in discerning whether the incidence of a genetic disorder

was being augmented by non-random mating in the population. L
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APPENDIX 1
Major Features of Trisomy 18, ‘Pseudotrisomy’ 18 and the Bowen-Conradi Syndrome
"I’he following table is an expansion of Table 2.2. It lists the major reported
featur;s of trisomy 18, ‘pseudotrisomy’ 18 and the Bowen-Conradi syndrome , giving the
proportion of trisomy 18 cases reported with the feature, and individual descripfions of
21 of the 'pseudotrisomy’ 18 and 14 of the Bowen-Corftadi syndr’;m'e patients.

References to the individual cases reported are given at the end of the table.
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REFERENCE [ . 1 2 3 4 4 5
Trisomy 18 S
(case #) ; % with trait : 1
sex " 77%f . m . m f o f m f
mother's age at birth of child =33 26 24 23 18 22
(yrs)
gestation (wks) 1/34:1/34% 40 37 40
breech
birthweight (gms) . 2340 3000 2000 2475 2380 2780
birthlength (cm) 44 47 485
head circumference (cm) R 32 36
dolichocepally . ' : +
prominent occiput
microcephally +
ptosis
- small palpebral fissures +
hypertelorism . ?
epicanthus .
small mouth >50 + o+
micrognathia 92 + S+ + + +
palate (1) A Cc C HA HA
malformed ears 88 + + +
lowset sars 88 + + + +
large nose - +
prominent bridge of nose - - :
short neck 10-50 +
short sternum 68 : - + + +
shield chest - - 10-50 ‘ + + ¥
distally implanted thumbs . B2 +
camptodactyly &% or 89 . + +
clinodactyly :
hypoplastlc nails 63 S +
restricted hip &/ or knee 10-50 . + 4 +
flexion deformity, wrist 10-50 +
short, dorsiflexed hallux >50 + +
calcaneovalgus 52 ' +
clubfoot (2) “10-50 .B C+ +
‘rockerbottom’ feet 10560 + +
dislocated hips <10 . , . +
'overlappmg fingers, clenched >50 +* +
hand” )
cardiac anomaly i ' 85 + + + +
renal gnomaly , 62 + + + + +
cryptorchidism- C 100 - ? + F F + F
other genital ‘ + .
hypertonié "« - : ‘ 50 + +
hypotonic - e 36 - o - + + +
de ressedWoro & suck .-, . . . - ' .+ + +
eflexes - -kl”’ S
superflaally normal brain™> 57+ 92 i +
feeding d;fflcult’ L. 96 o + . '
failure t thrive - # 86 L S +
develophwentalretardatnon - 96 .~ - +
respiratory distress at birth - N :
age at death . 50%-<2m,~»" 5+m 5w 5m 6d 43h 3m

- 9O% ¥y

-
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REFERENCE
(case #) ’

sax oo

mother's age at birth of child |

(yrs)
gestation (wks)
breech
birthweight (gms)
birthiength (cm)
head circumference (cm)
dolichocepally
. prominent occiput
microcephally

ptosis

small palpebral fissures
hypertelorism

epicanthus

small mouth
micrognathia

palate (1)

malformed ears

lowset ears

large nose '
prominent bridge of nose
short neck '
short sternum

shield chest ,
distally implanted thumbs
camptodactyly &/ or
clinodactyly
.hypoplastic nails :
restricted hip &/ or knee.
flexion deformity, wrist
short, dorsiflexed hallux:
calcansovalgus

clubfoot. . ..
‘rockerbottom’ feet -
dislocated hips

overlapping fingers, clenched

hand

-cardiac anomaly
- renal anomaly
cryptorchidism
other genital
hypertonic -
hypotonic

depressed Moro &/ 9r suck

reflexes

superficially normal brain
feeding difficulty --

failure to thrive
developmental retardation
respiratory distress at birth
age at death :

Trisomy 1 8

% with trait

77% f
-33

2340

50% <,
90% <1y

65"

7 7 7 7 7 7
1 2 3 4~ 5 6
m f f m f f m
22 25 20 21 21 26
35 40 39 40 28 35 - 28
2700 2750 2850 2855 2100 2330 1680
48 48 49 515 42 46 41
31 31 32 33 28.5
. ' +
+
+ + + + +
+ + + _
+ + + + +
+. o+ + + +
+ +
+ +.
+ + + + + +
+ T+ + + +
+ + + + +
+ . + ? +
A+ + +
+ R+ + + + +
I
+ +- - - v
o+ + A
. B? B B
+ + oo+ .
+ + + + + + +
+
" F F F F ?
<+ :
+ + + +
+ + +
+ + +
+ + + +
3d 38m 4y 3y 30d 3m 10d

.
st
i
A

o



REFERENCE
(case#)

seax

nother's age at birth of chsld

\yrs)

gestation (wks)

breech o
birthweight (gms) -
birthlength (cm) :

head circumference (cm) |
dolichocepally :
prominent occiput
microcephally

ptosis

smail palpebral fissures
hypertelorism

epiganthus

- small mouth

micrognathia
palate (1)
malformed egrs
lowset ears
large nose
prominent bridge of nose
. short neck
short sternum
- shield chest

. distally implanted thumbs
camptodactyly &/or
clinodactyly
hypoplastic nails
restricted hip &/ or knee
flexion deformity, wrist
short, dorsiflexed haliux
calcaneovalgus
clubfoot (2)
‘rockerbottom’ feet
dislocated hips

s N

overlapping fingers, clenched

hand

"~ cardiac anomaly

fenal anomaly

cryptorchidism

ather -genital

hypertonic

" hypotonic

‘de ressed Moro & suck
eflexes

superﬂcnally normal brain

feeding difficulty

failure to thrive Y

devélopmental retardatlon

respiratory dlstress at birth

age at death

™~ Trisomy .18

% with trait

77% f
33

1/34;1/34
2340
a3

>50
10- 50 '

>50

81

41.

>50
. 92

50% <2m,
90% <1y

5
. 8 9
m . m

30

40 40

1960 3200 2500 2360 2900 2540 1380

31
-+
+
-+
+ +7?
+ +
+ +
+
C
SR R
"_:v, .t
T %
¥ 4
+ +
+
B
+
+ +
?
+?
<+
? +
1d 3m

,
10

mf

28

39

++0+

+ @

3d

4d

7
11

mf
28

34

2
7 7
12 13
m mf
28 15
41 37
53
36.8 34
+

6d

4d

66
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+

+ T+

+
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/
REFERENCE 9 10 10 N 1M 11 11
Trisomy 18
(case #) - ; % with trait 1 2 1 2 3 4
sex 77% f f m m m m m f
mother's age at birth of child . -33 33 29 34 33 27 35 23
{yrs)
gesta%yn {wks) 1/34;1/3% term 40 37 38 term 42 term
breec| . v + + + +
birthweight (gms) - . 2340 2730 2040 2013 2210 2030 2097 2622
birthlength (cm) , 42 43 46 455 43 .
- head circumference (cm) : 31 30 31 30.3 30 <31
"dolichocepally : 93 + + + + + ? +
prominent occiput >50 : +
microcephally _ 10-50 + + + o+ + + +
_ptosis : ' o +
small palpebral fissures >50 + (;)}
hypertelorism 81 7
“epicanthus , SN 41 + +
small mouth >50
-micrognathia 92 + + + + + + +
palate (1) = C S S C
malformed ears _ 88 + + + + + + +
lowset gars 88 +
large nose ' ? +7 + + +? + ?
prominent bridge of nose + + + + + + ?
short neck ' ' 10-50 +
short sternum . 68
shield chest - 10-50 .
distally implanted thumbs 52 . -
camptodactyly &/ or 89 + + + + + + +
clinodactyly ' .
-hypoplastic nails 63 + +T o+
restricted hip &/ or knee - 10-50 _ ? + o+ + A+ +?
flexion deformity, wrist ~10-50 - ?
short, dorsiflexed hallux >50
calcaneovaigus ‘ 52
clubfoot (2) 10-50 L
'rockerbottom’ feet 10-50 + + o+ + + +
dislocated hips : <10 ' +
overlapping fingers, clenched >50 + + + o+
hand ' \.‘t}‘u,{_f‘r: ’ :
cardiac anomaly o 85 +
renal anomaly 62 ‘ +
cryptorchidism 100 F + + + +. - F-
. other genital i
hypertonic 50 +
hypotonic 36 ,
depressed Moro &/ or suck + + + + -
reflexes : ‘ :
superficially normal brain 92 _ + -
feeding difficulty 96 v T+ +7? + -+ + +
failure to thrive - 96 + +? + +? + +?
developmental retardation 96 + + +
respiratory distress at birth : 4?7

age at death : 50% <2m, 16d 6.5m 16d 4m 8m 6w
‘ 80% <1y ' o
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REFERENCE
(case #)

sex

mother's age at birth of child

{yrs)

gestation (wks)

breech

birthweight (gms)
birthlength (cm)

head circumference (cm)
dolichocepaly

prominent occiput
microcephally

ptosis

small palpebral fissures
hypertelorism

epicanthus
small mouth

micrognathia

palate (1)

malformed ears

lowset sars
large nose

prominent bndge of nose

short neck

short sternum

shield chest

_distally implanted thumbs
camptodactyly &/or

clinodactyly

hypoplastuc nails
restricted hip &/ or knee
flexion deformity, wrist "
short, dorsiflexed hallux
calcaneovalgus

clubfoot (2)

BN

‘rockerbottom’ feet"

dislocated hips
overlapping fingers, clenched

hand

cardiac anomaly
renal anomaly
cryptorchidism
other genital

hypertonic
hypotonic

depressed Moro &/ or suck

refiexes

superficially normal brain
feeding difficulty

failure to thrive
developmental retardation
respiratory distress at birth
age a{ death

Trisomy 18
% with trait -

77% f
=33

1/34;1/34

2340

93
>50
- 10-50

92
96
96

96

50% <2m,

90% <1y .

2w  6w 2w

15

f

39

- 68

11 M 11 12 13 14
5 6 VAR
f - f m f m f
28 26 28 22 255 30 31.5
44 ' 37 40 42.6 42
+
2750 1821 2300 2350 2443 2150 1975
48 44 43 46.
31 295 30.5 33
C 4 + + + + -
+ +
+ +7? + + + +
+
+ + + +- -+
S HA” H ?
? ? + 4 -
? ? + +
? + + + + +
+ + + -
- +
+ ? + + - -
: +
+ S+ + + + +
+
+ ? + + +-
+
F F + F =? F
. A
+ + +
: +
+ + + + +
+ , +
. +?
S+? +

93w . 4m 4w 305
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NOTES:

* addendum
+ present
- absent
? questionable, or from photograph
(1) Palate: A - arched, C - cleft, H - high, S - shelves
(2) Clubfoot: B - bilatera{l, L - left, R - right
REFERENCES:
1 de (Grouchy (1965)
Szdtawa and Kowalski (1965)
Hook and Yunis (1965)
Simbson and German {1969)
Taylor (1968)
Burks and Sinkford (1964) g
Le Marec et al. (1981
Lazyuk et al. (1980)
Olney and Buéhler (1883)
Bowen ahd Conradi (1976)
“Hunter et al. (1979) S ‘
D# 11073 : | {
D# 13132
ID# 10433
ID# 11917
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. APPENDIX 2

Computer Programs

CONDENSE

A FORTRAN program written by K. Morgan. | CONDENSE replaces the external
identification numbers of a pedigree with a packed array of subscripts. The program
' assigns numbers from 1 to n to the individuals in the input deck. In addition an individual's
father and mother are assigned the appropriate subscripts. Addmonal numbers are
created if necessary: for example, founders are added if they do not appear in the input

deck as individuals but only as parents of individuals in tHe deck.

A FORTRAN program written by J. MacCluer (MacCIuer et al., 1967), modified by

KUDO

K. Morgan. KUDO computes the coefflcnent of mbreedmg for autosomal and/or X-linked
genes, using the method described by | A.Kudo (Am. J. Human Genetlcs 14:426-432,
1862} and by A Kudo and K. Sakaguchl (Am J# Human Genetlcs 15:476- 480 1963).
Inbreedang coefflcrents F may ‘be calculated for- specrﬂed mdwlduals in a pedigree or for

a populatlon in wh|ch case F for each subshlp and the mean F for the populatnon are
compiited. In addltlon, the population may be subd:vuded into generations and amean F .
and cumulative F computed every generation.. The common ancestor, length and '
mbreedlng coeff«cnent of every lnbreedmg loop for a spec:fted individual can be obtained.
There is no restrnctlon on the closeness of mbreedmg except that selfing is not permitted.
The version used in this study utlhsed pedlgree decks that were preprocessed using the

program CONDENSE. ' x
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TRACEQ
A FORTRAN program written by K. Morgan TRACEQ determines the ancestors in
a pedigree who are founders In addition, the program determines a path (linked list) of
L

relatives qt) one or more index cases. Parents preceed thair offspring in the path. The

pedigree deck must be préprocessed using the program CONDENSE.

PRUNE

A FORTRAN program written by K. Morgan PRUNE determlnes the set of
common ancestors for two or more index cases. The set of common ralatlves ( .ze
individuals who are related to all index cases; the non-founders whe -re in the line of
descent from a founder to an index case) is also determined. For <-  index ca.e, the list
of fc)unders and a list of relatives who are non-founders is required. PRUNE removes
lndeuals who are common founders if the founder couple had only one offspring in the
pedlgree and rep zices them with mdlwduals from the common relative list. The program
continuas unt:l every founder (except for individuals involved in more than one marrnage) '
has more than one offsprlng in the ppdigree. The founders and path of relatlves for each
index case is obtained from an mdependent run of the program TRACEO
ALLELE ‘ _

. A FORTRAN program written by K. Morgan. ALLELE calculates the contribution of
an allele from each founder to the genotype of an index case. This value can be
considered either the probability-that an allele in the index case came f}om a particular
founder or the proportion of an index case’s alleles that are expécted to have come from
i the fouqder The prodram requires the pedigree deck to be preprocessed usmg the |

: program CONDENSE and a set of founders and path of relatives for each index case,

from TRACEQ , . _ B
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