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Abstract

Background
The Hutterites are a religious isolate living in colonies across the North Ameri-

can prairies. This population originated from approximately 90 founders,

resulting in a number of genetic diseases that are overrepresented, underrepre-

sented, or unique. The founder effect in this population increases the likelihood

that Hutterite couples carry the same recessive mutations. We have designed a

diagnostic chip on a fee-for-service basis with Asper Biotech to provide Hut-

terites with the option of comprehensive carrier screening.

Methods
A total of 32 disease-causing mutations in 30 genes were selected and primers

were designed for array primer extension-based testing. Selected mutations were

limited to those leading to autosomal recessive disorders, maintaining its pri-

mary use as a test for determining carrier status.

Results
The DNA chip was developed and validated using 59 DNA controls for all but

one of the mutations, for which a synthetic control was used. All mutations

were readily detected except for a duplication causing restrictive dermopathy

where heterozygotes and homozygotes could only be distinguished by sequenc-

ing. Blinded testing of 12 additional samples from healthy Hutterites was per-

formed by Asper Biotech using chip testing. All known mutations from

previous molecular testing were detected on the chip. As well, additional muta-

tions identified by the chip in these 12 samples were subsequently verified by a

second method.

Conclusions
Our analysis indicates that the chip is a sensitive and specific means of carrier

testing in the Hutterite population and can serve as a model for other founder

populations.
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Background

The North American Hutterite population is comprised

of approximately 45,000 individuals living on colonies in

the prairies of Canada and the United States (http://

www.hutterites.org/). The Hutterites emerged during the

Protestant Reformation in the 16th century as a religious

isolate who believed in adult baptism (anabaptist), com-

munal living including sharing of goods, and nonviolence

(Hostetler 1974). Religious persecution led to their migra-

tion across central Europe and dramatic fluctuations in

their population numbers. These population bottlenecks,

coupled with reproductive isolation and population

expansion, have resulted in a distinct group of genetic

disorders that are overrepresented and in some cases

unique to the Hutterites (Boycott et al. 2008).

Both demographic and genetic studies indicate that

shortly after their founding, individuals from South Tyrol

in Austria, Germany, and Switzerland settled to form a

thriving Hutterite population in Moravia (Hostetler

1974). In 1874, continued religious persecution led 1265

Hutterites to emigrate to the United States (Eaton and

Mayer 1953) where 443 Hutterites settled into three colo-

nies, forming the basis of the Schmiedeleut, Lehrerleut,

and Dariusleut divisions of Hutterite population struc-

ture. Those Hutterites who did not join the colonies inte-

grated into the general population of the United States.

During the First World War, Hutterites from the colonies

moved to the Canadian Prairie provinces of Manitoba,

Alberta, and Saskatchewan. Since that time, the Hutterites

have been one of the most rapidly growing populations

in the world, and have formed 107 colonies in Manitoba,

60 in Saskatchewan, 168 in Alberta, 2 in British Colum-

bia, 54 in South Dakota, 7 in North Dakota, 9 in Min-

nesota, 50 in Montana, and 5 in Washington (http://

www.hutterites.org/).

It is estimated that 89 individuals founded today’s Hut-

terites (Nimgaonkar et al. 2000). The decreased genetic

heterogeneity in the population, together with large fam-

ily size and meticulous genealogical records, has greatly

facilitated the identification of disease genes in this popu-

lation through identity by descent mapping studies. As a

result, the causative gene has been identified for at least

35 autosomal recessive disorders, and still others remain

to be found (Boycott et al. 2008; Chong et al. 2012).

The same features that have facilitated the identifica-

tion of disease genes have also resulted in an increased

incidence of several genetic diseases, including some that

are unique to the Hutterites. The carrier frequencies for a

number of these disorders were recently examined in a

large sample of Schmiedeleut Hutterites, and found to

range from 1/6.5 to 1/48 in this group (Chong et al.

2012). Given the high carrier frequencies, the preexisting

knowledge of the molecular basis of disease in this popu-

lation, and strong endorsement from the Manitoba

Hutterite ministers and constituents (personal communi-

cation, S. Maendel and Hutterite Brethren), we developed

a screening tool that may be used by this population for

family planning. With this in mind, herein, we describe

the design and testing of a DNA chip that allows for the

analysis of carrier status for 30 autosomal recessive condi-

tions in the Hutterite population.

Materials and Methods

Ethical compliance

The University of Chicago Institutional Review Board

provided approval to use the 12 DNA samples from the

Hutterite population in an anonymized fashion.

Disease identification for DNA chip

A list of genetic disorders described in the Hutterite pop-

ulation, and their molecular basis if known, was devel-

oped based on an exhaustive literature search and

consultation with clinicians and researchers working on

genetic disorders in this population. An expert panel

made up of clinical geneticists, laboratory specialists, and

basic scientists reviewed the list and selected autosomal

recessive conditions that have clearly defined mutations

and are clinically significant, for inclusion on the chip.

DNA chip construction

The DNA chip was developed in consultation with Asper

Biotech (http://www.asperbio.com/?s=Hutterite) on a fee-

for-service basis. Oligonucleotides were designed for using

the array primer extension (APEX) methodology which,

in brief, utilizes Sanger sequencing that is limited to the

addition of a single nucleotide to a primer on a microar-

ray platform (Jaakson et al. 2003). The APEX method has

been used extensively in a wide variety of clinical scenar-

ios (Henderson et al. 2007). During the technical valida-

tion stage, control DNA samples containing mutations of

the diseases of interest, were provided, without blinding,

to verify the mutation detection. Mutations can be added

to this chip for a fee, and the service for the analysis of

samples using the chip is CLIA and ISO15189 certified.

DNA samples

DNA samples from 59 controls known to be homozygous

or heterozygous for a specific mutation were submitted to

Asper Biotech for analysis, after all identifying informa-

tion was removed. As the chip simultaneously detects 32
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mutations, it was anticipated that mutations, other than

the known ones, would be detected. In addition, 12 DNA

samples from Schmiedeleut individuals, which had been

analyzed as part of previous studies, were provided in a

blinded fashion to assess the performance of the chip

(Chong et al. 2012).

Results

Chip construction

An expert panel identified 30 autosomal recessive condi-

tions in the Hutterite population to include for testing on

a diagnostic chip (Table 1). The chip was constructed

with oligonucleotides designed by Asper Biotech. To

assess the specificity of the chip, 59 controls known to be

heterozygous or homozygous for each mutation were sent

for testing of the chip by Asper. As no known control

was available for the SLC5A5 c.1183G>A (p.G395R)

mutation, which causes thyroid dyshormonogenesis I

(also known as iodide transport defect), a synthetic DNA

fragment was generated by Asper Biotech for specificity

checks.

All but one mutation were reliably detected as either

wild type, heterozygous, or homozygous. This mutation,

ZMPSTE24 c.1085dupT causing restrictive dermopathy, a

lethal disorder, could only be detected as either absent or

present with the chip. This is not clinically relevant

because if the chip test is positive for restrictive dermopa-

thy, this would indicate heterozygosity of the adult being

tested, as individuals with restrictive dermopathy who are

homozygous for the ZMPSTE24 c.1085dupT mutation die

early in life (Loucks et al. 2012). Nonetheless, further

analysis by DNA sequencing would allow a heterozygous

and a homozygous genotype to be differentiated in situa-

tions where a clinical diagnosis needs to be clarified

(Fig. 1).

In addition to the mutations that were expected in the

59 control samples, on average, 1.2 additional mutations

were identified. Three samples were homozygous for dis-

eases other than that for which they served as a positive

control, including two affected with Joubert syndrome-

related disorder and one with limb girdle muscular dys-

trophy type 2I. More than one disease diagnosis may have

already been documented as present in these individuals,

but because the samples were de-identified, this was not

possible to follow-up.

To test the sensitivity of the chip, 12 Schmiedeleut

Hutterite samples, that had previously been sequenced or

tested for a number of mutations as part of previous

studies, were submitted in a blinded fashion to Asper for

testing (Chong et al. 2012). In total, 10 different muta-

tions were identified in these samples. All but one

mutation, where a lack of DNA prevented its validation,

was confirmed to be present by comparison to previous

whole genome sequencing, previous genotyping results, or

through a secondary method. No mutations that had pre-

viously been identified by another method were missed

by the chip. Overall, there was a 100% concordance of

the chip results with the results of other methods.

When mutations additional to those expected in the 59

control samples were combined with those identified in

the 12 additional samples used to test the sensitivity of

the chip, it became clear that the carrier frequencies of

the different mutations were variable in our samples

(Table 1). We decided to compare the results to those of

previous studies where a carrier frequency had been esti-

mated (Table 1) in order to identify any obvious discrep-

ancies, and to provide new information where none was

previously available. One obvious difference was the

absence of the VLDLR gene deletion in our samples when

it had previously been estimated to have a carrier fre-

quency of 1/15 in the Alberta Hutterites (Dariusleut and

Lehrerleut) (Glass et al. 2005). The absence of the VLDLR

deletion was therefore confirmed in the 12 anonymous

samples by a second method, and this discordance may

reflect a lower carrier rate in the Schmiedeleut Hutterite

population.

Discussion

We have developed a reliable tool for carrier screening of

30 autosomal recessive conditions in the Hutterite popu-

lation. Further, additional mutations can be added to this

chip as new mutations are identified. This test is currently

available through Asper Biotech and is quite affordable at

$235 EUR (~$250 USD). Given that the price of testing a

single known mutation is similar at $250 USD, the use of

the chip to interrogate 32 mutations simultaneously is

highly cost-effective. We anticipate that this test will pri-

marily be used on a voluntary basis for adult individuals

who are considering marriage or for couples planning a

family. It might also be used in unique situations where

the diagnosis of a previously affected child is unclear or if

multiple diseases on the chip are part of a differential

diagnosis for an affected individual.

This chip, although broad in scope, does not currently

provide comprehensive carrier screening for the Hutterite

population. One of the clinically significant autosomal

recessive diseases with a high carrier frequency that was

not included is spinal muscular atrophy (SMA). A foun-

der haplotype for SMA in Hutterites has been described

that could be identified using 26 single-nucleotide poly-

morphisms (Chong et al. 2011). Unfortunately, our

resources at the time of development did not allow

the incorporation of this test onto the chip. Also, the
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molecular basis of Maple Syrup Urine Disease, BCKDHB

gene, c.595_596delAG (Mroch et al. 2014), and a second

Joubert-like condition resulting from mutations in CSSP1

(Shaheen et al. 2014) were recently reported and could

now be added. No doubt additional mutations will con-

tinue to be identified that could make this an even more

comprehensive test.

Among the disorders tested on this chip, several are

relatively unique to the Hutterite population. For exam-

ple, Bowen–Conradi syndrome, limb girdle muscular dys-

trophy type 2H, dilated cardiomyopathy with ataxia,

Beaulieu-Boycott-Innes syndrome, and nonsyndromic

mental retardation due to TERC1 mutations have not, or

rarely been molecularly confirmed in non-Hutterites. In

the case of Bowen–Conradi syndrome, no mutation in

EMG1 has been found in non-Hutterite infants, who were

thought to have the condition based on clinical presenta-

tion (Triggs-Raine et al., unpubl.data). Further, many of

the mutations in Table 1 are unique to the Hutterite pop-

ulation, reflecting their unique founder ancestry.

The Hutterites, together with the Mennonites and

Amish, arose during the Protestant Reformation in central

Europe. These groups were derived during the 16th and

17th centuries from similar ancestral populations, and

thus it is not surprising that some mutations are shared

between these populations. A summary of the disorders

found in the Anabaptist groups is at http://www.biochem-

genetics.ca/plainpeople/(Payne et al. 2011). As an exam-

ple, the c.1085dupT mutation in ZMPSTE24 that was

reported in Old Colony Mennonites is also recently

reported in Hutterites (Loucks et al. 2012). Similarly, the

c.1001G>A mutation in ALPL was originally found to

cause hypophosphatasia in Mennonites (Greenberg et al.

1993) and subsequently detected in at least one Hutterite

infant.

Many of the mutations on the CHIP were identified in

one or more of the positive controls and/or anonymous

samples that we tested (Table 1). One unexpected finding

was a high carrier frequency (1/13) for the c.393dupA

mutation in NDUFS4 causing Leigh syndrome. Given this

finding, it would be important for physicians who work

with the Hutterite population to consider this disease on

the differential diagnosis in infants presenting with pro-

gressive neurodegeneration. The carrier frequency for suc-

cinylcholine sensitivity was also unknown, and this study

suggests a frequency of approximately 1/21 Hutterites. As

a result of this relatively high carrier frequency, the use of

succinylcholine in induction of general anesthesia is

avoided in children of Hutterite descent at the Health

Sciences Centre in Manitoba. The majority of the control

and anonymized samples were from the Schmiedeleut and

Dariusleut groups, therefore resulting in a bias toward

detecting the mutations in those leut (Table 1). In fact,

10 mutations were not identified in either our controls or

anonymous samples, suggesting that these mutations may

have a low carrier rate, or that they are private to the

Lehrerleut.

A comprehensive study of the changes in the frequency

of autosomal recessive disease-causing mutations in the

Schmiedeleut population demonstrated an increase in the

frequency of some disease-causing mutations (Chong

et al. 2012). The release of the results of this study indi-

cated that Hutterite individuals want carrier information

(Anderson et al. 2014), consistent with the interest

expressed by Schmiedeleut Hutterites in Manitoba.

Although future research is needed to assess the impact of

comprehensive carrier testing in the population, it is clear

that this approach has the potential to provide informa-

tion that will empower this group.
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