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Immunoglobulin Haplotype Frequencies in Anabaptist
Population Samples: Kansas and Nebraska Mennonites
and Indiana Amish

K. MARTIN,1 J.C. S"I'EV]'%NSON,1 M.H. CRAWFORD,2 P.M. EVERSON,l
AND M.S. SCHANFIELD

Abstract Anabaptist history is a chronicle of repeated migrations, fis-
sions, and fusions of various subgroups. The effects of these events
should be evident in the population biology of the Anabaptist groups. No
prior genetic studies have included the polymorphic and highly inform-
ative immunoglobulin markers. Here, 685 serum samples representing 1
Amish and 3 Mennonite community samples (7 congregations) were
studied for immunoglobulin allotypes. The haplotypes IGHG*F B,
IGHG*A,Z G, and IGHG*A,X,Z G range in frequency from 0.542 to
0.765, 0.123 to 0.290, and 0.075 to 0.170, respectively. IGK*I frequen-
cies range from 0.035 to 0.077. All frequencies are within expected
ranges for central and western European population samples. There was
considerable intergroup variability among the Anabaptist samples that
was statistically significant (3 = 22.63, 0.005 < p < 0.01). Principal
component analyses, including the immunoglobulin allotype frequencies
and published data on ABO, MN, and Rhesus (Dd) markers, demonstrate
that the Mennonite congregation samples with close historical ties group
together and are distinct from the Amish and Meridian congregation
samples.

The Amish and Mennonites are referred to as Anabaptists, a label applied to
religious sects that shared certain principles but arose independently of each
other during the sixteenth and seventeenth centuries (Hostetler 1980; Smith
and Krahn 1981). Amish peoples have received considerable attention from
social scientists [e.g., Cong (1992), Hostetler (1980), Hostetler and Hunting-
ton (1971), and Kraybill (1989)]. Their distinctive way of life, isolation from
the outside world, and lengthy genealogies facilitate research by demogra-
phers (Cross and McKusick 1970; Ericksen et al. 1979; Espenshade 1971;
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Hamman et al. 1981; Markle and Pasco 1977; Pollack 1978; Smith 1960),
geneticists (Jackson et al. 1968; Juberg et al. 1971; Kostyu et al. 1974;
McKusick et al. 1964; McKusick 1978; Morgan et al. 1980; Ward et al. 1972),
and others who study such aspects of population structure as group fissioning
and inbreeding [e.g., Hurd (1983, 1985a,b)]. Mennonites are examined for
the same reasons and are also studied by behavioral scientists [e.g., Boynton
(1986) and Redekop (1989)], demographers (Allen and Redekop 1967; Ev-
erson et al. 1995; Heaton 1986; Lin and Crawford 1983; Stevenson and Ev-
erson 1989, 1990; Stevenson et al. 1989, 1994; Yoder 1985), and geneticists
(Allen 1988; Allen and Redekop 1987; Brown et al. 1974; Crawford et al.
1989; Moore 1987; Rogers 1984, 1987; Stevenson et al. 1990).

Interdisciplinary studies that examine ethnohistory relative to the ge-
netic structure of a population are particularly revealing because cultural
events can be assessed in terms of their biological impact (Crawford 1973).
The best genetic markers for such investigations are easily ascertained, have
a simple Mendelian inheritance, and are highly polymorphic (Schanfield
1980). However, only a few studies on Amish and Mennonite populations
have provided such detail (Crawford et al. 1989; McKusick et al. 1964; Rog-
ers 1984), and no prior genetic studies included the polymorphic and highly
informative immunoglobulin markers. The inherited differences on human
immunoglobulins (including the GM and KM markers) are anthropologically
useful because many of the haplotypes are able to serve as unique population
markers (Schanfield 1980; Schanfield and Fudenberg 1975; Steinberg and
Cook 1981). Populations that are in closer proximity are distinguished by less
marked differences in haplotype frequencies. The objective here is to present
the first immunoglobulin haplotype frequencies for Amish and Mennonite
populations and place them in ethnohistorical context.

Populations

The Amish and Mennonite Protestant sects are derived from the Ana-
baptist movement, which arose during the Reformation in sixteenth-century
Switzerland and spread eastward into what is now southern Germany and
Austria and northward into the Netherlands and northern Germany (Dyck
1981; Hostetler 1980; Smith and Krahn 1981). Anabaptism initially consisted
of many local factions that organized around charismatic personalities, such
as Jacob Ammann (Amish) and Menno Simons (Mennonites). All Anabaptists
rejected the imposition of a state church, infant baptism, and military con-
scription, which put them at odds with most European leaders. As a result,
their histories are characterized by a series of persecutions and migrations.
Figure 1 represents the migrations of the Amish and Mennonites within
Europe.
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Figure 1.  Principal Dutch and northern Germany Mennonite migrations involved in this study.
The Alsace and Palatinate areas are sources of the earliest Anabaptist (Mennonites and
Amish) migrations to the United States, which began in the late seventeenth and early -
eighteenth centuries. [Adapted from Bender and Smith (1956, p. 257).]

William Penn, granted a charter by King Charles II of England to form
a colony in America, knew of the Anabaptists’ suffering and invited them to
relocate from the Rhine area to Pennsylvania (Fisher 1908; Peare 1957;
Schwieder and Schwieder 1975). The first Anabaptist settlers arrived in 1683,
but the Amish immigrated in two waves: 1727-1770 and 1815-1860 (Smith
and Krahn 1981). Eventually, the Amish moved west into Holmes County,
Ohio, after 1812 and into Lagrange and other counties in Indiana during the
1840s. The Amish of this study represent settlements in the Elkhart and La-
grange counties of Indiana.

Many Dutch, German, and other Anabaptists fled east to Poland-
controlled areas around Danzig (Gdansk), and in 1699 eighteen families
formed the Przechovka church located 60 miles south of Danzig (Duerksen
1955; Rogers 1984). Prussia took control of the area in 1772 and limited the
availability of land and reexamined the exemption from military service (Frie-
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sen 1989). Catherine the Great invited Mennonites to settle in southern Rus-
sia; migrations began in 1788 and the Chortitza Colony was founded near the
Dnieper River. More Mennonites migrated in 1803 and founded the Mol-
otschna Colony in Taurida Province on the Molochnaya River. Almost the
entire Przechovka congregation (21 families) joined the Molotschna Colony
in 1824 and founded the Alexanderwohl church and settlement (Duerksen
1955; Rogers 1984). Figure 2 reconstructs the fission-fusion processes ex-
perienced by the Mennonite populations.

The communities flourished until land shortages and the exemption
from military service were again jeopardized (Dyck 1981; Duerksen 1955;
Rogers 1984; Smith and Krahn 1981). After sending representatives to Amer-
ica in 1873, most of the village of Alexanderwohl emigrated on two separate
ships the following year (Sawatzky 1971; Wedel 1974). One group founded
the Alexanderwohl Church near Goessel, Kansas. As the church grew and
expanded, two daughter churches were established (Duerksen 1955): Tabor
Mennonite Church in 1909, built 5 miles southeast of the parent church; and
Goessel Mennonite Church, formed in 1920 in Goessel, Kansas. All three
congregations are represented in this study.

Another contingent from the Russian Alexanderwohl congregation ar-
rived in Lincoln, Nebraska, and settled about 40 miles west of Lincoln, found-
ing the Bethesda Mennonite Church at the present town of Henderson, a
sample of which is represented here (Crawford and Rogers 1982; Rogers
1984; Voth 1975). A second Nebraska Mennonite congregation, the Hender-
son Mennonite Brethren Church, traces its origins to 1835, when Mennonites
in the Chortitza and Molotschna communities were joined by Prussian emi-
gres who had been influenced spiritually by the Moravian Brethren (Crawford
and Rogers 1982; Rogers 1984; Dueck 1989). They formed a separate church
in 1860 and migrated to America in 1874. In 1876 they founded the Hen-
derson Mennonite Brethren Church in York and Hamilton counties, Nebraska;
they are also sampled in this study.

Finally, disputes over doctrinal issues continue, and new congregations
often result. In 1858 John Holdeman of New Pittsburg, Ohio, founded the
Church of God in Christ Mennonites (Dyck 1981; Smith and Krahn 1981).
He recruited his members from descendants of Swiss and southern German
Mennonites who had arrived in the United States during the eighteenth and
nineteenth centuries. This sect is represented by the Meridian church, located
near Hesston, Kansas.

Methods

This study includes blood samples from one Amish and three Mennonite
communities, represented by at least seven congregations. Biological rela-
tionships were known for the participants of the study, and all first-order
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Table 1. Reagents Used for Immunoglobulin Allotyping: Specificity

Amish Mennonite
Specificity Agglutinator Coat Agglutinator Coat
GIM A PAN PET PAN PET
F STA DAN STA DAN
X ALX PET ALX PET
G3M BO R-60 PUH TOL PUH
Bl KEK ADA TOL HUN
B3 LOG HUN LOG HUN
B4 KEK HUN GOEL HUN
B5 FIE PUH FIE PUH
C3 HEN 422 HEN ADA
C3 + C5 HAW 422 HAW ADA
G R-68 SUL R-68 SUL
G5 BRO SUL BRO SUL
N YAR PUH YAR PUH
T CRA PUH CRA PUH
KM 1 SIN or RUT PET SIN PET

relatives were removed. The 599 blood specimens for the Kansas and Ne-
braska Mennonites were collected as part of a three-year multidisciplinary
study on aging, which is described by Crawford and Rogers (1982). This
sample represents almost one-third of the Mennonite citizens of Henderson,
Nebraska, almost one-third of the Alexanderwohl congregation, the largest
congregation of the town of Goessel, and about one-quarter of the Meridian
congregation. The 86 Amish blood samples were collected as part of a two-
year study on the association of HLA haplotypes and viral antibody response
in a sample of Amish living in Elkhart and Lagrange counties in Indiana
(Hsia et al. 1977).

The 685 serum samples were typed for immunoglobulin allotypes at the
Immunohematology Laboratory of the American Red Cross Blood Services
National Headquarters in Washington, DC, in 1981 and 1982. Minimally, all
samples were tested for GIM (allotypes A, F, and X), G3M (allotypes BO,
BI, B3, B4, B5, C, G, S, and T), and KM1 using previously described methods
(Schanfield Polesky et al. 1975). The reagents used are presented in Table 1.
In addition, some G1M (allotype A) and G3M (allotype B) positive sera were
tested for GIM (allotype Z) (see Table 2).

Haplotype frequencies for the GM system were estimated using the
allocation method of Andersson (1985). The IGK*I frequencies were deter-
mined from the square root of the KM (I —) frequency.

A heterogeneity chi-square was used to measure population differences
and divergence.
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Principal components analyses facilitated the comparison of ethnohis-
tory with genetic structure, and although GM is a highly informative system,
the GM data were supplemented by already published data on additional
genetic markers. The Mennonite samples of this study have been typed for
additional genetic markers (Crawford et al. 1989), but ABO, MN, and Rhesus
(Dd) data from another sample of Indiana Amish were used in the principal
components analyses. Both principal components analyses took into account
population sample sizes.

Principal components analyses were performed using ANTANA (Har-
pending and Rogers 1984). The program produced orthogonal synthetic gene
frequencies that account for the greatest amount of population variation. Two
analyses were run, including gene frequencies and sample sizes for 7 and 15
populations, respectively. The 7-population analysis included the following
systems: ABO, MN, and Rhesus (Dd) from Crawford et al. (1989) except for
the Amish (Juberg et al. 1971) and GM and KM data from this study for all
the Amish and Mennonite congregations. The 15-population analysis in-
cluded GM and KM data for the four Amish and Mennonite communities and
ABO, MN, and Rhesus (Dd) from Crawford et al. (1989) for the Mennonites
and from Juberg et al. (1971) for the Amish. See Mourant et al. (1976) for
the ABO, MN, and Rhesus (Dd) frequency data for the additional 11 Euro-
pean populations excluding the Netherlands (Fraser et al. 1974) and Table 3
for the immunoglobulin haplotype frequencies and references for all the Eu-
ropean populations.

Results

Immunoglobulin allotype and phenotype (GM-KM) distributions and
haplotype frequencies for the studied Amish and Mennonite populations are
presented in Tables 2 and 4. KM 1 distributions and frequencies are given in
Table 5. Table 3 presents previously published haplotype frequencies of cen-
tral European populations for comparison.

The number of phenotypes and the number of haplotypes ranged from
five to seven and three to five, respectively. Statistically significant deviations
from Hardy-Weinberg expectations were found in the Alexanderwohl sample,
which led to significant deviations in the Kansas Community (see Table 4).
In the Alexanderwohl and Kansas Community samples (not representing the
Meridian congregation) the GM A G and GM A,X,F B,G phenotypes occurred
more than expected and the GM A, X G phenotype occurred less than
expected.

The frequency of haplotype IGHG*F B ranges from 0.542 in the Me-
ridian sample to 0.765 in the Goessel sample (see Table 4). The low frequency
is lower than what is typical for northwestern Europe (see Switzerland in
Table 3), whereas the highest frequency of 0.765 is not unusual relative to
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Table 3. Comparative Population Haplotype Frequencies

Haplotype
IGHG3*: G G B
Population N IGHGI1*: A AX F IGK*I Source
Austria (Vienna) 1602 0.185 0.074 0.741 0.083 Mayr and Mickerts
(1970)
Croatia 452 0.134 0.035 0.831 0.053 Schanfield, Herzog
et al. (1975)
Czech Republic 684 0.135 0.079 0.776 0.060 Fraser et al. (1969)
(central Bohemia)
Germany 772 0.137 0.061 0.728 0.061 Ritter et al. (1964)
(Freiburg)
Germany (Munich) 131 0.169 0.091 0.740 0.059 Ropartz et al.
(1963)
Germany 386 0204 0.099 0.697 0.055 Ropartz et al.
(Rheinland-Pfalz) (1964)
Hungary 182 0.145 0.051 0.777 0.073 Schanfield, Gergely
(Budapest) et al. (1975)
Netherlands 792 0.189 0.102 0.709 0.094 Fraser et al. (1974)
Poland (Krakow) 600 0.138 0.056 0.806 0.055 Socha and Kaczera
(1968)
Poland (Lower 300 0.168 0.065 0.767 0.070 Schlesinger and
Silesia) Luczkiewicz-
Mulczykowa
(1971)
Switzerland 98 0253 0.119 0.628 0.080 Steinberg and Cook
(1981, p. 43)

typical frequencies of this haplotype in eastern and southern Europe (Stein-
berg and Cook 1981; Stevenson and Schanfield 1981). Croatia and Poland
exhibit slightly higher frequencies (Table 3).

The IGHG*A,Z G haplotype frequency ranges from 0.123 in the Goessel
sample to 0.290 in the Meridian sample, and the IGHG*A,X,Z G haplotype
frequency ranges from 0.075 in the Henderson sample to 0.170 in the Amish
sample. The highest frequencies of these haplotypes are typically found in
northern and western Europe (Steinberg and Cook 1981), and the ranges here
(except for the Amish and Meridian samples) are a bit lower and more con-
sistent with what is typical of eastern and southern European populations.

Seventeen individuals exhibit the phenotypes listed in the last three
columns of Table 2. These phenotypes cannot be explained solely by the most
common European haplotypes [e.g., IGHG*A,Z G, IGHG*A,X,Z G, and
IGHG*F BO0,1,3,5 (hereafter referred to as IGHG*F B)] (Steinberg and Cook
1981). Pedigree analysis is necessary to establish with certainty the haplo-
types involved. However, some of the phenotypes are probably the result of

This content downloaded from 140.160.178.72 on Wed, 22 Oct 2014 17:59:52 PM
All use subject to JSTOR Terms and Conditions



http://www.jstor.org/page/info/about/policies/terms.jsp

54 /| MARTIN ET AL.

Table 4. Distribution of Haplotype Frequencies in Several Anabaptist Congregations
and Communities

Haplotype Frequency (Standard Error)

IGHG3*: G* G* B® B BS§¢
Population N  IGHGI*: A AX F ZA ZA
Amish (Indiana) 86 0.196 0.170 0.628 0.006 0.000

(0.030) (0.029) (0.037)  (0.006)
Kansas Mennonites

Alexanderwohl 166 0.131 0.110 0.750 0.009 0.000
(0.019)  (0.017)  (0.024)  (0.005)
Goessel 49 0.123 0.092 0.765 0.020 0.000
(0.033) (0.029) (0.043) (0.014)
Tabor 83 0.143 0.092 0.753 0.012 0.000
(0.027)  (0.022)  (0.033)  (0.008)
Kansas 266 0.131 0.104 0.752 0.013 0.000
Community (0.015)  (0.013) (0.019)  (0.005)
Meridian 60 0.290 0.151 0.542 0.0085 0.0085

(0.041)  (0.033)  (0.045)  (0.0084)  (0.0084)
Nebraska Mennonites

Bethesda 189 0.200 0.080 0.717 0.003 0.000
(0.021) (0.014)  (0.023)  (0.003)
Henderson 41 0.254 0.075 0.671 0.000 0.000
(0.048) (0.029) (0.052)
Nebraska 234 0.210 0.079 0.708 0.003 0.000
Community® (0.019) (0.012) (0.021)  (0.003)

a. GM Z not tested for but always associated with GM G.

b. Represents the haplotype IGHG*F BO,1,3,4,5.

c. Represents the haplotype IGHG*A,Z B0,1,3,4,5.

d. Represents the haplotype IGHG*A,Z B0,3,5,S.

e. Includes a few unrelated representatives of an Evangelical Mennonite Brethren congregation.

Table 5. Distribution and Frequencies of KM 1 and IGK*]

Population N KM 1 IGK*1
Amish, N. Indiana 88 2 0.011
Kansas Mennonites
Meridian congregation 56 3 0.027
Alexanderwohl 101 14 0.072
Goessel 47 7 0.054
Tabor 19 2 0.077
Kansas Community® 148 17 0.059
Nebraska Mennonites
Bethesda 189 16 0.043
Henderson 41 3 0.037
Nebraska Community® 234 22 0.048

a. Numbers reduced from simple sum if first-order relatives are included in community pool. In
addition, the Nebraska Community includes a few Evangelical Mennonite Brethren individuals.
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a combination of one of the three common European haplotypes with hap-
lotypes typically found in other populations, such as the central Asian or
African haplotype IGHG*A,Z B0,1,3,4,5 (hereafter referred to as IGHG*A,Z
B) and the African haplotype IGHG*A,Z B0,3,5,S (hereafter referred to as
IGHG*A,Z B,S).

The six individuals with phenotypes GM A G,B and the ten individuals
with GM A,Z,F B result most likely from the presence of the typically Eu-
ropean haplotypes IGHG*A,Z G and IGHG*F B, respectively, combined with
the central Asian or African haplotype IGHG*A,Z B. The samples were not
tested for the A2M markers, so the central Asian haplotype, associated with
A2M 1, cannot be distinguished from the African haplotype, associated with
A2M 2 (Stevenson et al. 1985). The IGHG*A,Z B haplotype is found in
contemporary central Europeans (Stevenson and Schanfield 1981).

The one GM A,Z B,G,S phenotype found in the Meridian congregation
is probably due to the European haplotype IGHG*A,Z G combined with the
predominantly African haplotype IGHG*A,Z B,S.

IGK*] frequencies are variable in Europe with no apparent cline and
range in central European populations from 0.035 in Croatians to 0.253 in
the Swiss (Steinberg and Cook 1981; Stevenson and Schanfield 1981). Some
of the Kansas Mennonites could not be tested for IGK*I because of insuffi-
cient blood samples. The gene frequencies range from 0.011 in the Amish
sample to 0.077 in the Tabor sample. Overall, frequencies are relatively low
compared with frequencies observed in Europe. There is no apparent pattern
in the distribution of this allele in Europe.

Contingency chi-square tests were performed on the Kansas (xé) =
2.59, not significant) and Nebraska (xé) = (.44, not significant) Community
samples. The absence of statistically significant differences within both com-
munities precluded the need to subdivide either for the contingency chi-square
analysis of the Anabaptist population samples. Considerable intergroup var-
iability that was statistically significant was demonstrated (e.g., Amish,
Kansas, Meridian, Nebraska samples) (xfg) = 22.63, 0.005 < p < 0.01).

The principal components analyses are presented graphically in Figures
3 and 4 for seven and fifteen populations, respectively. Five genetic systems
are used in these analyses, and populations, taking into account sample size,
are plotted by their eigenvectors, each weighted by the multiplication of the
square root of the corresponding eigenvalue (Harpending and Jenkins 1973,
p. 187). The first three factors account for 51% of the variance.

In Figure 3 the seven population samples are plotted against the first
two factors, which account for 45.6% of the variance. The Mennonite con-
gregation samples are relatively close to each other, with the Meridian and
Amish samples showing the least affinity with the other Mennonite samples.
Alexanderwohl and its offshoot congregations Tabor and Goessel lie closest
to each other. Factor 1 separates the Amish from the other samples and is
weighted most heavily on ABO*A and IGHG*F B. Factor 2 separates the
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Figure 3. Least-squares reduction genetic map of the seven Anabaptist congregation samples.
Frequencies from eight alleles and five genetic loci were used to construct the R matrix.

Meridian sample and to a lesser extent the Henderson sample from the Amish
and other Mennonite samples and is weighted most heavily on IGHG*A,Z G
and ABO*A. Factor 3 accounts for only another 5.1% of the variance and thus
was not included in the genetic map.

Figure 4 represents the results of the principal components analysis of
the Amish and Meridian congregations, the Kansas Mennonite Community
(Alexanderwohl, Goessel, and Tabor adjusted for removal of first-order rel-
atives) and the Nebraska Mennonite Community (Bethesda, Henderson, and
a few unrelated members from an Evangelical Mennonite Brethren congre-
gation), and 11 central European population samples with the same five ge-
netic systems. The first three factors account for 88.5% of the variance. Factor
1 separates the Meridian and Amish samples from all other European samples
and from the two Community samples and is weighted on IGHG*F B and
IGHG*A,X,Z G. Factor 2 also separates the Amish and Meridian samples
from the other European and Anabaptist population samples and from each
other and is weighted on ABO*A. Factor 3 is weighted mostly on ABO*B and
to a lesser extent on Rh D and KM and explains only an additional 9% of
the variance; therefore it was not included in the genetic map. The Nebraska
and Kansas communities are centrally clustered with other European
populations.

Discussion

The low numbers of GM phenotypes (5-7) and haplotypes (3-5) for
these samples reflect their history of relative isolation. Five to 7 phenotypes
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Figure4. Least-squares reduction genetic map of 4 Anabaptist population samples compared with
11 European population samples. Frequencies from eight alleles and five genetic loci
were used to construct the R matrix. (1) Austria (Vienna), (2) Croatia, (3) Czech Republic
(central Bohemia), (4) Germany (Freiburg), (5) Germany (Munich), (6) Germany
(Rheinland-Pfalz), (7) Hungary (Budapest), (8) Netherlands, (9) Poland (Krakow), (10)
Poland (Lower Silesia), (11) Switzerland. For references refer to Table 3.

is few relative to the 20 or more found in a tri-ethnic hybrid population such
as the Black Caribs of Central America (Crawford 1983; Schanfield et al.
1984). At least that many phenotypes are usually demonstrated in European
population samples [e.g., Stevenson and Schanfield (1981)]. However, Ana-
baptist history is a chronicle of repeated migrations and fissions and in some
cases fusions of various subgroups.

The Amish became reproductively isolated from most Mennonites early
in Anabaptist history. This is forcefully demonstrated by the principal com-
ponents analyses, in which the Amish are clearly isolated relative to other
populations in the three-dimensional plots. They are distinguished by the first
and second factors in Figures 3 and 4, respectively. The extremes in gene
frequencies [including relatively high frequencies of ABO*A, MNS*N, and
RH d and comparatively low frequencies of ABO*O, ABO*B, MNS*N, and
RH D noted by Juberg et al. (1971)] do not obscure their origins, however.
Most of the ancestors of the Amish are derived from Switzerland and southern
Germany. The haplotype frequency for IGHG*F B is second lowest for the
Anabaptist populations of this study and the haplotype IGHG*A,Z G fre-
quency is relatively high, but these levels are similar to frequencies in con-
temporary Swiss and close to frequencies found in contemporary residents of
southern Germany and the Netherlands. By contrast, the Amish IGHG*A,X,Z
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G frequencies are high even relative to contemporary residents of Switzerland,
which may partly be due to the small and probably unrepresentative founding
population.

Study of the genetic structure of the Kansas and Nebraska Mennonite
communities and congregations also suggests parallels with history. The
founding group for the Nebraska community included representatives from
both the Russian Molotschna and Chortitza colonies, but in general the ethnic
origins of both groups are essentially the same. As expected, the GM hap-
lotype frequencies for the Kansas and Nebraska communities are similar to
the frequencies for central Europe and are only slightly different from each
other.

The Meridian congregation is a melange of Russian and Pennsylvania
German Mennonites, although one would expect its genetic structure to be
intermediate relative to the Amish and other Kansas Mennonites. This is not
reflected in the haplotype frequencies for the GM system. The Meridian con-
gregation displays the the lowest IGHG*F B, the highest IGHG*A,Z G, and
the second highest IGHG*A,X,Z G frequencies. This pattern may be due to
sample bias but is also suggestive of a unique history.

Overall, these results are consistent with the analyses of Crawford et al.
(1989) using red cell antigens and blood proteins. The main difference noted
is the increased distinctiveness of the Meridian congregation’s genetic struc-
ture when GM is included in the analysis.

Conclusions

The presentation of immunoglobulin phenotype and haplotype distri-
butions for the Anabaptist population samples do not reveal any surprises.
The patterns in the phenotypic and genotypic frequencies are consistent with
expectations based on the central and western European origins of the pop-
ulations involved. Their relative isolation from outsiders is reflected in the
low number of haplotypes and phenotypes.

Contingency chi-square analyses also reveal little heterogeneity within
the Kansas and Nebraska Mennonite communities. By contrast, significant
heterogeneity is evident when the two communities are part of a contingency
chi-square analysis that also includes the Amish and Meridian samples.

Except for the Meridian congregation (which has a unique origin and
composition), the Kansas and Nebraska Mennonites group together and are
close to other central European populations in graphic representations of the
results summarizing the principal components analyses (Figures 3 and 4). The
Meridian and Amish samples are outliers in both figures.
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