Genealogical Analysis of Maternal and Paternal Lineages in the
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Abstract The Quebec population is one of the rare populations of its size
for which genealogical information is available for an uninterrupted period of
almost four centuries. This allows for in-depth studies on the formation and
evolution of a young founder population. Using data from two major popula-
tion registers, in this study we focus on the maternal and paternal lineages
(i.e., strictly female or male genealogical lines) that can be traced back within
the Quebec genealogies. Through the analysis of these lineages it is possible
to characterize the founders who transmitted to the contemporary population
their mitochondrial (for females) and Y-chromosome (for males) DNA. The
basic material consists of 2,221 ascending genealogies of subjects who mar-
ried in the Quebec population between 1945 and 1965. On average, more than
nine generations of ancestors were identified among the lineages. Analyses
of maternal and paternal lineages show that the number of paternal founders
is higher and their origins and genetic contributions are more variable than
that of maternal founders, leading to a larger effective population size and
greater diversity of Y chromosomes than of mtDNA. This is explained for the
most part by differential migratory patterns among male and female founders
of the Quebec population. Comparisons of sex-specific genetic contributions
with total genetic contribution showed a strong correlation between the two
values, with some discrepancies related to sex ratio differences among the
founders’ first descendants.

Paternal lines of descent correspond to the patronymic lineage (transmission of
surnames) and to the transmission line of Y chromosomes, whereas female lin-
eages correspond to the transmission line of mitochondrial DNA, which is passed
from mothers to their children. These two genetic systems are widely studied in
population genetics because they allow for a sex-based comparison of differen-
tial reproductive and migratory patterns throughout human evolutionary history
(Kumar et al. 2006; Oota et al. 2001; Ségurel et al. 2008; Wilder et al. 2004;
Wilkins 2006). Comparisons of paternal and maternal lines of descent in various
populations have shown quite different pictures in terms of origins and diversity
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of Y-chromosome and mitochondrial DNA [see, for example, Kittles et al. (1999)
for Finland, Helgason et al. (2003) for Iceland, Malyarchuk et al. (2004) for Rus-
sia, Tomas et al. (2006) for the Balearic islands, Hiinemeier et al. (2007) for Bra-
zil, and Ségurel et al. (2008) for Central Asia]. Study of these sex-specific lineages
based on genealogical data is particularly interesting because it allows for iden-
tification of founders who have transmitted, up to the contemporary population,
their mitochondrial and Y-chromosome DNA through their female and male de-
scendants, respectively.

In the present study we focus on maternal and paternal lineages in the Que-
bec, Canada, population. The Quebec population is a fruitful ground for such inves-
tigation, because it is one of the rare populations of its size for which genealogical
information is available for a period of almost four centuries (up to 17 generations
in certain cases). Based on the availability of population registers and knowledge
gained from previous studies, a vast research program aimed at describing the ge-
nealogical structure of the Quebec population was initiated by the Interdisciplinary
Research Group on Demography and Genetic Epidemiology (2009). Recent studies
have revealed interesting findings about the geographic origins and genetic contri-
butions of the founding ancestors of the population (Tremblay et al. 2008; Vézina
et al. 2006). For example, results have shown that about 80% of the contemporary
gene pool of Quebec French Canadians comes from approximately 3,000 founders
who settled in Nouvelle-France during the 17th century (Vézina et al. 2006). Some
of these early founders are present in the genealogical tree of almost every individ-
ual in the population, whereas others appear only sporadically. This kind of founder
effect is not unique to Quebec. The populations of Iceland and Finland, for instance,
also experienced founder effects (Helgason et al. 2003; Kittles et al. 1999). One of
the consequences of founder effects is an elevated frequency of some mutations re-
sponsible for rare inherited diseases. After their introduction, these mutations were
transmitted from generation to generation along lines of descent that can be traced
back through the genealogical trees.

In this study we address new questions about the contribution of the founders
of the Quebec population. Although results have been published on the total genetic
contribution of male and female founders, little is known about their specific ma-
ternal and paternal contributions. For instance, what proportion of these founders
appears in the maternal and paternal lines? What are the generational lengths of the
maternal and paternal lineages? Can we assume that the geographic origins of the
maternal and paternal founders are similar to those of all female and male founders?
And, most important, do the paternal and maternal lineages display the same level
of diversity? Do male and female founders differ in their frequency distribution and
in their genetic contribution to the contemporary population?

The Quebec Population

The province of Quebec is located in the eastern part of Canada (Figure 1).
Approximately 82% of its 7.8 million inhabitants speak French. Most of these



Maternal and Paternal Lineages in Quebec | 181

Saint Lawrence _— T~
River
3 '.

New Brunswick

Quebec City

7]

j Montreal

Ontario United States

Figure 1. Location of the province of Quebec.

French Canadians are descendants of some 10,000 settlers who came from France
during the 17th and 18th centuries (Charbonneau et al. 2000). The relative contribu-
tion of each of these founders to the Quebec population is highly variable depending
on, among other factors, their period of arrival in North America (Heyer et al. 1997).
Following the British conquest of 1759, the French Canadian population expanded
in a context of relative isolation (mostly for geographic, linguistic, and religious rea-
sons) and rapid growth, which contributed to the amplification of the consequences
of the founder effect (Bouchard and De Braekeleer 1991; Henripin and Péron 1972),
including an elevated frequency of some inherited disorders in this population (La-
berge et al. 2005b; Scriver 2001). During the last part of the 18th century and for
most of the 19th century, most immigrants to Quebec came from the British Isles
and most of them settled in urban areas, such as Montreal and Quebec City (Beaujot
and Kerr 2004; Mclnnis 2000). After the 19th century, the origins of the immi-
grants became more diversified, with many newcomers from southern and eastern
Europe and, more recently, from Asia, Africa, South America, and the Caribbean
(Girard 2008; Piché 2003). Although some of these newcomers have contributed to
the French Canadian gene pool through marriage, barriers to these marriages have
remained relatively important, especially outside the urban areas, for a long time. In
a little more than three centuries, the Quebec population has increased by a factor of
520 (from 15,000 people at the end of the 17th century to 7.8 million today). Up to
the beginning of the 20th century, this strong growth was explained mostly by high
levels of reproduction among the descendants of the first pioneers (Charbonneau
et al. 2000; Henripin and Péron 1972).
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Another characteristic of the Quebec population rests on the existence of
databases containing extensive demographic and genealogical information, which
allows for detailed studies of founder effects and population structure. Various
research projects in population genetics and historical demography have been
conducted using the Quebec genealogical data, sometimes in combination with
medical or genetic information (Bouchard et al. 1988; Heyer and Tremblay 1995;
Laberge et al. 2005b; Scriver 2001). Their general aim is to understand and explain
the role of demographic dynamics and population history in the contemporary
frequency and distribution of gene variants in the population. Work conducted on
inherited disorders has also relied on this approach to study the genealogies of
affected individuals and document the modalities of introduction and diffusion of
mutant alleles involved in these disorders [see, for instance, Mathieu et al. (1990)
and Yotova et al. (2005) on myotonic dystrophy, Laberge et al. (2005a) on Leber
hereditary optic neuropathy, Vézina et al. (2005) on breast cancer, and Plante et al.
(2008) on mucolipidosis II].

Materials and Methods

Databases.  Material for this study was obtained from the 2009 BALSAC popu-
lation register (http://www.uqac.ca/balsac) and the 2009 Registre de Population
du Québec Ancien (http://www.genealogie.umontreal.ca). These databases con-
tain demographic and genealogical information on the population of Quebec
since the beginning of European settlement in the early 17th century. They were
constructed with material extracted mostly from Catholic parish records (bap-
tisms and marriage and death certificates). The Registre de Population du Québec
Ancien covers the 17th and 18th centuries and contains approximately 700,000
linked records, whereas the BALSAC register (still under construction) covers the
19th and 20th centuries with more than 2.5 million records (Bouchard 2008).

Genealogical Sample.  Genealogical data were retrieved from a sample of
2,221 ascending genealogies of subjects who married in the Quebec population
between 1945 and 1965 (Tremblay et al. 2008; Vézina et al. 2006). Selection of
subjects was done randomly and reflects the geographic distribution of the Que-
bec population as portrayed by the 1956 Canadian census, right in the middle
of the baby boom period. The genealogies were reconstructed as far back as the
available sources would permit. For the most part, the genealogical branches go
back to the 17th century. Data available from these genealogies include spouse’s
name, year and place of marriage, and place of origin for the immigrants. All
known genealogical links between individuals appearing in the genealogies were
established.

The genealogical sample contains more than 5 million occurrences of
ancestors. Because most subjects share a certain number of ancestors, many of
these ancestors appear more than once in the genealogies. The average number
of occurrences per ancestor is 33, but there is a high variability among ancestors.
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Figure 2. Maternal and paternal lineages: example with three generations of ancestors.

Nearly 15% of ancestors appear only once, whereas 1% of ancestors appear in
more than 1,000 genealogies.

The completeness of the genealogies is a key indicator of the richness of
the data, because it shows how far the genealogical information can be traced.
The completeness represents the proportion of ancestors that have been identified
at a given generation level, starting with the subject’s parents (level 1). Summing
all completeness values for each generation level gives the mean genealogical
depth of the genealogies (Cazes and Cazes 1996). On average, the 2,221 genealo-
gies have a depth of 9.3 generations, with some branches going back as far as 17
generations. Up to the seventh generation, the completeness of the genealogies is
still more than 90%, meaning that at this level, 9 out of 10 ancestors have been
identified. This genealogical depth is quite rare for such a large set of genealogies.
After the ninth generation, the completeness drops rapidly because of the lack of
information. These older generations correspond to most of the first immigrants
who came from France during the 17th century (Tremblay et al. 2008; Vézina et
al. 2006).

Maternal and Paternal Lineages.  In all genealogical branches, founders are
defined as the first ancestors who immigrated to Quebec. Among these, founders
of maternal and paternal lineages are those who have been identified while fol-
lowing branches strictly through mothers or fathers. Figure 2 shows an example
of maternal and paternal lineages, up to the third generation (great-grandparents).
The length of maternal and paternal lineages was measured in terms of the num-
ber of generations from the subjects to the founders. If the great-grandparents of
the subject in Figure 2 are both founders, then the length of these lineages is three
generations.

Measurement of kinship between two subjects through maternal or pater-
nal lineages was also defined in terms of the number of generations between the
subjects and their common maternal or paternal ancestor (Figure 3). In this case,
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Figure 3. Examples of kinship links through paternal lineages.

kinship was calculated by adding the lengths of the lineages from the subjects to
their common ancestor, minus 1. In other words, this corresponds to the number
of ancestors that can be traced between the two subjects, following the paths con-
necting them to their common ancestor. Figure 3 shows two examples of kinship
links with a value of 5.

We also measured the number of subjects to which each founder is linked
directly through either women-only or men-only lineages. This number corre-
sponds to the maternal or paternal genetic contribution of the founder to the popu-
lation (the 2,221 subjects). Dividing this genetic contribution by the total number
of subjects gives the proportion of mtDNA or Y chromosomes that came from this
founder. These proportions were used to calculate mtDNA and Y-chromosome
diversity indexes in the population, which in turn were used to estimate the effec-
tive population size for each system, following a method adapted from Mourali-
Chebil and Heyer (2006). We also calculated the genetic contributions of maternal
and paternal founders according to their origin and period of marriage. The origin
of the founders corresponds to their place of birth, their place of marriage, or
emigration. Last, for each founder, we compared total genetic contribution and
maternal or paternal genetic contribution to see whether there was a correlation
between these two values. Total genetic contribution was calculated using the
method described by Vézina et al. (2006) and Tremblay et al. (2008). All measures
were performed using the S-Plus based GENLIB software package (Interdisciplin-
ary Research Group on Demography and Genetic Epidemiology 2009).



Maternal and Paternal Lineages in Quebec | 185

35

5t B Maternal
® Paternal
25
?_\i 20
'E 15
o
10
ol -

0
Generatlonal length

Figure 4. Distribution (%) of maternal and paternal lineages according to their generational length.

Results

Generational Length and Kinship Links.  The distribution of the 2,221 ma-
ternal and paternal lineages according to their generational length is shown in
Figure 4. In accordance with the completeness of the genealogies, most lineages
reach more than seven generations. On average, though, maternal lineages (9.4
generations) are longer than paternal lineages (7.6 generations). Nearly two-thirds
(64.8%) of maternal lineages have a length of 10 generations or more (with a
maximum of 13 generations), compared to only 7.6% of paternal lineages (maxi-
mum of 11 generations). This is consistent with the fact that intergenerational
intervals are usually longer between fathers and sons than between mothers and
daughters (Fenner 2005; Helgason et al. 2003; Tremblay and Vézina 2000). On
average, maternal intervals have a length of 29.5 years, compared to 33.9 years
for paternal intervals (see Table 1). Hence for a similar time period there are more
mother-daughter intervals than father-son intervals.

Most of the founders of maternal and paternal lineages are shared between
two subjects or more. Indeed, 84% of the subjects have a common maternal ances-
tor with at least one other subject. This proportion is lower for paternal lineages
(69%), indicating that paternal ancestry within the Quebec population is more
diverse than maternal ancestry is. Again, the length of the kinship links varies
greatly among and between maternal and paternal lineages (Figure 5). Most of the
maternal kinship links (74%) contain 18-23 ancestors, whereas 76% of paternal
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Figure 5. Distribution (%) of kinship links within maternal and paternal lineages.

kinship links have 14-19 ancestors. On average, 20 ancestors are found in the
maternal kinship links and 16 are found on the paternal side.

Origins and Genetic Contribution of the Founders of Maternal and Paternal
Lineages. = We identified 768 maternal and 1,181 paternal founders in the 2,221
genealogies, indicating that, on average, maternal and paternal founders are linked
to 2.9 and 1.9 subjects, respectively (Table 1). However, the distribution of found-
ers according to the number of subjects to which they are linked is highly variable.
Nearly 64% of paternal founders contribute to only one subject, compared to 53%
of maternal founders. Most of the other founders (35% of paternal founders and
43% of maternal founders) are related to 2—10 subjects. Fifteen female founders
transmitted their mtDNA to 15 subjects or more, and together they are linked to
17.4% of all lineages. Among them, the top two contributors are linked to nearly
5% of all subjects, indicating that 1 out of 20 subjects carries an mtDNA transmit-
ted by one of these two women. In contrast, only 5 founders transmitted their Y
chromosome to 15 subjects or more, and together they are linked to 4.9% of sub-
jects. These proportions correspond to a diversity index of 0.99571 for mtDNA,
compared to 0.99811 for Y-chromosome DNA, with effective population sizes of
3,140 and 7,304, respectively.

Founders with a low genetic contribution immigrated more recently on ave-
rage than founders with a high genetic contribution, as shown by the average
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Table 1. Distribution of Maternal and Paternal Founders According to Their Genetic
Contribution, Their Mean Intergenerational Length, and Mean Number of Generations
Between Them and the Subjects to Which They Are Linked

Mean
Intergenerational Mean Number of

Genetic Contribution N % Length (Years) Generations

Maternal founders
1 410 534 30.1 6.3
2 120 15.6 29.5 9.2
3 74 9.6 29.6 9.5
4 51 6.6 29.2 9.8
5 28 3.6 29.2 10.1
6 14 1.8 29.1 10.2
7 10 1.3 29.8 9.7
8 9 1.2 30.1 10.2
9 9 1.2 29.3 10.0
10 12 1.6 29.3 10.3
11 6 0.8 29.6 10.5
12 6 0.8 29.1 10.1
13 3 0.4 29.8 10.3
14 1 0.1 29.6 10.1
15-19 6 0.8 29.3 10.5
20-29 5 0.7 28.8 10.8
30-49 2 0.3 29.0 11.8
50+ 2 0.3 29.3 11.5
Total 768 100.0 29.5 9.4
Mean genetic contribution 29
Diversity index 0.99571
Effective size 3,140

Paternal founders
1 752 63.7 33.7 6.5
2 215 18.2 34.1 7.7
3 38 7.5 343 8.0
4 54 4.6 34.1 8.3
5 26 22 33.6 8.4
6 16 14 343 8.7
7 5 0.4 338 9.0
8 7 0.6 33.8 9.0
9 6 0.5 34.0 9.0
10 2 0.2 37.1 7.9
11 3 0.3 34.0 9.3
12 1 0.1 324 10.3
13 0 0.0 - -
14 1 0.1 339 8.7
15-19 3 0.3 338 8.7
20-29 1 0.1 353 9.1
30-49 1 0.1 334 8.9
50+ 0 0.0 - -
Total 1,181 100.0 339 7.6
Mean genetic contribution 1.9
Diversity index 0.99811

Effective size 7,304
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Table 2. Distribution (%) of Founders According to Their Origin and Period of
Marriage

Origin Before 1660 1660-1699 1700-1765 After 1765 All Periods

Maternal founders
France 23.1 43.5 1.9 3.5 72.0
British Isles 0.1 0.1 0.6 7.4 8.3
Other European 0.1 0.1 0.0 1.0 1.3
Acadia 0.0 0.3 9.3 44 14.0
Other American 0.1 0.7 1.0 2.5 4.4
All origins 23.5 44.8 12.8 18.8 100.0

Paternal founders
France 14.0 44.5 19.3 3.8 81.7
British Isles 0.0 0.1 0.5 5.3 59
Other European 0.1 0.4 0.8 1.7 29
Acadia 0.0 0.0 4.9 2.6 7.5
Other American 0.0 0.0 0.7 1.2 1.9
All origins 14.1 45.0 26.3 14.6 100.0

number of generations separating the founders and the subjects. Correlation coef-
ficients between the genetic contributions of maternal and paternal founders and
the number of generations between them and the subjects are 0.4256 and 0.3118,
respectively. On the other hand, the mean intergenerational length does not vary
significantly according to genetic contribution (r = —0.0626 for maternal founders
and r = 0.0183 for paternal founders).

The distributions of maternal and paternal founders according to their
place of origin and period of marriage are shown in Table 2. As observed among
all founders (Tremblay et al. 2008; Vézina et al. 2006), French origins are very
important among founders of maternal and paternal lineages: 72.0% of mater-
nal and 81.7% of paternal founders came from France. Most of these French
founders were married before 1700, with a certain concentration between 1660
and 1699. This 40-year period corresponds to the peak of French pioneer im-
migration to Canada (Charbonneau et al. 2000). A greater proportion of paternal
than maternal founders were married between 1700 and 1765, as a result of the
military reinforcement that took place during the wars between the French and
the British.

Founders from Acadia are the second most important group for both ma-
ternal and paternal founders. Their proportion among female founders is higher
than that among male founders. Most of these Acadian founders are descendants
of French pioneers who immigrated to Quebec after their deportation by the Brit-
ish authorities in 1755 (Dickinson 1994). Together, French and Acadian founders
make up 86.0% of maternal founders and 89.2% of paternal founders. Founders
from the British Isles and other European countries represent 9.6% of maternal
founders and 8.8% of paternal founders.
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Table 3. Genetic Contribution % of Founders According to Their Origin and Period of
Marriage

Origin Before 1660 1660-1699 1700-1765 After 1765 All Periods

Maternal genetic contribution
France 455 40.8 0.9 1.1 88.3
British Isles 0.0 0.1 0.3 2.4 2.8
Other European 0.2 0.1 0.0 0.3 0.7
Acadia 0.0 0.2 4.6 1.6 6.5
Other American 0.0 0.3 0.6 0.8 1.7
All origins 459 41.4 6.4 6.3 100.0

Paternal genetic contribution
France 28.0 44.8 13.1 2.1 88.0
British Isles 0.0 0.0 0.6 3.0 3.6
Other European 0.3 0.3 0.6 1.0 2.3
Acadia 0.0 0.0 35 1.5 5.0
Other American 0.0 0.0 0.5 0.6 1.1
All origins 28.3 45.1 18.3 8.3 100.0

We also examined variability of the genetic contributions of maternal and
paternal founders according to the founders’ origins and period of marriage
(Table 3). The results show that proportionally the French genetic contribution is
higher than the frequency of French founders. French founders account for 88.3%
of maternal lineages and 88.0% of paternal lineages. All other groups of found-
ers have a genetic contribution lower than their frequency. Therefore, on average,
maternal and paternal founders from France have a higher genetic contribution
than other founders do. Indeed, the mean genetic contribution of French maternal
founders is equal to 3.8 subjects, compared to 1.6 subjects or less for the other
maternal founders. The mean genetic contribution is lower among French male
founders than among female founders (2.1 subjects), but it is still higher than
among founders from other origins (less than 1.5 subjects). Also, earlier founders
have on average a much higher genetic contribution than the more recent found-
ers. Founders who married before 1660 have a proportional genetic contribution
twice as high as their frequency among all founders. The two most prolific female
founders are among these early French pioneers. They married in France in 1615
and 1620, respectively. On the other hand, founders who married after 1700 have
a genetic contribution that is lower than their frequency, and this is especially
noticeable among maternal founders.

Figure 6 shows the relative genetic contribution of French founders ac-
cording to their province of origin. These provinces correspond to the French
administrative regions during the 17th and 18th centuries (up to the French Revo-
lution). Paternal founders (Figure 6b) came from all regions of France, but mater-
nal founders (Figure 6a) did not, pointing again to a higher diversity in paternal
lineages. In both cases, however, a concentration of founders from the northern
and western provinces is perceptible. ile-de-France, Normandie, Perche, Poitou,
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Figure 6. Genetic contribution (%) of French maternal and paternal founders according to their
province of origin. (a) Maternal founders; (b) paternal founders (facing page).

and Aunis (a small region on the western coast) are among the most important
provinces in terms of maternal and paternal genetic contributions, accounting for
77% and 61%, respectively, of the French genetic contribution. The province of
Perche (south of Normandie) shows a larger genetic contribution than expected,
ranking third among paternal founders and fourth among maternal founders. This
small province provided relatively few immigrants to Canada, but most of them
came early and had many descendants (Charbonneau et al. 1993). Nearly 90%
of the Perche maternal and paternal founders were married before 1660, which
is by far the largest proportion among all origins. The top maternal and paternal
contributors are both from this region.
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To verify whether those female and male founders with a high contribution
to maternal and paternal lineages also have a high genetic contribution through
all genealogical paths, we compared both types of contributions (Figure 7). The
proportions of total genetic contribution and maternal or paternal genetic con-
tribution of each founder are shown using the same genealogical sample. Com-
parison of the two sets of values indicates that the most prolific maternal (Figure
7a) and paternal (Figure 7b) founders also have a strong genetic contribution to
the population, with a few exceptions (r = 0.7383 for maternal founders and r =
0.6318 for paternal founders). Some founders with a high contribution to maternal
or paternal lines show a relatively low total genetic contribution, whereas other
founders who appear less frequently among maternal or paternal lines display a
total genetic contribution that is much higher than expected.



192 / TREMBLAY AND VEZINA

a

maternal genetic contribution (p. 1000)

0 2 4 6 8 10 12 14 16 18 20 22 24

total genetic contribution (p. 1000)

Figure 7. Comparison of maternal and paternal genetic contributions of founders with their total
genetic contribution. (a) Maternal founders; (b) paternal founders (facing page).

Discussion

In this study the immigrant founders of maternal and paternal lineages in
a Quebec population sample were identified and compared to detect sex-specific
characteristics in terms of period of arrival, place of origin, and genetic contribu-
tion to the contemporary population. Results show that the number of paternal
founders is higher than the number of maternal founders and that the origins and
genetic contributions of paternal founders are more variable than that of mater-
nal founders, leading to a larger effective population size and greater diversity
of Y chromosomes compared with mtDNA. In both cases, most of the founders
originated from France, but paternal founders came from all regions of France,
whereas the origins of maternal founders are located in a smaller number of prov-
inces. Because French founders settled earlier in Canada, it gave them an oppor-
tunity to leave more descendants, and this is reflected in their genetic contribution
being higher than their actual frequency among founders.

Completeness of the genealogical material has proved to be a key factor
for this type of analysis, especially when kinship links between the subjects are
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concerned (Chaix et al. 2004). With a completeness of more than 90%, common
ancestors are extremely rare before the sixth generation. After the ninth genera-
tion, nearly all subjects have a common ancestor with at least one other subject
(Tremblay et al. 2008; Vézina et al. 2006). Therefore most kinship links become
detectable only if the genealogical information is available for at least seven or
eight generations. These distant kinship links appeared to be more frequent in
maternal lineages than in paternal lineages, indicating again a higher diversity
among paternal founders.

One factor that can explain the higher number of kinship links among
maternal lineages is that, because of shorter intergenerational intervals, these
lineages are longer in terms of number of generations than paternal lineages, al-
lowing for more kinship links to appear along the genealogical branches. Simi-
lar results were observed in the Icelandic population (Helgason et al. 2003). The
lower diversity of maternal lineages can also reflect a system of matrilocality,
as observed in other populations (Thomas et al. 2002; Tomas et al. 2006). How-
ever, in the Quebec population, this lower diversity among maternal lineages
is mainly explained by differential migratory and matrimonial behavior at the
beginning of settlement. Indeed, many more men than women were recruited
into the colony, and thus there were more marriages between immigrant men
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and nonimmigrant women than between immigrant women and nonimmigrant
men (Charbonneau et al. 2000). As a result, the total number of male founders
is three times higher than the number of female founders (Vézina et al. 2006).
Among these male founders, approximately 23% were found in the paternal lin-
eages, compared to 45% of the female founders. In a study on the genetic contri-
bution of female founders in the Saguenay population, Heyer (1995b) found that
60% of all female founders with at least one descendant in the contemporary
population transmitted at least one copy of their mtDNA. In this case, the mean
genealogical depth (<4 generations) was much lower than that of our maternal
lineages (9.4 generations), but this shorter genealogical length did not necessar-
ily imply a higher probability of survival of lineages (Heyer 1995b). In a recent
study on ancient mtDNA haplotypes in the Icelandic population, Helgason et al.
(2009) found that approximately 40% of mtDNA from early medieval female
founders (>30 generations) was still present in the contemporary population.
However, our results must be taken with precaution because the number of lin-
eages under study (2,221) is smaller than the total number of founders (6,808)
identified through all genealogical branches. Although it is safe to assume that
all important founders must have been identified through these genealogies, a
larger genealogical sample would be necessary to provide more information on
that matter.

A relatively small number of early founders have a high genetic contribu-
tion to the contemporary population, which is expected in a population that has
experienced founder effects. Founder effects and their consequences have also
been investigated in Iceland (Helgason et al. 2003), Ireland (Moore et al. 20006),
and the Saguenay region of Quebec (Heyer 1995a) and among the Amish of Lan-
caster County in Pennsylvania (Pollin et al. 2007), although with variable results
regarding the impact of these effects, partly because of important differences in
the data and methodology used. For example, Moore et al. (2006) found that a
single ancestor from the early Middle Ages explains 20% of the contemporary pa-
ternal lineages of northwestern Ireland. In the Amish of Pennsylvania, the founder
effect is much more recent: 21 male founders born between the late 17th century
and the early 20th century account for 99% of the paternal lineages of this com-
munity (Pollin et al. 2007). In the Quebec population, nearly 78% of all lineages
can be traced back to some 1,100 founders who came during the 17th century. A
quarter of female lineages are explained by only 29 founders, whereas 71 found-
ers explain the same proportion of male lineages. Such differences lead to lower
diversity and effective population size for mtDNA compared to Y-chromosome
DNA. In this study, the ratio of estimated effective population sizes is 2.3 in favor
of paternal lineages.

Comparisons between sex-specific genetic contributions and total genetic
contribution showed a relatively strong correlation between the two measures,
although there are some discrepancies. These discrepancies can be explained for
the most part by variations of the sex ratio among the founders’ first descendants.
For instance, male founders with more boys than girls among their children and
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grandchildren will have a greater chance of appearing more frequently along pa-
ternal lines of descent than among other lines. Conversely, male founders who
had more girls than boys among their first descendants will likely have a lower
paternal contribution compared with their total genetic contribution.

Analysis of geographic origins has shown that most male and female found-
ers came from France. These French founders account for 88% of the paternal and
maternal genetic contributions in the Quebec population, a proportion similar to
that of the total genetic contribution from French founders (Vézina et al. 2006).
However, one must keep in mind that our genealogical sample was built from
Catholic records, thus excluding individuals from other religious confessions. Ac-
cording to Henripin and Péron (1972), about 88% of the Quebec population was
Catholic during the period that the subjects married. Hence 12% of the population
is not represented in our sample, but this does not mean that all founders from
other religious groups do not appear in the genealogical data. Indeed, such found-
ers may have been traced if some of their descendants married in the Catholic
Church, which is most certainly the case for the earliest founders. Nevertheless,
the contribution of non-Catholic founders (such as British and German Protes-
tants) remains underestimated in our results.

Differences in the diversity and origins of male and female lineages were
detected in other American populations that have experienced European coloniza-
tion, such as Cuba (Mendizabal et al. 2008), Brazil (Carvalho-Silva et al. 2001),
and Colombia (Carvajal-Carmona et al. 2000). In these populations native women
rather than native men contributed largely to the gene pool. In Quebec, however,
the native population was not demographically important when European colo-
nization took place during the 17th century, and there seems to have been little
admixture between the two populations (Charbonneau et al. 2000). Thus the ge-
netic contribution of native Americans to the contemporary Quebec population
is low, at least according to parish registers and genealogical data (less than 1%
of maternal and paternal lineages). Ongoing research on the regional structure
of the Quebec gene pool based on an approach combining genealogical and
molecular information should bring new insights into this matter (Moreau et al.
2009).
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