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 Introduction 

 Settlement of Saguenay-Lac-St-Jean 
 The Saguenay-Lac-St-Jean (SLSJ) region (a population 

of 282,000) is located 200 km north of Quebec City ( fi g. 
1 ). Settlement in this region followed   a population expan-
sion which occurred in the St-Lawrence Valley at the be-
ginning of the 19th century. The inhabitants of the Char-
levoix region (east of Quebec City) turned to the nearby 
SLSJ region and a current of emigration started in 1838 
which continued until the early 20th century  [1] . It is es-
timated that between 1838 and 1871, 80% of the SLSJ 
immigrants came from Charlevoix. Afterwards, industri-
alization and urbanization contributed to diversify the 
origins of the migrants  [1] . In addition to the high propor-
tion of migrants from Charlevoix, the close family ties of 
these migrants gave them an advantage by facilitating 
their settlement. For these reasons, Charlevoix and SLSJ 
inhabitants are often considered as belonging to the same 
genetic pool  [2] . 

   Genetic Characteristics of the SLSJ Population 
 As a consequence of the high prevalence of certain he-

reditary diseases, numerous studies on the population ge-
netics of SLSJ have been conducted. The SLSJ popula-
tion is characterized by a founder effect  [3, 4] : it has been 
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  Abstract 
  Objectives:  The population of the Saguenay-Lac-St-Jean 
(SLSJ) region (Quebec, Canada) is known to have a rela-
tively high prevalence of certain hereditary disorders, 
which can be explained by the consequences of founder 
effects. This study aims at providing new insights on the 
origins and subregional stratifi cation of these founder 
effects.  Methods:  The genealogies of 300 individuals 
were reconstructed and analyzed using the BALSAC 
population register.  Results:  Inbreeding and kinship lev-
els are higher in Lower Saguenay than in Upper Sa-
guenay and Lac-St-Jean. The population of Lower Sa-
guenay also distinguishes itself because of a fewer 
number of distinct ancestors.  Conclusion:  Beyond the 
genetic features that characterize the whole region, SLSJ 
also displays intraregional variability. Thus it is impor-
tant to take into account the settlement patterns and the 
demographic history of this population for a better ap-
praisal of its contemporary genetic structure. 
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shown that 82% of the region’s gene pool originated from 
nearly 2,600 founders who settled in New France during 
the 17th century  [5] . Some of these founders are believed 
to have introduced rare deleterious genes in the Quebec 
population  [6] . The demographic behaviour of these 
founders’ descendants is at the heart of the process by 
which some of these rare alleles, such as those associated 
with Charlevoix-Saguenay spastic ataxia and human cy-
tochrome oxidase defi ciency, were transmitted and are 
now found at an elevated frequency in the contemporary 
SLSJ population  [7, 8] . Other diseases, such as myotonic 
dystrophy or cystic fi brosis, without being specifi c to the 
region, also have a relatively high impact in the SLSJ 

population  [9, 10] . In contrast, some diseases present else-
where are practically non-existent in the SLSJ region, 
such as haemophilia or Friedreich ataxia  [11] . It has been 
shown that some mutations are specifi c, until proven oth-
erwise, to the French Canadian population and spread 
into the Quebec’s gene pool by founder effect  [4] . 

 Using extensive genealogical data and various demo-
genetic measures, this study aims at a better understand-
ing of the origins and stratifi cation of the SLSJ gene pool. 
Specifi cally, we wanted to verify to what extent the found-
er effect and its consequences showed variability within 
the region. 

  Fig. 1.  Geographic situation of Saguenay-
Lac-St-Jean. 

  Fig. 2.  Distribution of subjects in the three 
SLSJ subregions. 
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   The Saguenay-Lac-St-Jean Subregions 
 In order to achieve our goals, the region was divided 

into three subregions (Lower Saguenay, Upper Saguenay 
and Lac-St-Jean), based on geographical and historical 
criteria. The fi rst settlers in SLSJ were established in the 
1840’s on the south shore of the Saguenay River, in the 
Upper and Lower Saguenay subregions. Settlement in the 
Lac-St-Jean subregion came a few years later. Nowadays, 
Upper Saguenay has the largest population (more than 
half of the region’s) and is more industrialized than the 
other subregions  [1] .   Three hundred genealogies (100 for 
each subregion) were reconstructed using the BALSAC 
population register  [12] . The geographical origins of the 
subjects (the starting points of the genealogies) refl ect the 
distribution of the current population within each subre-
gion ( fi g. 2 ). Inbreeding and kinship coeffi cients were 
measured, as well as the ancestors’ frequencies and dis-
tributions in the genealogies. The geographical origins 
and the genetic contribution of the regional founders were 
also examined. 

   Methods 

 The BALSAC Population Register and the BALSAC-RETRO 
Genealogical Database 
 Data used in this study were retrieved from the BALSAC popu-

lation register and the BALSAC-RETRO database. The BALSAC 
register contains information on 2.1 million marriages, births and 
deaths that occurred during the last two centuries in the Province 
of Quebec  [12, 13] . The SLSJ region has been entirely covered from 
the beginning of settlement in the 1830’s to 1971. The BALSAC-
RETRO database contains genealogical information on 340,000 
individuals who married in Quebec, from the 17th to the 20th cen-
tury  [13] .  

   Selection of Subjects and Genealogical Reconstruction 
 For each of the three Saguenay subregions, 100 marriages cel-

ebrated between 1945 and 1965 were randomly selected in the 
BALSAC register. One spouse per marriage was chosen (50 males 
and 50 females in each subregion) and the genealogies of the 300 
subjects were reconstructed using the BALSAC register and the 
BALSAC-RETRO database. Other sources were used to complete 
the genealogies, such as the Population Register of Early Quebec 
 [14] , genealogical dictionaries, marriage repertories or microfi lms 
of parish registers. The genealogical reconstruction was performed 
as far back as sources would allow, up to the fi rst European pioneers 
of the St. Laurence Valley (16 generations in some cases). All gene-
alogies were submitted to various validation procedures in order to 
minimize the presence of false links  [15] . 

   Demogenetic Analyses 
 Demogenetic analyses were performed on each genealogical cor-

pus, using various procedures developed by the BALSAC Project 
team and by the Interdisciplinary Research Group in Demography 

and Genetic Epidemiology (GRIG)  [16] . These analyses include the 
count of all ancestors appearing in the genealogies, calculation of 
the average genealogical depth, of inbreeding and kinship coeffi -
cients and of genetic contribution of ancestors, including the SLSJ 
founders. 

  Count of Ancestors . For each subgroup, the total number of ge-
nealogical links that we identifi ed was established. As many ances-
tors are mentioned more than once, the number of distinct ances-
tors was also calculated  [16] . For each ancestor, the number of 
subjects to which they were related and the number of times they 
appeared in the genealogies were computed. 

  Completeness of Genealogies.  The completeness of genealogies 
(C x ) was calculated as the proportion of known ascendants among 
all expected ascendants at each generation  [17] .

x
number of known ancestors at generation x

C =
number of expected ancestors at generation x

   Genealogical Depth.  The genealogical depth (D) can be inter-
preted as the mean value of the generation of the founders in a ge-
nealogical corpus. The genealogical depth (D) was calculated as 
follows: 

n
x

xx=0

F
D = x

T�
 where F x  is the number of founders for generation x and T x , the 
number of expected ancestors for generation x  [18] . 

  Kinship Coeffi cient.  The kinship coeffi cient ( � ) is the probabil-
ity that one allele chosen at random in a given person is identical 
by descent to another allele, at the same locus, in another person 
 [19] . The kinship coeffi cient between two individuals (B 1  and B 2 ) 
was calculated as follows: 

( ) ( ) ( ) ( )( )n A,L +m A,L +1
1 2

A L

B , B 1/2 1+F A� =��( )

   where A is the common ancestor to B 1  and B 2 , L is the genealogical 
link between B 1  and B 2  from A, m(A,L) is the number of genera-
tions between individual B 1  and common ancestor A by the genea-
logical link L, n(A,L), the number of generations between individ-
ual B 2  and common ancestor A by the genealogical link L and F(A), 
the value of the inbreeding coeffi cient for ancestor A. The mean 
kinship coeffi cient of a group of individuals was calculated by iden-
tifying, for each pair of individuals, all known common ancestors 
over all known genealogical links and dividing the sum of these 
coeffi cients by the total number of possible pairs. For a group of 
100 subjects, this number is 4,950. 

  Inbreeding Coeffi cient.  The inbreeding coeffi cient is the proba-
bility that an individual has inherited, at a given locus, two identi-
cal alleles originating from a common ancestor, one from the father 
and the other from the mother  [20] . The inbreeding coeffi cient of 
an individual corresponds to the kinship coeffi cient of his parents. 
This coeffi cient was calculated as follows  [19] : 

( ) ( ) ( ) ( ) ( )( )n A,C +m A,C +1

A C

F I P, M 1/2 1+F A=� =��( )

 where A is the common ancestor to P and M, C is the genealogical 
path between P and M from A, m(A,C) is the number of generations 
between father P and common ancestor A by the genealogical path 
C, n(A,C), the number of generations between mother M and com-
mon ancestor A by the genealogical path C and F(A), the value of 
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inbreeding coeffi cient for ancestor A. For each subregion, the mean 
of the 100 inbreeding coeffi cients was calculated. 

   Statistical Analysis of Kinship and Inbreeding Coeffi cients 
 As the classic t test for comparing two mean kinship values is 

not valid due to the dependence between coeffi cients, the compar-
ison was carried out by a permutation test. The test statistic is the 
mean kinship difference and the p value for the null hypothesis was 
obtained by performing 5,000 permutations. The dependence is 
controlled by fi rst permuting the two groups of individuals and then 
computing all the kinship coeffi cients. This procedure gives an es-
timated p value with a precision of 

( )2 p 1 p /5000± �

 so all the p values near the signifi cance level should be interpreted 
as a ‘possible’ rejection of the null hypothesis. As each subject has 
its own inbreeding coeffi cient, dependence is not an issue and the 
classical t test was used to compare the mean values obtained for 
each group. 

  Genetic Contribution of Regional Founder.  Regional founders 
were defi ned as the fi rst ancestors who married in the Saguenay 
region. Their geographical origins were determined using the place 
of marriage of their parents. Genetic contribution of every region-
al founder to each subregional group was calculated based on the 
frequency and generation level of its appearances in the genealo-
gies. For each subregion, this contribution represents the propor-
tion of the gene pool that comes from this founder. For a given 
founder, the genetic contribution was calculated as follows: 

S L

1 1

CG  (1/2) i , jg

i j= =
= ��

 where S is the number of subjects linked to the founder, L the num-
ber of genealogical links between a subject and the founder and  g  i,,j  
the number of generations between the founder and the subject  i  at 
the genealogical link  j   [16] . 

   Results 

 General Characteristics of the Genealogies 
 About 300,000 ancestors were identifi ed in each group 

of genealogies ( table 1 ). As many ancestors appear on sev-
eral occasions in these genealogies (from 13 to 24 times 
on average, according to the different subregions), the 
number of distinct ancestors is much lower (between 
13,224 and 21,319). For each subregion, genealogical 
paths have an average depth of 10 generations and some 
reach 16 generations. 

 Of the 32,175 distinct ancestors identifi ed in the 300 
genealogies, 22.7% are common to the three subregions 
and 19.8% were identifi ed in two of the three subregions 
( fi g. 3 ). Ten percent of the ancestors are specifi c to Lower 
Saguenay, compared to 19% for Upper Saguenay and 
28% for Lac-St-Jean. Most of the 1,187 ancestors who 
were identifi ed as regional founders (91%) are specifi c to 

one subregion. Very few founders (0.3%) are found in the 
genealogies of the three subregions and less then 10% are 
common to two subregions. 

 The distribution of ancestors according to their speci-
fi city and to the number of genealogies where they appear 
is given in  table 2 . Among ancestors specifi c to one sub-
region, the number of genealogies where they appear does 
not exceed 20, while less than 0.5% of the ancestors com-
mon to two subregions are found in 21–50 genealogies. 
The distribution of the ancestors common to all three 
subregions is much wider, with 302 ancestors appearing 
in more than 200 genealogies. In total, nearly 25% of all 
ancestors were found in more than 5 genealogies. 

 The completeness of every subregion’s genealogies is 
similar at each generation and follows the same tendency 
( fi g. 4 ). Completeness slowly decreases from the 3rd to the 
10th generation and more rapidly afterwards. At the10th 
generation, completeness is still relatively high: 78% in 
Lower Saguenay against 70% in Upper Saguenay and 
71% in Lac-St-Jean. 

Table 1. General characteristics of the 300 genealogies

Lower 
Saguenay

Upper
Saguenay

Lac-
St-Jean

Number of genealogies 100 100 100
Total ancestral links 320,918 290,252 289,868
Distinct ancestors 13,224 18,593 21,319
Mean number of occurrences 24.3 15.6 13.6
Mean genealogical depth (s.d.) 10.1 (1.6) 9.6 (1.6) 9.8 (1.8)
Maximum genealogical depth 15 16 15

  Fig. 3.  Distribution (%) of ancestors and regional founders among 
the three subregions. 



 Lavoie/Tremblay/Houde/Vézina

 

 Community Genet 2005;8:152–160 156

   Kinship 
 Mean kinship coeffi cients in each subregion and be-

tween subregions are shown in  fi gure 5 . For the fi rst gen-
erations (3rd–5th), kinship levels are low. Kinship coef-
fi cients in each subregion increase rapidly between the 
6th and the 10th generation. After the 11th generation, 
they stabilize due to the interruption of genealogical 
branches. Kinship coeffi cients are signifi cantly higher 
(p  !  0.05) in the Lower Saguenay, regardless of the gen-
eration level. The lowest kinship coeffi cients are observed 
in Lac-St-Jean, however the differences between Lac-St-
Jean and Upper Saguenay do not reach signifi cance. 

 At each generation, the highest interregional kinship 
coeffi cients are observed between the individuals of Low-
er and Upper Saguenay. As a group, subjects from Upper 
Saguenay are in fact more closely related to subjects from 
Lower Saguenay than they are to each other. Interest-
ingly, kinship coeffi cients between Lower Saguenay and 
Lac-St-Jean are higher than those between the neighbour-
ing subregions of Upper Saguenay and Lac-St-Jean. How-
ever, the differences between the two series of coeffi cients 
are not highly signifi cant (0.056  !  p  !  0.242). Also, the 
kinship coeffi cient in the subregion of Lac-St-Jean is low-
er at each generation than interregional kinship coeffi -
cients involving this subregion. 

Table 2. Distribution of ancestors according to their subregional specifi city and to the number of genealogies in 
which they appeared

Number
of genealogies

Specifi c to Common to
2 subregions

Common to
3 subregions

Total (%)

Lower Saguenay Upper Saguenay Lac-St-Jean

1 2,728 5,450 6,989 – – 15,167 (47.1)
2 195 648 1,370 2,124 – 4,337 (13.5)
3–5 141 151 730 3,044 965 5,031 (15.6)
6–20 52 3 48 1,183 3,168 4,454 (13.8)

21–50 0 0 0 28 1,514 1,542 (4.8)
51–100 0 0 0 0 696 696 (2.2)

101–200 – – – 0 646 646 (2.0)
201–300 – – – – 302 302 (0.9)

Total 3,116 6,252 9,137 6,379 7,291 32,175 (100.0)

  Fig. 4.  Completeness of the genealogies. 
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   Inbreeding 
 At the 3rd generation, the inbreeding coeffi cient is low 

in all groups, indicating the absence of marriages between 
closely related ancestors in the genealogies ( fi g. 6 ). From 
the 4th generation, Lower Saguenay’s coeffi cients in-
crease rapidly and they become signifi cantly higher than 
the inbreeding coeffi cients of the two other subregions. 
At maximum depth, consanguinity is almost twice as high 
in Lower Saguenay than in Upper Saguenay and Lac-St-
Jean (p  !  0.001). From the 3rd to the 9th generation, Up-
per Saguenay’s coeffi cients are lower than those of Lac-
St-Jean but the differences are not signifi cant (p  1  0.10). 
Mean coeffi cients stop increasing after the 11th genera-

tion at 0.014 for Lower Saguenay and 0.008 for Upper 
Saguenay and Lac-St-Jean. 

   Genetic Contribution of Regional Founders 
  Figure 7  shows that founders originating from the 

Charlevoix region represent nearly 74% of the Lower Sa-
guenay’s gene pool. The Charlevoix contribution is lower 
in the two other subregions (61% in Upper Saguenay and 
48% in Lac-St-Jean). The remainder of the genetic con-
tribution comes from founders originating from all other 
regions of the Province of Quebec (see  fi gure 1  for locali-
sation of regions), especially from the Côte-du-Sud region 
(up to 15% of the Lac-St-Jean’s gene pool). Together, 

  Fig. 5.  Mean kinship coeffi cients within 
and between the three subregions. 

  Fig. 6.  Mean inbreeding coeffi cients within 
the three subregions. 
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Charlevoix, the Côte-du-Sud and Côte-Nord regions ac-
count for more than 83% of Lower Saguenay’s gene pool, 
69% of Upper Saguenay’s and 65% of Lac-St-Jean’s gene 
pool. 

 Genealogical links show that 42% of these regional 
founders have at least one other member of their sibship 
who also migrated to SLSJ ( table 3 ). More than 60% of 
these sibships are composed of 2 founders while up to 6 
regional founders were found from a single sibship. 

   Discussion 

 The SLSJ population is often referred to as a highly 
‘homogeneous’ population. In some respects, that may be 
true, but our fi ndings clearly show that some degree of 

heterogeneity can be observed at the subregional level. 
Indeed, for each demogenetic parameter, the Lower Sa-
guenay subregion shows a different picture than that of 
the two other SLSJ’s subregions. For instance, kinship 
coeffi cients are signifi cantly higher in Lower Saguenay, 
suggesting lower genetic heterogeneity in this subregion. 
Values of kinship coeffi cients between the three subre-
gions suggest the possibility of preferential migratory 
movements from Lower Saguenay towards Lac-St-Jean, 
which could explain why the two adjacent regions of Up-
per Saguenay and Lac-St-Jean have a lower between-
group kinship than that of the two relatively distanced 
regions of Lower Saguenay and Lac-St-Jean. These results 
show that internal migration is an important factor to 
consider when studying the genetic structure of a popula-
tion. A so-called ‘isolate’ with a strong initial founder ef-
fect may display signifi cant internal variations due to dif-
ferential migratory behaviour across generations. 

 Another interesting fi nding of this study is the higher 
kinship between the Lac-St-Jean subjects and the subjects 
of the two other subregions than among the subjects of 
Lac-St-Jean themselves. In Upper Saguenay, within-
group kinship is also lower than the kinship between sub-
jects of Lower and Upper Saguenay. Despite the observed 
variability, these results point toward the absence of strat-
ifi cation in the SLSJ region, at least based on our division 
of the territory. 

 The maximum value for inbreeding is signifi cantly 
higher in Lower Saguenay than in the two other subre-
gions. Contrary to Upper Saguenay and Lac-St-Jean, 

  Fig. 7.  Genetic contribution of regional 
founders by place of origin in each subre-
gion. 

Table 3. Distribution of sibships among re-
gional founders according to sibship size

Sibship
size

Number of
sibships

Number of
founders

2 127 254
3 48 144
4 15 60
5 4 20
6 3 18

Total 197 494
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Lower Saguenay did not benefi t from the diversifi cation 
caused by migration from other regions  [1] . Upper Sa-
guenay and Lac-St-Jean have similar inbreeding coeffi -
cients. The coeffi cients of each subregion stabilize after 
the 11th generation, corresponding to the arrival of the 
European founders. The fi rst signifi cant increase of the 
inbreeding coeffi cients happens at the 4th generation 
(great-great-grandparents), that of the fi rst SLSJ settlers 
 [21, 22] . These results confi rm once again that, contrary 
to popular belief, close inbreeding is not important in 
SLSJ and hence cannot explain the observed frequencies 
of hereditary diseases in the region  [8] . 

 Results also indicate that the vast majority of regional 
founders are specifi c to a single subregion and that many 
of these founders came from the Charlevoix region. The 
importance of Charlevoix in terms of genetic contribu-
tion of the founders has been shown in other studies  [1, 
2, 23] . Among the three subregions of SLSJ, Lower Sa-
guenay is the most similar to the Charlevoix region. More 
heterogeneity is observed in the places of origin of Upper 
Saguenay and Lac-St-Jean founders, which can be ex-
plained by the characteristics of the settlement  [23, 24] . 
The presence of sibships among regional founders also 
confi rms the family-type migration. 

 The relationship between kinship and inbreeding lev-
els and hereditary diseases depends on several factors as-
sociated with the formation and structuration of the ge-
netic pool in the concerned populations  [25, 26] . Close 
kinship and inbreeding are low in all SLSJ subregions but 
are more frequent in Lower Saguenay because of smaller 
population size and immigration input. Based on the ge-
netic contribution of the founders, one could think that 
Lower Saguenay is particularly representative of Charle-
voix’s situation in terms of hereditary diseases. However, 
the current population of Lower Saguenay represents less 
than 2.5% of the regional population and typical Charle-
voix diseases appear everywhere in SLSJ. 

   Conclusion 

 The results of this demogenetic study indicate that, 
beyond the genetic and genealogical features that charac-
terize the whole region and which provide evidence of a 
strong founder effect, the SLSJ population also displays 
intraregional variability. The neighbouring region of 
Charlevoix accounts for the greatest part of the genetic 
contribution of the settlers of the three subregions but its 
importance is higher in Lower Saguenay. In Lac-St-Jean 
and in Upper Saguenay, the founders’ genetic contribu-

tion is more diversifi ed in terms of places of origins, lead-
ing to lower kinship levels. 

 Could this intraregional variability have an infl uence 
on the current distribution of hereditary disorders that 
are found at an elevated frequency in the area? Despite 
the observed variability among subregions, our results on 
kinship coeffi cients do not support the existence of strat-
ifi cation in the SLSJ gene pool, at least not at this geo-
graphical level. Further investigation of this matter could 
prove of importance at a time where discussions are tak-
ing place as to whether population screening should be 
offered in the region for the identifi cation of carriers of 
the most common recessive disorders (those with a re-
gional carrier frequency between 4 and 5%)  [27] . 

 For instance, studies conducted on a smaller geograph-
ical scale, such as the community level, might reveal more 
specifi c results which could be used to improve the effi -
ciency of a large-scale screening in the population. Addi-
tional work is also needed to understand why some genes 
reached the observed frequencies in SLSJ and are not 
uniformly distributed among Quebec’s other regional 
populations. Like SLSJ, each region has its own settle-
ment history, and interregional comparisons may shed 
some light on the geographical expansion and concentra-
tion of genes in the population of Quebec. 

 From a population genetics perspective, the results of 
this study point toward the importance of taking into ac-
count the settlement patterns and the demographic his-
tory of a population for a better understanding of its con-
temporary genetic structure. From a community genetics 
point of view, our fi ndings may help practitioners or cli-
nicians to improve their awareness of the possible effects 
of differential demographic behaviour and to be careful 
in their interpretation of the broad ‘regional’ characteris-
tics when working with a subregional population. 
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