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The BALSAC database: content and structure



A brief history of the database

• Construction initiated in 1970 by Gérard Bouchard and his team at 
the Université du Québec à Chicoutimi 

• 1972-86: Family reconstitution for the Saguenay region from 1842 
(onset of French Canadian settlement) to 1971 (660 000 BMD 
records) 

• 1989-2000: BALSAC undertakes to cover all of Quebec. Entry is 
restricted to marriages from 1800 onward while the database is being 
increasingly used in human genetics. The PRDH provides a copy of 
marriages from the beginning of French Regime (1608) to 1800. and 
these are integrated and linked to BALSAC

• 2001-11: Integration and linkage of more than 2 million marriage 
records for the period1800-1965



Map of Quebec



BALSAC in 2016
• 2,2 M marriage records

Whole province (Catholic records: 80% population), complete up to 1965, 
partial for the rest of 20th century

• 550 000 birth and death records
Saguenay-Lac-St-Jean region

• All records have been digitized and linked relying on linkage 
procedures based almost exclusively on nominative data. 

• The database contains information on 2,5 M families and 5 M 
individuals of which 83% are linked to parents (or previous spouse
in case of remariage)

• Various research projects in sociohistorical and biomedical sciences 

• It is owned by a university consortium 
and is available to the whole scientific 
community



20th century records in BALSAC

Birth and death records for Saguenay-Lac-St-Jean region only
Marriage records for all Quebec

Births Marriages Deaths Total
1900‐1909 34 251 124 470 14 538 173 259
1910‐1919 38 429 144 560 16 000 198 989
1920‐1929 51 196 158 380 17 880 227 456
1930‐1939 58 623 177 427 18 060 254 110
1940‐1949 74 840 289 285 20 219 384 344
1950‐1959 87 833 313 516 19 238 420 587
1960‐1969 65 018 219 516 17 865 302 399
1970‐1979 9 892 31 746 6 348 47 986
1980‐1989 145 21 233 2 812 24 190
1990‐1999 4 822 931 5 753

Total 420 227 1 484 955 133 891 2 039 073



Catholic vs non Catholic records

• The Catholic church : very good and exhaustive recording 
of vital events in parish registers

• Information much less good for non-Catholics
 Virtually 100% of Catholic marriage records contain the name of 

spouses’ parents or previous spouse
 For non Catholic records, name of the parents is known in about 

23% of cases for husbands and about  30% for wives (improves 
with time)



Data sources

Q u e b e c m a r r i a g e r e c o r d s

• Registre de population du Québec ancien, Programme de recherche en 
démographie historique,  Université de MontréalBefore1800

• Civil records kept in law courts
• Microfilms of civil records from the Fonds Drouin1800-1939

• Digitized images of marriage records from the Direction de l’état civil du 
Québec1940-1965

• Civil records kept in law courts1840-1971

S a g u e n a y  b i r t h ,  m a r r i a g e ,  d e a t h r e c o r d s



Content of marriage records

• Record number, date and place of registration, date of event, number of 
banns

• For each spouse:
first and last name, residence, occupation, honorary title, ethnicity, origin, 
age, signature (Y|N)

• For the fathers and mothers of the spouses: 
first and last name, residence, occupation, honorary title, ethnicity, origin, 
signature (Y|N), presence (Y|N)

• For the ex-spouse: 
first and last name, occupation, residence, honorary title, ethnicity, origin

• Other: 
consanguinity (from dispenses), contract (Y|N) , notary, observation



Content of baptism and burial records

Variables in the database for baptisms:
• Record number, date and place of registration, date of event
• For the subject:

first and last name, sex, residence, honorary title, ethnicity, origin
• For the father and mother: 

first and last name, residence, occupation, honorary title, ethnicity, origin, signature 
(Y|N), presence (Y|N)

• Observation

Variables in the database for burials:
• Record number, date and place of registration, date of event
• For the subject: 

first and last name, sex, age at death, occupation, residence, honorary title, 
ethnicity, origin, civil status, status

• For the father, mother and spouse: 
first and last name, residence, occupation, honorary title, ethnicity, origin, signature 
((Y|N), presence (Y|N)

• Observation



Source: ISQ 2013



Database Structure

• Relational Database (SQL Server)
• 3 Main tables

• Event - one record for each person in a certificate
• Individual - genealogical data
• Couple - one record for each family

• Other tables
• Codes for occupations, residences, etc…
• Indexes for Family Headers, dates, etc…

• Names/Surnames 
• Original form 
• Phonetized (for linkage purpose)

1 ‐ 3



The geographical dictionnary at BALSAC
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resid var nom top entite lieuenr annee_fondation mannee_fondation indic_urb regr division region prov_etat_dept pays conf val longitude latitude
1340 0 ROUYN NORANDA 1 1 0 0 0 1 0 70 24 6 1 0 0 ‐79,02201 48,23736
1340 1 AMULET 0 12 0 0 0 1 0 70 24 6 1 0 0 0 0
1340 2 BOISVERT 0 12 0 0 0 1 0 70 24 6 1 0 0 0 0
1340 3 DU CUIVRE 0 12 0 0 0 1 0 70 24 6 1 0 0 0 0
1340 4 LAC DUFAULT 0 24 0 0 0 1 0 70 24 6 1 0 0 0 0
1340 5 MERCIER 0 12 0 0 0 1 0 70 24 6 1 0 0 0 0
1340 6 NORANDA 0 24 0 0 0 1 0 70 24 6 1 0 0 0 0
1340 7 NORANDA NORD 0 24 0 0 0 1 0 70 24 6 1 0 0 0 0
1340 8 OSISKO LAKE 0 32 0 0 0 1 0 70 24 6 1 0 0 0 0
1340 9 PELLETIER 0 24 0 0 0 1 0 70 24 6 1 0 0 0 0
1340 10 ROUYN 0 24 0 0 0 1 0 70 24 6 1 0 0 0 0
1340 11 YOUVILLE 0 12 0 0 0 1 0 70 24 6 1 0 0 0 0
1340 12 BLESSED SACRAMENT 0 2 1010 1946 1 1 0 70 24 6 1 1 0 0 0
1340 13 NOTRE DAME DE PROTECTION 0 2 1166 1929 1 1 0 70 24 6 1 1 0 0 0
1340 14 SACRE COEUR 0 2 1234 1953 1 1 0 70 24 6 1 1 0 0 0
1340 15 ST JOSEPH 0 2 1662 1946 1 1 0 70 24 6 1 1 0 0 0
1340 16 IMMACULEE CONCEPTION 0 2 1045 1938 1 1 0 70 24 6 1 1 0 0 0
1340 17 STE BERNADETTE 0 2 2042 1957 1 1 0 70 24 6 1 1 0 0 0
1340 18 ST MICHEL ARCHANGE 0 2 1793 1925 1 1 0 70 24 6 1 1 0 0 0
1340 19 CENTRE HOSPITALIER ROUYN NORANDA 0 2 3161 1953 9 1 0 70 24 6 1 1 0 0 0
1340 20 UKRAINIAN CATHOLIC MISSION 0 2 3162 1953 9 1 0 70 24 6 1 2 0 0 0
1340 21 MARIAGES CIVILS 0 2 2291 1969 1 1 0 70 24 6 1 1 0 0 0

22 027 different names of places in the dictionary 
corresponding to a total of 11 957 distinct localities



Occupations in BALSAC

Periods Nb of
records Occupation of men Occupation of 

women

n % n %
< 1700 4 345 627 14,4 4 0,1

1700-1799 66 892 6 001 9,0 116 0,2

1800-1899 599 586 396 117 66,1 4 713 0,8

1900-1965 1 484 936 999 884 67,3 326 857 22,0

total 2 155 759 1 402 629 65,1 331 690 15,4

Distribution of spouses occupations 
in marriage records per period



Results of HISCO coding
Distinct occupations

• 48 169 found in at least one record
• 31 161 coded (64,7%)

• 25 332 with an occupation (52,6%)
• 3768 undetermined (7,8%) 
• 2020 not working (students, retired) (4,1%)

• 17 008 not processed (35,3%)

Occurrences
• 3 448 000 in BALSAC

• 3 408 241 coded (98,8%)
• 3 275 960 with an occupation (95%)

HISCO codes
1123 out of 1675 codes were used for coding (67%)



Strategies to bridge the gap 
between 1965 and present-day data



Selection of subjects in present-day population
Population samples

• Genealogical or biodemographic study (without medical or genetic 
information): 
• BALSAC and marriage repertories

• Genealogical and genetic study: 
• Neutral DNA variants: direct recruitment in the population with 

consent form mentioning the BALSAC component of the project 
and REB approval

• CARTaGENE project (participants who gave consent to 
genealogical option and filled the questionnaire)



Selection of subjects in present-day population
Patient samples

• recruitment through medical research project with consent form 
mentioning the BALSAC component of the project and REB 
approval

• CARTaGENE project (participants who gave consent to 
genealogical option and filled the questionnaire)

Data requirements
• Collect family information to start genealogical reconstruction and 

locate parents or grandparents in the database



Genealogical questionnaire (1)



Genealogical questionnaire (2)



Genealogical questionnaire (3)



Access and linkage to medical data



Access to medical and genetic data

• No medical, genetic or epidemiological data in BALSAC 
(was very important in the 80s and 90s) 

• Data come from researchers’ projects and are linked to BALSAC for 
the duration of the project. This linked is destroyed at the end of the 
project (BALSAC keeps the genealogical data added in the course of the 
project).

• Molecular population geneticist: collection and analysis of genetic 
data

• Physician or health scientist for collection and analysis of clinical and 
genetic data linked to condition



• founded in 1983 and has provided financial and scientific support to BALSAC 
since the beginning

• the objective of the RMGA is to support and develop basic and applied 
human genetic research by creating, managing and promoting scientific 
infrastructures and knowledge transfer for the benefit of the Quebec 
population.

• the Network supports service platforms, develops Statements of Principles, 
offers scholarships to students and postdocs, and organizes workshops and 
meetings

• most Quebec scientists who do medical and human genetic research are 
members of the RMGA



RMGA Strategic Theme in Population 
and Statistical Genetics : objectives 2014-17

• enhance and diversify BALSAC’s services to the research 
community

• develop a protocol enabling the use of BALSAC for 
clinical purposes

• expand the range of analytical tools to support the joint 
analysis of genealogical and genetic data in genetic 
epidemiology, mapping studies and health care planning

• extend national and international collaborations for 
benchmarking and for the development of new analytical 
and statistical approaches.



Recruitment
Phase 1: 2009-2011
Phase 2: 2012-2015
Participants aged 40-
69 from 6 Quebec
cities and regions
About 25% gave 
consent to genealogical
option



Health-related research using BALSAC: 
context and methodological approaches



BALSAC and human and medical research

• BALSAC is a longitudinal database that allows automatic 
reconstruction of family histories (SLSJ), genealogical ties and kinship 
structure of the Quebec population over four centuries. 

• It covers all regions of Quebec's territory since the beginning of 
European settlement in the 17th century to the contemporary period.

• Genetic and medical research started around 1980 when Gérard 
Bouchard initiated the development of a research program in medical 
and  human genetics with Charles Scriver (McGill) and Claude 
Laberge (Laval University) and clinicians from the Saguenay-Lac-St-
Jean region



The Quebec context

• Geneticists have a special interest in founder populations and isolated 
populations because of their expected increased genetic homogeneity

• Quebec is a founder population of 6,5 million individuals 
• We can study the characteristics and consequences of initial founder 

effect in a context of specific regional histories
• Higher frequency of inherited disorders in some regions

Tay-
Sachs

Friedreich Ataxia

Charlevoix-Saguenay Ataxia
Myotonic Dystrophy

Cystic Fibrosis
Oculopharyngeal
Muscular Dystrophy

Familial Hypercholesterolemia



Three approaches for genetic and medical studies
using BALSAC
1) Individual biographies and 2) family characteristics and 
intergenerational approach
• The outcomes are variables related to death: (age at

death, longevity) or a specific disease
• Complete family reconstitution is necessary (BMD) so

studies are done with Saguenay-Lac-St-Jean data
• Use of bivariate of multivariate statistical methods for 

analyses
• Genetic analysis methods can be used for 

intergenerational transmission of traits (heritability
calculations)



Individual biography approach

Source: Gagnon et al. 2011 



Family and intergenerational approach

Source: Houde et al. 2008



3) Extended family and genealogical
approach
• The genealogy of a population contains information on 

people who participated to reproduction and therefore 
transmitted their genes

• It comprises ancestors and the links connecting them; 
these links are the transmission paths of genes from one 
generation to the next.

• Genealogical analyses rely on methods from population 
genetics (kinship and inbreeding calculations, genetic 
contribution of ancestors, gene dropping)

• Most medical and genetic research done at BALSAC has 
relied on this approach using genealogical data only or in 
combination with medical or genetic data. 



Mean inbreeding coefficients at the 4th generation



Genealogical founders
| Genetic contribution (GC) per region
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Charting the introduction and 
diffusion of the T14484C Leber optic 
atrophy mutation in Quebec

Source: Laberge et al. AJHG 2005



Introduction and diffusion 
of the BRCA1 R1443X mutation 
in the French Canadian population 

Source: Vézina, Durocher et al., Hum 
Gen, 2005



Genotyped 
sample

Common 
ancestor

Imputed 
haplotypes

Genotyped 
samples

Imputed
1930‐60

Individuals
1930‐60

Coverage 
1930‐60

Maternal 924 778 670  1 589 991  0.49
Paternal 414 182 567  789 372  0.23

Maternal haplotype imputation in genealogies



Source: Roy-Gagnon et al. 2011

Quebec population 
structure captured 
by genomic and 
genealogical data



Selective advantage to be on an 
expanding wave front

No. of 
women

Mean no. 
of children

(FS)

Mean no. 
of married  
children

(EFS)

Mean age 
at 

marriage
FS ratio 
WF/RC

EFS ratio 
WF/RC

Marriage 
age ratio 
WF/RC

Wave front 
(WF) 2663 9.1 4.9 20.5

1.15*** 1.20*** 0.95 ***Range core 
(RC) 1783 7.9 4.1 21.6

Individuals at the wave front of the range expansion have more chance
to transmit their genes than people stayed behind. This trait is heritable.

Source: Moreau et al. 2011 Science



Health-related research using BALSAC : 
ongoing projects



Genetic epidemiology 15

Evolutionary biology and biodemography 15

Social sciences 15

Methodological developments 4

4 9  p r o j e c t s

Research areas of ongoing projects (2015-16)



Researchers Students and 
research assistants

Québec 40 50 90
Rest of Canada 2 - 2
Outside of 
Canada 10 2 12

52 52 104

Users’ affiliation (2015-16)



Genetic epidemiology of inherited disorders

• Genetics of spinocerebellar hereditary ataxias
Bernard Brais/McGill

• Characterization of  founder  effects in Morquio and Tay-Sachs in 
the French Canadian population

Hélène Vézina/UQAC, Gail Ouellette/Regroupement québécois des maladies orphelines

• Effects of maternal and paternal transmission in famililal
hypercholesterolemia

Patrick Couture/Université Laval, Daniel Gaudet/CSSS-Chicoutimi

• Eye Hereditary Diseases in Québec: study of mutations associated 
with glaucoma, dystrophies and retinal degeneration 

Vincent Raymond/Université Laval



Genetic epidemiology of complex traits
• Towards optimal use of Quebec genealogical ressources: an integrated

approach of genetic epidemiology and population genetics
Marie-Hélène Roy-Gagnon/U of Ottawa

• Personalized medicine of epilepsy: genealogical aspects
Simon Girard/McGill, Patrick Cossette/CHUM

• Genetic factors in congenital cardiopathies: towards an integral genomic
analysis

Gregor Andelfinger/CHU-Ste-Justine

• Search for genes of hypertension and its associated factors
Pavel Hamet/CHUM



Evolutionary biology and  biodemography

• Dynamics of genes with sex-dependant transmission in the Quebec
population

Alexandra Doyon/UQTR

• The role of contemporary evolution in modern human populations
Emmanuel Milot/UQTR

• Study of genetic surfing in the Charlevoix-Saguenay-Lac-St-Jean 
population

Damian Labuda/CHU-Ste-Justine, Laurent Excoffier/University of Bern, Hélène Vézina/UQAC

• Fecundity and Human Evolution 
Marc Klemp & Oded Galor/Brown University, USA



Evolutionary biology and  biodemography

• Impact of early life conditions on longevity
Alain Gagnon/ Université de Montréal

• Accumulation of deleterious mutations during spatial expansion by 
sequencing exomes

Isabelle Duperret & Laurent Excoffier/ Bern University

• Genealogical characteristics of participants to the CARTaGENE project
Marc Tremblay, UQAC



Overview of medical and genetic research with
BALSAC since 1980
1980-2000:

• Studies of inherited disorders aimed at understanding and 
explaining the role of demographic dynamics and population 
history in the origin and spread of the mutant alleles involved in 
these disorders 

• Studies of complex traits to gain a better understanding of the 
role of genetic factors in the aetiology of these disorders and to 
contribute to study design for gene mapping projects

• Genealogical studies in population genetics to investigate 
consequences of settlement history on population structure

• Few studies in biodemography mostly on intergenerational 
transmission of demographic traits (infant mortality, fertility) 



Overview of medical and research research with
BALSAC since 1980

2000-2016: 

• Studies of inherited disorders: use of new methods such as gene dropping 
and simulations

• Complex traits: genetic epidemiology projects aiming at improving study 
design (for instance reducing or taking into account heterogeneity of 
genetic and environmental factors)

• Populations genetics projects: joint analysis of molecular and genealogical 
data to investigate population structure,

• Biodemography and evolutionary biology projects : BALSAC as population 
laboratory, strong interest for birth and death data and contextual
information

• From small to large datasets; from goals linked to Quebec population to 
larger scope; from analyses performed at Balsac to extraction of datasets 
sent to researchers; from simpler to more complex genealogical and 
statistical methods 



Access to data and protection of privacy



Protection of privacy at BALSAC

• Used only for scientific research projects 

• Contains no medical or genetic data

• Anonymity preserved in the diffusion of datasets and study 
results

• No information transmitted to insurance companies, 
police, governments



Access procedure for non confidential* data

*Anonymous or coded information that does not permit identification of 
individuals or personal information originating from documents 
considered public by law



Access procedure for confidential* data

*Personnal information originating from non public documents



Other issues and challenges



Issues and challenges

• Funding for activities other than development and research: 
management of the infrastructure and services to researchers 
(free access to data – cost for data extraction and research
assistance only): UQAC and its foundation, 3 partner 
universities, RMGA

• Critical mass of users (reach potential users (how? who?), train 
the next generation, initiate and participate to national and 
international collaborations)

• Longitudinal databases and health research: multidisciplinary 
research

• Language and geography



• ensures that data access requests are 
completed and sent in accordance with 
the terms of the BALSAC Data Access 
Policy. 

• provides technical and professional 
assistance to those who wish to use 
BALSAC data for research

• services range from the development of 
custom data sets for research projects to 
more or less detailed data analysis, 
depending on needs.

• provides assistance to GENLIB users

Support to 
researchers



Development of genealogical analysis tools
Handling genealogical data
Deep rooted genealogies because of 
their tree like structure as well as the 
complexity (dependence) of  the data 
cannot be directly analyzed with standard 
statistical packages

GENLIB
A R package specifically developed for 
genealogical analyses
Available on http://balsac.uqac.ca : 

GENLIB can be used for :
• descriptive analyses (completeness, 

average genealogical depth, etc.) 
• genetic measures (genetic 

contributions, consanguinity, kinship, 
etc.) 

• simulations (gene dropping) and 
statistical tests

Liu et al. 2008 EJHG



http://balsac.uqac.ca



Ongoing developments and plans for the future



The integrated infrastructure of historical microdata
on the Quebec population (CFI project 2013-2017)



The Integrated Infrastructure of Quebec Historical
Microdata (IMPQ)

The IMPQ will integrate available historical microdata on the 
Quebec population dating back to the beginning of European 
settlement, into a set of relational databases

1. Fusion of the BALSAC and RPQA databases; integration
and linkage of birth and death records for 1800-1849

2. Harmonizing existing census data series and expanding
the geographical coverage

3. Linkage of census data to BALSAC families and across
censuses



French Canadian allele frequencies database

• We intend to integrate genetic information in the BALSAC 
infrastructure

• The goal is to set up a database that will include frequencies of 
genetic variants in the French Canadian population; this will be
most useful to scientists who try to identify genetic risk factors
to complex traits

• There will also be a connection between genealogical and 
genetic information for some individuals

• Major change for BALSAC, will include many steps including
obtaining approval from UQAC authorities and partner
universities



Possibilities for future developments

• Birth and death records post 1850 (with cause of death?)

• Marriage records post 1965 (take into account the fact 
that less and less people get married)

• Integration of complementary data (environment, more 
socioeconomic information)?

• Pursue development on whole Quebec or concentrate on 
specific regions?

• Georeferencing?

• Translate data into IDS?

• Analytical tools for genealogical data (R platform)?



Mont-Valin, Saguenay
photo: Réo Blackburn


