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Disorder Carrier 
frequency 
in SLSJ 

Carrier 
frequency 
elsewhere 

Freq. Of most 
common 

mutations in 
SLSJ 

Myotonic 
dystrophy  

 Steinert* 

 
1/500 

 
1/20000 

 
100% (haplotype) 

 
Cistic Fibrosis 

 
1/15 

 
1/25 

3 mutations 
58%, 23%, 8% 
DF 508 1/26 

Spastic Ataxia of 
Charlevoix 
Saguenay 

1/21 Unknown  96% 

Tyrosinémia Type 
I 

1/22 1/165 (Norvège, 
Suède) 

96% 

 sensori-motor 
Polyneuropathy 

1/23 Unknown 100% (haplotype) 

Pseudo vitamine D 
deficient rickets 

1/26 Very rare 100% 

…    
 Friedreich Ataxia 0 De 1/20 à 1/60  
* maladie autosomale dominante, les autres maladies sont autosomales récessives 



THE SAGUENAY LAC-SAINT JEAN (SLSJ) AREA
IN QUEBEC (Summary)

• Very recent founder event (about 12 generations)

� Limited number of founders: 5000in the 17th 
century coming mostly from France

• Very rapid expansion (growth rate about 1.41)
� Present population: 300000 inhabitants

• Relatively high level of isolation for this 
population.

• due to two main forces...



• This implies an increase in gene frequency
from 1/5000 to 1/20-1/25 in only 12 
generations !



Strong correlation of EFS from one 
generation to the next: r = 0.18 - 0.34 
(range)
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Fertility inheritance

ThoseThosewhowho have have a lot ofa lot of
effective effective childrenchildren……

……have have childrenchildren ......

…… whowho have have a lot of a lot of effective effective 
childrenchildren

ThoseThosewhowho have have few few 
effective effective childrenchildren……

…… have have childrenchildren ... ... 

…… whowho have have few few 
effective effective childrenchildren



Fertility inheritance

• Fertility is said to be inherited when
individuals belonging to large sibships are 
more likely to produce numerous offspring
than are individuals with few siblings.



� Output
� The number of carriers of the genes introduced by each 
founder

Time (t)

t=0

t=12

initial carrier frequency
p0=1/5000

Nc

5000

300000
final carrier frequency : p=Nc/300000



Results

High frequency of some inherited 
disorders in Quebec is 
explained by  fertility 

inheritance



Effective population size ( Ne )

• If we calculate Ne using the classical formula 
(harmonic mean of the population through 
time), we find Ne = 17000. 

• But if we calculate Ne taking into account
fertility inheritance :

we find Ne = 800.

� Fertility inheritance considerably reduces 
the effective size .
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• Fertility inheritance has a strong impact on 
genetic diversity

• In this population fitness is culturally
transmitted

Exist in other human populations:

Valserine : land property (Heyer, 1992)
Saguenay : mobility / stability (Austerlitz&Heyer, 1998)

Hutterites : genetic ? (Pluzhnikof, 2007)
Iceland (Helgason, 2003)

Maori : social rank of women (Murray-McIntosh, 1998)
Amerindians : polygamy (Neel, 1970)

Cultural transmission of fitness: genes take the fast lane 
(Heyer, Sibert and Austerlitz, TIG 2005)



Fertility inheritance

• Fertility inheritance is a cultural trait that
can strongly decrease the genetic diversity
of a population. 

Can we detect it from genetic
data ?



Effect of transmission of fitness

on Coalescent Trees

With A. Sibert and M Blum



Impact of cultural transmission of fitness on 
coalescent trees

With fertility
inheritance

Without fertility
inheritance

Sibert et al, TPB, 2002



• Total size of the tree is reduced
• Tmrca is reduced

� Ne strongly reduced (10 times)
• Tree is more starlike
• Changes the shape of the tree



B

n

M = n – 1
m= E(n/2)

Imbalance of the Tree

• I’ = 0.5 : expected value under neutrality
• I’ > 0.5 : imbalanced tree

(Purvis et al., 2002)
M Blum Thesis



Hunter-gatherers : 5 out of 10 significant mean I’0.74 (sd 0.10)

Post-neolithic :    10 out of 27 significant mean I’ 0.60 (sd 0.14)

The imbalance index is significantly larger in HGPs (p=0.005 wilcoxon rank test)

Test on some populations
(from mitochondrial DNA)

Matrilineal fertility
inheritance is more 
frequent in hunter–gatherer
populations than in food-
producer populations.

Cultural factors
such as cultural kin
networks

Blum et al, PlosGenetics 2006



Conclusion

• Fertility inheritance can reduce genetic 
diversity

• Leaves signature of population growth in 
stationary population � mimic founder 
effect

• Could be detected from the shape of the 
coalscent tree



Eurasia



Central Asia about 1000 CE : language groups

Indo-iranian

Turkic : Oguz, Kipchak, Karluk

?
SogdianKhorasmian

Persian-Tadjik

Oguz
Kipchak

Karluk ?
Ossetic

Pamirian

Dardic

From F jacquesson



27 populations – 1300 individuals



Central Asia



From oral tradition
Ancêtre commun de la tribuCommon tribe’s 
ancestor

Common clan’s 
ancestor

Common lineage’s 
ancestor



 Mito Y 
population N I' p val nodes N I' p val nodes 
KAR/KK 55 0.63 0.18 7 54 0.55 0.17 28 
KAZ/KZ 50 0.81 0.01 8 50 0.57 0.12 24 

KRA 48 0.8 0.06 5 46 0.64 0.01 24 
KRG 20 0.52 0.5 4 20 0.61 0.12 9 
KRM 26 0.46 0.64 5 23 0.55 0.31 11 
LKZ 31 0.62 0.22 6 20 0.49 0.55 8 
OTU 53 0.81 0.01 10 54 0.59 0.06 28 

TUR/TK 51 0.78 0 8 51 0.60 0.08 26 
UZA 36 0.86 0 8 23 0.63 0.08 12 
UZB 40 0.72 0.11 7 40 0.61 0.03 20 
UZT 39 0.68 0.22 5 25 0.54 0.38 11 

 

Tree disequilibrium in mtDNA and Y chromosome 
among Nomadic-Herders of Central Asia

Not in the same population for maternal and paternal transmission

Not more disequilibrium for Y chromosome !



 Mito Y 
population N I' p val nodes N I' p val nodes 

LUZ 30 0.66337 0.1525 9 32 0.48 0.59 15 
TDS 31 0.55 0.5 5 24 0.60 0.11 12 
TDU 40 0.73 0.03 5 31 0.64 0.01 15 
TJA 32 0.81 0.02 6 33 0.62 0.02 16 
TJE 31 0.7 0.13 6 27 0.61 0.03 12 
TJK 40 0.5 0.5 6 35 0.61 0.02 19 
TJN 35 0.58 0.5 4 30 0.55 0.18 15 
TJR 29 0.48 0.69 5 29 0.55 0.29 12 
TJT 32 0.59 0.37 8 24 0.63 0.04 12 
TJU 29 0.57 0.5 5 29 0.60 0.07 13 
TJY 40 0.85 0.03 6 25 0.72 0.00 13 

 

More disequilibrium for the Y- chromosome than for mtDNA

When it occurs for maternal transmission it also occurs for paternal
transmission

Tree disequilibrium in mtDNA and Y chromosome 
among farmers of Central Asia



Differences between gender
among the two groups of

populations 

• Paternal transmission of fertility : More 
fertility transmission detected in farmers (6 
out of 11) than in nomadic-herders
populations (2 out of 11)

• Maternal transmission of fertility: no 
difference between life style (3 out of 11 
for farmers – 4 out of 11 for nomadic) 



Conclusion for Central Asia

• In conclusion, despite a strong emphasis
on paternal lineage, there seems to be no 
more fertility transmission through paternal
lines in Nomadic populations than in 
farmers



General conclusion

• More fertility transmission in Hunter-
Gatherers than in food-producers

• Not more in nomadic-herders than in 
farmers in Central Asia � other area of
the world need to be tested

Thanks to Patricia Balaresque, Jean Tristan Brandenburg, Stefano 
Mona, Ian Wilson, A Sibert, M Blum……




