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Outline

1. Registry-based data parent-offspring recurrence

– Birth defects have specific familial risks

– Recurrence risks are high for oral clefts (30-fold)

– Multiple genes are assumed to be important 

2. Hunt for genes for oral clefts 

– GWAS have found 50+ associated SNPs

– Estimates of associations

3. How much of the recurrence risk of oral clefts is 

_explained by the effect of identified genetic variants? 



Oral clefts 

cleft lip only

CLO

cleft lip with cleft palate

CLP

cleft palate only

CPO
O’Rahilly & Müller, 1992



1. Medical Birth Registry (MBR) of Norway

• All births in Norway since 1967 (~3 million)

• Medical information on delivery, child and mother

• Known ID-number of child and both parents in MBR

• Link a person’s birth-record with birth-records of parents

• Ascertainment vary for birth defects (90% for cleft lip) 



y1. Recurence risks, mother-child of Birth 

Defect in the Mother.From: A population-based study of survival and childbearing among female 

subjects with birth defects and the risk of recurrence in their children. 

N Engl J Med. 1999 Apr 8;340(14):1057-62. Skjærven R, Wilcox AJ, Lie RT: 

(Study of a total of 187 544 children of mothers born in 1967-82)
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From: Survival and Reproduction Among Males With Birth Defects and Risk of Recurrence in Their Children.

Lie RT, Wilcox AJ, Skjærven R

JAMA. 2001;285(6):755-760. doi:10.1001/jama.285.6.755

(Study of a total of 110 427 children of fathers born in 1967-82)

Father-child



Familial risk of oral clefts by morphological type and severity: population based cohort study of first 

degree relatives. BMJ. 2008. Sivertsen A et al. 

Parent-offspring recurrence of oral clefts



Meta-analysis of published data 

from Denmark and Norway

Estimates of recurrence risk from parent to child 

of isolated oral clefts among Scandinavians:

_________Absolute risks_________

RR (95% CI) Recurrence    Reference____

CLO - CLO: 42 (31-56) 2.3 % 0.055 %

CLP  - CLP: 29 (22-37) 2.5 % 0.086 %

CPO -CPO: 32 (24-42) 2.3 % 0.073 %_____

(A cohort study of recurrence patterns among more than 54,000 relatives of oral cleft 

cases in Denmark… J Med Genet. 2010 Grosen D et al.)



2. The hunt for genes for Oral clefts 



Design of the study

2011 case-dyads

(mother and child)

4521 control-dyads

(mother and child)

Haplin -

Estimation of effects of child’s alleles, parent of origin effects and maternal alleles

Study of individuals of European descent:



Frequency of 14 SNPs that had effect for one 

category of clefts in our analyses 

 

 

   
 Gene SNP MAF 

PAX7 rs742071 0.40 
ABCA4_AR rs560426 0.46 
ABCA4_AR rs215184 0.42 
IRF6 rs642961 0.20 
THADA rs759026 0.23 
COL8A rs793464 0.41 
8q21.3 rs125433 0.34 
8q24 rs987525 0.22 
FOXE1 rs375824 0.39 
KIAA-VAX1 rs707816 0.17 
SPRY2 rs800164 0.49 
TPM1 rs187314 0.27 
NOG1 rs227731 0.45 
MAFB rs130412 0.40 



Meta Analysis by 4 study sites 

(post Haplin Strat)

R-syntax:

Run Haplin Strat

# Log-transformation of RRs

log.RR <- log(esti$RR.est)

# Pull approximate SE for log RR from confidence intervals

log.SE <- (log(esti$RR.upper) - log(esti$RR.lower))/(2*1.96)

# Weights for the meta-analysis are the inverse of the variances

w <- 1/log.SE^2

# Common log RR

tot.log.RR <- sum(w*log.RR)/sum(w)

# SE for common log RR

tot.log.SE <- 1/sqrt(sum(w))

# CI for common RR

tot.RR <- exp(c(est = tot.log.RR, lower = tot.log.RR - 1.96*tot.log.SE, upper = tot.log.RR + 1.96*tot.log.SE))

(heterogeneity test of RRs is a part of Haplin Strat)



Effects of child’s alleles, 14 SNPs

We found no maternal gene effects, as expected



PoO-analysis for CLP (similar for CLO)



3. How much of the recurrence risk is 

explained by the effect of these 14 SNPs?



Assumptions and calculations -

RR of recurrence produced by SNPs

• Hardy-Weinberg equilibrium

• Random mating

• Multiplicative effects (no interactions between SNPs )

For each SNP:

RRrecurrence = ൘
P(Dchild|Dparent)

P(Dchild|𝑛𝑜𝑡 𝐷𝑝𝑎𝑟𝑒𝑛𝑡)

P Dchild Dparent = ൘
P(Dchild ∩ Dparent)

P(Dparent)

P(Dchild ∩ Dparent) = ∑ P(𝐺𝑐ℎ𝑖𝑙𝑑 ∩ 𝐺𝑝𝑎𝑟𝑒𝑛𝑡)P(Dchild|Gchild)P(Dparent|Gparent)

Frequency of 

genotype combination
Risk estimate 

for each genotype 



Joint risk of mother and child for each SNP



If risk loci can be combined in a multiplicative model, then their total effect 

on the recurrence risk ratio (RRR) is the product of the RRR from each locus 



Tests of pairwise multiplicative 

interactions, case-only analysis



R-program SNPrec.R, CLP datafile
(Thanks to Julia)

snp_name,maf,r,eff_homozyg,CI_homo_l,CI_homo_u,eff_heterozyg,CI_het_l,CI_het_u

PAX7,0.4,0.00086,1.88,1.5,2.36,1.25,1.04,1.52

ABCA41,0.46,0.00086,1.59,1.26,2,1.15,0.95,1.41

ABCA42,0.42,0.00086,0.67,0.51,0.88,0.77,0.64,0.92

IRF6,0.2,0.00086,3.75,2.86,4.92,1.83,1.54,2.18

THADA,0.23,0.00086,1.46,1.04,2.03,1.38,1.17,1.64

COL8A,0.41,0.00086,0.65,0.49,0.85,0.76,0.64,0.91

8q21,0.34,0.00086,1.58,1.24,2.03,1.15,0.97,1.38

8q24,0.22,0.00086,3.75,2.86,4.92,1.83,1.54,2.18

FOXE1,0.39,0.00086,0.54,0.4,0.73,0.87,0.74,1.04

KIAAVAX,0.17,0.00086,2.05,1.43,2.93,1.36,1.14,1.62

SPRY2,0.49,0.00086,0.61,0.48,0.78,0.86,0.71,1.03

TPM1,0.27,0.00086,1.5,1.13,2,1.2,1.01,1.43

NOG1,0.45,0.00086,1.37,1.08,1.73,1.2,0.99,1.47

MAFB,0.4,0.00086,0.5,0.38,0.66,0.63,0.53,0.75

Soon available in Haplin ☺



How much of the recurrence risk is 

explained by the effect of these 14 SNPs?

recurrence risk(SNPs) - population risk
% explained = 

recurrence risk(family based) - population risk

RRSNPs - 1
=

RRfamily -1

Parent-child 

RR of

recurrence

RR by 14 SNPs

% of excess 

risk explained

CLO-CLO 42 1.47(1.35-1.60) 1.1%

CLP-CLP 29 1.45 (1.36-1.55) 1.6%

CPO-CPO 32 1.05 (1.02-1.07) 0.2%



Transformation of parent-offspring 

recurrence to heritability of liability 

______Absolute risks______

RR (95% CI) Recurrence    Reference____      h2(family)*__

CLO - CLO:         42  (31-56) 2.3 % 0.055 % 72%

CLP  - CLP:         29  (22-37) 2.5 % 0.086 % 68%     __

Recurrence “predicted” by 14 SNPs:

______Absolute risks______

RR (95% CI) Recurrence    Reference____      h2(“GWAS”)*

CLO - CLO:      1.47 (1.35-1.60) 0.081% 0.055% 6%

CLP  - CLP:      1.45 (1.36-1.55) 0.125% 0.086% 6%     ___

Missing heritability of liability: h2(family) - h2(“GWAS”)

CLO: 72%-6%=66%

CLP: 68%-6%=62%

* Falconer DS. Inheritance of liability to certain diseases, estimated from the 

incidence among relatives. Ann Hum Genet 1965



Conclusions

• Categories of birth defects appear to have distinct (genetic) 

causes

• Fetal genes are likely to contribute and CLO and CLP have 

common etiology

• A hand-full of fetal SNPs have moderate effect for cleft lip

• Effects of these on CLO and CLP are similar

• The SNPs explain only very little of the recurrence risk

• Few SNPs are identified for cleft palate only

• Future: Huge samples, rare genetic variants, interactions ++


