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Understanding the LOD score method 
 
Once we have obtained a marker that appears to be co-segregating with 
our disease locus we apply the LOD score method to determine the 
likelihood that the two loci are linked rather than just independently 
assorting.  We have to take a probability approach because our sample 
size in most families is too small to just calculate a recombination 
frequency.  Let’s go through our Nail Patella syndrome  example. 
 
Nail-Patella Syndrome and Linkage to the blood type locus 

 
In the pedigree on the left, it appears 
that an allele, A, of the blood type 
locus is co-segregating with the Nail-
Patella syndrome.  What we need to 
determine is if the blood type locus is 
linked or if it is independently 
assorting.  To do this we take the 
logarithm of odds (LOD) score for a 
range of recombination frequencies up 
to 0.50 (50%).  We don’t go higher than 
0.50 because this is the maximum 
recombination frequency that can be 
achieved between two loci.  At 0.50, the 
genes are either really far apart on the 
same chromosome and appear to be 
independently assorting or they are on 
different chromosomes.  Now we 
determine the probabilities for each 

individual distance using the following equation: 

In the pedigree above we have determined that A is traveling with the 
Nail-Patella trait.  In other words, the phase is known.  Pedigrees in 
which the phase is unknown can still be used but it requires more 
sophisticated statistical analysis that we will not discuss here.  The 

LOD= Z (Θ) = (n - r) log [2 (1 - Θ )] + r log (2 Θ ) 
Θ= Recombination Frequency we are testing 
n= Total number of informative progeny 
r=  Number of recombinants 



other important point about the pedigree is that it is informative.  This 
is because we know the phase and there are enough alleles of the 
marker in the family that we can unambiguously identify non-
recombinant and recombinant progeny.  This is extremely important.  If 
a family is phase unknown or does not carry enough different alleles 
of the marker this can prevent identification of non-recombinants and 
recombinants and we cannot use them for calculating a LOD score at 
this marker. 
 
We have 8 informative progeny and 1 recombinant in our pedigree. Now 
we can determine the lod score for each recombination distance and 
this will give us the most likely distance between the blood type locus 
and the Nail-patella locus 
 
If the two loci are very close together, Θ could be 0.05 (5% 
recombination frequency). To determine the probability of this 
possibility we enter the appropriate numbers in our lod score 
equation: 
 
Z (Θ) = (n - r) log [2 (1 - Θ )] + r log (2 Θ ) 
Z (0.05) = (8 - 1) log [2 (1 - .05 )] + 1 log (2*0.05) 
Z(0.05) = 0.95 
 
What If the recombination frequency is 0.1 between the two loci? 
 
Z (Θ) = (n - r) log [2 (1 - Θ )] + r log (2 Θ ) 
Z (0.1) = (8 - 1) log [2 (1 - .1 )] + 1 log (2*0.1) 
Z(0.1) = 1.09 
 
We finish the analysis by determining the Lod score for several more 
probable distances out to a maximum of 0.5. In our example in class we 
determined several more scores out to 0.25 and found a maximum Lod 
score at 0.125. 

Recombination Distance (Θ) Lod Score 
0.05 0.95 
0.10 1.09 
0.125 1.12 
0.15 1.09 
0.20 1.03 
0.25 0.92 

 
What does these data mean? These scores mean that our most likely 
distance between the nail-patella locus and the blood type locus we 
are using as a marker is 0.125 or 12.5 map units.  The Lod score 
means that this possibility is about 10 times more likely than 
the 2 loci being unlinked.  Human geneticists accept a LOD 
score of 3 (or higher) as being an indication of significant 
linkage.  This score represents the probability of being 



linked at a particular distance as 1000 times more likely than 
being unlinked. How do we achieve a higher number for our analysis 
of Nail-patella syndrome? We need more families that are informative 
for linkage to the blood type locus that we can use to calculate 
another set of lod scores.  Then we can add the lod scores for both 
families to achieve a total lod score for each probable distance 
between the Blood type locus and the Nail-patella locus. 

 
In family 2 there are a couple points to make before we determine our 
lod scores.  First, it is informative and the phase is known if we assume 
that The Female in Generation I received B and the Disease from a 
parent (Not Shown).  In this family the B allele appears to be 
segregating with the nail-patella locus.  The second important point is 
that in this family it is the B allele and not the A allele like in the first 
family.  This is perfectly fine.  For linkage studies, we are only looking 
to see if any allele is segregating with the particular syndrome we are 
studying.  It will probably be different alleles of the marker in 
unrelated families.  
 
In this family there are 18 informative individuals and 3 recombinants 
(labeled with an asterisk).  Now we determine the Lod scores at the 
same recombination distances as family one. 
• For Recombination distance of 0.05:  
Z (Θ) = (n - r) log [2 (1 - Θ )] + r log (2 Θ ) 
Z (0.05) = (18 - 3) log [2 (1 - .05 )] + 3 log (2*0.05) 
Z(0.05) = 1.18 
 
• For Recombination distance of 0.10: 
Z (Θ) = (n - r) log [2 (1 - Θ )] + r log (2 Θ ) 
Z (0.10) = (18 - 3) log [2 (1 - .10 )] + 3 log (2*0.10) 
Z(0.10) = 1.73 
 
 



 
 
We do this for all the recombination frequencies that we calculated 
for the first family and then add them together: 
 

Recombination Distance (Θ) Lod Score 
Family 1 

Lod Score 
Family 2 

Total  
Lod Score 

0.05 0.95 1.18 2.13 
0.10 1.09 1.73 2.82 
0.125 1.12 1.84 2.96 
0.15 1.09 1.89 2.98 
0.20 1.03 1.87 2,9 
0.25 0.92 1.74 2.66 

 
Now we can see that with two informative families we are much closer 
to showing significant linkage (LOD>3) for the blood type locus and 
Nail-Patella Syndrome.  Now lets emphasize several points about our 
data so far: 
• Our highest LOD score is almost 3 in the range of 0.125 to 0.15 

recombination frequency. If we determined the Lod Scores for 0.30, 
0.40. and 0.50 they would probably continue to decrease.  If we 
obtain one more informative family the Total lod scores would 
definitely pass 3, giving us significant linkage.  Thus our analysis 
tells us that the most likely scenario is that the Nail-patella Locus 
and the Blood type locus are between 12.5 and 15.0 map units away. 

• Families with more informative individuals give you higher LOD score 
numbers at each position because the sample size is larger 

• If we were never able to find another family with this syndrome and 
we were left with only the first family, linkage studies would not be 
able to identify a significant linkage for this disorder at this marker 
locus.  We would have to take another approach to identifying the 
nail Patella gene. 

• If the blood type locus was completely unlinked, then all of the 
lod scores would have been negative at all of the distances  

 
Our next step would be to identify new markers such as micro-satellite 
loci that are near to the blood type locus.  We would analyze our 
families to determine the alleles that each family carries, if any 
specific allele is segregating with the disorder and are the families 
informative.  As we identify new markers and do LOD scores for these  
in relation to the nail-Patella locus we should be able to find markers 
that are even closer to the gene.  What would this data look like.  If we 
found 5 informative markers and calculated lod scores for each 
marker we could generate the following graph. 
 
 
 
 



 
 
 

 
 
What does this graph tell us? 
 
Markers 1,2, and 3 are all linked to the 
nail-Patella locus, although at different 
distances away. 

• Marker 1’s highest lod score was 
close to 8 at about 0.05 (5%) 
recombination frequency .  This 
suggests that the distance between 
this marker and the Nail-patella 
locus is about 5 map units. 

 
 

• Marker 2’s highest LOD score was 8.5 at about 0.10 (10%) 
recombination Frequency.  This suggests that the distance 
between this marker and the Nail-Patella Locus is about 10 map 
units. 

• Markers 3’s highest Lod score was a little more than 7 at about 
0.15 (15%) Recombination frequency.  This suggests that the 
distance between this marker and the Nail-Patella Locus is about 
15 map units. 

 
Marker 4’s Lod Scores were all negative suggesting that this 
marker is not linked to the Nail-patella locus.  It is probably far 
away from the Nail-patella locus on the same chromosome. 
 
Marker 5 appears to be tightly linked to the Nail-Patella Locus.  
How do we know this?  This marker’s highest LOD score, ~4.5, was 
for a recombination distance very close to 0.0 (0%) recombination 
frequency.  So it is highly probable that this marker is tightly linked.  
We would then find this marker on the physical map of the genome 
and begin to look for possible candidate genes for Nail Patella 
syndrome. 
 
We can use this technique for any human trait/disorder for which 
we can find pedigrees that are segregating for the disorder.  The 
first step is to identify a marker locus that is co-segregating with 
the trait in the pedigrees.  With these two pieces of information you 
can begin your linkage analysis and the quest for the gene 
responsible for the trait/disorder   

 
 
 
 


