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Two-point Mapping
Identifying recombinants in Pedigrees

• Gathering information on the family history and drawing a 
family tree or pedigree. (Fig. 1)

• Genotyping each member of the family including affected 
and non-affected using genetic markers, like microsatellites, 
SNPs, etc. (Fig. 1, Table 1)

• Identifying recombinants and non- recombinants in the 
pedigree. (Fig. 1 & 2)

• Calculation of Recombination fraction (RF or the proportion 
of recombinant gametes between two loci, A and B). (Fig. 1)

• Appropriate statistical test is to be applied to see if RF is 
significantly different from 0.5 (i.e., null hypothesis of no 
linkage)



Fig. 1: Pedigree, Genotyping and Identifying 
Recombinant and Non-Recombinants



Fig. 2: Meiotic Cross-over and the proportion of 
Recombinants and Non-Recombinants



Table 1: Genetic Markers
A marker is any polymorphic Mendelian character that can be used 

to follow a chromosomal segment through a pedigree.



Two-point Mapping

• Since people heterozygous for two different diseases are 
rare, disease-disease mapping is not possible. Hence, 
disease-marker mapping may be more appropriate. We 
expect that a randomly selected individual may have a 
good chance of being heterozygous for a marker, which is 
sufficiently polymorphic. 

• Scoring recombinants in a pedigree is not always simple; 
the meiosis may some time not be informative (as per 
selected markers) or even the pedigrees may not be in 
phase (the transmission of alleles can not be clearly traced 
through pedigree). Complex pedigrees make it difficult to 
accurately calculate RF.



Fig. 3: Pedigrees may be informative or un-
informative for linkage



Fig. 4: Pedigrees may some time be complex 
enough (Phase unknown) to calculate RF



Fig. 5: Calculation of Lod Score for different 
types of pedigrees (in Fig. 4).

The most likely RF is the value at which the lod score is maximum. To 
calculate overall linkage the lod scores can be added-up across families.



Fig. 6: LOD  (Z) Score curves.
LOD: The overall likelihood of the pedigree can be calculated based on the 

alternative assumptions that the loci are linked (RF=θ) or not linked 
(RF=0.5). The ratio of these two likelihoods gives the odds of linkage and log 

of the odd is the lod score.  



LOD Score

• Lod score of +3 and -2 are the criteria for linkage and exclusion, 

respectively. 

• RF between 0-0.5 are meaningful and that all lod scores are zero at θ=0.5 

(because they are then measuring the ratio of two identical probabilities 

and log10(1)=0

• Lod score is maximum at θ=0, if there are no recombinants

• Z will peak at the most likely RF for phase-known families, but difficult to 

know for phase unknown families. 



Threshold of Significance

• Z=3.0 is the threshold for accepting linkage with 5% chance of error. 

• Z values between -2 and +3 are inconclusive

• Generally, p<0.05 is used as the threshold of significance, but

• Z=3.0 corresponds to 1000:1 odds [log10 (1000)=3.0]

• Such a stringent threshold is on account of the inherent improbability 
that  the loci (marker and disease gene) chosen at random on 22 
autosomes are linked, and even if they are , may be unlinked (separated 
enough). So, to rule out or accept such stringency is required.

• For X-linked characters the lod of 2.3 is required to consider linkage 
between a gene and a marker on the X-chromosome.

• Exclusion mapping: Negative lod score excludes  a possible (less likely) 
candidate gene and increase the accuracy of reaching to right (more 
likely) one.



Multi-point Mapping

• Linkage analysis with more than two loci analysed 
simultaneously. 

• This can establish chromosomal order of a set of linked loci 
(as three-point test cross). The rarest class is one with 
double cross-over.

• Ideally the whole genome is screened for linkage and the full 
data set would be used to calculate the likelihood at each 
location across the genome.

• Multipoint mapping helps limitation of limited 
informativeness of markers. Simultaneous linkage analysis of 
the disease with two or more markers gives the full 
information.



Multipoint Disease-Marker Mapping

• Multipoint mapping is useful in constructing marker framework 
maps. 

• There are n!/2 possible order of n markers and current maps have 
hundreds of markers per chromosome.

• Markers then can be typed by PCR, can be used as sequence 
tagged sites and physically localized, either by database searching 
or experimentally using radiation hybrids. 

• The result is a physically anchored marker framework. 

• Linkmap or Genehunter program can help reach the disease gene. 

• The result is a curve of lod scores against map position. When the 
curve stays below-2 across a region, the disease locus is excluded 
(Fig. 7). The highest peak marks the most likely location.



Fig. 7: Multi-point Mapping


