
  
Short Abstract — Somatic hypermutation (SHM) and 

antigen-driven selection of immunoglobulin genes in germinal 
centers is crucial for immune protection and humoral immune 
learning and memory. We have developed lineage-tree based 
methods for analysis of the dynamics of SHM and selection. 
Here we show, based on multi-scale simulations of the humoral 
immune response, that several quantitative measures of lineage 
trees are correlated with biological parameters of the response. 

I. BACKGROUND 
URING the immune response, the generation of 

memory B lymphocytes in germinal centers involves 
affinity maturation of the cells’ antigen receptors, based on 
somatic hypermutation of receptor genes and antigen-driven 
selection of the resulting mutants. Affinity maturation is 
vital for immune protection, and is the basis of humoral 
immune learning and memory. Lineage trees of somatically 
hypermutated immunoglobulin (Ig) genes from B 
lymphocytes often serve to qualitatively illustrate claims 
concerning the dynamics of affinity maturation in germinal 
centers (GC). Using a novel method for graphical 
quantification of lineage tree properties [1], we have in past 
studies demonstrated that lineage tree analysis detects fine 
differences in Ig gene intraclonal diversity between B cell 
clones generated under different conditions. We found age- 
and tissue-related differences in the dynamics of the normal 
humoral immune response in humans [2], unique features of 
Ig gene diversification in B cell malignancies [3,4] and 
autoimmune or chronic responses [5,6], and characteristics 
of B cell diversification in other species which utilize gene 
conversion rather than rearrangement as the main primary 
diversification mechanism [7].  

II. SIMULATION 
In order to test quantitative claims regarding the GC 

response and affinity maturation, we created a computer 
simulation which combines mathematical models for all 
mature B cell populations, stochastic models of 
hypermutation and selection, and lineage tree generation and 
measurement. We ran this program over a large space of the 
values of dynamical parameters (such as the proliferation, 
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differentiation and mutation rates, initial affinity of the Ig to 
the antigen, and selection thresholds), creating almost a 
million simulated lineage trees [8]. We analyzed the data in 
order to identify the ranges of dynamic parameters that yield 
biologically correct results based on experimental data 
regarding germinal center responses, obtaining interesting 
insights regarding response dynamics. mechanism.  

III. RESULTS AND CONCLUSIONS  
We found statistically significant correlations between 

quite a few tree characteristics and the initial affinity and 
selection threshold, which seem to be the main parameters 
that affect lineage tree shapes, in both primary and 
secondary response trees. We found that GC cells may be 
divided into a subset possessing low values of selection 
threshold and mutation rate, and a second, small subset with 
high values of these parameters. Finally, analysis of 
correlations between tree properties removed redundant 
properties, improving the statistical power of this method. 
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