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correspondence

L e x  a nd G e h le nb or g  re pl y :  We t h a n k  L e nt i n i  a nd 
Habtemariam1 for their thoughtful comments on our article 
regarding the formula for the number of possible intersections 
of n sets. 

The formula used in our original article2 implicitly includes 
intersections of each of the n sets with the universe (set of 
all objects one wants to consider and that may or may not be 
included in the n 
sets) as well as the 
set of elements in 
the universe that 
are not included 
in  any  of  the  n 
sets. The latter set 
indeed does not 
conform to  the 
usual definition 
of an intersection, 
but for the sake of 
brevity we chose 
not to introduce 
an additional term 
to refer to both this set and the intersections. Further confu-
sion may have arisen from the fact that the shape representing 
the universe is often not explicitly drawn in Venn and Euler 
diagrams, as in our article2 or in the comment by Lentini and 
Habtemariam. Figure 1 shows an example of a Venn diagram 
with two sets and an explicit representation of the universe. 

Finally, we want to emphasize that the exponential growth 
of the number of possible intersections of n sets is the primary 
visualization challenge in this context and a key motivation for 
the development of interactive techniques such as UpSet3.
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Plotting intersections

To the Editor: Recently, Lex and Gehlenborg1 published an interest-
ing  column about set visualization full of valuable advice for schol-
ars seeking an appropriate representation of intersecting data sets. 
However, we think that two slightly misleading statements deserve 
further explanation: “There are 2n possible intersections for n sets” 
and “Euler diagrams represent intersecting sets as overlapping shapes.”

Strictly speaking, an intersection of two (or more) sets is the set 
that contains elements belonging to both (or at least two) sets. Thus, 
the number of possible intersections given n sets is < 2n. In fact, 2n is 
the number of all possible intersections, plus the number of subsets 
formed by elements belonging to only one set (that is, disjoint ele-

ments), plus the set 
formed by elements 
which belong to 
neither of the above 
subsets.

C o n s i d e r  a n 
E u l e r  d i a g r a m 
(Fig. 1) that illus-
trates all possible 
situations arising 
f rom mutat ions 

in two genes, A and B. Area 1 is properly defined as the intersec-
tion (mutations occurred in both A and B genes—co-mutated 
genes). Area 2 and 3 correspond, respectively, to cases in which 
only A or only B was mutated. Finally, region 4, outside the circles, 
represents the case in which no mutation occurred in either A 
or B. Thus four possible situations are represented by four cor-
responding regions of the plane (2n = 22), including two popu-
lated by genes that are not co-mutated (n = 2) and one that defines 
the intersection (2n – n – 1). Of course, the above considerations 
hold for less trivial analyses. For example, five genes generate  
32 (2n = 25) possible cases—five corresponding to mutations in one 
gene and 26 corresponding to intersections (two or more genes co-
mutated); this describes Figure 1b of Lex and Gehlenborg’s column1.
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Figure 1 | Euler diagram displaying the 
intersection of two genes, A and B.
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Figure 1 | A Venn diagram showing the 
intersections of sets A and B with each other 
and the implicit universe U, which is shown 
explicitly in this illustration. 
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