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1 Probabilistic Matrix

Table 1: Illustration of the procedure of constructing a probabilistic sequencex by aligning two se-
quencesa andb. ‘-’ represents a gap and P(s=A) represents the probabilityof observing nucleotide
A.

seqa A T C G A T C G G G G
seqb G T C G – T C G T G –
seqx x1 x2 x3 x4 x5 x6 x7 x8 x9 x10 x11

P(s=A) 0.5 0 0 0 0.5 0 0 0 0 0 0
P(s=T) 0 1 0 0 0 1 0 0 0.5 0 0
P(s=C) 0 0 1 0 0 0 1 0 0 0 0
P(s=G) 0.5 0 0 1 0 0 0 1 0.5 1 0.5

P(s=gap) 0 0 0 0 0.5 0 0 0 0 0 0.5

2 Normalized Mutual Information

Suppose that we have a sequence dataset consisting ofN sequences. LetC = {c1, · · · , cJ} and
Ω = {ω1, · · · , ωK} be the clustering outcome and the ground-truth partition ofthe input sequences,
respectively. NMI is computed as:

NMI(Ω, C) =
2I(Ω|C)

H(Ω) + H(C)
. (1)

∗Please address all correspondence to: Dr. Yijun Sun, Interdisciplinary Center for Biotechnology Research, Uni-

versity of Florida, P. O. Box 103622, Gainesville, FL 32610,USA. E-mail: sunyijun@biotech.ufl.edu. Tel:

352-273-8271, Fax: 352-273-8070. Y. Cai and Y. Sun contributed to the paper equally.

1

file:sunyijun@biotech.ufl.edu


I(Ω|C) is the mutual information computed as

I(Ω|C) =
∑

k

∑

j

|ωk ∩ cj |

N
log

N |ωk ∩ cj|

|ωk||cj |
(2)

where|ωk ∩ cj | is the number of sequences included in the intersection ofωk andcj . H(Ω) is the
entropy, given by

H(Ω) = −
∑

k

|ωk|

N
log

|ωk|

N
. (3)

I(Ω|C) measures the amount of information one has about the ground-truth partitionΩ by knowing
the clustering outcomeC. It is normalized by(H(Ω) + H(C))/2 so that clustering results with dif-
ferent numbers of clusters can be compared. NMI= 1 if Ω = C, and NMI= 0 if the sequences are
randomly grouped since one gains no information aboutΩ from C. For a more detailed description,
interested reader may refer to [1, 2].

3 Additional Experiments

We performed additional experiments using other hypervariable regions and full-length 16S rRNA
sequences. The experimental protocol is exactly the same asthat used in the main text. Table
2 summaries the datasets we used. The benchmark results are given in Figure 1. Since CD-
HIT performed worse than both UCLUST and ESPRIT-Tree, the results of CD-HIT are omitted.
The results are consistent with those obtained on the human gut microbiota dataset. In all cases,
ESPRIT-Tree performed similarly to ESPRIT-AL, and significantly better than UCLUST.

Table 2: Summary of Data Sets
Data Region # Reads Num. Annotated Ave. Len # Species

ELDERMET (part) [3] V4 333,383 143,687 242 332
Sea Water [4] V6 22,2291 71,180 62 759
Crohn’s Disease [5] V6-V9 202,073 156,059 477 882
Bowel [6] near full 45,351 23,871 1,081 868
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Figure 1: Box plots of the maximum NMI scores of ESPRIT-TREE,ESPRIT-AL and UCLUST
obtained by using (a) v4, (b) v6, (c) v6-v9 hypervariable regions and (d) full-length reads of 16S
rRNA. The species assignments of input sequences were used as ground truth.
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