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Identification of Heavy Smokers through Their Intestinal
Microbiota by Data Mining Analysis
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The intestinal microbiota compositions of 92 Japanese men were identified following consumption of identical meals for
3 days, and collected feces were analyzed through terminal restriction fragment length polymorphism. The obtained
operational taxonomic units and smoking habits of subjects were analyzed by a data mining software. The constructed
decision tree was able to identify explicitly the groups of smokers and nonsmokers. In particular, 4 smokers, who
smoked 20 cigarettes/day, i.e., heavy smokers, were gathered in the same group of the decision tree and were clearly
identified. Related operational taxonomic unit were traced to understand the species of bacteria, but all were found to

be uncultured bacteria.
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The human intestinal microbiota (HIM) is closely
related to our health, and practical research on the
relationship with the human immune systems and
diseases is now being performed. Here we tried to apply
data mining analysis (DM) to identify or discriminate
the relation between the smoking habits of subjects and
obtained HIM data from feces.

To avoid the influences of dietary factors, we designed
identical meals (1,879 kcal/d), which were fed to 92
healthy male volunteers living in Japan for 3 days. All
dietary components were controlled, and beverages were
restricted to water, black coffee, or green tea in order to
control carbohydrate intake. The ages and body mass
indexes (BMI) of the subjects were 21-59 years (average:
36.8) and 17.3-30.1 kg/m? (average: 22.6), respectively.
Fecal samples were analyzed by terminal restriction
fragment length polymorphism (T-RFLP) using 3
primer restriction enzyme systems [1, 2].The reason for
applying T-RFLP was as follows. First, the numerical
data obtained from T-RFLP are reproducible, and second
the processing is comparatively easy and reasonable
for handling large numbers of subjects. Third, T-RFLP
provides appropriate numbers of data for a subsequent
numerical analysis, which requires a balance between
the field number (horizontal axis) and records number
(vertical axis). The studies were performed in accordance
with the protocol approved by the RIKEN Research
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Ethics Committee, and the OTU data were accumulated
by the Benno Laboratory, RIKEN.

Bacterial DNA was isolated from 40—-100 mg of feces
using the modified method described by Matsuki et al.
[3]. Amplification of the fecal 16S rDNA, restriction
enzyme digestion, size fractionation of the T-RFs and
T-RFLP analysis were carried out as previously described
[4-6]. PCR was performed with FAM-labeled 516f
(5'-TGCCAGCAGCCGCGGTA-3"; E. coli positions
516-532) or 27f (5-AGAGTTTGATCCTGGCTCAG-3';
E. coli positions 8-27) and the reverse primer 1510r
(5'-GGTTACCTTGTTACGACTT-3"; E. coli positions
1510-1492). For the PCR products amplified with the
516f primer, the resulting 16S rDNA amplicons were
further treated for 1 hr with 2 U of Bs/I or Haelll (New
England Biolabs, Ipswich, MA, USA), and for those
amplified with the 27f primer, the resulting 16S rDNA
amplicons were treated for 1 hr with 1 U of Mspl
(TaKaRa Bio Inc., Otsu, Shiga, Japan). The digestion
products were fractionated using an automated sequence
analyzer (ABI PRISM 3130x] DNA Sequencer, Applied
Biosystems, Carlsbad, CA, USA) and analyzed with the
GeneMapper software (Applied Biosystems).

The obtained data for operational taxonomic units
(OTUs) were abbreviated as B--- (---: base pair number)
for Bsll, HA--- for Haelll and M--- for 27fMspl. The
amounts for each OTU represent the fluorescence
intensity and then concentrations of each OUT group.
These OTU data are reproducible and can be used for
further numerical analyses. A total of 80 OTUs were
combined with the answers of 92 subjects and analyzed by



78

T. KoBAvasHI, et al.

.| Amount/
Subjects’# | Ages S'::gk' D..Year | |B106|B110|B124 |B163 |B317 |B332 | B338 | B366 | B369 | B423 |B469 |B494 |B505 |B517 | B520 | B641 | B650 | B657 | B
ago

3010110101 [ 26 A - 0 [296]907] 0 | o | o | o [138[ 0 [0 [423|467|0B4| 0 [ 0 [0 [0 [08]4
3010210102 | 28 A - I 1€
010310103 | 41| A = | = Horizontal axis- Fields = OTUs: Bs/1 . Haell . 27+Msp 1 . — |
3010410104 | 24 A - 34 0 [178] 0 ] 0 | 0 0 [161] 0 [0 ] 0 [96] 0 000 [002]0 |1
3010510105 | 26 A - 0 | 0 |792] 0 | 0 |096[102[159] 0 | 0 |307]|766|083| 0 |073] 0 [692] 0 |2
3010610106 | 38 A - 0 | 0 |092] 0 |214| 0 |0 |17 0 | 0 |s508[1256] 0 | 0 | 0 | 0 [429] 0 |2
3010710107 [ 28 B 158Y 0 [77a]133] 0 o |o|ofof[of[ofof74e|o|olofof[of[o]l
3010710108 | 40 A - 0 (40482 0 | o | 14| 0 [437[113[ 0 [698]688| 0 [0 [ 0 [0 [0 [136] I
3010910109 | 26 A - 0 [0 ]es2] 0o | o | oo Jo7s[o0 [0 [w2]we|lo oo lo o]0
3011010110 | 26 B 206Y 0 [083]292]465] 0 | 0 | 0 [223[ 0 [0 |[30]535] 0 | 0 |0 [0 [184] 0 [
I - - 085]111]233| 0 | 0 | 0 [ 0 [463] 0 | 0 [128|867| 0 | 0 [ 0 [ 0 | 0 [239]2
1Subjects” answer 0 [108]155] 0 | 0 | 0o |0 [88] 0 [0 J201[m02]0 |0 |0 000 |
0 [182]817| 0 | 0 |073| 0 | 48[ 0 | 0 |528]673| 0 | 0 | 0 | 0 | 0 [132](

| N“mb?r‘ Ages, 0 [o|o]o]o]o|o 1[0 [0 [151]685] 0 |0 |0 [0 [288]0 |1
1 Smoking—A:No. B:Yes 0 [0 [0 |00 |0 |0 43|00 |67 (5240 0000 [0 [t
] Amount of smoking— 0 [0 J241] 0 | 0o |229] 0 [oss[ 0 [0 [168]203] 0 o770 [0 [0 [0 |1
K 0 [86]815] 0 | 0 | 0 [415]641[ 0 [0 [ 13 [198]168] 0 | 0 | 0 [176] 0 |5
cig./D—for nyears 0 | 0 ]o53] 0 |0 |0 |0 |65 0 | 0 |237]893] 0 | 0 |0 |0 [278]072]1F
TOZ0ATOTTS [ 32 ) = 0 | 0 [121] 0 | 0 |231| 0 [243[ 0 [ 0 |237]132] 0 | 0 | 0 | 0 [174]14]3.
3020610120 | 29 A - 0 | 0| o0o]o|o|o|0o| o[ 0|0 383180 |0 1810001
3030110121 [ &5 A - 0 [263]798] 3 | 0 oo | o0 [B19[ 0 [0 [215[825| 0o [ o [ o [0 [0 [0 |2
3030210122 [ &5 B | 1532Y 0 [o]Jo]Jo|Jo|ojosr[o[of[o]ole3sm|o|ololol[of[o]1
3030310123 | 50 A - 0 [1.B]9s7] 0 | o [tn|o[16[0 [0 141|680 |0 0o ][00l
3030410124 | 43 A - 0 [0 ]991] 0 o |o|oo ][00 ]775]3%6] 0000 [169][167]4
3030510125 | 43 B | 10-20Y o le03lass] o 1o Jvorl o foasf 0 [ 0 Jotalsosl o [ 0 0 [ofo]t
ggggs}ggs gg i — I |l Vertical axis- Records = subjects- 92 men | g 1%9 3‘029 1‘[
3030810128 | 39 B 5-18Y 0 | o [s [ 0| o [3s(s8e| 0 |0 [0 [221]263]274] 0 | 0 [987] 0 [202] |
2MANS1N199 20 A nlnlnlnlTaalnn7al@aalaoal n Tar>T21aln T n T n 51700 Tarelr

cig.— cigarettes, D— day,

Fig. 1. A part of the obtained 2 dimensional excel data

data mining (DM) software (IBM-SPSS Clementine-14).
Due to the large scale of the data, only a portion of
the 2-dimensional Excel data is shown in Fig. 1 as an
example. The subjects contained 16 smokers, and their
smoking habits were abbreviated as number of cigarettes/
day-number of years, e.g., “5-2Y” means smoking 5
cigarettes/day for 2 years.

After the analyses, DM provided a decision tree! (Dt)
as shown in Fig. 2, which identified explicitly the various
groups of smokers. The left end of Fig. 2 is called the
root node, i.e., the starting point of tree construction, and
the Dt grew toward the right to divide the subjects. The
details of the Dt and the pathway to reach the terminal
node? indicated clearly the species and quantities of
OTUs, which played a role in dividing the various
smoking groups (i.e., node). We applied a dividing system
using the Classification and Regression Tree (C&RT)
approach, which is the most typical construction method
for Dt, using the Gini coefficient between the smoking
status and OTUs data and divided the records into two
subsets so that the records within each subset were
more homogeneous than in the previous subset. C&RT
is quite flexible, and allows unequal misclassification
costs to be considered compared with the other growing
systems of DM. In Fig. 2, the 7 arrows indicated all the

! decision tree: decision supporting pathway that makes use of
a treelike graph
2 terminal node: tree nodes that do not split further

“15-8Y” — smoking 15 cigarettes/day for 8 years,

nodes of the 16 smokers (B: yes), and the dotted arrow
indicated a node that contained 56 subjects, i.e., 74%
of the nonsmokers (A: no) were gathered in the node. A
major specialty of this method of DM is that it uses a
single selected OUT for each step of Dt construction. In
Fig. 2, only 8 OTUs out of 80 were utilized, with 2 OTUs,
i.e., HA291 and B749, being applied twice, meaning that
the other 72 were not used to construct the tree shape.
Therefore, we can accept the fact that a large number
of subjects were gathered in a node, i.c., 56 subjects in
N-19. In other words, only these 8 OTUs were related in
some way with the present smoking habits.

Paying attention to the nodes of smokers with arrows
in Fig. 2, Table 1 showed detailed subject records for the 7
nodes, which included all 16 smokers, and compared the
subjects’ answers and DM predictions. All of the subjects
who were habitual smokers were explicitly identified in
the 7 nodes. In addition, in N-5 at the lower part of Table
1, all 4 heavy smokers, who smoked 20 cigarettes/day,
e.g., 20-6Y, were gathered together. These facts actually
indicated that the selected 8 OTUs were related in some
way with the amounts of smoking and that some HIM
were sensitive to the habits or characteristics of the
individuals.

As for the pathway to reach N-5 in Fig. 2, utilization
of an OTU, HA291 (Haelll-291), twice indicated a very
close relation with heavy smokers, so we traced the
species of bacteria. Simple tracing of HA291 with the
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The left end node is called “Root-node” , which is the starting
Dt was growing toward right side.

The marks, e.g. HA291, was the dividing OTU, of which numerical dividing point were shown.

Each node showed its component of subjects.

Fig. 2.

Microbial Community Analysis III web site and tools of
Idaho University [7] revealed 1036 registered bacteria.
Then by comparison of 3 other restriction enzymes,
Bsll, 27f-Mspl and 27f-Alul with HA291, over 30,000
of bacteria species were scanned and crosschecked by
accession number. Finally 28 bacteria were screened, but
all were uncultured species, and some were identified as
rumen bacteria and soil bacteria. However, this simplified
the possibilities and indicated that not all 28 bacteria
existed in the HIM of heavy smokers.

Looking closely at the lower right part of Fig. 2, we
realized that there were 10 other subjects who had larger
amounts of HA291. This meant that the heavy smokers
in N-5 had higher intermediate amounts of HA291. The
T-RFLP method contains various bacteria in an OTU, so
HA291 was not a single bacterium. Then the lower right

Node-n was abbreviated as “N-n” in Table 1.

Decision-tree (Dt) obtained by DM smoking habit with 80-OTUs

part of Fig. 2 showed some different species of bacteria.

Comparing our results with the former classification
methods of HIM, the most unique point was the
introduction and application of DM identification and
predictive analyses. Previously, cluster analyses have
been popularly applied for obtained OTUs [8, 9], but
they suffered from the following 2 limitations. Namely,
the first is that the cluster shows only some classified
groups but did not show visible reasons for reaching the
groups. Second, the obtained cluster is tightly attributable
to the data, meaning that if a slight modification is
made to add or subtract data, the next cluster will be
very different from the previous one, i.e., each cluster
lacks flexibility. On the other hand, according to the Dt,
DM showed clear reasons for the tree construction, so
sequential rolls of selected OTUs and simple utilization
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Table 1. “Smoking Habit with 80-OTUs” comparison between the
subject’s answer and the DM-analyses

answer from |smoking $RDM‘ fof
the subjects, H| N-# A-B, IESLE0.
Bosmoker | amount ¥ category

B 10-11Y | 1 B

B 10-15Y | 2 | N-18, 0-3, B

B 1017Y | 3 B

B 15-32Y | 1 B

B 7-8Y 2 N-8, 0-3, B

B 5-2Y | 3 B

B | 1517y [1 [ N-20,01, | B

B | 1047y [1 | N-16,01, | B

B | 5148y |1 | N-10,01, | B

B 206Y | 1 B

B 2031Y | 2 B

B 20-39Y | 3 N-5, 0-5, B

B 13-25Y | 4 B

B 20-1Y | 5 B

B 10-20Y | 1 B

B 158y 2| N-11. 0-2, B

80-OTUs: 27-B + 33-HA + 20-M,
Vertical line showed a subject.

Each group showed the subject(s) of a node.
* : 710-11Y”—10-cigarettes/day for 11years
-gsted. — estimated or predicted by DM.

There were also the nodes of non—smokers(A),
but lengthy made us to skip them.

of them were quantitatively comprehensible. Moreover,
once the structure of the Dt was constructed, as long
as the basic concepts of the data were active, all of the
following new records could be run on the same Dt. Only
with the OTUs data and without the smoking status, the
similar identifications are able to build the next feature or
attribution of records, which means prediction. Namely,
the Dt shown in Fig. 2, is able to classify new data for
men and predict who smokes or not.

The main difference between DM and cluster analyses
is in how data noise is handled. DM skips noise for a
characteristic, e.g., smoking habit, and selects a series
of related fields (OTUs); on the other hand, cluster
processing respects all data without consideration of any

numerical noise.

So, the HIM is known to be individually very different,
sensitive and sustainable for long period of time, and will
be a source or reservoir of health information that can be
evaluated by the application of DM processing.
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