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Abstract

Objectives: Sasang constitutional medicine is a traditional Korean medicine in which an individual is classified
into one of four types of constitution: Taeum (TE), Soeum (SE) Soyang (SY), and Taeyang (TY). These constitution
types are determined with biologic and physiologic characteristics, so it has been assumed that genetic factors
are associated with each constitution type. Identifying the genetic elements underlying each constitution is
necessary for the elucidation of the molecular mechanism of Sasang constitutional medicine.

Design: A total of 341,998 genetic loci across the whole genome were genotyped for 1222 subjects of defined
constitution type. The genetic loci associated with each constitution type were identified and the functional
connectivity of genes within these loci was analyzed using statistical text mining.

Results: From the difference in allele frequencies between constitution types, significant genetic loci associated
with each type were identified. Chromosomes 3q27.3 (rs10937331, p=2.71x10"°), 15q22.2 (rs7180547,
p=158x10"°), and 14q22.3 (rs12431592, p=1.31x 10~ °) were most significantly associated with TE, SE, and SY
constitution types, respectively. From the functional relationship analysis using all loci with a p-value<10~%,
genes associated with each constitution type were identified. Fifteen (15) genes, including GPM6A, SYT4, and
GRIK1, were significantly associated with the TE constitution type (p<0.05); 12 genes, including DRGX and
AKAP11, were significantly associated with the SE constitution type (p<0.05); and 17 genes, including ZFP42,
CDH22, ALDH1A2, OTX2, and EN2, were significantly associated with the SY constitution type (p <0.05).
Conclusions: Genetic loci and genes associated with Sasang constitution types were systematically identified

from a genome-wide association study using a large number of subjects.

Introduction

INCE THE COMPLETION of the Human Genome Project, it

has been possible to elucidate the genetic elements that
underlie the differences between individuals. In spite of rapid
progress in recent years, the majority of this research is still
conducted at the laboratory level. An alternative and practical
approach to laboratory research would be subgrouping the
human population according to homogeneous biologic char-
acteristics.

Sasang constitutional medicine is a Korean traditional
medicine, in which a person is classified into one of four
constitution types—Taeum (TE), Soeum (SE), Soyang (SY), and
Taeyang (TY) —based on the nature of his/her physiologic
and physical characteristics."” The balance among the
physiologic functions of four representative internal or-
gans—lung, spleen, liver, and kidney—is the most important
factor for determining the Sasang constitution (SC) type.
Previous reports have shown genetic polymorphism associ-

ated with SC types on some genes. For example, FTO and
MC4R polymorphisms are associated with control of body
mass according to SC types.” Interleukin-1o and -f poly-
morphisms were also reported to be associated with SC type
in obese women.*” These results support the idea of genetic
involvement in the determination of constitution type.®
However, considering that diverse genetic elements may be
involved in the determination of SC type, a single-gene-
based approach has limitations for determining complex
traits at the genome level. Recently, a genome-wide linkage
analysis identified SC-linked genomic regions on chromo-
some 8 and 11.7 In addition, diverse genetic loci associated
with SC types were reported in a genome-wide association
(GWA) study of 60 subjec’cs.8 A more expanded population
study would be valuable in identifying the genetic elements
associated with SC types with a higher degree of statistical
certainty.

To address this issue, a GWA study was performed using
1222 subjects to identify the genetic elements associated with
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rate (FDR) was measured for each allele. To construct
quantile-quantile plots, the distribution of observed allelic p-
values was plotted against the theoretical distribution of
expected p-values. The genomic control inflation factor, 4,
was calculated by dividing median »* statistics by 0.456.
Genomic control was not corrected for, because the inflation
factor did not deviate greatly from 1.0 for any of the tests.
Subjects with a TY constitution type were excluded due to
small sample size (8 males and 11 females). The chromo-
somal loci were visualized with LocusZoom."

Text-mining-based network analysis

The degree of functional relationship between genes
within loci identified by GWA study was quantified using
the bioinformatic approach tool Gene Relationships Across
Implicated Loci (GRAIL).!? With GRAIL, the functional
similarity between genes was measured by applying a text-
mining method to a database of PubMed abstracts. SNPs
with an association p-value<10~* from the GWA study were
selected as input for GRAIL. After identifying the candidate
genes within a region of an allele, the statistical significance
(GRAIL p-value) of the functional relationship between
genes was estimated with a null model of the random chance
of relationship between genes.

Results

Sasang constitution

From an initial set of 1348 genotyped subjects, 83 subjects
were excluded from the study due to close relationships
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revealed by IBS clustering, 27 subjects were excluded be-
cause of heterogeneous genotypes revealed by MDS, and 16
subjects were excluded because of unclear SC type. As a
result, 1222 subjects were included in the present study. IBS
and MDS patterns are shown in Supplementary Figure 1.
Table 1 shows the clinical association of SC types for se-
lected variables. Interestingly, the TE constitution type for
both genders showed significant increases in body weight,
total cholesterol level, and low-density lipoprotein level
(p<0.01).

GWA analysis for SC

A »* analysis for differences in allele frequencies between
constitution types was performed. A very small number of
subjects (8 males and 11 females) displayed a TY constitu-
tion type, so this type was not included in the GWA study.
Quantile-quantile plots for each constitution type showed
that the distribution of observed p-values deviated from
expected p-values in the tail (Figs. 1A-1C). The genome-
wide distribution of p-values across all chromosomes for
each constitution type is shown in Figs. 1D-1F. Loci with a
p-value<10~7 were not detected in all constitution types.
Table 2 presents a list of the five most significant SNPs for
each constitution type. Although some alleles showed a
significance level (p-value) of 10~ °, the measured FDR was
relatively high. For example, rs10937331 in the TE consti-
tution type showed a p-value of 2.71x107° (odds ratio,
1.61), but the FDR value was 0.31. Other constitution types
also showed similar levels of statistical significance (i.e.,
157180547, p=1.58x10"° for SE constitution type and
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Quantile-quantile plots (A—C) and Manhattan plots (D-F) of the p-values of alleles from an association analysis of the

constitution types. For quantile-quantile plots, -logyo (observed p-values) were compared with the -logo(expected p-values)
under the null distribution for each constitution type ([A] for Taeum (TE) constitution type, [B] for Soeum [SE] constitution type,
and [C] for Soyang [SY] constitution type). For Manhattan plots, -log;o( p-values) of alleles for each constitution type ([D] for TE
constitution type, [E] for SE constitution type, and [F] for SY constitution type) were plotted against chromosomal position.
In parts D-F, the upper dotted line indicates p-values of 10~° and the lower dotted line indicates p-values of 10°.
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FIG. 2. Genomic region of identified loci. The upper panel indicates the location of plotted single nucleotide polymorphisms
(SNPs). In the middle panel, -log;, (p-values) are displayed for loci (circles) distributed in a genomic region (0.8 Mb) to either
side of the SNPs (diamonds) most strongly associated with each constitution type ([A] for Taeum [TE] constitution type, [B]
for Soeum [SE] constitution type, and [C] for Soyang [SY] constitution type). Genomic positions are based on the UCSC
browser. Genotyped SNPs were colored based on their correlation with the strongest SNP (white: 7*>0.8; gray: 0.4 <7*<0.6;
black: *<0.2). Estimated recombination rates (cM per Mb) and linkage disequilibrium information are from HapMap Phasell

(JPT+CHB). The lower panels show the locations of known genes in the region.

an individual’s SC type. A determination based on herbal
drug response was used. This diagnostic method was
originally reviewed! and, thereafter, has been widely
used to determine SC type,” whereas Yin et al. used a
questionnaire  (Sasang constitution classification II
[QSCCII]) and an interview with a SC specialist to de-
termine an individual's SC type without information
about drug response. Although both methods for diag-
nosing SC type have been designed to prevent subjective
diagnosis, there is still the problem of intervention of
subjectivity in the diagnosing process such as evaluation
by medical doctors. Moreover, the correlation between
two diagnosing methods has not been fully investigated.
Therefore, a new SC diagnosing tool is now being de-

veloped that can operate automatically using only objec-
tive physical measurements.

Care is needed when interpreting SC type based only on a
couple of genetic elements with high significance levels.
Moreover, the high FDR values associated with each SNP
show the possible presence of error. The high FDR in this
study might result from the heterogeneous nature of phe-
notypes comprising each SC type. Although we could
overcome this phenomenon by greatly increasing the num-
ber of test subjects, lower p-values do not always guarantee
the identification of SNPs that are actually associated with
SC types. Furthermore, biologically significant genetic ele-
ments can have less significant p-values. Therefore, as many
SNPs as possible, including those with less significant p-
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FIG. 3. Interconnectivity among genes in constitution type-associated loci. The literature-based functional connectivity
among genes within loci of single nucleotide polymorphisms (SNPs) having p-values less than 10~* were measured using a
Gene Relationships Across Implicated Loci (GRAIL) algorithm and displayed based on the level of interconnectedness. The
names of genes and their corresponding SNPs associated with constitution type ([A] for Taeum [TE] constitution type, [B] for
Soeum [SE] constitution type, and [C] for Soyang [SY] constitution type) are indicated. The dotted line indicates highly
interconnected genes.
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values, should be incorporated into the GWA analysis. In the
present study, a text-mining-based approach (GRAIL) was
applied,ll’12 in which the functional similarity among SNPs
having p-values <10~ * was estimated. Highly interconnected
genes, such as GPM6A, DRGX, and ZFP42 for TE, SE, and SY
constitution types, respectively, were selected as the best
candidate genes associated with SC type (Fig. 3). To specu-
late on the main function of these genes from Figure 3,
keywords describing functional connections among genes
were also measured in GRAIL. Interestingly, neuron-related
keywords were mainly enriched in TE types. For example,
GPM6A,'” SYT4,'® GRIK1,'” LPP9,* and CACNA1A*! were
reported to be involved in neuronal function. For SE type,
cell signaling genes such as AKAP11,”> PTPN2,> and
NRP2%* were mainly enriched. For SY type, many genes in-
cluding ZFP42,” ALDH1A2,%® and OTX2* are known to be
related with the developmental process. The relationship
between these molecular functions and physiology of SC
types should be further elucidated. Also, the relationships of
these SNPs with candidate genes of SC types are now being
validated in a more expanded population sample. In the
future, the function of candidate genes on the determination
of SC type should be studied in detail.

Conclusions

In conclusion, the genetic loci and genes associated with
SC type were systematically identified in a large number of
test subjects for the first time.
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Supplementary Data
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SUPPLEMENTARY FIG. 1. Identity by state (IBS) and multidimensional scaling (MDS) patterns of genotypes. Calculated
IBS values were clustered to estimate the relative distance of the relationship between each pair of individuals. Eighty-three
(83) subjects showing over 0.8 of similarity of IBS were excluded because of their closeness in relationships. From the MDS

plot, first- and second-dimension values of 0.05 (arbitrary unit) were used to discard 27 subjects showing heterogeneous
genotypes.



