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Abstract
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Objectives
Genome-wide association studies(GWAS) is a useful method to identify genetic associations for various phenotypes. The
purpose of this study was to develop predictive models for Sasang constitution types using genetic factors.

Methods

The genotypes of the 1,999 subjects was performed using Axiom Precision Medicine Research Array (PMRA) by Life
Technologies. All participants were prescribed Sasang Constitution-specific herbal remedies for the treatment, and showed
improvement of original symptoms as confirmed by Korean medicine doctor. The genotypes were imputed by using the
IMPUTE program. Association analysis was conducted using a logistic regression model to discover Single Nucleotide
Polymorphism (SNP), adjusting for age, sex, and BMI.

Results & Conclusions

We developed models to predict Korean medicine constitution types using identified genectic factors and sex, age, BMI
using Random Forest (RF), Support Vector Machine (SVM), and Neural Network (NN). Each maximum Area Under
the Curve (AUC) of Teaeum, Soeum, Soyang is 0.894, 0.868, 0.767, respectively. Each AUC of the models increased by
6~17% more than that of models except for genetic factors.

By developing the predictive models, we confirmed usefulness of genetic factors related with types. It demonstrates a
mechanism for more accurate prediction through genetic factors related with type.
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Table 1. General Characteristic of the Subjects
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TE SE SY Total F-value p value*
(n=793) (n=521) (n=685) (n=1999) (post-hoo)
Sex
M 294(37.1%) 171(32.8%) 268(39.1%) 799(36.7)
F 499(62.9%) 350(67.2%) 417(63.3%) 1266(63.3)
Age (yr) 50.0+16.9 45.9+16.1 49.0+15.0 48.6+16.1 10.718 (SE<<(')I'(I)50<18Y)
BMI (kg/m’) 25.3£3.2 213225 22.9+2.7 23.4+3.3 347.565 <0.001
(SE<SY<TE)
Data shown as n (%) or means standard + deviation
TE=Taeeumin, SE=Soeumin, SY=Soyangin
* p value: ANOVA analysis and Scheffe post-hoc
2. MEIOFIH| £ Za} = AN AZE PR AR5 12E NS
GWAS 2530 B Pe 10 x 10°S 71308 HE AZ 2 2570, Bl 2970, A 2470 ATk Table 2). A1
=0 =9 o} ols =
Wl A genotype missing®] A 8H= SNP2 ZE 3t B SNpEe] H2d 7leS 271 A8 BSNP IDE
/\AE]'- WGS 120 q.]/\]—i z.]]?dﬂ:] EH)\]'X]' J—‘T‘°ﬂ7ﬂ 01%3]'0:] 7]%—‘ 011—7— ]O]/}_—% ‘/I:E(E 3]'93\2111 a1 7§:‘7’]'
GWAS _'_/H [e) EOH 0401;{] Zﬂ;} SNP__O] L]'E]-q— 01_4.‘7{1' ;{]% 'EE{EH—}:% §‘1]-O s '}F\‘ ﬂ?iWTable 3)
Table 2. SNPs Related with Sasang Constitution Type
Type CHR POS SNPID REF ALT OR P
chrl 204374063 5113151027 A G 3.93429 1.22802E-05
chr2 1037581 54246557 C T 1.35217 4.50512E-05
chr2 10200316 1512692398 G A 146411 1.75061E-05
chr2 101673519 1562155477 G A 1.63317 3.38612E-05
chr3 28752749 1572911400 G T 0.570687 1.15514E-05
chr3 85449656 $9849542 A G 1.42587 1.24138E-06
chr3 97692957 15854581 A G 0.645714 4.16072E-05
chr3 193733621 5150669894 C T 0.152256 1.05398E-05
chrd 172507993 511940312 C A 3.67013 4.24202E-05
chr5 17404483 152173759 A G 1.74676 1.69676E-05
chr6 42230031 rs73424328 C T 1.97923 1.91024E-05
chr6 152949395 15769918744 C T 3.54353 0.000046713
TE chr7 17644035 1576717104 C T 0.694173 3.12025E-05
chr7 22098226 51419772 C T 3.28152 2.08641E-05
chr7 126933202 1562468909 T C 2.06984 1.48508E-05
chr10 16575093 1511254064 A G 1.71534 2.35844E-05
chr10 18386599 5117738954 C A 2.13361 3.85345E-05
chr10 79237895 rs582273 A G 2.80578 6.32739E-06
chrll 13876119 154756771 G T 0.735872 4.97711E-05
chr12 21727209 5201157731 G A 253033 2.14646E-05
chr12 26629370 1574798154 C T 0.343967 1.01336E-05
chr13 101524245 59518188 C T 415277 1.09527E-05
chr14 66331900 555861984 G A 0.710151 0.000029203
chr16 24310100 152158245 A G 4.65659 5.24399E-06
chrl6 73439355 59934948 T C 0.71237 0.000015094
chrl7 13124092 1576994622 C A 1.81322 3.55926E-05
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Type CHR POS SNPID REF ALT OR B
chr19 3365483 576049683 G A 3.44726 4.86563E-05
chr20 17422063 152021785 C T 0.736699 4.77956E-05
chr22 19593301 1s5748346 A G 0.688881 3.43471E-06
chrl 39248701 52151266 T C 3.40955 4.09155E-05
chrl 88345118 1s3008439 T G 0.682644 1.93532E-05
chrl 88382412 512141842 G T 0.673146 1.09873E-05
chrl 104457967 1561815922 G A 1.42877 4.98735E-05
chrl 215136314 517023904 A G 1.73576 1.76661E-05
chr2 117681102 512478182 A C 1.59587 4.15658E-05
chr4 25417244 1s3816587 C T 1.46307 0.000012934
chr4 25419283 s9174 T C 1.45955 1.51213E-05
chr4 181947443 517070473 C T 3.66279 1.87104E-05
chr5 67015614 1573110943 C A 1.43709 1.27685E-05
chr6 152786487 15140135976 G A 3.93094 4.66345E-05
chr8 56144612 s117586513 C T 5.41953 1.08787E-06

SE chr8 134811897 15150704178 G A 2.80556 2.71099E-05
chr8 144130043 578140118 G A 3.24103 4.29581E-07
chr8 144139278 15145521790 G A 3.1283 1.2999E-06
chr12 43002837 1535625089 A G 3.78096 4.74261E-05
chr14 54920423 rs11850320 T G 0.549482 4.18031E-05
chr14 54970215 1575356305 G A 0.512861 8.68319E-06
chr14 54996872 511555279 G A 0.512294 8.7701E-06
chr14 55026435 561975112 C G 0.607503 4.95083E-05
chr16 277912 158045291 A G 1.67081 2.26491E-05
chr16 49986462 157199622 C T 0.636673 0.000024511
chrl7 37278090 575491618 C A 2.53092 1.50199E-05
chr19 58199102 15199582159 A T 3.0778 0.00002616
chr22 33828432 1573166278 C T 3.56121 2.44106E-05
chrl 6147407 54908763 C T 0497328 1.45275E-06
chrl 167484098 1s34322294 C A 3.90611 3.27205E-05
chrl 188860684 £s182247528 G A 2.96587 2.55683E-05
chr2 152247421 10178027 C T 0.717498 1.24149E-05
chr3 2799942 512494784 C A 0.737044 1.82099E-05
chr5 9644727 1s72731192 A C 1.43921 3.91701E-05
chr5 16690033 152303704 A C 0.65221 2.74483E-05
chr5 83074951 135125267 G T 1.48623 3.04379E-05
chr5 83151160 10072920 T C 1.48863 3.39765E-05
chr6 31643522 1s9378164 G A 1.58794 2.70239E-05
chr6 139860412 13888326 T G 1.32813 3.59461E-05

sy chr6 160858188 152292334 G A 1.33438 4.35059E-05
chr7 17644035 576717104 C T 1.37429 3.24011E-05
chr7 17662517 157788582 A G 1.33293 2.82059E-05
chr7 38716734 1535959763 G A 1.89487 4.81705E-05
chr9 20175694 157870612 A G 0451677 1.27203E-05
chr9 28768187 151590671 T C 1.80429 2.29289E-05
chr10 134300395 173393404 G T 1.76357 4.90028E-05
chr12 76803799 1s77512784 A G 3.89003 1.02063E-06
chrl3 52081846 59646005 C T 0.747808 3.04719E-05
chr14 54805719 517726338 G A 1.58501 2.71135E-05
chrl6 13881535 59923549 G T 0.72029 2.17838E-06
chr19 40541039 1561737024 C T 1.86919 3.78786E-05
chr19 40582565 15149500464 C T 1.96198 3.09503E-05

TE=Taeeumin, SE=Soeumin, SY=Soyangin



Table 3. Annotated Disease Class of Sasang Constitution Related Genes
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Type CHR Associated Disease Class Gene Symbol dbSNP IDs
chrl PSYCH AGBL3 153008439, rs12141842, 1561815922
chrl METABOLIC EPHB2 52151266, rs3008439, rs12141842, rs61815922
chrl METABOLIC MTF1 152151266, 53008439, rs12141842, 1561815922
chrl CARDIOVASCULAR PTP4A2 52151266
chrl CARDIOVASCULAR SPEN 152151266, rs3008439, rs12141842, 1561815922
chr2 CARDIOVASCULAR PTPRIN2 rs12478182
chr2 CARDIOVASCULAR TPO rs12478182
chr4 IMMUNE, METABOLIC ANAPC4 rs3816587, 19174
chr4 METABOLIC HTRA3 rs3816587, 19174
chr4 HEMATOLOGICAL NRAS rs3816587, 9174
SE chrS METABOLIC CTorf63 1573110943
DEVELOPMENTAL, HEMATOLOGICAL,
6 ARDIOVASCULAR, METABOLIC, PSYCH S NEL 140135976
chrl4 METABOLIC ABCB1 511850320, rs75356305, 1511555279, rs61975112
chrl4 NEUROLOGICAL ANG 1511850320, rs75356305, 1511555279, rs61975112
chr14 DEVELOPMENTAL DGKE rs11850320
chrl6 IMMUNE TNP2 157199622
chrl7 CARDIOVASCULAR PEMT 1$75491618
chr19 METABOLIC ZNF107 rs199582159
chr19 CHEMDEPENDENCY ZNF138 rs199582159
chr19 CHEMDEPENDENCY ZNF92 rs199582159
chr22 CARDIOVASCULAR, METABOLIC LARGE 1573166278
chr2 CARDIOVASCULAR PTPRIN2 562155477
chr2 METABOLIC TBC1D8 562155477
chr2 CARDIOVASCULAR TPO 512692398, 1562155477
chr3 CARDIOVASCULAR CADM2 59849542
chr3 CI{EN{DEPEND;\EE,E:]; ODLEIZELOPN[ENTAL’ COLQ 1572911400
chr3 CARDIOVASCULAR, METABOLIC, LRRN1 1572911400, rs9849542, 1s854581
REPRODUCTION
chr3 METABOLIC, CARDIOVASCULAR TKT 9849542, rs854581
chr6 INFECTION CTorf44 573424328
chr6 METABOLIC CALN1 rs73424328
chr6 VISION CAP2 1rs73424328
chr6 IMMUNE, NEUROLOGICAL DHEFRP2 rs73424328
chr6 CARDIOVASCULAR NRAS 1573424328
TE  chr6 IMMUNE PHTE2 rs73424328
chr6 INFECTION PKDIL1 rs73424328
chr6 IMMUNE SEMA3D rs73424328
DEVELOPMENTAL, HEMATOLOGICAL,
6 ARDIOVASCULAR, METABOLIC, PSYCH S NEL 5769918744
chr7 METABOLIC EIF2AK1 rs76717104, rs1419772
chrl0 CARDIOVASCULAR, MATABOLIC, RENAL, ANK3 15582273
PSYCH
DEVELOPMENTAL, HEMATOLOGICAL,
chr10 CARDIOVASCULAR, METABOLIC, KCNMA1 582273
NEUROLOGICAL
chr10 DEVELOPMENTAL RET 582273
chr10 METABOLIC ZNF32 r$582273
1z NEUROLOGICAL, CHEMDEPENDENGY, ITPR2 1574798154

CARDIOVASCULAR, METABOLIC
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Type CHR Associated Disease Class Gene Symbol dbSNP IDs
chri3 CARDIOVASCULAR CNTNAP2 59518188
chr14 METABOLIC ABCBI 1555861984
chr14 NEUROLOGICAL ANG 1555861984
chr16 NEUROLOGICAL CACNG3 52158245
chrl6 METABOLIC CDH3 r$9934948
chr16 IMMUNE TNP2 152158245, 19934948
chr20 REPRODUCTION LRRN4 52021785
METABOLIC, CHEMDEPENDENCY,
20 NEUROLOGICAL,CARDIOVASCULAR, PCSK2 2021785
chr20 NEUROLOGICAL TGM6 rs2021785
chrl IMMUNE CD247 1534322294
chrl METABOLIC MTF1 1534322294, 5182247528
chrl METABOLIC SLC39A1 1534322294, rs182247528
chr2 CARDIOVASC;ELTAEI’SON&EROLOGICAL’ MBD5 110178027
chr2 CARDIOVASCULAR PTPRN2 110178027
chr2 CARDIOVASCULAR TPO 110178027
METABOLIC, HEMATOLOGICAL.
chr3 CARDIOV. ’ . NEUROLOGH C}AL CNTN4 512494784
chr5 CARDIOVAS% é\EgROLOGICAL’ ACTBP2 1535125267, 510072920
chr5 METABOLIC CTorf63 1535125267, 1510072920
chrS CARDIOVASCULAR, IMMUNE MYO10 152303704
chr6 IMMUNE, PHARMACOGENOMIC BAT1 159378164
chr6 METABOLIC CALN1 59378164
chr6 VISION CAP2 59378164
chr6 IMMUNE, NEUROLOGICAL DHFRP2 159378164
chr6 CARDIOVASCULAR NRAS 59378164
chr6 IMMUNE PHTF2 159378164
sy chr6 IMMUNE SEMA3D 59378164
chr6 CPEWEIEEN?;B%CJ(’;C?RDIOVASCULAR’ SLC22A3 152292334
chr6 IMMUNE, METABOLIC VARS2 159378164
chr7 METABOLIC EIF2AK1 576717104, rs7788582
chr9 DEVELOPMENTAL, CARDIOVASCULAR MPDZ 157870612, 11590671
chr9 WTABOLKI:I’\IFC;CERIIT)CI)?\IVASCULAR’ TDPX2 157870612, 151590671
chr10 METABOLIC AGK 1573393404
chr10 METABOLIC CPN1 1573393404
chr10 CARDIOVASCULAR LIPA 1573393404
chr12 METABOLIC SLC26A5 1577512784
chr12 METABOLIC TPH2 1577512784
chri3 CARDIOVASCULAR CNTNAP2 19646005
chr14 METABOLIC ABCBI 1517726338
chr14 NEUROLOGICAL ANG 1517726338
chrl6 CARDIOVASCULAR DNAHS 1$59923549
chr16 IMMUNE TNP2 1559923549
chr19 METABOLIC ZNF107 1561737024, rs149500464
chr19 CHEMDEPENDENCY ZNF138 1561737024, rs149500464
chrl9 CHEMDEPENDENCY ZNF92 1561737024, rs149500464
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Table 4. Maximum AUC of Each Predictive Model for Sasang
Constitution Type Using Genotyping Data

Model TE vs. non-TE SE vs. non-SE SY vs. non-SY

RF_UP 0.68268 0.690037 0.667104
RF_DOWN 0.691678 0.692239 0.67276
RF 0.69219 0.699495 0.679366
SVM_UP 0.71087 0.677134 0.693377
SVM_DOWN  0.716078 0.709385 0.702389
SVM 0.708792 0.67265 0.692636
NN_UP 0.676766 0.629683 0.603245
NN_DOWN 0.65678 0.646639 0.600676
NN 0.645463 0.632865 0.602789

Data shown as maximum AUC

* TE=Taeeumin, Non-TE: non- Taeeumin, SE=Soeumin, Non-SE:
non- Soeumin, SY=Soyangin, Non-SY: non- Soyangin, RF:
Random Forest, RE_UP: RF up sampling, RF_DOWN: RF
down sampling, SVM: Support Vector Machine, SVM_UP:
SVM up sampling, SVM_DOWN: SVM down sampling, NN:
Neurnal Network, NN_UP: NN up sampling, NN_DOWN:
NN down sampling
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Table 5. Maximum AUC of Each Predictive Model for Sasang
Constitution Type Using Genotyping and Clinical
Data (Sex, Age, BMI)

Model TE vs. non-TE SE vs. non-SE  SY vs. non-SY

RF_UP 0.873964 0.849682 0.76128
RF_DOWN 0.886476 0.846939 0.751676
RF 0.878307 0.868203 0.766644
SVM_UP 0.893538 0.853485 0.761229
SVM_DOWN  0.887347 0.842382 0.755727
SVM 0.894456 0.839792 0.75604
NN_UP 0.859287 0.84541 0.725565
NN_DOWN 0.865301 0.829683 0.74421
NN 0.868209 0.843991 0.735819

Data shown as maximum AUC

* TE=Taeeumin, Non-TE: non- Taeeumin, SE=Soeumin, Non-SE:
non- Soeumin, SY=Soyangin, Non-SY: non- Soyangin, REF:
Random Forest, RF_UP: RF up sampling, RF_DOWN: RF
down sampling, SVM: Support Vector Machine, SVM_UP:
SVM up sampling, SVM_DOWN: SVM down sampling, NN:
Neurnal Network, NN_UP: NN up sampling, NN_DOWN:
NN down sampling
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