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Association of ABO genetic Polymorphisms and Type 2 Diabetes
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The national diabetes and prediabetes prevalence rate has risen among Korean adolescents and adults. Type 2 diabetes
mellitus (T2DM) is commonly interrelated with genetic, metabolic, and environmental risk factors in clinical practice.
In this study, we analyzed the association between genetic polymorphisms of the ABO gene with T2DM in the Korean
population, we conducted an analysis of gene-phenotype correlation, based on an additive genetic model. A total of 8,840
subjects from the Korea Association REsource (KARE) were selected for this study. Using the genetic and epidemiologic
data of 754 T2DM cases and 5721 normal controls from the KARE, single nucleotide polymorphisms (SNPs) in the
ABO gene were analyzed for their genetic correlation. As a result, 8§ SNPs out of the ABO gene demonstrated statistically
significant association with T2DM. Among them, rs657152 in the ABO gene statistically showed the most significant
correlation with T2DM (P-value=0.0084, OR=1.15, CI=1.04~1.28). The minor allele of A polymorphism within the
intron genetic region of ABO directed increased risk of T2DM. This work reveals a significant association between genetic
polymorphism in the ABO gene and T2DM. This finding suggested that ABO SNPs markers might be a genetic correlation

to the etiology of T2DM.
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QAG7 o)A 3 = efst Bl - T23 ¥
5} TH(Landsteiner, 1900). ABO A] =82 F 72
sHE 99 A Y 9 B AT o] el gt
AQl anti-A A€} anti-B FAE T =] ATk ABO
282 37HA] Fo tl " AL A, B, 04 HEH
47Me] FR1EQ A, B, AB, O HIF 15S FAdeich
ABO #3Atzte] $1xgk A 3 B FAAEL 0-1-3-N-
acetylgalactosaminyltransferase, o-1-3-N-galactosaminyltran-
ferase2] glycosyltransferase 2718 4& 38t 28] FZA %l o]
i Ax(glycosyltransferase)l] ©J3l] J# o] Wk = A B <
o] ZujEt) WhH, O A= o-1-3-N-acetylgalacto-
saminyltransferase®] €/ o] 3} % o] $lTH( Yamamoto et
al, 1990). ABO:= A= thdatA 2ddsh=
E3], 243 oA =4 2d = thhttps://www.ncbi.
nlm.nih.gov/gene/28). ©F"}=. & (Yamamoto et al., 1990)= &
M A FHAHA transferase)2] cDNA FH 2= S35} 1
1995139 ABO A A= locus)oll 9113+ 30 kb Al
DNAE 8ISl Abhe] ol i 7= 44
o] QAL thFte] FTYPA DL e THo| fA] g EH]
A= dAga Aol Aol Bgk AgvF Bt
210 (Glass et al., 1985; Rowe et al., 2007), %Ay
SNPs (Single Nucleotide Polymorphisms) ¥ o]7} ¥+o] 3190
o= 2% U It Amundadottir et al., 2009; Qi et al,
2010). AAZ 4BO F7HAF SNPs2 Ty 9 118t 5
o] Al I UASHA Avtdo] vk Bt 9l
THQi et al., 2010; Gasso et al, 2012). = Ao A= A5
A 24E Sl 4BO #1734k Gl H1AF SNPsE
I ek 299 T T2DMIe] AvdS EAste] g
Aol Al 4BO FrA F¥2] SNPs mk7E©] T2DM 2
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AT s g e R AR FAA sk E=AME
Y (Korean Genome and Epidemiology Study, KoGES) % &t
=91 F-A A EA 2} 5 (Korean Association REsource, KARE)
& o]83t] AFuldARE AHSFATHCho et al, 2009).
ol SR A L bR Aus Agnel A
3} 5 A =23 (National Biobank of Korea, NBK)
NA EGS wrol ARSI THKBN-2022-089). & HH =

‘ﬂé

2 #] % (Korean Disease Control and Prevention Agency,

KDCA)oI A 2001 5ol AJ2hgt S5 E A=A g
o] FRIRAZHS st AFLso R 404 o] o]
HES tde R si9laL 475 Qbale}h /3] k=
ol AgtzAl E {dA A5 T AFAtEe|th o
g w5 G} 98% olstol A e

(missing genotype call rate)®] 4% ©] &
30% Z7+9] o] 3§ (heterozygosity) S 7FAI A, A
o] Bt UldAES ALl 40~694] /<1 8,840
(24: 41827, 94: 4,658W)S 2T AFdA= A
st AHE Hall A2 Fw(T2DM)el tigk
A2 A e B A A &)
o FsAY ks HE FolAY Bus Anse
At 236578 A|9E F 6,475 (HA: 3,078, A
3397%8)S HT A AFdPIAIE AE Sl t(Table 1).
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HAT82] 5<)(Institutional Review Board, IRBYS 1 5
ABO 53AAe] frlolo}l A28 PicHAtole] kA
S S35 TH1040782-220815-HR-10-103).
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(Bae et al., 2022)%1 3=1212] A28

3 dacty
oStk F5EY 100 mgdL T 9 - 3-et AL

dL W9k B sgelhs dPdAES A UIET(5,72178)
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Zx(HbALe) 6.5% oY & SR Vel dldshe Al
S A(7547) 02 AASITE AT oAl gk <R,
EF7159 €3 E =Y (Blood glucose)} H5-21&H (Blood
insulin)oll ok Z}7}e] -2 Table 191 HERHRATE
4 24 o chlA7|CHEM(SNPs, Single Nucleotide
Polymorphisms) A&

B AFFAE S8 el FAAEA AstAl AR
1 KARE 319 wlo[HelA sl 4BO FxiAke] @l
71324 (SNPs) 21, A ssic) - FuldaiEe]
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Dol Wy R EE 853 DNA ARE 28 F53 H7IAYE 4 & Dol 5 kA e el i
A, Affymetrix Genome-Wide Human SNP array 5.0 chip = 11702 SNPs (158176720, 1s8176681, 15514708, 1651007,
(Affymetrix, Inc., Santa Clara, CA, USA)2 ARE-3le] #7419 15672316, 15552148, 15474279, 13657152, 15641943, 158176707,
TS5 FTh 2 A7 FHAF G2 4BO AR 15641959) 52 A EE}I TH(Table 2). ©] SNPs| 414 £

Table 1. Basic distinctive of Normal and T2DM of the Korean Association REsource (KARE) cohort

Case-control analysis

Characteristics Quantitati\(e*trait
analysis Normal T2DM P value”

Number of subjects 6,475 5,721 754
Sex (male [%]/female [%)]) 3078(47.5)/ 3397(52.5)  2687(47.0)/ 3034(53.0)  391(51.9)/363(48.1) 0.137
Age (M % SD years) 51.60+8.80 51.16£8.68 54.95+9.00 0.104
Body mass index (BMI) (M £ SD kg/m?) 24.4443.08 24.2742.99 25.70+3.44 <0.001
Blood glucose (M £ SD mg/dL)

Fasting plasma glucose 85.38+18.90 81.22+6.94 116.92+39.71 <0.001

Plasma glucose after 60 min of OGTT 144.52+53.75 131.60+35.19 242.55+67.37 <0.001

Plasma glucose after 120 min of OGTT 117.48+51.04 103.17+20.62 226.05+46.21 <0.001
Blood insulin (M £ SD IU/mL)

Fasting plasma insulin 7.55+86 7.40t4.70 8.72+5.81 <0.001

Plasma insulin after 60 min of OGTT 31.98+31.68 32.52+31.77 27.88130.69 0.027

Plasma insulin after 120 min of OGTT 25.831+24.53 25.08122.72 31.47+34.87 <0.001
HbAlc (%) 5.67£0.73 5.501+0.33 6.97+1.35 <0.001

*Abbreviations: M, mean value; SD, standard deviation; T2DM, type 2 diabetes mellitus; OGTT, oral glucose tolerance test, **Control
(normal), Fasting plasma glucose<100 mg/dL and Plasma glucose after 120 min of OGTT<140 mg/dL; Case (T2DM), Fasting plasma
glucose>126 mg/dL or Plasma glucose after 120 min of OGTT>200 mg/dL or HbA1c>6.5%, ***Significant differences in characteristics
between the normal and T2DM case subjects were determined by the two-tailed Student's #-test

Table 2. The association analysis of SNPs in the 4BO gene with the T2DM in the Korean population

T2DM
MAF
No. SNP Al A2 Function (Controls 5,721 : Cases 754)

Controls Cases OR (95% CI) Add P
1 rs8176720 C T Synonymous 0.4354 0.4118 0.91 (0.81~1.01) 0.0814
2 rs8176681 C T Intron 0.3066 0.2984 0.96 (0.86~1.08) 0.5152
3 rs514708 T C Intron 0.2243 0.1996 0.86 (0.75~0.99) 0.0300"
4 rs651007 A G Upstream 0.2560 0.2871 1.17 (1.04~1.32) 0.0098"
5 15672316 C A Intron 0.2247 0.1989 0.86 (0.75~0.98) 0.0236"
6 1552148 A G Upstream 0.2169 0.1902 0.85(0.74~0.97) 0.0185"
7 474279 T C Intron 0.2201 0.1930 0.85(0.74~0.97) 0.0161"
8 rs657152 A C Intron 0.4648 0.4987 1.15(1.04~1.28) 0.0084"
9 15641943 G A Intron 0.2243 0.1996 0.86 (0.75~0.99) 0.0300"
10 rs8176707 T G Intron 0.0801 0.0699 0.86 (0.69~1.06) 0.1646
11 rs641959 C A Intron 0.2323 0.2080 0.87 (0.76~0.99) 0.0356"

Abbreviations: SNP, single nucleotide polymorphism; T2DM, type 2 diabetes mellitus; A1, minor allele; A2, major allele; MAF, minor
allele frequency; OR, odds ratio; CI, confidence interval; Add P, additive genetic model P value
*Statistically significant values (P<0.05) are indicated in bold
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*]3= UCSC Genome Browser [Mar. 2006 (NCBI 36/hgl18)] S
7152 % SNPsE 7|53

AT 24 Y S 24

AAA] ool 115 4BOS} ARE o] R F
A 45 91381 PLINK v1.9 (https:/www.cog-genomics.org
Iplink/)e} A 212 SPSS v27 (Statistical Package for
the Social Sciences, IBM*)& A}&3tith Aeld 1174
SNPs ®A| 28 3|7EAS ARgste] A2y D S
A3t Azl dial FAaArg e RExfelE 5
J(additive) FHAEDS 7|HEo 2 gk {4 Wole] A
4 A4S st AT w13 99 A4, e
S, WSk 7150 dhalA e 4BOS] FHH Hol
S A93) 7 BAS ARSI o 29-A(additive) -

o a1th RE BAjo)] AW Lo], %<
< IW %’ﬁ(covanant)#i Aelatglom A ke A4
(P 7 7152 005 ol3tE 4833t

¢

;

2

ABO A FYe| SNPs M

UCSC Genome Browser (NCBI36/hgl18)E H}E o= &A1
A 9H(9q34.2)°] $1X18F 4ABO FAAES] F9S HAs}
KARE 3741 #tz=el] & tiid ZA(transcripts)
oF WFow +5 kb WUE FPHe] LYFAA A

Mkl

2 Ao AME-E SNPsE AWEIITE 1 A} &g 2
A ) ol A 117) SNPsS 2Folalic) 2 At A
= A AES ZRlE] 3 olE 11719 SNPsE
FraA o] A oo w2 A3 THTable 2).

ey

ABO {22} SNPs3} T2DM2te]

Oﬂ?ﬂ%*ﬁ}«l 4, Hol, BMI A7, 99, &’ o
S 718420 EHL Table 19 LERY
Atk ARl Zﬂ7oLEH§:1LL(N0rmal)/] B A H (n=5,721)
S51A10]aL A28 FH(T2DM) $ARHT2DM)2] Hid
Hn=754)2 55419t} BMI 2|57, 9 (Blood glucose)$!
—gégﬂ 60+, 120% 5 B2 EGH-SHEIAHOGTT), E
=9, 602, 1202 F
%Hdrﬁ}@*}(OGTT), TE]al 338 A2y (HbAlc)
FA = A NETY T2DM $habtgE BA12 91 ajol &

1 3 tH(Student's #test) (Table 1).

ABO AR BAH Lo EZ3E 117]] SNPsES 24
28 gHEAE o3Itk A7 E (Normal)2] At

G- AR S (minor allele frequency, MAF)<} T2DM<]
MAF 2}o]Z g2lst 5= Q19 t(Table 2). T2DM3}e]
A Ads A EY, dA 24 A 11709 SNPsE
FoA A 29 (additive) FHEE A EF 879
SNPs (rs514708, 15651007, 1672316, rs552148, rs474279,
15657152, 15641943, 15641959)5°] FAA S F-24F(P<

0.05)S HAF A o5 HHE-ELS 2 E E(intron) F-9]ol

Table 3. Association analysis between the significant four SNPs in the 4BO and T2DM-related traits in the Korean population

1s514708 15651007 15672316 1s552148
Traits Effect size Pvalue Effect size P-value Effect size P-value Effect size Pvalue
B Lse) B Lse) B Lse) B Lse)
Blood glucose
Glu0 -1.25+£0.40  0.0021 1.03+£0.38  0.0068 -1.28+£0.40  0.0016 -1.44+0.41 0.0004
Glu60 -2.59£1.00 0.0098 1.90+0.94 0.0442 -2.74£1.00 0.0061 -3.14£1.02 0.0021
Glul20 -2.04£0.95 0.0321 2.2910.90 0.0106 -2.161£0.95 0.0234 -2.6210.97 0.0068
HbA1C -0.02£0.02 0.1500 0.0610.02 0.0006 -0.03£0.02 0.1202 -0.04£0.02 0.0420
Blood insulin
InsO -0.06+£0.09  0.5100 0.02+0.08  0.8216 -0.06+£0.09  0.5097 -0.09£0.09 03157
Ins60 0.31£0.59  0.6057 -2.07£0.56  0.0002 0.24+0.59  0.6868 0.32+0.60  0.5941
Ins120 0.09+0.53 0.8694 -0.6310.50 0.2034 0.02+0.53 0.9702 -0.3210.53 0.5524

Abbreviations: Glu0, fasting plasma glucose; Glu60, plasma glucose at 60 min; Glu120, plasma glucose at 120 min; HbAlc, glycosylated
hemoglobin Alc; Ins0, fasting plasma insulin; Ins60, plasma insulin at 60 min; Ins120, plasma insulin at 120 min; T2DM, type 2 diabetes

mellitus

*Statistically significant values (P<0.05) are indicated in bold. Age, sex, body mass index (BMI), and residential area were included as

covariates in the additive genetic model
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A8+ O l(Table 2), 1s81767202 5 2]& 1 o] (syn-
onymous mutation)©] %137, 1s6510073} 1s552148-2 ABO
ZAA}2] 5 upstreamell $1X[3FAL 9A5-S dbSNP (https://
www.ncbi.nlm.nih.gov/snp/)ol| 4] &1} T},

2974 (additive) AR A A7 18514708, 15651007,
15672316, 15552148, 15474279, 15657152, 15641943, ~18] L
15641959 50| BAIHOZ Folgt FF(P<0.05)S KT

A=t ©o] F 5 QIEE(intron)ol] $33F 1$6571529] A1F]
“7H95% CI, Confidence interval)< 1.04~1280]3L Q Z=H|
(OR, Odds Ratio)i= L.I5S2X] 7} =2 SAA 24 (P=
0.0084)5 YERA I THTable 2). Wb, wH 156571525
A 7jele] Aty AHminor allele) A 97]1S 74| aL
ATHA T2DM2] 4] AP (=17} folakAl ot
oF 4= QQlTh o9} o] vl AFgAAE A=

=

2=

(e}
e d 5

Table 4. Association analysis between the significant four SNPs in the 4BO and T2DM-related traits in the Korean population

15474279 15657152 15641943 15641959
Traits Effect size Pvalue Effect size Pvalue Effect size Pvalue Effect size Pvalue
B Lse) B Lse) B Lse) B Lse)
Blood glucose
Glu0 -1.3710.41 0.0007 1.32+0.33  7.27E-05 -1.25+£0.40  0.0021 -1.18+0.41 0.0040
Glu60 -2.94%1.01 0.0036 1.91+£0.82  0.0204 -2.59+1.00  0.0098 -231x1.01 0.0225
Glul20 -2.4410.96 0.0109 1.53x0.79 0.0510 -2.04£0.95 0.0321 -2.13£0.96 0.0271
HbA1C -0.03£0.02 0.0525 0.04%0.01 0.0068 -0.02£0.02 0.1500 -0.03£0.02 0.1226
Blood insulin
InsO -0.08+£0.09  0.3529 -0.03£0.07  0.6780 -0.06+£0.09  0.5100 -0.08£0.09  0.3953
Ins60 0.26+£0.60  0.6587 -1.231£049  0.0120 0.31£0.59  0.6057 0.41+0.53  0.4957
Ins120 -0.14£0.53 0.7973 -0.9410.43 0.0299 0.09x+0.53 0.8694 0.00+0.53 0.9968

Abbreviations: Glu0, fasting plasma glucose; Glu60, plasma glucose at 60 min; Glu120, plasma glucose at 120 min; HbAlc, glycosylated
hemoglobin Alc; Ins0, fasting plasma insulin; Ins60, plasma insulin at 60 min; Ins120, plasma insulin at 120 min; T2DM, type 2 diabetes

mellitus

*Statistically significant values (P<0.05) are indicated in bold. Age, sex, body mass index (BMI), and residential area were included as

covariates in the additive genetic model
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Fig. 1. The comparison of representative T2DM-related blood glucose, HbAlc, and Insulin of traits with rs657152. The minor allele (A)
of rs657152 showed a tendency towards higher Glu0, Glu60, and HbAlc levels and towards lower Ins60 and Ins120. Abbreviations: T2DM,
type 2 diabetes mellitus; Glu0, fasting plasma glucose; Glu 120, plasma glucose at 120 min; HbA1c, glycosylated hemoglobin Alc; Ins60,
plasma insulin at 60 min; Ins120, plasma insulin at 120 min. Abbreviations: M, mean value; SD, standard deviation.
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EAFIANS HAFE 15651007(A 7)) vFAY] A9l
% OR=L17% YEph} @2H]7} Folgls HoFQlk &
3t, 15514708, 13672316, “12] 3L rs6419432] 74-F-, Q.ZH]
(OR=0.86)7} 7 Fh= HoFAth WhHell, 1s514708(T <
7], OR=0.86), 1s672316(C $171, OR=0.86), 1s552148(A 471,
0=0.85), rs474279(T 471, OR=0.85), rs641943(G %171, OR
=0.86), “LZ]3L 15641959%(C 7], OR=0.87)% AtlHF3
ZF 7HA 2 b T2DME] 2.2H] gt SAA 0= -9

Sl vkl E & 5 Qltk.
F2ld A= SNPset T2DM i B HIfo| A2tE A

9, ABO FAA2] 117] SNPsE ol A T2DM 2]
A (additive) =D RS A3 SAH oA
12l 87l SNPsEell tialix] T2DM¥} #ad dd, <l
A 9 e A HbALe)et oH AIAAIE Hol=A]
3T ol whel T2DM¥ P E Tyl 3|
[Glu0, Glu60, Glu120, HbAlc]$} <l 4] [Ins0, Ins60,
Ins120]153+0] Ad 3]7&AS Als8g 23 871°] SNPs
(1514708, 15651007, 13672316, 1552148, 15474279, 13657152,
15641943, 15641959)5°] <] P<0.05S RHSSIITh
(Table 3). 16510073} 13657152+ A9 A& 5 =59
F(Glu0, Glu60)?t 2~3714 2] F#Ql ddxdde=
Wkt I3k A A HbALe)ol A Aol H 7 A (minor
allele)y= HA- 749, 233 7|(effect size)’} 718k
o3 AHAAE HoFAET, o= YT SNpel g
A=t 27 B2 ol A= 2 =H](0dds Ratio, OR)7} #=0}4]
= TS HoE BA|2F 3934 Aet dAE3
o} vg o w FAA ool e tHE SNP]l
15514708, 13672316, 15552148 15474279, 13641943, 1564195921
A5-ole I $X(Gluo, Glu60, Glul20)°l4 EA124

IRom, AHAAAE S At
S ul, a7V} Fashs AHAE HolFlon,
o} FYgk SNPQI Azt Aol e @ =n]7}
ol oS Hoe BA| 2 3984 Aaet o
2|81t Table 2, 3, 4). -, 156510072} 1s6571522] 4%,
G50l |94 ins60, HbAICHA A2 02 ¢
A4S YeRlom, 53] 56571529] A FEE G4
=2 oS YERNATHP=727E-05). F 7<) 2l
FA B AERAAES BAeka ole o Q)
TR} GrolAE A HAFglon oF A
T A AL Fize] tigk Q=H|7F FolbA]E A

=]
= HoFAW uke} Aes] Uk thFig. 1).
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Fig. 2. Association of 4BO SNPs and T2DM in the Korean
population. At the top of the figure, the SNPs represent the position
on chromosome 9. The association of SNPs in the 4BO gene and
T2DM are shown in the top-sided in Korean subjects. In the figure,
the plot demonstrates the statistical significance (-log;oP-value)
of associations of the SNPs. Using HapMap Asian population data,
the recombination rates estimated are depicted by a blue line. The
SNP number (rs#) with purple diamond represents the most strongly
associated SNP with T2DM. In the middle of the figure, the nucleo-
tide position is shown in the ABO gene on chromosome 9 (NCBI
build 36). The bottom panel shows a Linkage disequilibrium (LD)
block in the ABO gene generated by Haploview software, based on
genotyping from 6,475 KARE data.
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1474279, 15657152, 15641943, 15641959)°] EA| 4 02 §-9]
HP<0.05) TS YERNRATE ©] & Z-9-d(additive)
Ard B Ay} 156571525 T2DMI} A2 02 71
23k Zh(P-value, 0.0084)2 X912 HHGlu0: P-value,
7.27E-05; Glu60: P-value, 0.0204)3} 23}3 4] ~(HbAlc:
P-value, 0.0068)l1 4 §-21/3-& YR 1565715221 7859
FEEGAA 7P §9943(727B-05)0] H& &
HolFEQlom FAlo A&d FAE A2FS HAFS)
TKFig. 1, Table 4). o5 XS] LuljA|f
(Haploview) 41 23 1171¢] SNP 7 A¥ka+%(LD
linkage disequilibrium)ol| A} A& dd#E o] 9dglon o]=
E35 U fdEe] R A e S Zv
(Fig. 2).

AP 2FF ] ABEE Hobs AHA HE
R I(GWAS catalog, (ebi.ac.uk/gwas)E ©]-8-5}
fraxg o] BE A AR|eA Had
2] 213k th 15651007(A)S ABO - 73AFe] 2 RE]o|
A8 oz gtel FHEEA 2 ZSE dide] o
W ATFelA FEIATS FT/MA A2¥ FB(T2D)
3} 7o) ojn] HaEglom AU

r©

E

-
e

5

g

AS0] KT THWessel et al., 2015), 1s657152(A)=
lole] 2 7491 2019(Covid-19) & 213+ 5% F435
719t ABAS BT E3] A dNFHLE Covid-199] T
3 = o] ¥ AEAAS UER v 0 PaE e B
& Nprotective effect)s LR ATHEllinghaus et al., 2020).
o9} o] W Aol Fipo] IR upulole s 74
% 2019(COVID-19)°] 57}t #a/do] lvh= AR w&
o] COVID-19 MAA Fa3713t 5t dy #Aee] 58
Aol Z;z® vl AA3L(Lim et al., 2021; Williamson et al.,
2020; Moon et al., 2020; Barron et al,, 2020). AAZ 5 &
Ao g7eF Z2Uplo] g2 2(SARS-CoV-2) AL
2 WEeAE 75 ol (Mieller et al, 2021), Sl %344
(Reiterer et al., 2021) & 4 vt I} o]
9] B A A ure]l 67 SNPs (rs514708, rs672316,
1552148, 15474279, 15641943, 15641959)= R 54 A
o] Aol WA XA oA BArEA] o3
o 2 AT IS ge R SRtz AT (case-
control study)E &3l A2% G (T2DM)¥} 4B0°l| 914
gk 87 SNPsebe] AW AT S A FHsIith 1 Y
o] X% T2DMO] €jle] ¥&= sH5dd, I3t

2
& Q% R S GBS A 5 98 Hasan

[e

=

.

(Table 3, 4). ©]&= ABO B de] A Mxu} 75
% B 750l 4B0 Wt ofuel iy FEIY U
Aed AF 5 T o= AdAe] glvk= AS
o gt} el FHadeds gl e
3t o1t olAl%E KARE TS EC|A = Fogiz
=& E AV A =S oo s g
e diAbEE g Foqdske] whel] disiM e EAE
] ABO Aol gk A= A7 s e 2

27} itk
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