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Genomic analysis of caloric restricted, obese and type 2 diabetic
rhesus monkeys by next-generation sequencing
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SNPs in the SHZBI, FTO, NUDT3, and LYPLALI genes were associated with fat distribution.
We performed genome—wide association study (GWAS) and identified the genomic region
including PNPLAS, SAMM50, and PARVB genes as susceptible locus for the development of
non—alcoholic steatohepatitis. We succeeded in developing specific long-range PCR
amplification and performed sequence of the corresponding region of rhesus monkey using
the Illumina MiSeq. We determined the nucleotide sequence by de novo assembly and
identified approximately 1, 500 novel polymorphisms. CpG islands in the promoter region
of PNPLA3, SAMM50, and PARVB genes were searched by Methyl Primer Express software and
amplified by methylation—specific PCR.
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#£F1 AT EIFo7- SNP

Men Women Total
n 635 789 1424
Age (years) 48.6+125 523+113 50.7 £12.0
BMI (kg/m?) 29.9+6.0 28.2+52 29.0+56
VFA (cm?) 153.9+66.6  102.6 £54.1 1255 +65.1
SFA (cm?) 205.5+108.3  243.3+97.7 226.5+104.3
Plasma glucose (mg/dL) 109.4 +31.9 108.4 +36.5 108.9 +34.5
Insulin (uU/mL) 13.6+17.9 10.4+10.3 11.8+14.3
HOMA-IR 39+75 29+38 34+58
T. Chol. (mg/dL) 211.4+37.1 220.1+38.6 216.2+38.2
Triglycerides (mg/dL) 170.0+1479  120.6 +80.8 142.6 +118.1
HDL (mg/dL) 51.7 +13.9 61.0 £ 16.0 56.8 +15.8
SBP (mmHg) 131.4+168  130.5+184 130.9+17.8
DBP (mmHg) 84.7+125 80.7 +11.2 82.4+12.0
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Nearest gene SNP ID
NEGR1 (Neuronal growth regulator 1) 152568958
SEC16B (SEC16 homolog B) rs10913469
TMEM18 (transmembrane protein 18) rs6548238
ETV5 (ets variant gene 5) rs7647305
GNPDA2 (glucosamine-6-phosphate deaminase 2) rs10938397

BDNF (brain-derived neurotrophic factor)

MTCH2 (mitochondrial carrier homolog 2 )

SH2B1 (SH2B adaptor protein 1)

FTO (fat mass and obesity associated)

MAF (v-maf musculoaponeurotic fibrisarcoma oncogene

homolog)

MCA4R (melanocortin 4 receptor)

KCTD15 (potassium channel tetramerisation domain

containing 15)

TNNI3K (TNNI3 interacting kinase)

PTBP2 (polypyrimidine tract binding protein 2)

ADCY3 (adenylate cyclase 3)

IRS1 (insulin receptor substrate 1)

POCS5 (POCS centriolar protein homolog)

NUDT3 (nudix (nucleoside diphosphate linked moiety

X)-type motif 3)

LINGO?2 (leucine rich repeat and Ig domain containing 2)

STK33 (serine/threonine kinase 33 )

MTIF3 (mitochondrial translational initiation factor 3)

SPRY2 (sprouty homolog 2)

MAP2KS5 (mitogen-activated protein kinase kinase 5 )

QPCTL (glutaminyl-peptide cyclotransferase-like)

ZC3H4 (zinc finger CCCH-type containing 4)

TBX15 (T-box 15)

DNM3 (dynamin 3)
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LYPLALZ1 (lysophospholipase-like 1) rs4846567
GRB14 (growth factor receptor-bound protein 14) 510195252
NISCH (nischarin) rs6784615
ADAMTS9 (ADAM metallopeptidase the with 6795735
thrombospondin type 1 motif, 9)

CPEB4 (cytoplasmic polyadenylation element binding rs6861681
protein 4)

LY86 (lymphocyte antigen 86) 51294421
VEGFA (vascular endothelial growth factor A) rs6905288
RSPO3 (R-spondin 3) rs9491696
NFE2L3 (nuclear factor (erythroid-derived 2)-like 3) rs1055144
ITPR2 (inositol 1,4,5-trisphosphate receptor, type 2) rs718314
HOXC13 (homeobox C13) rs1443512
ZNRF3 (zinc and ring finger 3) rs4823006
THNSL2 (threonine synthase-like 2) rs1659258
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REER] (Control—-2) Z FHV N/, Control—-2 X
2 CUNLE L7-, NAFLD-1 ®4A B & NAFLD-2
D HH 101 NIFEIFARRIZ T NASH & % WM 3R
WHRT & ZWr L7=, NAFLD-2 ©F& D @ 71 Ao
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# 3 GWAS OXIRF ORGIK N #

Men/Women 199/193 - 95/77 500/512

GWAS Replication
NAFLD-1 Control-1 NAFLD-2 Control-2
(n=392) (n=934) (n=172) (n=1012)
No. of NASH 345 - 97

Age (year) 49.9+1438 535+13.8 53.1+153
BMI (kg/m?) 28050 274+46 227+32
FPG (mg/dL) 118.8+37.3 114.8 +36.8 98.2+19.0
Hb.Alc (%) 6.4+13 6311 55+0.7
T.Chol.
213.7+414 205.0 +39.6 208.5 + 36.2
(mg/dL)
Triglycerides 1722 +
153.3+74.4 110.0 £ 88.5
(mg/dL) 120.6
HDL-C
52.9+157 538+ 127 62.7+15.5
(mg/dL)
SBP (mmHg) 127.5+15.0 129.6 £ 14.0 1245+19.1
DBP (mmHg) 780117 81.1+94 76.3+11.6
AST (1U/L) 51.3+315 479+254 23.0+10.2
ALT (IU/L) 84.3+60.2 75.4 +53.6 20.3+11.8
Ferritin 2371+ 229.1+
(ng/ml) 225.0 227.3
Hyaluronic
445 +70.2 74.8 +208.2
acid (ng/dL)
Type IV
collagen 7s 44+13 6.2+128
(ng/dL)
Steatosis grade
1.6+07 15+0.8*
(1-3)
Inflammation
1.2+038 1.5+0.6*
(0-3)
Ballooning
1.1+07 1.2 +0.5*
(0-2)
NAS (0-8) 40+17 4.2 +1.3*
Fibrosis
1.6+1.0 2.0+1.0*
stage (0-4)
*n=101
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Cochran-Armitage trend test % 7=,
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(2) FET V= — L HERE BT %& (NAFLD) @
GWAS
MLy KT A b %&1To 72465, NAFLD &5

(0.70) (0.12)
Women + 0.0019 + 0.21 + 0.0019 - 0.32
(0.41) (0.19)
0.048 1.1x10° 0,079
Total 3.4x10° + + .
ot * * (0.67) (0.044)
NUDTS3 rs206936
0.53 0.10
- + 029
Men 019 (0.99) (0.32)
5.3x10° 0.018 3.9x10™
W + + + 099
omen ¥ 5 (0.88) (0.42)
013 0.23 -
Total 033  + + + 0
o * (0.68) (0.55)
LYPLALL rs4846567
0.27 071
- + 012
Men 07 (0.14) (0.89)
0.25 0.001
W - 031+ - + 00078
omen 8 (0.022) (0.14)
0.11 0.16
Total . 033 + - + 00020
o 3 (0.0080) (0.29)
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NAFLD JEfliZ = > b — VREIC e L C
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NAFLD-2 & Control-2 Z FHVNT., 4Eh. MR,
BMI, SNP Z &AL LTr AT ¢ v 7 R
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rs738409 @ SNP HNZ., FF 9SNP 2DV T
WEIToT, BUL 72 EOMIEEMZTHZ O
FEIk D SNP (FZE T NAFLD [ZHHEA LT\ i
(#%5) ,
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- —  — —-
14

PEREII YL AR 22q13 DOFEBUCAFIET 5 2 & " » 12996019
DNHEBHLU7= (K1), X5.0X107° & 72 o 7= 56SNP T . 10
(2D T NAFLD-2 & Control-2 THEFL7=& | § | rs
5, 8SNP 23 NAFLD E AEICHBILTWD 2 | & 02
LI L7, Zo 8SNPURRIL LD RICAE(E | T .
LTW=(x1), , .
B /N )~ HES — 0 "“. ® 0 e ale,t.
# 4 JENISAIZBEES 5 LR S 47z SNP 42600 42650 42700 42750 42,800
BMI VFA SFA VIS Chromosomal position (kb)
B P B P B P B P
4. Regional plots of genome-wide
SH2B1 rs7498665 .. .
significant loci
0.0023 0.021
Men + 0.093 + (©011) + ©11) + 0.50 ‘ -
0.051 0.18 # 5. . MR, BMI THIE L 7= NAFLD sz
Wormen st ey o 0 "B MESNP OB TRT oy IR ORER
. 7.1x10°* , 0oos0 . . Adjusted
Totl voo00 (0.0035) (0.049) o dbSNP 1D U';"’_‘Sﬁitee" ﬁd\'/glslﬁ? OR
FTO rs1558902 (95%ClI)’
Men + 0.0058 + 0.089 + 0.0019 - 0.14



rs738409 21x10%  6.8x10M (1739247)
rs2896019  8.3x10%  18x10™ (L6§P§43)
rs3810622  13x10%°  1.7x10™ (Lsé?;36)
rs738491 21x10%  2.3x101 (Lsiggzg)
rs3761472  11x10%  23x10™ (L5é9;31)
2143571 14x10%  18x10™° (L5§§;24)
16006473 31x10%2  1.2x10™° (Lséégzg)
15764455  4.4x10%  14x10™° (L5§?;21)
16006611 9.7x10?  4.2x10™ (L5é?§28)
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