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Abstract

Objective: Compare the similarities and differences of quercetin on gene regulation in mice liver
under normal diet and high-fat diet. Method: Searching for the GSE62805 and GSE38141 which
analyze the gene expression in liver of mice under normal diet or high-fat diet after treated with
quercetin in NIH-Geo database. And analyze the data by GEO2R selecting the genes whose fold
change are more than 2 or less than 0.5 as the regulated gene. Using David to conduct GO analysis
for regulated genes, the regulated genes which are upregulated or downregulated simultaneously
in both datasets as a group, the regulated genes which are upregulated in one dataset and down-
regulated in another datasets as the other group. Results: There are similarities and differences of
quercetin on gene regulation in liver of mice under normal diet and high-fat diet. 1) There are 40
regulated genes which are upregulated or downregulated simultaneously in both datasets, in-
cluding 28 upregulated genes and 12 downregulated genes. 2) There are 48 regulated genes which
present opposite expression trend, including 11 regulated genes which are upregulated under
normal diet but downregulated under high fat diet and 37 regulated genes which are downregu-
lated under normal diet but upregulated under high fat diet. 3) The regulatory degree of quercetin
on 40 regulated genes which present same trend in both datasets is different. 4) The 40 regulated
genes which present same expression trend in both datasets are involved in synapse, secretion by
cell and generation of cell-cell signaling and the 48 regulated genes which present opposite ex-
pression trend related to plasma membrane part, synapse and cell junction. Conclusion: The reg-
ulation of quercetin on gene expression in liver of mice is related to body state. The regulation is
different in different body states.
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HE: XTH0.05%FERN M EREEERNTERFEAREEZG T DRABEERFETWRE. Fk: &
NIH-Geo%(# FE R ZUMH B2 = T/ BT 4 2R 3 B8 33 i W5 M1 B 51 8048 E GSE6 2805 F1GSE38141, 12
FGEO2RMIA T ¥ AT Hi B2 ot /N R IR R A R, %A B EMER (p < 0.05)3F BERE
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Figure 1. Comparison of the commonality of up-regulated and down-regulated genes in liver expression after quercetin in-
tervention in mice on normal diet and high-fat diet
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Table 1. The expression of upregulated genes in Normal Diet (ND) and High Fat Diet (HFD) GEO Datasets

= 1. EBRAENSEREFH THRIAALENERRA

Fold change P-value Fold change P-value

Gene
(ND) (ND) (HFD) (HFD)
1700072H12Rik 2.37 0.0064 4.14 0.0254
3110054G05Rik 2.19 0.0178 341 0.0120
4933424H11Rik 5.20 0.0069 2.98 0.0095
4933431M02Rik 5.13 0.0151 344 0.0243
Adgrl3 297 0.0110 2.01 0.0342
BB236558 349 0.0152 2.66 0.0101
Bmprlb 2.22 0.0159 3.93 0.0405
C78115 2.84 0.0407 3.14 0.0102
Clip4 2.73 0.0413 2.89 0.0086
Dtna 3.55 0.0487 4.20 0.0081
Foxn4 2.49 0.0277 2.53 0.0432
Gm14781 3.44 0.0410 2.40 0.0384
Gm16055 2.73 0.0319 3.10 0.0108
Mbd4 2.60 0.0108 2.77 0.0133
Nefh 3.63 0.0033 2.64 0.0430
Ntrk2 2.41 0.0430 2.84 0.0046
Oaslh 3.61 0.0121 2.29 0.0236
Phka2 2.27 0.0165 2.22 0.0059
Prdx6b 3.59 0.0030 231 0.0254
Rgs7bp 2.90 0.0103 2.44 0.0498
Sgipl 3.20 0.0101 2.89 0.0425
SlcS5a9 2.47 0.0448 445 0.0045
Sncaip 4.80 0.0173 2.69 0.0279
Syt6 2.72 0.0319 3.58 0.0203
Teafl 3.51 0.0099 3.23 0.0315
Timp4 4.82 0.0002 242 0.0380
TxInb 4.86 0.0152 3.83 0.0439
Ztp804a 3.57 0.0254 3.66 0.0107

2 hric N i (Fold change > 2)3& A,
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Table 2. The expression of downregulated genes in Normal Diet (ND) and High Fat Diet (HFD) GEO Datasets
=2 ERRBENSEReRZETEHRAATENERERL

Fold change P-value Fold change P-value

Gene
(ND) (ND) (HFD) (HFD)
5033428C03Rik 0.47 0.0273 0.43 0.4251
Agbl4 0.41 0.0417 0.27 0.2661
Arpp21 0.34 0.0487 0.27 0.2697
Cendl 0.39 0.0265 0.27 0.2693
Gabrb2 0.21 0.0066 0.16 0.1595
Lip8 0.40 0.0393 0.41 0.4131
Plekhh2 0.35 0.0154 0.41 0.4073
Prph 0.26 0.0026 0.48 0.4774
Spagl6 0.31 0.0140 0.39 0.3911
Tm4sf20 0.21 0.0355 0.45 0.4508
Trim9 0.42 0.0989 0.25 0.2535
Zp3r 0.29 0.0373 0.40 0.3975

ZEEARC I8 T I (Fold change < 0.5)3 [

VLI L AR
tf <- read.csv("C:\"\Users\\Administrator\'Desktop''a2.csv", header = TRUE, row.names = "id")

a2 <- as.matrix(tf)

library(pheatmap)
setwd("C:/Users/Administrator/Desktop™)

A ELICHR

anno_col = data.frame(

SampleGroup = factor(rep(c("ND", "HFD"), each = 1)))
row.names(anno_col) = colnames(a2)
ann_color = list(SampleGroup = c(ND=#{15722",

HFD="%ffc107"))

G| b e U IR
dcols = dist(t(a2), method ="euclidian™)
R EAE

pheatmap(a2,

scale = "none",

fontsize = 15,

color = colorRampPalette(c("navy", "white", "firebrick3"))(256).
border = FALSE,
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main = "heatmap" .
cluster_cols = FALSE,
cluster rows = FALSE,
gaps_col =c¢(1),
annotation_col = anno_col,

annotation_colors =ann_color,

clustering_distance cols =dcols

HI RAE A M B A (L5 2), BB & L R IE AP AE R R B 26 A R I 22 57
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Figure 2. Heat map shows that regulatory degree of genes which are in same expression tend in liver after treated with quer-
cetin under normal diet and high-fat diet
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GSE62805 11 GSE38141 Wi/ Ml 41 #04f8 P Sk 3o 15 St bRk R 2 AR, HA SR A28 — 30, SR ARl
I 0.05% HIME 27 20 A JE A I Ik 4 2R Bk IR i iy, B335y CSTBLI6T /NG, /N3
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Figure 3. Comparison of up-regulated and down-regulated genes in mice liver after quercetin intervention under normal diet

and high-fat diet
3. EEBRAEMSRREFMHTHMERTRE NRAFE DFERM TRAREERLR

Table 3. The expression of downregulated genes in Normal Diet (ND) and upregulated genes in High Fat Diet (HFD) GEO
Datasets

3. MEERTMRERRRFHAT TEAMESKERRFH LENERNREE

Fold change P-value Fold change P-value

Gene
(ND) (ND) (HFD) (HFD)
1700084K02Rik 0.37 0.0156 2.11 0.0105
2610311E24Rik 0.33 0.0017 2.15 0.0052
3110009F21Rik 0.31 0.0390 6.38 0.0023
7630403G23Rik 0.27 0.0131 10.08 0.0006
9130011L11Rik 0.36 0.0053 3.07 0.0044
Adamts20 0.29 0.0473 3.60 0.0080
Agr2 0.33 0.0429 2.86 0.0186
Arl4d 0.48 0.0322 2.78 0.0280
Bpifa2 0.14 0.0002 6.65 0.0036
Cd28 0.36 0.0138 223 0.0325
Chrna3 0.46 0.0377 2.90 0.0013
Col20al 0.38 0.0221 3.43 0.0099
Csn2 0.25 0.0141 242 0.0460
Ctxn3 0.23 0.0059 231 0.0100
Dclkl 0.31 0.0417 2.34 0.0214
Dio2 0.50 0.0069 2.80 0.0042
Dnajb7 0.38 0.0061 2.34 0.0085
Dtna 0.24 0.0210 4.20 0.0081
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Gabra2 0.35 0.0416 3.00 0.0342
Gm9999 0.30 0.0214 2.37 0.0093
Gnaol 0.41 0.0233 2.27 0.0157
LOC102635948 0.39 0.0395 3.86 0.0017
Mgat5b 0.31 0.0229 442 0.0006
Myom2 0.40 0.0382 5.64 0.0020
Pclo 0.41 0.0157 3.35 0.0478
Rfx2 0.29 0.0076 4.14 0.0180
Slc6al9 0.20 0.0159 2.59 0.0432
Slc8al 0.40 0.0033 2.92 0.0130
Sin 0.40 0.0389 4.24 0.0055
Svopl 0.25 0.0059 5.73 0.0040
Taf9b 0.28 0.0486 4.48 0.0459
Tmed7 0.25 0.0049 3.34 0.0455
Tmem?229a 0.29 0.0066 342 0.0185
Tnik 0.36 0.0362 3.36 0.0447
TtcS 0.37 0.0434 2.64 0.0252
Tyrpl 0.46 0.0110 291 0.0033

Zmynd12 0.35 0.0453 2.18 0.160

2L kRid 9 E i (Fold change > 2)J3E[H, G712 174 F #(Fold change < 0.5)3&H .

Table 4. The expression of upregulated genes in Normal Diet (ND) and downregulated genes in High Fat Diet (HFD) GEO
Datasets

4. MERTREESREFHTREDAMASKERRZG TENERNREIE

Fold change P-value Fold change P-value

Gene
(ND) (ND) (HFD) (HFD)
4833420L08Rik 2.39 0.0419 0.36 0.0453
Atcay 2.8 0.0156 0.41 0.0500
Gng2 2.52 0.0461 0.45 0.0197
Hoxal0 2.59 0.0262 0.22 0.0065
MyoSc 3.09 0.0353 0.39 0.0396
Nav2 2.86 0.00383 0.38 0.0332
Npas3 2.69 0.0383 0.26 0.0392
Obox2 2.99 0.0278 0.36 0.0259
Scai 3.36 0.0185 0.47 0.0344
Skal 2.29 0.0386 0.27 0.0077
Zp28 3.03 0.0226 0.29 0.0198

LR FRIE E(Fold change > 2)[WFEH, G EARICHINFRIE T if(Fold change < 0.5)[f1 3 H .
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Table 5. The information of GEO Datasets that were used for the analysis of gene expression in mice liver when treated with
quercetin

5. MR ETED RIFEAERRILIER GEO MMEFIKIEERES

GEO number Species Strain Gender Treatment Group Sample size Dose Feeding period
Normal diet + quercetin 6
GSE62805 mice C56BL/6] male vs. Vs. 0.05% 20 weeks
Normal diet 6
High fat diet + quercetin 6
GSE38141 mice C56BL/6J male Vvs. Vvs. 0.05% 20 weeks
High fat diet 6

45 5 A] LLE A PRI 2 T R IE ) Gapdh A1 Actb FZIA 50t B2 M L 1A SB35 1 (0 2 57t
(P>0.05), JHZESMHEEEI 1 (W 6).

Table 6. The expression of Housekeeping genes in two GEO Datasets
6. WMEIBEEEREERE

Fold change P-value Fold change P-value
Housekeeping Gene
(ND) (ND) (HFD) (HFD)
Gapdh 0.9455 0.5903 N/A N/A
Actb 1.0349 0.7012 1.072 0.3472

i 2R TE R R B 25 T X /N BRI ik (R R R 52 i A 40 MDA — 8, Hdh g 28 Mk
RITE P PR B 24 N AR I LWL 1(2), 437108 Gm14781, Ntk2, Mbd4, Tcafl, Nefh, Phka2,
3110054G05Rik, Dtna, 4933424H11Rik, Rgs7bp, 4933431MO2Rik, Clip4, Prdx6b, 1700072HI2Rik,
Bmprlb, Timp4, Syt6, Slc5a9, Sncaip, Gml6055, Sgipl, Zfp804a, Txlnb, Foxn4, Adgrl3, C78115,
BB236558 il Oaslh. 55 12 MNEEKITEPI A& 24 R RN T IHLE 1(b)), 425124 Cendl, Gabrb2,
Agbl4, Trim9, Plekhh2, Prph, Spagl6, Zp3r, 5033428CO3Rik, Tm4sf20, Lrp8 Fl Arpp21. X ZHi
FAEPRFRIRCAT 2 At TR/ BRI L R 4 1 3L e 2 Ak

P AIEE 2 A T 40 SR AR — BN R B AR ) 2= AU P A, R 1 A EhRR AR
ik Fif(Fold change > 2)ffJ5E K], 2 2 Zrabric i35 93 I8 T i (Fold change < 0.5)f:A . FFi2 FH#A & 4y
S5k U R DT (O ] 2a)) R R PR R R (L P 2(b)) PE PR R B A 1 I BE AT L. R IR S K]
TEM AR S84 TR s — 2, R0 25 DRI 75 i 2 AN A 1R

Wi e R AE P AR 2R XN RIS R ) RS PE A, by 48 AN BRI E S AR, HAd 11
ANEERIE IR IR SR FER I i, SRR S TR NI 3(b): A 37 MERTEIE
WIRE KM TERIA W, MR EF4 RN v EFEOLE 3@).

SR 40 AN TATT R BN EE R 48 AN &SR R I EE R #ET GO BT, KILKILEH—
B HE K 2 5 40 3 FEARTE AN AL IS 515 RO 4(a)): RIS SRR S A s, Rk
A FEREAH R (WL B 4(b))o

4. Wit
BB TS ACT R, AT T 35 500 B Ak, BRI S MBS . A A B A
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Figure 4. The pathways the regulated genes which are in same and opposite expression tend involved in are presented
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