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Abstract

Next-generation sequencing and big data analysis were used to investigate the high-fat diet on
gene expression level of intestinal tissues in hamster. Sixteen hamsters were assigned to the con-
trol group and the high-fat group, respectively. At week 12, the high-fat group was switched from
high-fat to the control diet. At weeks 4, 8, 12, and 20, two hamsters from each group were sacri-
ficed for analysis. The results showed that 51~328 genes exhibited more than a twofold change in
expression level in high-fat diet group at week 4, 8, 12. Subsequently, Ingenuity Pathway Analysis
(IPA) was used to analyze the relative gene expression levels. We found that significantly increased
expression levels of genes associated with cell apoptosis, oxidative stress, inflammation, and cell
proliferation compared to the control group. At week 20, the high-fat group still exhibited gene
expressions related to lipid biosynthesis, DNA methylation, and transcriptional repression signal-
ing, but concurrently, several regulatory mechanisms for damage repair were activated in intes-
tinal epithelial cells, including Glutathione-mediated detoxification and nucleotide excision repair.
This study demonstrated that the gene expressions at stopping the intake of high fat diet were
similar to those of long-term high-fat feeding, but it was accompanied with upregulation of repair
genes.
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1. 3]

T PR AR T, ARV S A0S H T e, SRR YOI ABIE N, BN I 57 6,
LT IARHE WL S S RAE” o R LR R R R R SRR .m0
SBR[ [2], A BT ALEN R IS R B R & 251 K I%IE F sulfidogenic bacteria i A4 B [
KEEHE, 35! ik % A5 Z monocyte chemoattractant protein 1 (Mcpl), Tolllike receptor 4
(TIed) SRR} RERI, H AR A H BT R 1) %% 456 8 H(Zonula Occludens-1, ZO-1)%Z i E
BB R N3], et RRa ARt R B, i i 2 R 4H (metagenome) FT 21 5% 5 1A A ET BARAR T B
PR G BE S T BE S B AH 2R [4] [5] [6] [7] [8], il S A M2 R i) e 22 5 58 — A B (Type 1T DM)A K [4] 5
S I A I i 3 e i DR 2L 1 4H R AT g o e st A% 1 T Ok B2 e R — AR, T B L T B (-
Christensenellaceae) 1) K i %5 5 N AR KA DI RER < [8], BItL, Wil i A= i) AL ks 2 fEma N\ A4 i At
PRI AE FRARGL, T HT A FAE TR 48 AN R 2) 188 R W] R 3 Ul 8 B Ah 1 2 iy T eS8 (9] 2 =il
WA 5 3/ SR A R SRR By PRt Fe b, RIIOR RN R R IR AR Ak, R ) A SC R B A
FITRE[10] [11] [12]0 /N RAFFE HR R I 2 R IR B R A 233G BN I R A SN S5 RERE[13 ] PR AT 757
FHIRARGE 771 G 5 it € 7 TR & ik KB 7 b s R O & i il b B 2H 2% 5 1 5 B AR B 4 2 B
et o
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2. RS
2.1. SEIEENRF

H 0 1A N SE30 T 78 e Sz P h oL g S 8 JAl e 1P B (golden Syrian hamster)3t 16 X, BEHLT A
24, 43l A4 (corn starch 45.2%, sucrose 20%, casein 20%, soybean oil 5%, AIN-93M mineral 3.5%,
AIN-93M vitamin 1%, methylated cellulose 5%, DL-methionine 0.3%)#1 /lf 2 (corn starch 28%, sucrose 20%,
casein 20%, soybean oil 5%, lard 17%, AIN-93M mineral 3.5%, AIN-93M vitamin 1%, methylated cellulose
5%, DL-methionine 0.3%, cholesterol 0.2%). [ T sucrose fll soybean oil 4 H 3237, HAEELE S H MP
Biomedicals (Solo, OH, USC). =i IR ZH 2 W85 B s fE Tal ek 22 12 Jl 5 el o) e 2H el 22 5 20 . — 4
CRAATE 4 . 8 . 12 JA f 20 JAREHE . FEHERT AR BRI A S8 ALBR(CO) BRI, DAIR 53 %
i1y WL e 1 € AN 71 G i = 77N o317/ NI 117 V= S AN 71 W K s R S e e 17 v e e ) = T 4
B& 15 ZF B0, FEMA 5 Z T RNAlater (Thermo Fisher)#, JGCE T 4 JEUKH 18 /NG, #8%
280 FEVKFATRAT o H T Wil 2H 233 B RNA J5 & I 20 R A4 H 2 00 i 48 %5 58 J5 RNA Integrity Number
RIN)EAENT 5.0, BIEMHER SR EEREAS, SO AREN LN 2 AMREARREAT P 5 3L RR I M. ARG
LRI B Y IRY ME R A S 2 IZIEE (5 10514).

2.2. BREEZERERS R ERF

FIFH Tri 3772 BURS AZ A% B2 (Total RNA; Ambion, Austin, TX, USA)J5, f# ] NanoDrop ND-1000 43
LT (Thermo Scientific)5 Agilent 2100 A=4)53 HT{X (Agilent Technologies, Palo Alto, CA)KffiiA RNA
WA . B RNA SR AT A260/A280 = 1.8~2.0, RNA 52% /%, RIN > 8.0, BfiJE¥ RNA K
FEEEE A 200 ngful. FrASHUH ()R E 1~2 S50 RNA FEF & Poly-T Z MiRk4iAL HY mRNA, 4ifk 58 5
& Tlumina 2 &) B € G720 (Stranded mRNA Library Prep.) il @ FIFEF, #t— D& cDNA FEH F
(cDNA Library), &E5HH M BHETH 95 FER&E K RNA BT BL, B RNA FEBORDH
160~200 MZHER, BEJG LASEE B SBENLE] AR cDNA, 25 BT cDNA 2 5°5 3 Wis: e r
Mz 517, SEREHAT RGBS, B O3 BT 5] 71 cDNA UK 42 cDNA £:FE. &
K E #5318 NovaSeq6000 5E J7°F- & (Illumina Inc.), LAXURETE 15 E 7 cDNA FE K FE B 5% 150 MZ
HE.

23. EFFERISH

i Fastqc #E47 %€ - BN 5, B MesAurl.0 (Ensembl genome browser 91) 8% JE[K 4, ¥ reads
(10 22 16 25 2 R PR 2, FEEAT BE VR S E & . 8 s ITHE D7 2R A TPM (Transcripts Per Kilobase Million)
BEATARAEAL . 22 53R I HTEL abs(log2FC) K 45T+ 2 B 4 SR H ECALZE i 1A) A 2 25 22 7 (R B )

DIRe RN 5y, BT MM, A T RAB 2 GOKEGG, MGHRHLIIFIHE,
BT bk 2 R R BRI R 7 B2 B0 SR f5 5 5 human/mouse/rat 54T blast i, AR FFER 4 ),
1T Ingenuity Pathway Analysis (IPA)7>HT .

3. 58
3.1. SiEANNTEREE. 2WF ANENEIE

R 125 4 JE B RE AR A B A N B 3 v T AL, ESE 8. 12, 20 A B RE E R LR
V)47 o ZEL A PR R S 2 e T e R 2H, (ER & A B R FH AR B 1 SR DU & 1) v it i 4 6 2 v T4l
H, 8. 12 20 i 4 ¥ A gt LIV 8 3% 7% 5 (data not shown).
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3.2. MiEABERRE

EHIAE 4. 8. 12 FZ MG SIHEREIR R A S ERREZ R, 220 HB2E T mEHE
4. 8 JEANGE 8, 12 MG BB EZER, 520 FNZEEICTH 12 A RS R HN
WA, 5 4 FrEmRaEMER AR A LR EZER, 5 8. 12, 20 MRS RE S
211l 2H (data not shown).

3.3, BRERAERDH

JF 45 B0 JE (paired-end raw reads): #1] ] Trimmomatic #4273 71 X X3 it i JER 46 H B (raw reads) AT i
4 € (V0.33, http://www.usadellab.org/cms/?page=trimmomatic), iTJEE ARHI(N)I reads. i &=L T 20
SO R G R AR FER T 100 bp 1] reads, 152 1 i =451 J5 ) paired-end clean reads (% 1. 3 2).

Table 1. Quality control of next-generation sequencing data of control group

= 1. EHEREREFRE

group C4-1! C4-2 C8-1 Cg-2 C12-1 C12-1 C20-1 C20-2
QC Assessment
Q20 99.38 99.32 98.32 99.43 99.55 99.58 98.95 98.52
Q30 89.51 89.11 87.59 88.27 91 90.98 88.45 86.83
GC 51.5 51.5 48 44 47.5 47.5 41.5 49.5

Alignment

Total input reads 8,143,779 7,666,869 5,168,767 1,243,689 6,537,159 3,997,637 3,926,078 3,416,860

Average input 152 152 152 152 152 152 152 152
read length

Unique Reads

Umq“fg;s’apped 7,355,633 6,962,959 460,894 587,890 3,901,494 3,282,054 3,259,942 987,401

, .
o of uniquely 90.32%  90.82% 8.92% 4727%  59.68%  82.10%  83.03%  28.90%
mapped reads

Chimeric Reads

Number of 66,757 76,750 2608 5456 49,003 42,488 27,970 8691
chimeric reads

% of chimeric
reads

ICoRPs L, 4. 8. 12, 20 WKL 1. 2 A%RS.

0.82% 1.00% 0.05% 0.44% 0.75% 1.06% 0.71% 0.25%

Table 2. Quality control of next-generation sequencing data of high-fat group
2. EHBEEERERFRE

group H4-1' H4-2 H8-1 H8-2 H12-1 H12-2 H20-1 H20-2
QC Assessment

Q20 99.06 99.25 99.15 98.95 98.7 99.07 99.17 99.16

Q30 85.26 89.28 89.03 88.27 88.29 88.06 85.73 87.29

GC 47 51 48.5 44 48 49 48.5 48.5
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Continued

Alignment
Total input reads 2,891,051 2,677,499 377,801 381,698 1,187,221 5,284,996 3,670,092 3,403,667

Average input

read length 152 152 152 152 152 152 152 152

Unique Reads

Uniquely

2,194,156 2,235,142 61,802 3,285,081 501,686 4,718,648 2,989,881 3,004,345
mapped reads

% of uniquely

75.89% 83.48% 16.36% 84.10% 42.26% 89.28% 81.47% 88.27%
mapped reads
Chimeric Reads

Number of

R 16,678 23,366 519 610 3740 53,483 29,914 32,798
chimeric reads

% of chimeric
reads

H Jymhisd: 4. 8. 12, 20 NAE%L: 1. 2 AT,

0.58% 0.87% 0.14% 0.16% 0.32% 1.01% 0.82% 0.96%

LA MesAurl.0 (Ensembl genome browser 91)AZE R4, ¥ reads IR LS H RN, Filb{T
RS Es. 2T 2R TPM (Transcripts Per Kilobase Million) AT AR #EML . ZF 2RI HT =2
A abs(log2FC) K 1551 2 Bl 4 SRk H LB ZH 7 (8] 35 22 e (M 2R R (52 3). BF e 4 SRR, MRE miflR Tk
T 4~12 G, e d R R RO S A LB R I, FE DR R 2 Sk A3 DA b 1 326 DR B0 5 M )
W2 Mg n, W R AR A 20 A, mlENRE A S B R R I A 4 £ DL B
DINTE YR

Table 3. Analysis of changes in intestinal gene expression

3. ERERADH

HF/ CON H4/C4' H8/C8 H12/C12 H20/C20
abs(log2FC) >2 >2 >2 >4
DEGs 150 354 618 963
Blast to Mammals 120 331 621 883
IPA mapped genes 51 172 328 469

IC M, H vmmled, 4. 8. 12. 20 NEA%.

IPA LB 4 O 2 g T RGUEY 7 5IE R8T, FATK & HPREM AR ER
FEI, B TPA AT /3G, AT DU AR OGSk P H Frdk DR Zh e 5 LAt 237 IR IR %G &R, HFPkid
AT LI RACER M AE MR AR RIZ R R (R 4.

4. Wig

FEABRFCH, WA 4 % 12 A BRI & R IR BT S IPA 4015, TRAIE M Ak
HLE AL A VR 2 T AT S AR R 48 RIS 5 T £ 5 % 5 R 26 T 00 2 00 8 A2 ML
F AT B LR (R
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Table 4. Ingenuity Pathway Analysis (IPA) (top 5 canonical pathways for each group)
3% 4. IPA £YIRE ST 5 TR EZRIERE)

Ingenuity Pathway Analysis (top 5) —log (p-value)
Lipid Antigen Presentation by CD1 2.81
Nur77 Signaling in T Lymphocytes 2.13
H4/C4! Calcium-induced T Lymphocyte Apoptosis 2.02
PXR/RXR Activation 1.98
Pyruvate Fermentation to Lactate 1.91
ILK Signaling 6.04
Tight Junction Signaling 3.82
HS8/C8 Agranulocyte Adhesion and Diapedesis 3.66
Airway Pathology in Chronic Obstructive Pulmonary Disease 2.89
Hepatic Fibrosis/Hepatic Stellate Cell Activation 2.77
ILK Signaling 3.16
Adipogenesis pathway 2.89
H12/C12 PAK Signaling 2.81
TNFRI1 Signaling 2.54
Calcium Signaling 2.48
Glutathione-mediated Detoxification 4.35
Adipogenesis pathway 4.06
H20/C20 DNA Methylation and Transcriptional Repression Signaling 3.6
Glycine Degradation (Creatine Biosynthesis) 3.54
Nucleotide Excision Repair Pathway 3.53

'CONIE I H it Ag 4, 4.8 12,20 9/ %; *The most statistically significant canonical pathways are listed according
to their p value (—log).

WFLL CD1 ZEH GNP s R e 5, RIMA BRI RITHR K RIEE S RS = PE14]. [
i Nur77 85 A2 T 40 S2 AR TR 55 38 Am B T o ik 25 I 70 R IS &5 1 K 2 Tk gi = AR T,
BEMIE A MEF2 85567383 BT, B INIGEs B G 28 1 52 AR (LDLR) R I 5 LDL [WRise, T izl ik
HORBEAL 25 R[15]. B —T/NRAF A &I, 7E Pregnane X Receptor (PXR)JE K AIBx /N AR, DL
JETRIR B SR IL, PXR ZWUERIG, RAEMHEREE R, I T M R 22 2 B B (PCXK9)
FKIVEIGIN, PCXK9 2= 5 K77 240 B 2 th A3 FE IR 28 1 32 R (LDLR) 45 & J5 B %, T LDLR 5244 %%
H b & S80iiE LDL JHEEE(LDL-O)$Ehn[16]. 5 —J7, ATABFFCH AR, I o e fE E ik
H e SFEEHR LERA RN A . BULERE AR WE N T . 4B B & 5 (Pyruvate
dehy-drogenase complex){H Joi2: J B K P B R i 458 B4 A (Acetyl-CoA)E N AN, ZHEUHA
TCIEAE A FNTFIERAT 78 2 e 508 B A AR R HERR 171

M E AR RN — i J5 &KL, integrin-linked kinase (ILK)ZR L& b FHdk iy pl ik 5 2= BH PTG N 5
FEBE R 96 SN[ 18] [19] [20]. Tight junction signaling U 5403544 ¢, Tight junction & [ 7] LAZEREfi71E
b R AP TE RN, AT AR AR A 2 1 Y TE b B A R AR (B s 1738 9%) [21]. Agranulocyte Adhesion
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and Diapedesi 7Nk 2 [ M S BAAIE[22], (RIS 5K 98 s SEAH I IR 518 1 BH ZE 14 i 8 (Airway Pa-
thology in Chronic Obstructive Pulmonary Disease) <3 K78 K EFR I [23]. — I = H [ BE R A 1 /8 BR Sk
AR, TR HE R AN, 55 TG T R HER, B TLR4 R EAfE SRR E R,
1M TLR4 W30 AR G2 51 K KRB, NI B IEAF 4R [24] 0 BN — TRV B B SRR B it o
WoR, BRIRER SN, &k BRI AE /R H (adipogenesis) M & 4 S MR FE K], f1: SREBP-1c, FASNI,
DGAT2 4RI EAH ETFRIILR[25]. PAK U AT (35 R R I 57 5 B A 9 5 i O TS B 5526
TNFR1 JEE 5 BN RO 7 R B, SR= TNFR1 0] DLAHAR & B g E R RERE, BRI TNFR1 BRI &1
T0u) it OB RE I DL [27] o FEFRATTI 25 B IR A A B8 A5 oA SRR AR I S R I, o i A R B s
MR B MR TR/ N B 2 T 4 M b Lo M e R 85 S 5 58 %, 5a S EUIR IS8 500 1) K A2 (28]

23t 12 A& EREHRE N —RRENERZE 20 FJE, T8R0T LRI 1E 20 2308 A /R FHAH
K EER RIS DNA HI AL S st TR S AL S 3L R R IR0 e T 21, s s IR e 5 R 2 W iE g
Joi A= B A i R KA F BB G AT IHAFAE[25] [29], HARAEAE SRR IE, e giE b AisEsh 12
Wik FAEBERIRENLS], #1: glutathione-mediated detoxification, 7ERT A /N R SZEE K 78 & B8
W B lEm TR /N RALA A, B H TR(GSH)RILEFFK 25%, K & Fabr BN 2K-6 (IL-6)f 4.5 f%
R ERIN[30], BAREIRANI LGS, 4 2 12 F SRR E AN G BB AR S A I R E 2R,
RV E — MR 22 20 JAINE, 2030 GSH RIS W38 38 0, SXRER SR IAT LLA SR A v g e & Pl
PR EA S R R R3], T35k, ESRAR G R TE 2H 2t 7R &K B nucleotide excision repair (NER)
AN S 23R4T DR I 7] e AR PR BT Bzl 2H 2395 R R 48 s 0 5 450493 J IRMB AL [32] o IS £ B T oK
() Glycine fRUAHICHE R UL S 2R BRI, FF2 505 (205 3G nbi s bt 32 15 7= A TR R Yo
2331,

ASCIGUESE T HUH SRR — B RS, B 2 BAAEAE A K 98 N ) B R R AL, (F 2 [R]
PR R SN R R LR BT IR 1B 5 . SR8 AN IR 18 21 25 DR R I 23 #r 5 2 At 7 i 1 S AR TR
FHAT BT 285 SR [ 341 3R 5 AL, T 0 108 40 6 7= £ )3 6 J5 872 153 Y0 T 40 T T R eS8 7T 48 1 7 A R A £ FH )
SO PR E, RAETR RS R I R SR .

B
R G VRS BT BT T L SR AR PR BB
E&MHE

RS 92K AR G4 $ 8RB USC-105-05-02004.
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