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' FH R A4S 5 R U 4 4= 2 T 4H DNA P BB Y
Y5 0 A

FRFA, Fuy, REFE, Z&, HNAE, e
WE P EZ R, TR X MG Kl 11665, 611137

(H#ZE] HH FHTFMERRAXAIT@IDNA FRAFIE, FiE SBORRMAANMA L 5L ®E M
BT KR TF R, TOREEE3 RS AERT—Raf TR, 3REFSDRRAEXATEHA, I
BB K RAFNELA LR, #E4T DNA #9IRYS Fite, #32 DNA &, #AT PR 5, 5 AF L At 477E— st
G ERR, HFF—RKE, FToRaegERXBRSsANE T4, REFFERKR, F—R4A, FToika
ERFFERBRLE, ¥EEEXBXKIAR, FARBUAN G E KRG EHFAANBEFTH LM 2765 F R
g ER B, A £ RRABREH#HTCO, KEGCH . BR F—RAEKMF 276091 g & KK,
F kA EFEF3094300 8 ERXK, TOALFR2I543ATERB, SeaaXR4an, F—RuEm
JEAR K R E TS S KL 3724, b FARALKFIEE 89A, FHEAKFHEAR283 /A ; T v R4 BT8R4k
RRREFEERRESIE, L P FREMKFIEEHI0A, FRMUOKFER2IAN, BRTF—KRAL5 FoRAZ
FEERBOE, I HEE2FETERXBI2A, F£2FFERK#ITCO. KEGCH LT, EX I3
AR 1A, L P EMAKTFIEEHA Gdapl . Cdkall, Cd300lb, P HEALK-FEAKA Zmizl . Famllla, Sh3bpd.
As3mt. Coll6al. LOC103690271. Wdpep. LOC102553861, M B Zhit i A &bk A & . KL, @i
¥ih, miebrE, BEHT. AMAT . BEREF, Hig FMEEKRRARAAET@MICDNA Fhiey £
kL, EFTAMAEESEXRARNE P THBRAEAFREERESRH. BERBRFELFHETIL,
[R&iA] BrgE; AKA; Aaie; DNAWREA,; RUE#FESE;, KR

FEWA AL 2 1 B RFE LRSS DNA JF 51 11 Dossy20220325001) .
BRI B DNA HJEAL g | Ge o i 45 MR 25 DA | MRE5RE
R HE RS E S A A 2Z )% 8 2 15 B % L1
B — 11248 o AR AT T T 5 PH RIE TR BRI 10 1 5 B A P
T BH AR SR BRI ST, % TR B BRI S 14 S 8 A B, T {CHER R, (KT 326~335 g FIUfCAE
XERFAEDNA FEMAACFER ™, Tk, R B3 H, A 330~334g, ¥H90 HER. SPFZSD
PURRBIALOTA 1) (1 R PE BRI, BFE e s i k32~ 390 8, 90 F S, WO IR ARIE
PR P BUROC LR JEINA DNA ORIERIN2 e gy g, oo T E 55 SCXK. (1)
5. PP B P DNA ROLRCAESEALAL, T 5015030, e Bt 7 T Al i 92 0 3 40 47 B 24
WS A5 27 8 /15 B BH R AR SR 7 328 4 5 2R 58 T AR 2. SPRERHE. WREFFHIEE (2061)°C. [ i
AT B DNA H B LA RRE,, BB UES I A G R £ ARk
TR A g b PR AR AR R A AT A T . ARSI 28 A 1.2 2Bk A AR
AR 2R S e s Y (e HLR Bl i il (AL DNeasy Blood & Tissue {77 & (Qiagen 2\ F ,
R [ LA (31873204) = 69504) ; SimpleDIP™ Hydroxymethylated DNA
S SEBIRAE# :wh@cdutem. edu. cn IP (hMeDIP) | & (CSTAw, #t5 95176);
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TruSeq DNA LT Sample Prep iX7 & (Illumina A F],
L5 FC-121-2001) 5 L HZEN (R 258 12
FABRAF, Hit'5: F20141117),

Qubit Flex 9% 61t (ThermoFisher 2 7, 7l
Q33327) ; M5 B 8 42 (Diagenode 2% 7], %l
Bioruptor pico) s DNAJFEAY (Tlumina 2y 7], %Y
NovaSeq6000) ; BEERAZ RS (Bio-rad A F], 7l
GelDoc XR Biorad) .

1.3 Zhain

BB Rk e 3 A — UK R 7
—fRe, 3 HFIARRRA e ; 3 HIER
SD R = HAH .

1.4 WLARIEARA T ik

141 ERATAHFIE  THRIHRIEH 3K 20: 00
WA 20 R B RS PR . TG SIS0 R BT
. BN AEEN .

1.4.2 FFZLL2A DNA SIS e 2% 4R BUBOR Hif
— MR I . 2% G E 24 (40 mg/kg) JE
TES BRI B, SBUIFREAT i, T34 B 0 e 0 JiT
HEH 2B HL 0. 4 g P, S7RIE A-80 CLUT
P RIR A o K FH DNeasy Blood & Tissue iz 5]
&, R MU A5 P SR IR AT R BT 44U DNA Y42
B, $2HUS A9 DNA 2K H Qubit Flex 281347 &
o, BERUE RGN DNA SR . FEAS DNA
JEARET 50 ng/pl, FE4h S DNA AL T2 pg, BT
Kr 5 A% Y DNAFEAT-80 CHRAT

1.4.3 DNA L EAH#zEL FRfem 5 9 DNAFE
AHL 2 weg, H Biorupter R R T T DNA R Bt
o Fr Bk DNA #EAT AR S Ah-F- . sk . #% 1R
SimpleDIP ™ Hydroxymethylated DNA IP (hMeDIP)
Ui A5 R & 45 F L4k X3k DNA, TruSeq DNA LT
Sample Prep i 7| & #EAT SCAEA #E, Qubit Flex 24
THE i DNA SCE . M 58 Y SRR C7E DNA
A E AT

144 FHRUHBLEE AHELF5H  WF
SERUE . RRURBRIEAT B . AL, 52k
DI EATHE— L X o SR MACS 2 50 I e 51l
(reads) 7E4& K4 b f BT Ak B 4R X AT E A7
NG YR VAN o e v I B I F A AR e
S E P LR, WER RS, 7.
FVOARZH 22 5 AR DB B, o AR RO 2
PR, IR AR A 2 ) A DX g B AR AR B2 S i 28
2 ) 22 S H AL AR X [RIRs, X H A
£ (ZERCIERH) #1417 GO, KEGG FIREH T,

=3

d0 Qo Jo Jdo

AT SE PR HEA T D RE T R A 2
1.5 %itErk

K SPSS 23. 0 Ge it 8 A #E AT 84l o b, 1t
HORER YRR (vxs) FOR, A LA
tkEE:, LAP<0.05 MZESFAGIFE L.
2 BB
2.1 BWMRKAENATAFNELER

RABEIE ) B TE 2 AT R 2 J2 DAAE A R
WA . 25 AL R B PR S R4, SUHAT#F,
TGl S R, BBGPE . R, W, HE
MRA B FLME, s, +— 4. FruRa R
WA, PHMERE, VA ER, £
AL, WESES, BT LM, AR Y.
2.2 BAKFAAMILDNA G E XX R

TF— AL FH R A ot K R 3R A5 276 091 4~ &
LI, VUL BH R A4 5T K B AL 2845 309 430
MRS, 2 PRI 275 4131 E A X
2.3 AKX R DNA £ 5% & X R4 547
&R

HERAARBAMALL, T4 5 BH R AR R
2550 A XL 372 4, Horp BB K OF- 3 5 89
A, HIEARKOFREAG 283 45 T PUAR AL B BH i A
KBS 8 2 X3t 514>, o BB A K P 3
307, WAL AKFREMR 214 225 W b 7
— Al rFfa L.
2.4 BAKAImILDNA £7F 5 £ XL S5
%R

F— AL FH B AR T K B 22 5 4R Xl 5 - 7
AR BH R A o R BR 25 S e R XU 4R, 1534
[ Y25 5 AR X 124, FRE DI RIE H 11 4>,
F1-2R, SEAHALE, F—RAmFURA KR
JH4H i DNA H AR K P38 S 947 . Gdapl. Cdkall,
Cd3001b; HIFEALAKCFREMRAYA . Zmizl . Famllla,
Sh3bp4. As3mt, Coll6al. LOC103690271, Wdpcp .
L0OC102553861, %% I A #4T GO I KEGG %%
PR ER D RETE BRI, Horp GO Bdi sk 101
(LOC102553861 KWk ), KEGG B % H /i k&
WSR . CIREER () Dy R T R S T 85 R L3R 3
3 iFig

KERZAT R 2 SR S5 5, B BH A o R B
WA, PHMERE, VA SR, £
g L, WSS, =oAL, MRS G,
PREFERE, RN BIRE, BRI N HR
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R T AR FH A BOR BRS 25 E 4LR URT 240 M
DNA SKHRIE P ALK HE AR

T2 T VAR FH A R PR 25 1 ALK URT 240 M
DNA SCI5HE A AL AT HL AR

s T ompa 0 R M e wagm

o o
Gdapl 35.42+2.34 16. 1+£5.53 1.14 0.046 Gdapl 47.53+15.23 19. 15+4. 89 1.31 0.028
Zmizl 26.69+19.86  74.34+6.3 -1.48 0.015 Zmizl 28.94+3. 08 84.65+7.04 -1.55 0.000
Famllla 36. 66+23.35 240.96+154.39 -2.72 0.003 Famllla 43.37+21. 45 274.4+175.8 -2.66 0.001
Cdkall 64.54+14. 67  23.29+4.72 1.47 0.000 Cdkall 59. 89+18. 64 26. 1+5.99 1.20 0.041
Sh3bp4 18.25+3.9 41.37+4. 85 -1.18 0.018 Sh3bp4 22.42+1. 65 47.12+5.64  -1.07 0.026
As3mt 15.93+5. 29 43.05+4.91 -1.43 0.001 As3mt 18. 88+4. 99 49.03+5.62  -1.38 0.002
Coll6al 52.37+6. 45 100. 19+15. 6 -0.94 0.013 Coll6al 64.02+1.97 114.08+17.63 -0.83 0.023
Cd3001b 61.48+24.36  16.22+13.31 1.92 0.047 Cd3001b 74.94+5.73 26.98+15.43 1.47 0.007
LOC103690271 12. 07+4. 46 66.71+24.37  -2.47 0.000 LOC103690271 10.02+2. 33 76.02+27.95 -2.92 0.000
Wdpcp 26. 03+5. 38 59. 88+9. 73 -1.20 0. 005 Wdpcp 32.83+6. 80 68.19+11.07 -1.05 0.007
LOC102553861  29.13+15.85  68.75+12.72  -1.24 0.047 LOC102553861  40. 08+8. 31 78.28+14.42 -0.97 0.038
LOC102553861  44.31+26.97 118.02+45.74 -1.41 0.050 LOC102553861  22.70+11.10  134.40+52.10 -2.57 0.000

TE . Fold {H BD & 4 F— 41/ A4 iUog2, TEAH 3678 H 4
KPR, FUEFR PSR AT, Fold (A4 R EIER, 3%
IR H RALFEE B85 5 FDR D28 Benjamini & Hochberg 25 T 1656 24 1F
A PAE; LOC103690271 36K R BMANO 8,  PHtA m 2 Akl
AR, KT RMEMHLRE AT, ST DI fE s )
RE ISR BL; “PHESN”, KB shisiss il B i
SEIEE I TR B0 LR KRR Sk
¥, AT FLHERORE s ATR TS G A R BRI A
JEMERTE, X TR B R TR, ERGEK A S
MK Z T TR, SR RS R 3

25 MeDIP-Seq F 3 4k DNA #9 2 90 vE i 5
R TN PUARZE B B R AR AR A K B 5 25
FIA R U DR T A7 A E B 25 5, I 4R
7N B R AR BT 55 DNA FIERAR AR G . DA 22 57 Y 34k
wWEXESE EE, TR R ud 2,

TE: Fold {H B By 4 13 7 DU 4/2s A B log2, T 457R 3%
KPS, FUBEFOR PSR REAR, Fold (MM XHERIR, *
N H RALFEE B 5 FDR D28 Benjamini & Hochberg 25 T 1656 24 1F
JEI PAE; 1LOC103690271 J:FH R SFAMO 5, BRI AT A 45
LI AR R B Sk 22 5 B i, —
FEFRRE FARRF— U FHR AR SO T ARG 20
T

T B B R A BT R B 22 S e B X 5 - AR
B B M AR B R B 2 5 o R X OB L i 1222
SE X, 9 BEF] Gdapl, Cdkall, Cd3001b,
Zmizl, Famllla, Sh3bp4, As3mt, Coll6al,
LOC103690271, Wdpcp. LOC102553861 11/~3&[A .
SR Dype e rh TR AR AR . BEAR A LA S
TR

AVREH AT ST =7 R WY, IR S
PH R 4 57 5 R AR g i AR AR O, bR Y s

F3  REUTAIME DNA SBR[ YE GO B 14 Fh i T RE T B

HEH ER7pun 4R 53 5y FIRE
Gdapl LRI I UE O TR ST, SRR LRI, SRR S —
Zmizl AN, LR A AMMIERE, AMMINBESS S AN A5G, 2R TS
Famllla AN A, SRR E SR A, e @RSy —
Cdkall TRNAJIL, AH A= MM AERS, LG A A MR RE A 1, PR M 1
Sh3bp4 AN, R A A AN, A A KRG, SR IR &
As3mt i Z R AR, SRR ANML NS5y, AN TEARERER AL RORRE I, H AL RO RS 1
Coll6al BB, A0 A S R B T ) 98 EORAMAMETT, QMRS ARG S, EAREAWESH
€d3001b — AR 9% T g —
LOC103690271 X Ab 27l i s B IR, Al 55 B B R I, LAY [ 8 [FSR T, 2R

SQipih ¢

Wdpep AEES R A A MBS 5y, A0 T 5 43 —
LOC102553861 — — —

TE: R COBARPEDI BRI R 2 S AT “—7 FoRARIMA
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WUE T PH R 5 BE A QI AH DGO HAFAE AR A
Ll B RE AR EE . Gdapl JE R 4t5 Y Gdapl 2
FEN TLABARIME I, R Gdapl SLRIATE 2
LEFIRIINRESE R D) ", Gdapl LK 5 Lk 1A 5
FIEREAE, dEFLORAR AT SR RE Al 0 B 4%
PR AR LR AR 7 2R 5 2 [ -, [ X
St R R 2T A A T LT I AR T AR
S, ZHER AR, SBEOZEERRR
ik, 5 Gdapl B IR A RL, BRI S, F4 1k il
W Uife RIERE . pem QRS , MR D Re it
T, AT B BH R R B — RIEAR S, BUE T
B BH R RE A RS- 5 Gdap 1 FH AL KA 56

B BH R OISR B A ARAS X 4 B 45 s 2
RSl IRIER . BT, B koine
P, PECRR A BT TR H IR
W, BARIERARHL, KU, dE— B0
MIIRE 5% o FE T 5 PH B U Ik 4 R 4 1) F
8RB, WS NE 2 5T o3 A A A2 A DL B 4
MG S 55, S8R B PR R BT s
S WA T R B SRR, NIRRT FH
FESHEIER IS . Cdkall ZER, FER 465 Cdkall
M. Cdkall 8 AT DR IR T =852 (ATP) 1Y
AR, DT B I R A TR B A A P AR — B B )
B "7 Cdkall JEH SHLEAIER ™, R 2
RO RIFAE L 2 — 10 ARszirh, SERREEN
Cdkall (4 H ALK 3G 5, S B0z IR R Ak
A, M Cdkall 25 A AE R . 52 5 3R 1Y
ARG BT, WSUE T 5 B KR S A0 A A I
TG

(R« FRGUEE) B “BlzthE, 85y
A BRTIBURR” W AT S8, BH i FEBE 2 &
SYRBAE M RIS PV BH R AR T R R
b s VA 5 ) AR SE TR PO RE R T v I DR e
W EENTE R R Z — 2 H AR . Famllla
FEPTE H AT b ol i 30 B 1) B SRS PR a1
AT Ay TR B 5 e B T fg ik 0 3 R AR O Y
Zmizl K 4 65 i MIZ 59 45 F 3 i B 48 8 A 1
(Zmizl FE 1), BRI Smad3/4 > Flp53 0 iX
P 25 T 18 9 8 P R PR T Zimiz ] PR S
A2 I A MRS 19K Bl ) 7 As3mt PR i I
IR AL I B R (As3mt) ™, K 01 52 5% 7l 5@
1 P ML L S g K A, AR AR Y S L RS
fiti (As3mt) 7EUSLITRRPRFEZIEH > Wdpep
DX 4t 5 1) 2 112 50 i CPLANE 2 417, EmEL

HYHIEYAFEET . ABILFAET A S
WM, 5 his heF BRRIRLT BHif . MR T
JE R 40 MO PN Shh, Wit 25 {5 545 186 1) T 240 i
e S E S E g (Hedgehog, HH) 54 3%
TSI kA REFERE VI, Shh
{55 WA HHAE 5 W 2532, 76 MR g
REBZEIAEIN D, Wn{E 5K 122 5%
LRI R E . AU R ssss . 8. I
48, RIS TFEYFE . A P A 2
WFoE RS 2 — 2 RS, I A
Famllla, Zmizl. As3mt. Wdpep W %E 1k 7K F f#
ik, MBI EFRRE, IR L A AT
JAfE T SRS IR AT RS . PR X DU AR I A
B BH 4 5 b %) FR OB R 2 55 R 1 s 2
MR ARG B, 5 PH AT IR 4 & AR o A
—3.

Sh3bp4 4iith ) SH3 45 14 3l 45 & 2 11 4 (Sh3bp4)
55 bR R HE AR A OC, Sh3bpd JE R FE R4 g vh A
BRI EAE Y AR LR . B AR/
it S R A 22 RE A AR, L AE B0 2L R g AN A Y AT
& 2, Sh3bpd J& — /N AE IR, FEAEH
FTREMRKBAWA I HFNMEZLEED
(mTORC) 5 518 %, H.Z5 &4 40 f 3 58 1 [
Wi . Sh3bp4 7K Al il -9 A0 M2 A% . (R 22 R
B, WIRE R 2 IR SR A — N B e AR Y AR
SEu T, BN Sh3bpd H ALK, R
IR, MEAIETEA B, ek
SR b A ML RS . (R28, BRI
BH R A S5 b i) FR S AR B R ] T OE H D RE Y &
i, MW E (RS TR AR . RE, 55
BH 52 1A 5 A g - R AR S A — 3

A Sz u g5 1 oh 3L A Coll6al,  Cd300Ib,
LOC103690271. LOC102553861 H i & P9 7 # A& IW,
AHOCIFSEICER, ABRPIL & ISR R ] g 5 15
FHEEIR ARG, MG eemioe$2 it T2 ml. Ao ss
IR, Coll6al IR EALEH, COTIREHE &
S T4 R L) BE 32 BEAR rf T 4H G A S 1) B
P N e 1 S Wi e eyl TR
Cd3001b 23 AL, GO Thig s o brits
HIyfe F 2 5B A %, LOC103690271 & 3K
IRH b, GOThRe & it n ) fg 2
A5 T 2 T 0 TR P BN L A R 1 4 L
K Z AR5 A4 T . LOC102553861 S FUIG T L4k
#F, GO MKEGG ¥R ILFE K A DI HE
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Zi LTk, B BH AR R BRUTF 4 i DNA H
EFFIESN : Gdapl H AL 7K, s SR AR X 45
BT R, SR B B R AR 5T 5 ek AR fig B A AR OG
Cdkall H 34 R 7K, 52 g 5 2= 19 26 Bl B,
VLT FH R SBEIR ARSI ARG s Fam1 1 1aE N iR
Gy IBIEH | Zmizl V5N AE T B T As3mt
Vg B AH L LR . Wdpep 1 R i 45 510 B AR ¢
LA Y R I I B AR AR K-, Sh3bpd A hy v 75 411 9
LR F I Ak = KO, 4R B BH A4S 5T Ay e 4
R, XS RERE R IR T B — B A, 5220
YRS B OCIRIL P Z (B IR R, LA SR BT 3K 1)
BEARRELL, R E 5 PH A5 DNA 3R A g A4k
YL, Rt B PR AR R 1) & A R R LA B S T
TOUEF BH H2 A 25007 B 29 50 FE it
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Whole-genome DNA Methylation Sequencing and Analysis of Hepatocytes in Rats with Kidney Yang Deficiency

Constitution

OUYANG Shuang, LI Han, CAIl Haiyang, WU Jing, TANG Zhaohui, LI Weihong

Chengdu University of Traditional Chinese Medicine, Chengdu, 611137

ABSTRACT Objective To explore the characteristics of DNA methylation of hepatocytes in rats with kidney yang
deficiency constitution. Methods Three first-generation and three fourth-generation male offspring of spontaneous
kidney yang deficiency model rats developed by our previous research were selected as the first-generation offspring
group and fourth-generation offspring group, respectively, and three normal SD rats were set as the blank group. The
liver tissues of rats in each group were collected for DNA extraction and quality inspection, and DNA libraries were
then constructed. Methylation sequencing was performed, and the results were uniquely compared with the reference
genome to identify the location of enrichment regions. The enriched region of the first-generation offspring group and
the fourth-generation offspring group were compared to that of the blank group, respectively, to identify the differen-
tially enriched regions. The differentially enriched regions of first-generation offspring group and the fourth-generation
offspring group were intersected, and the enrichment region was associated with genes. The methylation-enriched re-
gions that differ between groups were then identified according to the differences in the number of enriched samples in

enriched regions between groups. GO and KEGG functional analysis was performed on differentially expressed genes.
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Results A total of 276 091 enrichment regions were obtained in the first-generation offspring group, while 309 430
enrichment regions and 275 413 enrichment regions were identified in the fourth-generation offspring group and the
blank group, respectively. Compared to the rats in the blank group, there were 372 differentially enriched regions in
the kidney yang deficiency rats in the first-generation offspring group, among which 89 regions had increased methyla-
tion levels and 283 had decreased methylation levels; there were 51 differentially enriched regions in the kidney yang
deficiency rats in the fourth-generation offspring group, among which 30 regions had increased methylation levels and
21 had decreased methylation levels. The intersection of the differentially enriched areas of the first-generation off-
spring group and the fourth-generation offspring group preliminarily identified 12 differentially enriched regions. GO
and KEGG functional analysis of differentially enriched regions showed that 11 genes were closely related. Gdapl,
Cdkall, and Cd300lb had an increase in the methylation level, while Zmizl, Fam111a, Sh3bp4, As3mt, Coll6al,
LOC103690271, Wdpcp, and LOC102553861 had a decrease in the methylation level. Gene function was involved
with mitochondrial membrane formation, metabolic process, cell proliferation, cell phagocytosis, signal transduc-
tion, biological regulation, protein localization, etc. Cneclusion DNA methylation of hepatocytes is differentially ex-
pressed in rats with kidney yang deficiency constitution, and the genes associated with differential methylation sites
are mainly involved with tumorigenesis and biological function disorders such as mitochondrial energy metabolism and
glucose and lipid metabolism.

Keywords kidney yang deficiency; constitution; hepatocytes; DNA methylation; epigenetics; rat
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