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Abstract: Uhrfl is a multi-domain and multifunctional epigenetic regulator playing key roles in
DNA methylation, cell metabolism, and cell proliferation. To investigate the role of Uhrfl in the
reproductive physiology of female yaks, we collected three reproductive organs (ovaries,
oviducts, and uteri) from healthy yaks during three reproductive phases (follicular, luteal, and
gestational phases), with a total of nine groups. Real-time fluorescence quantitative PCR
(RT-gqPCR), Western blotting, and immunohistochemistry (IHC) were employed to determine
the expression levels of Uhrfl and the subcellular localization of this protein. RT-qPCR and
Western blotting results showed that Uhrfl was expressed highest in the oviduct during the
follicular phase, moderate expression in the uterus during the gestational phase, and the lowest
expression in the uterus during the luteal phase (P<0.05). IHC results showed that Uhrfl was
mainly expressed in the ovarian germinal epithelium, theca follicular, follicular granulosa,
luteal cells, oviduct mucosal epithelial cells, and uterine glands (UG) of yaks. In conclusion,
Uhrfl was differentially expressed in the major reproductive organs during the reproductive
cycle of female yaks, indicating its important regulatory role in the reproductive physiology of
yaks.
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TUURJRT S 1Y, FT R A MG 5 A I AR
TEZE ELIE B 20 BRI R0 HE P RS A o 45 2
AU e v g B 2R Uhrfl J2—F E3
R ERERE, 25 DNA WL A4 A&,
B A H3 R 2R, (B DNA
H JLFE RS 1(DNA methyltransferase 1, Dnmtl)
B 42 1l 457 s, 8 1] FF 4] (replication foci targeting
sequence, RFTS)Z5Hydit— iR, Mimife it
Dnmtl A IE8 &AL 580G, IFREZ Zinic i
E2-E3 &ZAWIAEHE Unrfl K452 ZABiirE M.,

Uhrfl 2 1A Z 250 D ie i 2= Wi & 4
FIM S5 2R e iR R MR R E
DNA WAL . A, anpsgsd i . 4
JEL R DL S A 45 FE N A R e M b R A G
SRRV s R, WL s AR A
FEAHMI A Uhrfl (9 25 0 e Ok mT S 3 56 4
ARFM WHEHFIE LI, BR uhrfl 7] gz /N R
O B 20 it 0 o £, /0N B B 40 R S PR B
uhrfl LR, A SBOEMEAT, uhrfl B ERR
(knockout, KO)HRKHR AR 7EIE B FER B B 2
AIAET-U . /N B AL SRR AN A S uhrfL R
MR IE RN T AT, A 2SR A
BEFA 3 A S IS5 e e R R R ol 22 A 7 40
e 7% ey 1 e

Z5 FJiR, Uhrfl 7E0 2L 30 09 a8 o f v
RAFHE VR . SR, 1R UL Uhrfl 7EAN[R] 8¢
B BEFEA B T A R IA BT ARGE .
M, AR5 A RT-gPCR. Western blotting
THC VLA Uhrf1 7EAS [F) 258 A B 24F 32 84 5l
ar B P BRI SOE L, Rk —PARSY Uhrfl 7E4E
FEF BT EEN IR LR S

1 HE5xZ
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IGFE LT 2023 45 9 H AN )14 41 s HL 5
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YEAJB 2 R A o DN BRI (B9 3 A fL 4B
). FARHAON A A ) AT R A (U Uk
2 )RR Ak 3 3k, FEANSESE S
BOL R BRI | SR 15 414U D22,
FE—80 °CykAf T fiti -85 o A< 12056 Fh 75 g RO R
Sprf R E AR S A0 B DL WA HEME(HEHE S
SMU-202401108).,

1.2 FERFRNEFEE

H5f . RNA R PGLH & (ET111-01-V2, b
X EAEYEARARAF]); 2 x ChamQ SYBR
gqPCR Master Mix(Q311-02, i RU#AMEREAYEL
B AR A F]; EARERR0010, JLR
KEMBLARAA); RZwEHIA B-actin
(AF7018, YL R EYIFE 0 AT FRA D) ; 4
VR L TEREPUIAR Uhrfl (A 5256 = ) 45 I 147
17); HRP #ric il 40 1gG(SA00001-2, &k,
W =AY EARGRRA ) ; el SP il
& (KIT-9720, #7157 A W B AR I R A FR A H
PEAtt) .

IS FIKAL . BB S E i PCR X
(Bio-Rad 23 #]); Win20-$0+ U1 i X (LR
B BEERH A IR A FD
1.3 %22 mRNA WS KRR K PCR
g

TransZol Up LR HUEAA14U0 5 RNA, %
S sl A Gl B 545 B cDNA, {47 T-20 °C
£ o M4 GenBank ud 4 o 2F uhrfl 34 K51
FrEsIR 1), BB 1Ay TR AR
TAEA AT 5 R 24 . PCR #7314 uhrfl
Fl p-actin FLA , I FSUIAREE B 2E1 T LKA
1.4 4£4 uhrfl EFA/ RT-qPCR #30

WHEA: 3 RN 3 R BEAR A 9 4,
RRAAREAS 3 MR AL, #E1T uhrfl LR RT-gPCR
i, -actin INSIEH, HE1T 3 IRER L, )X
MWAKZ (20 uL): 2xChamQ SYBR qPCR Master Mix
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x1 KHRFABEH
Tablel Primers used in this study
Gene Primer sequence (5'—3") T (°C) Product size (bp) GenBank Accession number
uhrfl F: TCCTGGCTGGAGGGTATG 58 181 XM_010806982.3
R: CCTTTGAGGTCGTTGATGG
p-actin F: GCAATGAGCGGTTCC 52 141 NM_173979.3

R: CCGTGTTGGCGTAGAG

10 uL. ¢DNA (10 pmol/L) 1 uL. RS9
(10 pmol/L)#% 0.5 pL, T EEF7/K 8 L. X
NRRFIE R : 95 °CCHIAENE 30 55 95°CEME 10 s,
60 °CiR K AL 30 s, HE1T 40 MG ; fie5 il
WEfiligk . KA 24 ukxt CE AT A R i
GrHr,
1.5 44 Uhrfl Z£HH#J Western blotting &3
Bo.l g FEAHL, WHERK S, A 1 mL
2L (radio immunoprecipitation assay, RIPA)
S 10 pL 2R H 7 5t 3 (phenylmethanesulfonyl
fluoride, PMSF), 7EVK& HLZ4f# 30 min J5, &
ODECEER, WA ax FREZ MR EARES: b
FEGI=3:1), IRA1JG, 78 100 °CAMF T A8
5 min. £ 10%M 0B IHRIKE, ¥ ErR
B 2 R & M R (polyvinylidene
difluoride, PVDF) I, F 5%Milg 4= w5xt Bt 17
2 h WYEMALIE, fH—$H0 Uhefl (1:1 000)%
B-actin (1:10 000)7E 4 °C&E P E k. W H ,
FH = ¥ B I B Be 22 whi (tris buffered saline
with Tween-20, TBST)#EM 3 ¥k, £F¥K 10 min,
SRJE A TR S —hi(1:8 000)iFF 2 h,
T4 TBST Ve 3 Wk, g s A fb 2% & el
(enhanced chemiluminescence, ECL)f % 5%
H, I Image T 30E 70 B K EE(E 2,
1.6 GERALUEENIES Uhrfl ERENL
W 4% 2 T HE 7. 43 [T 28 B AR L BUB BT G
(Ix1x1) em’ K/, FEARK T WL 24 hJ5, i
Ik, B, A, IR (RN 4 um), YA
TS5 B 64 °CHERE 2 h, SR 5 HEA TIRRS i 0 I 7K
fb, FAFFEREE Z 0.1 mol/L)MikE R hi
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o RSN e g, o SR AR T
—3PT Uhrfl(1:500), BT FEZH R FABERR 2% nhih i
W (phosphate buffer saline, PBS){Eh—PragEAY;
Y1, 4 °CRWeE . KH, 37 °ClEEAEFIE —
BT 15 min, B 2 FEBIEHE (diaminobenzidine,
DAB)R 5, HAKE Y, Bk, B, AP,
1.7 HHEE

K F GraphPad Prism 8.4.3 /4% S50 5 Pa
BTN ZR 7 22004, S0AHEss 3 R B . 3 Fh
AEFEARE T uhrfl R FEA N RIEES, B4
S R/DEE 3 R, BRI E bR
(x+s)"FN, P<0.05 BHAKZERHA G L.

2 EREQM

2.1 4E4 uhrfl EERIEBER

PCR Z5553% W, HIWZEE uhrfl F1N S 3L
p-actin 43 HI7E 181 bp F1 141 bp kb HA B— 447
(B 1), FFEWHRN, BLHEI Y RR RAF,
JUfe ) cDNA A5 7] B T J5 221 RT-qPCR 3£
%, RT-qPCR 455 o, uhrfl 3 K78 51 5 il
YIS v DI 40 1% 6 2k i 4 2 T L Ak )
MR R AR R IR |, MZEF 5 D A iR I 1
uhrfl 3Rk e (B 2).
2.2 4 Unrfl EERIE

Western blotting 5 it 7, Uhrfl 7E Bl 5 A1
b O v O I Y Sk R Y B R T A R A
SRR IR ) ek i, I B R LR AT IR Y
Uhrfl ik g m (B 3A. 3B),
2.3 $E4 Uhrfl EAE

Uhrfl 2 [ BH P BB E ) R R ki
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@ 4). THC 253 BR, Uhrfl 7E5E4- AN IR 250
WIAR R A g A8 B P e AL 22 R AU, F2 1
TE B S R0 A M DR AR | B S AR AR b R A
TP 2 R R A B A ) 285 B B A 3 A L L,
AT BT E IR

bp M 1 2 3 4 5 6
500 —

250 ? whif]
100 —

500
250
100 f-actin

7 8 9

E1 p-actinfiuhrfl EFE/ PCRIBLER M
2000 bp ladder; 1: BRIEHAONIE; 2. BEIAHAONEGE;
3: MEORMIONEL; 4. BRMLIAMMERAE; S: EEMSH;H%
BRAE; 6. URURIRIDNAS; 7. BRI
T E; 9. EIRMT&

Figure 1 PCR amplification results for f-actin and
uhrfl genes. M: 2 000 bp ladder; Lane 1: Ovary in
follicular phase; Lane 2: Ovary in luteal phase; Lane
3: Ovary in gestational phase; Lane 4: Oviduct in
follicular phase; Lane 5: Oviduct in luteal phase;
Lane 6: Oviduct in gestational phase; Lane 7: Uterus
in follicular phase; Lane 8: Uterus in luteal phase;
Lane 9: Uterus in gestational phase

3 Follicular phase
3 Luteal phase wkkE
= Gestatlonal phase " |

Hﬂ

Ovary

1
Vsl

Oviduct Uterus

'ou-ox\loo

—_—

o
h

Relative expression of
uhrfl mRNA

0.0

2 44 uhrfl mRNA MHEXTRIEE

Figure 2 Relative expressions of uhrfl mRNA in
yak. Error lines in the figure refer to standard
deviation.  Statistical analysis using two-way
ANOVA. **#%: P<(0.000 1; *: P<0.05; ns: Not significant.
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A

Uhrf1

[B-actin M 43 kDa
B ;

O Follicular phase
O Luteal phase I
E= Gestational phase
1.5 — sk koK *

****
1.0 *
y—‘ ****

L
Uterus

Ovary

Relative protein
level of Uhrfl

Ov1duct

3 HE4 Unrfl ZEMEXNREZE 1 I0EH
BRE; 2. BORMHBREL; 3. LTORMIDNEL; 4. BRI
WO s 5. MIRIIEONAS; 6. MURI% NG
7: DA 8 EIAMIFE, 9. WIRMFE

Figure 3 Relative expression of Uhrfl protein in
yak. Lane 1: Ovary in follicular phase; Lane 2:
Ovary in luteal phase; Lane 3: Ovary in gestational
phase; Lane 4: Oviduct in follicular phase; Lane 5:
Oviduct in luteal phase; Lane 6: Oviduct in
gestational phase; Lane 7: Uterus in follicular phase;
Lane 8: Uterus in luteal phase; Lane 9: Uterus in
gestational phase. ****: P<0.000 1; *: P<0.05; ns:
Not significant.

3 it

TR B IE LRI ] sh A28 1k, s
FEAB MR F Uhrf1 Sk 23 i 5 BRI BROPEE 21 i
FriE, 5l IR IRIE o uhrfl SRR 228 M
L B AR DS FRE B VISR, gb4h, Uhrfl
VB —Fh OGS TR, 25 DNA H
AT YA TIE AL, FEARZ A PR R i
HAT B RFREMER", T Uhefl KR
FORRRANAR AR, AR BT & i L R R R
T, Cao 515 2o ) 2 B-FE AN AR S 1 ot Bk /)
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Follicular phase

Oviduct

Uterus Zi e = st
erus $ g

i S T N '—:—‘I‘
H00um 5%y 100 pm

Luteal phase

_______________

Gestational phase ~ Negative control

T 200 m

4 B4 Unrfl EEHSH A INEIIORE. B: BAMIERE. C. MRIRIAOIE. D GRS R E.
DRI IR, F: SAABIRIONA. G: (RURMAM OIS, H: S0P A I I oW 5. 1. BT
K: WERMITE. L TE UG GC: BURI4UN; TF. RN, GB: fEALJ%; CL: #IK411; EP.
B LMz UG: TEIR T™M: JUZ; LP: EAE; 4 WA +: FE400; X S

Figure 4 Distribution of Uhrfl protein in yak. A: Ovary during follicular phase. B: Ovary in luteal phase. C:
Ovary in gestational phase. D: Ovarian negative control. E: Oviduct in follicular phase. F: Oviduct in luteal
phase. G: Oviduct in gestational phase. H: Oviduct negative control. I: Uterus in follicular phase. J: Uterus in
luteal phase. K: Uterus in gestational phase. L: Uterine negative control. GC: Granulosa cells; TF: Theca
follicular; GE: Germinal epithelium; CL: Luteal cells; EP: Epithelium mucosae; UG: Uterine glands; TM:
Muscle layer; LP: Lamina propria; i: Secretory cell; +: Ciliated cell; *: Basal cell.

Mgy, EATAE AR R rp, R bk
- 53 RRA X — 25 R BEAR Uhrfl 7EBHE A
JR I Fp 2 5 S AL R b B BT ik — AR
Uhrfl 7EMFLah Y A i B vh A H53E d2E/E .
BT 36 $09 1 BRLAE 17 TRV I 1) B, R R
JEONI A& R . TEORIIY, DN R A R
ARG SR, DR R B B, A
RN i AR B S ION 37 & I Rah
FEAEFEMEIWENEREED. A
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5 B AR RORAERF A 23245 i) DNA
FARIRE, X EW Uhrfl AT RES S 40gsat' 7,
A WIFEA IR, AR/ U L B AR L B i3 5
52 PIMERCR IR, eSO 5 2R 2[R 4 A
LR AN G A Y L 4 FE APV O BLYI R /)N
BTSSR G, R uhrfl LRI (R
#A Ir R, X F I Uhrfl 63509 3R AT 585
PHEORI T 1 b B A TR A5G  AIF T4 R 3R
1, Uhrfl 22580 THEF ISR A0 BUR AN . A=
BEL L Bz AR | A R DI B - BRI L B
b K A L R £ B A0 M S S T A M o A B L
S BB 2 TR B O B R 3R 22— , B SOk 2
L FF) B4 5 T A R AR DG, AR A L A 4
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W] Uhrfl FIRES S4E4 BB EIRE DAl
FIXEEE, HEM Uhrfl 7E4E2FE 903 A B MR
AR AR 4T O 1 T HA SR
iy P2 BN EE AR M . KGR RR L 2K
R HGAZ i A A B R 000 A O A 43 I A
21 it R - 0 A DR 2 N 4 B A R
REGIE -G, A B TR R RR S, tesh,
i O PO PR T AR IR L BN pHE
NN ARS8 , %oF B T3l B3 i LA %
WG E SR R B M B s B 2 e E
PR 5E R E R, MO RS L %
FIT R S L, XA B ST
R 2 R R AT B SR R AR BN, B
B MM A ) e e, e e G AR v B R
FEHEOI AR B i K= B2 o FEHEDR A AR, i
MR IGER, FBISREEY . AN
th, uhrfl KRN I FERE AR DN S s DR /8 b LA
BE KRR, IF H Uhrfl T8 20 TS
JE 1Rz A I AniE . LR BN, PR HEN uhrfl
FERRNEE T RS 20 I B 200 R 1) 4% B %
F Yo IARE
B E NG, WG 25 9 A 1E A
FEEY, ZEFENRENEN, &G
S, AR ETY, FUFREAB, uhrfl 3
PR o 535 1) 70 5% J2 200 FRLRR: 19 12 28 1 A Al A 73 2R
5B RARIT AHFSY & PR uhrfl 5 KRR [ AR
AR E R RE, XRY uhrfl BRI
FIATREAEEA IR A T g AE R SR E
R R EEMEN . A5 KB, Uhrfl &
8 A /0N SR 200 A R AR AT VA ) 4 )
H S U N A E T AMAZ s e/ R
M SRR (E11.5), Uhrefl 2 AEE TR LE
ANHLBE Y, AR, Uhefl FEENT
FEAR ORI | SR AT ORI A B | R DR AE A
TEHALAME, X 5E0A TR R A —
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. CHU %500 o 76 B o £ rp v S LA FE R
WRRRH ) Uhrfl, 2S5 8505 M8 B a5 A
HIMRRRAET s T A g 7R AT DLk B A= i Uhefl
Bk, (R MR 1L A2 IR 248 /) Uhrfl #RKL,
X EKW] Uhrfl ABERRILIE IR IR K A T b 75 15 75
HMIFFEIR LB, Uhrfl & 7 T HAZ A3, -k
BEER ALY Uhrfl ANREE A7 T I3, 4R X Pz
AR BB Uhrfl BY5EAL, 0 Uhrfl [m) 21 g
¥ishiati . A, SN Uhrfl 783245 G0k 322
(LT UM P, 76 O G iR 34 5 43 A5 T4
JURZFNZR 5, Uhrf1 85 3 160 05 P 638 4
w2 BRI TR N YR Uhefl 25 A B9 50 A k=X ]
RE 32 B HLHI IS, i Uhefl B0 2 G
LR, X R ARG T Uhrfl 85719 i
LNz, A N S, DA4EREIR G
KB B IEH PEA 7 Uhref1 7E4E4 3 R E5E 0 |
3 FhA R T PR A A2 B A S ML A R T LA
T LB WL A 5 il — 2P R

4 Hip

AW A B, Uhrfl 7EFEA DR EL | Hag 04 A
TEPEAERE, HEARENZER, HEAR
FOHIMH R AR A B P R E M A R,
paek AR LTI <R v AR N NS S0 < o 2
A2 R A A RIS b Bz L I A L 2T B A
R E kR o AMBIEFE R ubrfl SRS 1 RTRE
25 TR IR R s i A S IR AR KR E
SEiIRE, SRS uhrfL SRR AR (IEREAR AR
BRI R AR R ROVE T R HHL B Bt T 2%
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