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Abstract

The buffalo is resistant to coarse feeding, heatstress and diseasesandis, the number of
buffaloes in my country ranks third in the world. With the development of buffalo milk
industry in the world, improvement of milk yield has been paid more attention to
indigenous buffalo in China. Compared with the induced breeds such as Mediterranean,
Murra and Nili Ravi, the milk yield, milk protein percentage, milk fat percentage of
indigenous buffaloes are on the low side, which seriously restricts the development of
dairy buffalo industry in China. Therefore, it is urgent to improve the milk yield and
quality of buffalo by molecular genetic techniques in China.In recent years, molecular
breeding through marker assisted selection (MAS) and transgenic technology is atrend to
improve cow’s and buffalo’s milk performance. The study of the regulation and
mechanism of related genes on lactation is very important for the implementation of this
technology.

The transcriptome sequencing results of our previous study showed that, the SQLE
(Squalene epoxidase) gene expression in mammary gland tissues during different
lactating stages is high, so we speculate that SQLE gene was associated with milking
traits of buffalo, and it may be involve in the lactation regulation function of mammary
gland. This study investigated the function and mechanism of SQLE genes by both in
vivo and in vitro methods to check this hypothesis. This study investigated the function
and mechanism of SQLE genes by both in vivo and in vitro methods to check this
hypothesis. in vivo studies, we distinguished the genetype of 5 SNPs by
MALDI-TOF-MS and analysed the correlation between SNPs and 6 milking traits of the
buffalo by SAS 9.4, these aimed to screen dominant genes and dominant haplotypes as
molecular markers and provide technical support for the establishment of buffalo
molecular marker-assisted selection. In vitro studies, we studied the SQLE gene
expression in various tissues and the effect of cell proliferation, apoptosis and their related
genes, the concentration of triglyceride (TG), and various casein and lipid droplet
formation after SQLE over expression or interference, these aimed to further analyze the
role and mechanism of SQLE genes in lactation regulation.

(1) SQLE gene polymorphic lociare associated with milking traits of buffalo: Locus
914238 site was associated with milk protein percentage (P<0.05). Locus g18858 was
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associated with peak milk, 270 d milk fat ylied and milk fat percentage significantly

(P<0.05); Locus g22834 was correlated with peak milk, milk fat yield and milk protein

percentage (P<0.05). The correlation between locus g22834 and milk ylied during 270 d,

milk fat percentage was more obvious (P<0.01). In addition, a haplotype block containg

loci 918858, 922146 and 922834 was found to associate with trait of milk fat ylied
(percentage) .

(2) SQLE gene was associated with milking: Using various organs of buffaloes
collected during the lactation period in the laboratory, we detected the expression of
SQLE in mammary gland, lymph, liver, hypothalamus, stomach, large intestine, brain,
pituitary, lung, spleen, ovary, uterus, fallopian tube, kidney and heart at mMRNA level, the
results showed that the expression of SQLE gene is highest in mammary gland.

(3) SQLE gene promotes the proliferation and inhibit the apoptosis of bovine
mammary gland epithelial cells (BMEC) . We explored the putative function of SQLE
gene though the RNA interference (RNAI) and overexpression techniques. Then we found
that SQLE gene treated with RNAI could block the cell cycle at G1 phase, decrease the
ability of proliferation and increase the proportion of total apoptosis in buffalo mammary
epithelial cells. Moreover, the capacity of cell proliferation increase, the number of cell at
the S phase increased and the proportion of total apoptosis reduced afer SQLE over
expression in BMEC. The results of gRT-PCR showed that SQLE gene treated with RNAI
can affect the expression of 4 growth-related genes (P21. PCNA. MYC and Bax), thereby
affecting the proliferation and apoptosis of BMEC.

(4) SQLE gene promotes the secretion of triglyceride and casein by BMEC: The
concentration of triglyceride (TG) and B/«x-casein in the supernatant decreased (P<0.05)
after SQLE gene treated with RNAI. Moreover, the concentration of triglyceride (TG) and
B/x-casein in the supernatant increased (P<0.05) and the formation of lipid droplets
tended to increase after SQLE over expression in BMEC. The results of gRT-PCR showed
that SQLE gene treated with RNAI could change the expression of 4 milk fat synthesis
and casein metabolism-related genes (SREBP1, JAK2, elF4E and RPS6KB1), thereby
affecting the concentration of triglyceride and casein in BMEC culture supernatant.

In summary, squalene epoxidase has a regulatory effect on lactating buffalo. SQLE
not only promote the proliferation and inhibit apoptosis of mammary epithelial cells, but
also promote the secretion function of both milk protein and milk fat of mammary

epithelial cells. Furthermore, there were 3 SNPs in the SQLE gene sequence associated
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with milking traits, which can be used in the establishment of molecular marker-assisted
selection and transgenic breeding technology.

Key words: Single Nucleotide Polymorphism; Milking Trait; Bovine Mammary
Epithelial Cells; Triglyceride; Casein; Functional Verification
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FEIGINENE (SQLED XK b LI A LM LRI FE

1 818
1.1 5GBSk

KA SRR, AR AT 4 VB (2n=48) AL (2n=50) . rf
KA = EUR VR, UM A GUERsE 2019) o B A ALK T 1)
P, KA NS LT BRFL NS KA S A mEE. L. A
G 7 R Ak B G 3R A SR B0 i T @ AR, SRR EXUR Y BRI AN K A L
B R AR, RS2 R FH I, g nrs) . SRR EK A G A,
FEEHILY T WK A M R

M B0 EACT 4h, B S e B S5 BEfr . 8 HL-hr SER g K A=, 6
A IR HAT AT R o A SCHRIRAE AR F7 7K 4= >Je L -4 JE K A= AR b 7K 4 1 2 A2 44
210 dF= Y bhaliRhk 24 5, lik301499.4 + 105.3 kg, &ASHiK 4 1)2.4~3.41% (i
4 2014, Wang etal 2019) , {HUZFLARSRIFLER (1385 B4 7.4%H14.4%, L5 40F}
IKZFAH ELIS A B#A. (Wang et al 2019)

T KT T Sk b g 7K A A P el s 1R s o, P K AR 90 FLTR 22 48.2%,
A 44.8% (Angela and De Marchi 2020) ;= K AI50 )7 St g 7Kk 4 A= 7= 1 g il
SERWE B, MR K 24R270 AL EIA $12220 kg, FLIRHRILFI8.4%, AR IAF]4.6%

(Antonio 2013) , R/ HEARMAFLI = 1 n 1A 32709+ 470 kg (R4 2016)
(RE11SRT J  R ) ES SV == QN = e B s 5 7 v i 51 B Bl € S P 1 2 4
[ ST A LKA AT 1 AR 2R R e R EOR

Oy F B LG 72 TS AE PR AT FIHIE . SA 8 FMAMHEL, 278
Fh BEAERGAEIE TR ), IR & FhERE, BAT 5 KW ) (Krawetz and Womble 2001) .
AR 30 1 20 M7 8 I FR4E S (Squalene epoxidase, SQLE ) 35k R 7K 2 b L i i 1
VER S AU, S AR RS0 8 P 7580 BB SEA 4R IR R S8
1.2 SQLE EEMRiHR

A e A AL R 7 T N 3R 85 P AR K 121X 445 W (8g24.1) (Nagai et
al 1997) AT N it iAok fcrp, ek = m] Ll ik fifb & 44 (squalenene, SQ)
A2, 3FEAL &K (2, 3-oxidosqualene) , HE— LA CEBEEE, HHFEEAY G
(PR 2 — (Seiki and Frishman 2009, Gill et al 2011, Houten et al 2013) . 47
SCHRARE ,  SQLE AT i Ak [ I 28 A= AR Bl rh S8 A B B 28— 20 )R Y. (Wanderset al

1
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1998) o TESQLEMIEDA Bl b A B, JHT I o JIE ] e A0 L [ 7 i ) 25 8 S 2 19 - (L
2018) o FIEFRIAIIGUESS, SQLEXE K ] A FFos 41 Ma ¥y S FEAIIT RS (Sui et al
2015) o (TR M A M T SQLESL B IUBRJS , J 4l M58 . T A% FR 22
(Qinetal 2017) . MAh, KimZ: (2019) WF5TEN, SQLEFEIR 221 K Mg iy b gy
AT KRR, S 5N TR . R0 HIFINB-598 4b
140, ZET- R 52 ETF (Mahoney etal 2019) o 78/ BUSUULAR ML P T ERSQLE, w]
FIHI AR T AILIA A A GRS R 3235 (Jeongim et al 2017)

FE BT 7T, H AT B KA L R DS IR IE, U LR S R
MRS o SHATE A5 R A% P AL AL ZARNAN 7 (1 45 b R B, SQLEFEIN 2 &1 5%
MR AR R BRI FRE K ) B G, B, SN kA7 44
HMIETE,  RINSQLEZ ST I A R (Jeongim et al 2017) o L P AR /K >F
e MG R P9 A s 7P AT A BE DR 20 22 53 43y, I BB R SQLEE K7 P 204N 22 57
L HEA (Lee et al 2010) o AFEARF % IIMIANZS N 10% 6] 4 5 WG 5% 1) 199 A8 A R A T 2 s
LY, BRI 1007 45 v MR 7 1) A5 A v A0 55 SQLEE PAY 1R AIFL [l e 5 Fe A DG K]
Wk SR FE IRV JE FEHE RS IE L (FDFT-1) - NAD (PO i it 24 [l 2 i U AE (NSDHL)
R PR R P 4 (MSMIO) SRR 14 IR 04 P 8 1 37 R ] it 45 T 45 5 e S
K71 (SREBP1) &% Kif§ (Marco etal 2018) .

1.3 K49 FEMRY BT HtR

TR DL PR A N BRI, 4550 TS W BIAR ADNASS T 7K 155t
AL TERBATIERE, SCBL A R A B oy Fhmid il hik e, Akt
PRI OCIBE A AT o BRI A0 & R R L DR A5 M i b A TV, 2 B2 0 F A AR
AT FA T IRIUSQLE S BR6S 7K A Wb LI A R AR FILAHI, WAL & A
1.3.1 K45 FHricmBhiEF B R R

F I DNAFF I 5 B ol 5 2 MR 1 SE AL & Al e R, 2 e ki v
(Meuwissen 2013, Georges et al 2018) o iz ik 5t PR7E R4 FE PR 21 SR 70 B =& i i
KA FLIE REAH G AT AR ic IR H 52

HERRAS 23 Fhmic IR SR Z A L AP 31 . 28GR (L 2
MR Oy BRREARAE) IR (Williams 2005, Wade 2009, Faraut et
al 2010) C&ZEBIFH T EM, (HARF TR DA, 2013574 H IR Y 51
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A SN BT R IR AR S B (Wuetal 2013) , 7K 490K AL C £ 20184 4 TH
WA, ERN20194F, A RATKEEER A AITH . KA FER A 27518 H K
M Z 00, KAWL R ECE R FE A B (Quantitative Trait Locus, QTL) F¥Z
b B v AR S AL P AT Ee S 2. IR, KA SRR B  RATAY i3 T
SNPAIE P R I DH e (1) B 5 X 8] (Lopes et al 2014) , i34 i 1 Bt A BLIISNPELCH -

B K AR BI85, AR ORI TT (GWAS) HRTE LK WA 5,
PERE > T AR A EAS e bR, R EIAE . . & SRR, BORR K
] 255 ] 35 5 A 3 DR 2L 00 7 R Q0K K 2 s M AR TS S B s 4% By AR S b i
KA AT SNP WAL R e DI 4 A, M rh a2t 40 15 WAL 1k 5 % DB ) ik [
(2= 2018, El-Halawany et al 2017, Ak 2017, De Camargo G et al 2015, Camila et
al 2017, Lietal 2010) o {HAF R, | P/KATIFT 5B ARIARNZ L&A 1F,
JRIIAE A 200KK AR5, HHTIZ S 7 Y 219y 7 & i

S R Ak e e R SRAG K A WA FL R e AR DG 2 AR id i — ek Jg, R T Kt
L# % (STAT1. A2M. GHRL. DGAT1. STATSAFILEP) . F & (A2MFI
GHRL) . #L&E 1% (STAT1. A2M. GHRL. MTNR1ARICSN1S1) fl;~ 4 & (STATL.
DGATL. STAT5A. BTNAIOXT) MG RIS R CFHEESE 2017) , {HIE, X TSQLE
XSRS A EAER], W E SRR TE o

A PR OCIBE A T ] LURGEIR AN 4R 43 Fad, AH T Sk s TR 2
SR UWEAT D UMERA TR, AR 29 I R A S H R AIC . 20194F, AR SIEH %5 LA
g KA DY AN FLIN D BIEFUN G A5 B s A B, 45 GWASEH 3E47 70 1743 th
ST FLERE AR AL (RBEEYE 2019) , AIRIG AR FE 0 5 SQLE B S i i
X A SR 20 s 3 BT IR AR 21 1
1.3.2 K4 #HER BT KL

BB RO A OB LR . BRI S MR R R R B IR
FLDAJBE (quantitative trait locus, QTL) J&fih b, JHTHEH A RBHEM IR, ¥
SNEHZEBALYRZ AN, RSN S AR, AR, 153
AR AL AL N S (R (Badenhorst et al 2018, Zhang et al 2014) . #45E[A]
H A RA vw ARSI A GE R 2 AN S AR R A AR AL, B R B A A AT
RIS A, NP E R, e K AR A= R RE DT T R A IR W )



Herh gl oK 222020 fm AL 7 A 240 (R 83

UAFLTE REC R IR E SR R AR AR B, TFTTN DA DA AR & R S 3R
AR B- I A R -l R R R 24, G o A B R A4 1 A= 45 o B- % £ 1 -
W EE 520 4R 5 T 20%41100% (Brophy et al 2003) o H A b K24 7E 201041
20114FAH 4k BT kAT 2 ANAI R IR ol (fat-1) (G IE DR 9 2 R b - FLBR 2R
FI IR FE 952 (Wu et al 2011, Yuetal 2011) . ShangZF (2013) 7E/KZ)-BH FE 41 i
1 NPEGFP-NL, S Ih 3k £ 1 FH T4 40 A% s e 10 2l 5 DRI A P ok - B i Lu%:(2018)
AR AN MUAZ RS R AR SRS A, 35 & B S B B2 oK T E M. 3k
f FREIR 36 B R va B /K A o ik L RTRTE B3R DK AR I AE YT AR I 7 B, 1 BRI K 24
PRGN WAL RS A A 1 B b B BE R B R AR AL Tl SE M ER SRR, 1200848k, 3k,
] o AL T DRI T S R 0 5 S A T SO 1 e R DR B AR A A K A2 B TR R A3t
THORSCRE, 5L K S (I TR . K43 1Ay B A a4k R (1 J 053

IR IE N G R R ERR T 52 B IE BRI R RSN, B — AN KB T,
SUERT DI RERE R T AR /D, IR CBE R T A e Syt DR, A UB B DR AN 4 g
SEPRR T, AT HIERE AR R ERAELEE X 54, Hiio&izdmh R
5 XAV SR ISNP, AR U T3 5 b 4 B e 458 (1) g a3k w] DA
JEI R Gt B AR LA T R i R B BE R R H o
1.4 Jk4FLAR £ BBk SMEBYRR STt RR

BEAE AR BRI FLIR A E R T, FUIR B AR I e i TR E
T2 5ILT R S 2> W (Capuco et al 2001, Inman et al 2015) . 357 & N
TEWAFLIPIRL, FLIR b R 40 i T g s gl o 3 SO FL R I BRI (Marion et al 2004,
Inman et al 2015) , Jfr LAFLAR b5 40 i (1) 43 18 SO0 T3 sk A= FL B FL ™ & 4
KE L (Inman 2015, Zhang et al 2019) o PRAMEEF7 A FLIR _E B2 40 M 5 AT 15 AR 0 3
FLIfe (Zavizion et al 1992) , W] LLPRIE AL S WAL 0 W K, T FLIR R
B A FWFLAY) TR BALR Y (Tong et al 2012)

AT YERFAAMNRE TR IIBMEC IE # AR KRN T e, WA Z0E RS FR M s I — 263
o (EHELYEBMECHI RSN TR RN, HHFFUKIPRL. HYD. Bk 3. L
BEFIHY D2 50 93/ BMECH R 41115 F4F ] (Tonelli and Sorof 2010) . 1fiiZK
BMECHAN IR A R IR T B Me, 75 20124F F120134E 73 B AT 28 I # 37 7 7K
/FBMECH, i HLUF B R 4MRE 75 10 40 i o] 455 17 DhAE (Vijay et al 2012, Ramakant


https://pubmed.ncbi.nlm.nih.gov/?term=Zhang+MQ&cauthor_id=30599237
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et al 2013) . B %45 (2017) My KAWASLE B Wb ebi3k43 7 BMEC, Jf
FERT N A FAE I Z R R 1R 37 3, IE /K 4-BMECHEARSMI R A 40 i T
Ao FERE RPN I Z MR, B HERLER (PRL) © BRE 2 L R AR KT (EGP) |
e s (L) B2 J A AT AACHY DDA, i AAEREIG 5 7 Ak Dh e Cili ¥ 56 2018),
HI L JAK2FISTATEE AL BE K 2 I 5 . (HIE 45 2013) o el R A FLId 7Y
FREMS INGRPRLAS 5, H55 3R AP 7 3L [ 4ERF 7K 2 BMECH] 11 1 26 A 5 D)
feo e Kb/ A%k 1, MK AERKE —Efa®, miEgkiEas—
P4 G IORE B T, AT ORIk RS A R A i kP, OF BRI e A
PURIIER, AT LA 0 i v 4 (K LR . HY DAE AL PR R T 2 5 3L
FFLIRH GG e SRR BMECH) 73 b e (Casey et al 20100 o Z¢ BTk, 1
ZMBWENEEAT, RAMNEFIKABMECH R A A KA G SR FLE A 1 he
71, WL RS
1.5 AR BEHFIEX

AT iR I 7K A L R W A I I, ARG R A = KR e i
KA YRR G K Bk, IS 70 AT SQLESE DN 22 2Pk S 5 6 UM FL I BEFR AR R AR
DAL 3] 55 906 L RRAH DG (1 56 DR RN B 28, Ok 374 b i Al B e R AR R A i
PRI MR B St JLIR, BUBFUIAKA-FLIR LRz 4, W FRNAT- P %k
FoR, Lo HrSQLERERD FLME b Rz i o A=y 383E . PR TR M DI RE I RE M, £
T SQLERE PR /K AW FLHIAE I S L, Ayt — 2D R Pk DR 55 Al



A R L2 2020 S RS AE 224y (BeNE) B

2 R
2.1 IR

FIT- ORI 1T 111384 Sy g 7K 2 43 Tl ok 1 R R R AN 8y, 64N Vb L 1k e 2 at
HIE KRR AE BRI 0 (ANASB) $84t, Z1has 61 St KRR ARt E 7 &
FEG L. IXEEIK A DNATR I I AR 53 5 58 i (Li et al 2020)

KA FUNRA ZA 1 33k WA FL A Al b p /K A o K A=W FLITFLIR 1 5 40 ik 1 4
FiEERL K A=, ) UK ARSI 4% TG 3 it

22 EERFIEHEM
F2-1 FEAF RFEH

Table 2-1 Reagents and consumables and the suppliers

W) 5 FEH ]

AR (FBS) %[ Gibco 2 H]

DMEM/F12 £ E Hyclone

0.25% 45 1 1 AL [ Gibco AT
HEHRBRAW % H Gibcon ]

OPTI-MEM Life technology

AT (DMSO) Sigma

Trizol Regent Invitrogen

ToK LT g 24 AR AL 2R A R
] b 24 AR A 2R A R
5T g 24 AR AL 2R A IR
DEPC/K DA AR A IR
PCR5|#) R E DR A R AR
BEyil=p iy SRBLTTH  R A HARA B DT A
RIPA i A AR A R A
PMSF BRI R A

B AL A FEHIFIA. Bl
50>Cocktail 8 A 117

}

A A RHEAT IR 7
AT D RHEAT IR 7
}

pul

5 BRI WA AR R
PVDF£T 4 2 it 5 ] 25 B

2 A Marker Thermo

A3 I EE 4L FKHE Genview A ]

—Pi. PR A SRR PR ]
NaCl it FE 2 B R A PR A
Tris-base it FE 2 A B AR AT PR A )
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Tris-base ity [ 25 AR Ak 25 A BR 4 )
H&ER it [ 24 A AR R B A D
Tween-20 ity [ 25 B Ak 25 A BR 4 )
I 3G TR Corning
1.5mL B0 FEERCHRBH ChED AR
0.2mL PCR %% FEERCHRBHE ChED AR
#2-2 MG RETT XK
Table 2-2 The Kit and suppliers
(2l %
Lipofectamine® RNAI MAX#: YLk 5 & Invitrogen (13778-075)
Lipofectamine® RNAi MAX %% Y1 7] # Invitrogen (13778-075)
Lipofectamine® LTX/PLUSHE 44516 Invitrogen (15338-030)
Thermo Fermentas [ #5535 £ Thermo (K1622)
SDS-PAGEHE il % & KA AR A R A7 (G2003)
FLEEANnexin V-FITC/ P14 M iff Tk 77 6 oL R R Bk R A E
(KG1025)
AN DNA & RIS (A i A D o aLEE R Bk AR A E
(KGA512)
Cell Counting Kit-8 (CCK-8) 4fifl4ya-stAaillikila  HAR (CK-04)
THUNDERBIRD SYBR gPCR Mix {7 Toyobo (QPS-201T)
2 BE R TURLR SR & TIANGE (DP117)
JRLNE R TIANGEN (DP103)
AP SEN7. Wil =A Solarbio (G1262)
H =l (TG Kt & ARG (E11T0018)
a-Casein (CSN1) Kl £ g (572830-1)
B-Casein (CSN2) Kyl & i (572830-2)
k-Casein (CSN3) st & g (572830-3)
F2-3 FEHBEK K
Table 2-3 The Main Antibodyand suppliers
EIRCS Gy %
HPISQLE ER1917-17 )
fePiBax 27728 Cell Signaling Techology (CST)
HHIPCNA 10205-2-AP B =
4 IGAPDH B1034 SN RS s /A
Hpip-actin B1033 e R R AR A
HIpbR Iz 5t CLLEEHTH) P1002 U 3T B A



https://www.biomart.cn/supply/10010.htm

Herh gl oK 222020 fm AL 7 A 240 (R 83

2.3 EENHE
#2-4 FEAHBR) K
Table 2-4 The main instrumentand suppliers

& iR %
(S 2T Eppendorf
P TAES SW-CJ-1FD DINLIEre S
CO2{HIELIEFH 150i 2 [EThermo
[EERTAT G OLYMPUS IX51
G B LpL Eppendorf 5702R
S Pt E R PCR X ViiA7 ABI
e A7 AT Slides145-0011 Bio-Rad
BRI B R A ICV-450 F 4~ ASONE
LB 7K 7 4 HW-SY11-K P2 AEH AL AR AT PR 7]
R BAVIEL Y 25 X TR A DHG 9203A MR SR B A R A ]
2= B BEFR X Multiskan MK3 Thermo scientific
i U A BD Biosciences FACSCalibur
Aquapro gL AliKAL AJY -0501 B
LIS BL1500 1 [ Sartorius
PCR 1% EDC-810 RGBT LR A
FLIKAX JY300 2% [ Bio-Rad
(DI LG
T g AL C2500-R-230V S Labnet

2.4 FZEiF HYECH

(1) S0XTAE LYK ZE i : Bl Tris-base 242.0 g. ¥k Z#57.1 mL. 0.5 mol/L

EDTA100 mL, 770 %fk)n i HpHIES8.0, INZs/KeE A N1L&H;

(2) 2% FE B -

oL

(3) ALK (1% : H3.02 g Tris-base. 19 g HZ#A11 g SDS, I

FIOKWR, 24541000 mL, pHiff%8.3;

(4) B I ENAR G I 28 i (1) « HY5.8 g Tris-base. 2.9 g H &% #10.37 g SDS,

B 295 IERE, HIAN100 mL 1XTAEHL KM, 75k

W ZE K EEAR, IIN200 mLFE, InAE /K 8 25421000 mL;

(5) TBSZE#i (109773 : HL12.11 g Tris-base#187.75 g NaCl, JHuk b1k

PATpHRN7.4, In/KE 231000 mL;

(6) TBSTZEZ Py : T HL1000 mL 1XTBS TAEW, il mL Tween-20, i HLHE;
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(7) 5%BSA%R: 0.1 gBSA, INIA10 mL TBSTHLIKZEMK, ZE18RES) S
ﬁﬁ;

(8) 75% LI H: =75 mLIE/K LB, fIAN25 mLZK, 1RAT.

(9) PBSZZR (109047 - H(80 g NaCl. 2 g KCI. 14.4 gNa,HPO,#12.4
gKH,PO4, JIIA1000 mLZEIR/KH R, BRI G4 CLRAT

(10) 4HHEFEEF2M: 45 mL DMEM/F12, 5 mLJAZIiE, 500 pLv 455 %
MPEHIR A, H10.22 pm W AFLIE AR T RHRAE & O S8V, BRTE 3% 7750 mL
B0 ACIRAT .

(11) 4UfBThhERs 75 : 45 mL DMEM/F12, 5 mLAZF I, 500 pLi5is s
XA, 250 pgfhek i, 250 pgfilh s, 50 pgZfi, 50 pgZ At r1F2, 500 ng
¥ 3, 500 ng EGFIR &, F10.22 pm AITHALIBISAE TC i B4 2 vh I DBV, R4y
3150 mLE L 4 CIRATE
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3 MEHZE
3.1 /K& SQLE EEZ S5 A e XEE D
3.1.1 SNPs Mt 5 EER 58

LL 50 sk Hb o ¥ UK 2R K DNA 4 K 10 R & b oA B AR, i
https://www.ncbi.nlm.nih.gov/# $£SQLE J3 5/ 1. 3'UTR. 5'UTR. %4 i1 (4200 bp)
S A7 B3F2000 bpkt, JEXTHIEATPCRY ™S, 4714 W48 2% 1) B G B et i
HIDKATI S, Zf BRI KT R E R A w Iy o KA 7 51U K NINCBI BLAST

HRELLXS 73, e SNPAL R, PASME 2R 1AM sIEIC 1, BAIRAE Ja S0 Uy kit
(IEEZE

SRS U B SAOCAR T P CATI T B Uik (RS 2019) , ARAR ik 2
HOHE S TR, S0, P RRAMCR R T, AR A
312 BRI

AR P Haploview 4246 FA% 7512 115/ SNPSHEA FAE BRS04 7, 4 S HXY
FEB A s I Phase Bk 4 LA T 5 384 MAIERT AR, AHEIA
[R5 (Abraham 2010)

3.13 BESHITHEMKBR SR

(L) SRR . 03 DR B R R =5 DR TR A i A
SROEH A IBEHA p ™= (R+12S) , SR B (0515 q®'= (T+1/28) . PR,
S\ T34 AA. AB. BB JE[E R4

() EHRBAEPIO=1S AT T 2p2PP. SUPTIPY I HA I

i= =1l j=i+
AR BIAERE o 05155
(3) et FE(H)=1-2. P2 TP s | A B IR BE o 0515

KIUSAS Q.45 [ — M MR R A T DA RR R TRUAE 2 18] (R DR IR 734, A
ESItSE
Yijk|:U+Gi+Pj+SK+F|+PSjk+PFj|+SFk|+e

10
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P, Yo AR WhPEIR BT GO SE IR ; P AR RO
S ZE NN PR ; PSj. PRy FISFers —BIZE HARRON ; e HBEALIR 2,
5 R (0, 2 43
3.2 SQLE EEAEZFELR P ayRIE
3.2.1 AR E RNA 2

WK A ZUN-80 C I EH, FRHCEARNA, HARPIRSIR M EZ: (2008) (1)
SR TR AR o
(D FIRAEE I SR/ AL, BEBRAIL mL Trizol, FCSFINAIZK
WL T3 B B A U5 4] Rk
(2) VK L#'E5 min, 4°C 2L (~296000 g) 10 minji, # G & H 1.5 mL
EPE
(3) FFEIA200uLIA KT, FHEAERR, ik E 10 min;
(4) Fgics H1, 4CTELL (~296000 g) 15 min, FEA 2, LZKH, HENR
EAZ, FEBMM, RNAAET LEKH A,
(5) WH 2K (241400 L) $1.5 mL EPE R, ISR T4 1) 2 A,
FOTIRE], I E 10 min;
(6) Frics BT, 4°CEL(~296000 g) 10 min, LI AT A 208 ) A A RNATT
T
(DFE B, MPTE I L mL 75%J6 /KA L BEERE21X (75% 6K 4.1 FIDEPC
KECH], BURCHLAD , 4°C 50 (13156 g) 5 min, & )i RS WA K Bl ids
(8) BT %I T45~10 min, NG FDEPC/K iR
(9) 7p%eth2 pLIKEE, 4 pLE AT IR 5 WAl , HLRIRAFT-80°C & .
3.2.2 cDNA R EREM
J e e B AR L B8 2 [ FastQuant RT Kit (with gDNA) - (TianGen) s /7 % Ut
W O RS RTEVK IO o AR HERNAMRREE, DU R AL pg, R
SEHFEEX (L)
TETERNARE BSOS H, A2 pL 5>RT BufferfIX pLiiRNA, /5 IIARNA
A B PRI ER S AR S AR 10 L, YRS, 42°CIRM3 mine RJERE D

FAS% FP N2 puL 0xFast RT Buffer. 1 pl RT Enzyme Mix f12 pl FQ-RT Primer
11
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Mix, 55 J5 TN RNARRG AL B 1588 26 AR B AR R 482120 pLiR 5342, #542°C Jx %15 min,
J5i95°C [ .3 mins

3.2.3 B{ii RNA HEFEREE

MNCBI 2 [ SQLEAI R RI/K 4= FUAR )z di oA . IR AU R L 2 (AR A
KIERFICDNAFES, F)H premier5. 0514 (£3-1) .

#3-1519751
Table 3-1 Primer Sequence
- Gkl SEHG R KR
Genes Primer sequences (5" —3' ) Annealing temperature/C
SQLE F: TGGCCAAGGGAGAAGATGTCA 60
R: CGGCAGACAGAAGAGGTGTGA
GAPDH F: AGGTTGTCTCCTGCGACTTC 60
R: ATTCTCAGTGTGGTGGAGGTG
PCNA F: ACACTAAGGGCCGATAAGG 60
R: ACAGCATATCCAATATGGCTGA
P21 F: TTCTCTGGGTGGCACTCTCT 60
R: CACAGGACAGAGGTGGGAAT
F: AGTAGCAGCGGTGGAAGT 60
SREBP1
R: GCAGCGGCTCTGGATT
F: TGAAGAAAACAGGTAATCAGACTGGA 60
e R: AACATTTTCTCGCTCAACAGCA
RPS6KB1 F: AAATGCTGCTTCTCGTCT 60
R: GTTCTTCCCAGTTAATATGTCT
elF4E F: AAATGCTGCTTCTCGTCT 60
R: TAGTGGTGGAGCCGCTCTTA
siRNA SQLE F: CCUAGAAGCCUCUCAGAAUTT 60
R: AUUCUGAGAGGCUUCUAGGTT

Hoh i -3-E R il U8 (glyceraldehyde-3-phosphate dehydrogenase, GAPDH) J&
B S IR —ANBE,  JLFAEIT A AP Bk RIS, TR RIMh 40 fu mli o 21 21
R HE R SO EE 1Y, HANRZ e Qe w1t R £:5 15 5€ (zhang et al 2015),
WA R LGAPDHE Ny N2, FEARUE S T L RNAH L pgf AT &, S sds
FICDNA, RJGHHTqRT-PCR. K22k 0 H IMRNA R IA /K HEAT A 2 540
Mo G SONARRI0 pL, HARD RS G S U] ok 2 Bt (£3-2) .

12
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#3-2 qRT-PCRYH R LA 5
Table3-2 Reaction system for gRT-PCR

el (A
SYBR Green PCR Master Mix 5pL
F3E 14 (10pM)D 0.5
NUF514) (10pM) 0.51L
cDNA 1pL
H,0 3L
Total Volume 10uL

3.3 K4 F AR £ RARERY B (L FN3E SR

T ARTUR R 40 b AT KR A AT 4R i, ARIG AR b 40 i FH 2T
YL 0 0T JB B I 52 R R T R 28 e, SR R 1 g A 20 K A LR
LA AT AN AT 3 B (Tong etal 2012) o {EMRER AREMITE T, et
MMAEL~2 minZifi e BiRE, KAEFLIR ER2 40 Ha~5 minfiiBE . I s E 5 37
I g & 137" C IR E R4, Iminfa IS ARTRGN IS TR 2 B Ak, Fdepiak
IS N3 mLES R, B F37°C. 5%COARELET %, tH T /KA FLMR 1 4i i 5 o
J2 REGN AT L B A, AR rh DL A 0 H T ZK L L B 4 g e A 264K (Tong
etal 2012) o N EM S KRR BB A A4 AR AL, ANl 1 xof b R 41 i Ay
HEL8RAT IO bR, IR I A B 8RR, BLFH M # Ok T-90% 4 4l 4k Jal i b i
(Fradette et al 2012) .
3.4 siRNA Fr5Iig it AR FH MM
3.4.1 SiRNAFFFIZ I FIMRNAK F FH B K

2% KA-SQLERER P41, i Lilg i BRI R PR A w) et 4% T By, 1
MRNAZK-F K45 0 Be e K B FLIR B Ao b i 4030, Qe d 2%
Lipofectamine® RNAI MAX#: 445l & C(InvitrogenA w]) 4P 5K

(1) 46U 40 f sl TRHECE I, AR RRES R AF i 75,

13
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(2) RHLEYE AIIEH: 5123215 mLIHEPE 4 A 100 uL
OPTI-MEM, HA—4 A3 uLik 20 umol/LISQLE Tt F B, BT 1
7 E P ISR ZLEAFRIRNAL MAXE QSRR IATIRS), Sl EHES minjg,
K Ao, BREWITIRA, JEH200 pLFE e &4, 4 B 20 min;

(3) Hehe. FRE R, FPBSK4M6FLBIEVEM M, FHUEW, BEFLIIA400
uL OPTI-MEM, Ff£200 pLf% 953 & MR IN, 79 30 T-PFr B 4856 ik i 2 100
nmol/L. 4 sl ks - 1 2 &5 OPTI-MEMIE 2], B T37°C. 5%CO 41 i
BE IR T AR LR TR

(4) Hfl: MR 54~6 hat G, FIPBSIEUE—i, &ALIIA2 mL#r
fif 10%FBSKT IR, halis o AT 5 8056 .

48 hEHEHUSRNA, LAGAPDHIER NS, HIQRT-PCREZAAL M SQLEZE A 1)
AR IA &
3.4.2 EEKFEFHBELN

RNAT4ESQLESEH48 hig, M/KAEFLR R difarh i, Rk DR E M
S A SR IOR A G R A T VA U AT

(1) FEHIZMRE (1 mLAAZR) 1000 pl RIPAZY#, 20 pL 50% Cocktail & [
W0, WAL H A AL B 410 pl, 10 pl PMSF;

(2) WAt M B TR P TRV (MPBST Edt U3, d5Jm — YR IR 5k B
BESLAN ML INA120~150 sk R KA1 iR 7R U 10K B TSCES min, 1T
5 B R SRR AT RIS A0 T o s P A0 M ) 4 A R SR AR A 4 3
1.5 mL EPE 1, K30 min, 3I1A]EERF10 minfH200 pnLAs it e 8 WFT Huk, ity
AR see%4i. 4°C (296000 g) 505 min, K i IEE S B EPE T, RN 40 AL &
GAE

K i it R A R AT R I O R, ARG SR BCAER 11k JE W i A A
(P0012S, #Hd) HHATHE AW G . HAAERIEDED .

(1) FhbroiE S HX0.8 mLER FH brERC HI N 21 8 1 As#HE (20 mg BSAD 1,
FOOF AR S I BG25 mo/mL i) B PR UEVE L, LS 5 I PBSH R 22 243K % 0.5
mo/mLIRARE i 7

14
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(2) BCHIBCALAEM: ARAEAE S 280, 12 4R R EE50: 1IN ABCARARNIB AR,
FOMERS], BCATAEM =24 hpy e ;

(3) 964U [KARvE AL 20 I ANO. 1. 2. 4. 8. 12. 16. 20 pLhrvfEd,
FIPBSH H & fL A 2 $120 L

(4) FERALPRFLINANL0 pLEE RS, FRANINPBS %220 pLs

(5) HFFLINA200 uL BCATAEW, 37°CHFE A 30 min;

(6) FIHEEARAC, KM K K562 nmitf % fLODME, M 45 R 22 HI8 FE AR
fHEM 2, I AR AE e o B H ARG IR ol 1R 2R

(7) ARIEIAFA 5 R ARE IR, I 2588 /K46 54 B 1 2R FR AR,
NI A EREEMRIRATIRA), &5 min, K ECEL min, B0, -20CHRAESH] .

5 AR (A s BN J7 vk CORERUESS 2015) Xtk (A TRtk Ar e v b, B
B BRATT

(1) Kl FH R ZEAOR BRI BRI, 6 56 B HL 22 e i

(2) il A H AR, EEA IG5 B RKE . A INTEMED,
IN5E J B TE A AR IRETIRAY, R T BB (K 2 BRI o ARG W BB AR 1 —
NCENTCK S, AERRTET, SR ECE1~2 he 70 B RReE m . Gl FE R,
FHIEA T, FCHIS%MR 4. SN2 mL, i jn e, fdA S AL . 4
56 i FVGERE A IR J00 AR VAN ST T o S5 B TR L e MBS, K e BT vl
VKT, K HERR AR o SDS-PAGEJ3 125 I R 47 I T e 1l B A7 2% SDS-PAGE B i il
HRAE U (G003, BHEYD .

(3) fkE: W4 CHILFRE AR5 min, UK EHCEL ming 4B ERES KT
ARG, IMANEALT, A InFE LA bufferhst

(4) HPk: KSR A PP e Bk ACE 80 V, BiHvkl hAity, H
TURE S B )2 B, Kl R 25120 V, Il H IR (IS BI85 0 B E, AT AR
Ko

(5) LM VeI, F AR MBARTT BRI o R I L s R 2
R B NG IE RN WPVDRIEL, EE T HEE 1 1~2 mindk 705 . frPVDFE
RGP AR TEARIE ) 5 K PV DFIBON 6 I GR ph i rTiR He , [) BN e 4R Y P o e
FES G 4R DB G 42 D0 i - 21 2 2R - D 4R - I8 i -PV DI 18 20G- 2 ¢ 48 - 11 e BRI 7

15
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VTR, Bl — 2 B B s 2 s e BUR TBON L A P, 1715 1E 200 mA,
11590 min.

(6) FFHI: HE5e s I TBSKPVDFEEUEL0 min, FH5% MR Wk S AT IR
#2 h

(7 n—4t: $ B NATA UL 2k, 3 AR —dl, 4CH RS .

(8) i —i: A & f5 BUHPVDFR, =3 N A TBSTELE3W, FHKIELEL0 min;
HTBSTHFEHRPARIC —Ht, IPVDFREIE T —HilE 5, SR E2 h.

(9) VEME: B E 56 n FHTBST 8 /0 BE A PVDFIBE3K, A:K10 min; 5 H
TBSYER3IK, HE10 min.

(10) kot itk HECLE (A& (BIO-RED) , AWML BIRAFILIR &
A EOE T, MEERaER, LTI RINES . BRI PVDFR I [f
B R JRCEAE T ORI, AT G S ECL %, & T ImageQuant LAS 4000
mini B UKL, FTIHFRCEI AR, AR APE RGN (], S 3 B 8 1 o B idE AL,
v, Himage jBAE 3 AT K BEAE (Tsukada et al 2006) .
3.5 SQLE i3 Rik RAAE

HKHENCBIE $kSQLERICDNA% 41, FFRATLaBOR W W) o 7] 5 il Kk
Btk FHWVIBENhe IFIBamH 1, X415 #iPCDNAS.1-SQLEREAT W Y), HAk
S BRI & P P R A, W) SONAR R W 3-3F R, WD) S Y 137 °CH
W FAE TP EATL he

#3-3 WEY) R AR R
Table 3-3 Double digestion system

HFEK (A
Name Volume
PCDNA3.1-SQLE 1L
Nhel 1L
BamHI 1pL
10 X K buffer 2 L
ddH,0 15 i

XXXV R OREEATEB Lt BEIRHLVK)E » 7E300 nm K R AMNEOR N REAT
2.

16
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3.6 fRRIEYE. FEHIFRAT A9k

3.6.1 ZHRmIETEIRN

CCK-8H 415 2-(2- F A JE-4-TH 3L 25 L) -3-(4-THFER L) -5-(2,4- Tl A) -2H-
PUMe gy (WST-8) , WST-8 1] 4f i r 14 Jid Sl ade Jit jst— i e FEEVA 3K IO 6
G EE, R R A IR H Il B CHIAREAS 2019) o Bl b SR I FFY B8 £ 9 5
SRAEA A, DAUEAR IS4G T BE ) o AL B CCR-84H Ju 1 L RSl X 7 46 e s 13t
GEEE (N

KA ML AR 96 LA, BRRCT TR, ey ab s, WOREAS I 4 fv® 0y, RARP IR
SRR & (CCK-8) AR Lyt A THAE . AN NEAL, B 137°C.
5%CO 1% - 5 548 ho FFFLIMIA0 pL 10%58 4215 979 %10 ul CCK-8, ¥ 2 it 4
FEAA . BRI B 0 AN 2 S TN B R B GIY  150 min, 5= B SRR
OD{H (450 nmAb I EE) .
3.6.2 ZHREAT M

A M % ea8 hg , WSE T EAS I K 40 . 2518 54T (2015) Frik A1gLEEAnnexin
V-FITC/ PI4H A T A I 70 e 4 77 v A 4t P 1, LA 3R an

AL TR A0 i T AN S EDTAREE I 165~10 min, 815 Qs FW%E, £z,
IO SEARFR A B G IR 2 R AL, AT ARG A% 2210 mLs 04, B0 (~465 g)
5min. 7 b3, FIPBSPEHANMU2~3K, #50 (~465¢9) 5min. 7 i, W40 iH;
JIA500 pL Binding Buffer &iF40M; MIAS5 uL Annexin V-EGFP 4] )5, IS uL
Propidium lodidei€%); &t ®EOG, JN5~15 min, 1 hpA 48 sl .
3.6.3 ZHpaRE A

AMuE 448 hi, WCEERTERIAN. FIABULALE (P 5DNAS &4
ST () 20 C 5 ¥ S A DU A0 B BT AR N 39T ELAAGSD BRI 75 4] (2015) FTik
FILEEAH JUDNAS SA AR & CANH A D AR B ] 45

(1) FrAbHEgn i FH A S EDTABEE N L5~10 min, 815 B FWEE, 5410
AR E, NS AR AN MRS TR 2 B AL . IRET AN R 210 mLEOE, Bl
(~465¢g) 5 min.

(2) 5% bif, JHPBSULEc4ifi2~37k, B0 (~465 g) 5 min. 5 L3, WA

s T4l BECHE TH I N500 pl 70%4 LB REAT [ 5, 4] R4 CRtR s
17
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(3) BOZBRMER, ATAPBSIL#2~31, By (~4659) 5min. 3 i,
e HE 4

(4) [0 EYTHE I A80 uL RNaseA, &%), ‘BT 37 ClH/KiEH# 30 min;

(5) FFINA300 pL PIZAIRE), 4 “CilE [ .30 min;

(6) VML PIUH AR B TR, WORIGIEK 4488 nm, R4 6K
K KF630 nm, PAAEL AT,
3.7 FBR b RRMBRIE TR P BE AN/ B RO

3.7.1 HM=EMHEGHLEN
WPl RIESQLE G /K- FLAR b5 41 Muds 779 L%, FHELISAIR I G AS

A0 M5 5% g il = e AN R e, b il = R A I X S R R
0.0001 mmol/L, P& & A It A7) & ) 2 0% 240.0001 pg/ml, 30373k 4405
5. ELISAKLIN 52 GRS 1 (LR baRm & 347, RA3REb B
hE

(1) AR 20 min Jo AR E AR IR Frifa B g%, e B AR e S FLNTREAR AL,
Bt it FL A5 AN [V BE PRI ARV i 50 pLs

(2) FEARSLEIAFNFEA 10 pb, FRAFEARRREM 40 pLs 25 LA,

(3) BR=fLAh, ks FLRREAAL T AR SL I B Sk i (HRPD Arid
(AP 100 L, MRS SOV AL, 37 CoK AR s E AR & 60 min;

(4) FE LW, WOKA AT, BALINREAR, A 1 min, JE PRSI,
KA 40T, FEAIVER 5 K

(5) FEALINAJEY AL B % 50 ub, 37°CHEOLIFE 15 min;

(6) FEFLIIAZ W50 ul, 15 minfy, £E450 nmis KAkl e 2 FL I OD1H .
3.7.2 BEidta

HIZLOY I —FP 2L (A IRV P ekt P DS PO S B 9H = R 1 23 Wb (Kim et
al 2016) . E12FLER HRNAT-HLE it Rk SQLE S, A8 I A FE B IKI 5 5 o FLAAAS
LS B O ARG W AT, el gl e g v LR, LA HL5E
)5, ¥PBSULM#E, JNIORO Fixative[d & ¥ [E £20~30 min. ¥ e, HZ&M
IKPE2U o INAN60% 57 A B2 HE5 min. 512:60% 57 A BE 5 I A B L 47 1 ORO Stain,
R Y10~20 min. FEERGLOI, KUE2~5ik, HRILZ R IMAMayer 7R R4
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W Ge1~2 min (NTIAE KD, SZEIFEGRUEKIE2~5/k. IIAORO Buffer
el minjGsr 2, ARJE N ZEIR /K 78 55 40 I S AE AT ISR
3.8 AR LR 4mRaAE 1N 43 b4 < B B A 46

JQRT-PCRAN 1 4 2% EVIZEHARAG I TP SQLE Jim 7K 21 LM - Bz 4t Jfa v 84 4
AR 3 WA R DT (R A 838 B o a2 A AR DX ke DR Ay {1 149 B ke DX 4 T 9 s
KA (myelocytomatosis viral oncogene, MYC) FIH8 e A 2 25 11 199 5 40 g 2% it s ik
(proliferation cell nucleus antigen, PCNA) . J& HIAH <3 N 41l i 5 1 2 (1 4 i
BN FILAZE ] Ceyclin dependent kinase inhibitor 1A, P21) FI{E T4 F1Bcl-2
FHEX I (Bcl-2 associated X, Bax) (Lietal 2012) . Fridefig JiA i AH ¢ 3k DA Ay
SK A ¥ 5 DR IEL [ R 45 o455 BR 11 (Sterol-regulatory element binding proteins 1,
SREBP1) (Bionaz and Loor 2008). Jrit ¥l AR AHIEEI A mTOR@E % (elF4E)
FIIAK2-STATSIH % (RPS6KB1FIJAK2) (Bionaz and Loor 2011). At 514541 W,
#*3-1,
3.9 HEHIHHE

XM Bio-Rad 1Q5 %t & Microsoft Office Excel 70 #7sZi & & PCR #i#ii; M
Modfit #4347 40 M 1A AR 2 40 R a0 A o SR 27T W BEIR . 40 i )
A0 M JE W A AE N Rk, Rk B 2> 3 oM R . H Graphpad
Prism 5.0 BAFR ATy ZE 0 el t ke . Gevh o 2= i AR, M R IA &
(1 &8 SR8 A I SF 24 hp k% (Mean £SEM) %7k, P <0.05 A 4t 2¢m X (%)
P<0.01 Z=57 ARiE & Cer) o
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4 REER
4.1 KESQLEERAZ M EESHFMHREMXER
4.1.1 SQLEERAZ 7514¢

TR AL PP ANSNP 2> 2 f) 25 21 (5 7R SQLE AT 51N SNPAL £, 7311l 1 g14238(T>G)

916409 (T>C) . g18858 (A>G) . ¢22146 (A>C) Fig22834 (T>C) , Hihg14238

FrTEB6N N T IX I8k g16409F19188584 14571 N & 1~ X 48;  922146F119g228344

NN T IX A (EI4-1H1E4-2) o Zp ATtk (51 SNPIE PR B Al e | 457 Bk PRI 43
FK. JRETE (Heterozygosity) FZ &G EE&E (PIC) , KIVEIRE A+ 916409
[R5 E Bidsermr, 405 922146125 S ik, 40.1, g16409. g18858H192283417 ki
J& T rh £ 7% (PIC>0.25) gl4238$[19221461¢5)§?1f5}#%

s (PI1C<0.25, 2%4-1) .

\ /W /\\ ,’\Z/ /\&/\/ W\

g14238T>G

£.16409 T>C

c’\‘\ " “ |
(1 [

\ I | \ \ /\

\ | | ( \\ / \ / N

‘ [ [ [\

| \ | | [\ VU
£.22146 A>C 222834 T>C
— oIS e e e T

D<L8EIYT ‘B
<L 60b91 ‘B
D<V 85881 ‘T«
D<VOpIZT' 8+
<L pE8TT B

BJ4-1 SQLE SNPAL A REA (BaRFES UTRAIZ' UTR, BEFLAHBRBINEFRA
HETFRE) .

Fig.4-1 The resule of Screening and positions of five SNPs in SQLE. Yellow, green represent

5'UTR and 3'UTR, blue, and red box represent exons and introns, respectively.
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~ Highmassheight

S =~ N W s o 9ok v

O No Call0) 7 TQ) © GTO3) AGass) ©No Call34) ¥ AG34) ©CAM) ACE) 0 NoCall22) ¥ G@2) L AGALS) AA@2) other(2)
18 204
18
= 5
S b 6.
2% =
a1 2
g E 12
& 10 )
o i 10}
sl
st
&l
6l
4] 4l
21 2t
2
0 0+ & Gy
e o ey ; ; ;
01 2 3 4 5 6 7 8 9 101 0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20 22
14238 T>G g.16409 T>C g. 18858 A>G
® No Call(34) + AG334) = CA(7) AC(6) #No Call(73) ¥ T(99) = CT(50) A C(161)
1! 11
10/ 10
9 9
58 58
i 27
o %
2 61 26
g £
= 54 YR L
& ° o & o
o4l 3 T4 55;:
31 3 F
2 RS
f 4
1l B 1 "R
of @ o} # o
01 2 3 4 5 6 7 8 9 1011 01 2 3 4 5 6 7 8 9 10 11
Low mass height Low mass height
£.22146 A>C 222834 T>C

El4-2 SQLERF KK E (BENEERAEST, KERJRET, LENTEAMNMNER
)
Fig. 4-2 The clustering graph of SQLE genotype (Orange and blue are homozygous, green is

heterozygous, and red is an unidentifiable genotype)
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F4-1 SQLEEFISNSNPAL RTEK 4 BEA 8L (5 B
Table 4-1. The genetic information about five identified SNPs of the SQLE gene in buffalos.

B 35pisl £ A YR 5| EZ Y
ZBALR SEAL 255kt REE .
- kS ] ks " Bog
. (Genotype (Allele .
(SNPs) (Location) (Genotypes) frequency) (Allele) frequencies) (Heterozygosity) (PIC)
914238 intron6 GT 0.2 G 0.9 0.2 0.2
GG 0.7 T 0.1
TT 0.0
916409 intron7 CcC 0.2 C 0.5 0.5 0.4
TT 0.3 T 0.5
TC 0.5
018858 Intron7 GG 0.1 G 0.2 0.3 0.3
AA 0.6 A 0.8
GA 0.3
022146 Intron9 CA 0.0 A 1.0 0.1 0.1
AA 1.0 C 0.0
CcC 0.0
022834 Intron9 CcC 0.5 C 0.5 0.5 0.4
TT 0.3 T 0.5
CT 0.2

412 ERBSHFAMERHXR

K55 SNP 5 I FLVE REEAT G0 BT, BRI 3ASNP S = I P g ¢, L
014238 5270 d 5 FLE AR B #F KB (P<0.05) , {HELIALA)AA & % 5+ 918858
L= gt 270 d¥L AL R R W25 Kk (P<0.05) , HGGHERAL{E270 d¥l
JIEFERIFL N L W T AABE PR Y AR s A L R AT W] B 2 e 9228345564
FULEEBEHRAE B oelk, Hh TTHERAZE270 =i, FUE &, AMRRMAEAZE L
B TCTEAAREY, CTRERI AT g ™ Yy s AN gL A & B 2% m T CCHiAA
R (P<0.01, #4-2) ,
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#4-2 SQLERFSANSNPAL R 5K AL ERE CPMEHFHER) KRR
Table 4-2 The relationship between five SNPs of SQLE gene and milking traits of buffalos (MeanSEM )

gAY HEHER SR 270 A= E A& FLAEE AEEE AEPRER
(SNPs) (Genotype) (PM/kg) (MY/kg) (FY/kg) (FP/%) (PY/Kkg) (PP/%)
014238 GG 14.440.4 2782.5484.9 220.347.4 8.040.2 126.744.0 4.640.1
GT 14.540.4 2831.4483.6 223.647.3 7.940.2 126.743.9 4.640.5
TT 14340 2793.54201.2 2119476 7.740.4 126.749.4 4.640.1
Pvalue 0.8 0.4 05 0.6 0.6 0.0
916409 cc 14.740.5 2882.4498.3 224.348.4 7.940.2 128.644.6 4.640.1
TC 145405 2781.7493.7 222.148.0 8.040.2 127.344.4 4.640.1
TT 145405 2753.6498.7 220.648.5 8.040.2 125.044.6 4.640.1
Pvalue 0.5 0.3 0.7 0.3 0.2 0.4
018858 AA 15.240.4 2804.0453.6 240.948.6 8.140.1° 130.022.4 4.640.0
AG 15.440.4 2825.0452.0 247.246 5" 8.240.1° 130.242.3 4.640.0
GG 15.740.5 2778. 449714 248.748.9° 8.240.2 % 128.743.2 4.640.0
Pvalue 0.0 0.6 0.0 0.0 0.8 0.9
022146 AA 15.440.4 2973. 4474.3 243546 .4 8.240.1 136.643.5 4.640.0
CA 15.840.8 2977. 541553 244.8+13.4 8.340.3 137.747.3 4.640.1
cc 16.040.8 2973. 4474.3 250.5+11.8 8.140.3 141.846.4 4.640.1
Pvalue 0.5 0.6 0.8 0.9 0.6 1.0
22834 cc 14.140.5° 2617.3492.72 220.147.3% 7.940.22 127.042.3% 4.620.0%
CT 14.740.5° 2818.8499.4° 224.247 9% 7.740.2° 130.042.62 4.620.0°
TT 14540 52 2761. 9487.9° 229.947.0° 7.940.22 126.042.1° 4.640.0°
Pvalue 0.0 0.0 0.0 0.0 0.0 0.0
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Hizka-2

e PM: mgEWhan, MY: 270 dibFLE, FY: 270 dFLRE, FP: FUEZE, PY: 270 d¥LiEAE, PP: FLEEAZ,
FZIARFEE bR R 225 2 (P<0.05)

PM:Peak Milk, MY:270 d Milk Yield, FY: 270 d Fat Yield, FP:Fat Percentage, PY:270 d Protein Yield, PP:Protein

Percentage;

b within the same column with different superscripts means P<0.05.
4.1.3 KESQLERFBFERZH I EEMXER
SQLEIEPA (RIS s EBIA A 4 i 45 R Wos, A1 H34SNP (918858,
022146F1922834) 41k AT 58 IEBUIRASI AR (K4-3) » HTg22146)8 T
REZ A, A HUWFLIEREM /T, Fr AL RIS A5 U4 &, 43 i /£ HIHL, H1H3
FIH2H3, #5K 5305 4148.70%. 17.60% /% 13.94% (££4-3) . At LHRFTSNPs 5k
FLEERE ARG, B A5 U2 & 5 6 TOMAFLPE REEAT DGR A3 T, 45 SRR INAT 3/ PR fi%
A 55270 dFL AR EMILIER BEME (P<0.05) . M, H2H3%Y (226.1027.13 kg)
EAKI270 dFL PR B 25 5 THIHLAY (216.8847.14 kg, P<0.05, #4-3) .

!
o
“a
!

0.22146A=C

|
|
Il

L]
i
=
=]
)
=]
==
-
=]

g.14238T=G
0. 16408T=C
0.22834T>=C

Block 1 (3 kb)
4

l4-3 SQLEZE [R5 SNPAL i o 34 th B BT 1
Fig.4-3 The linkage disequilibrium of 3 in 5 SNP loci in SQLE gene
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R4-3. BERASEKFWIER CEPMESRER) KIXR
Table4-3. The relationship between the haplotype and milking traits of buffalos

(Mean1SEM)
Blockl H1H1 H1H3 H2H3 Pvalue
%1 (Sequence) CAICA CAITG TAITG
i (Number) 187 67 53
#iZ (Frequencies) % 48.7 17.6 13.9
gD (PM/Kg) 14.3405 14.640.5 14.440.5 0.6
270 A= W& (MY/Kg) 2723.34105.0 2722.04107.2 2805.92103.4 0.5
FEE (FY/KQ) 216.947.1° 226.547.6% 226.147.1° 0.0
FLIEZE (FP/%) 7.840.2 8.040.2 7.940.2 0.0
AEAR (PY/Kg) 123.244.9 124.045.0 127.944.8 0.3
FLEA%E (PP/%) 4.640.1 4.620.1 4.640.5 0.7

4.2 FMLALN S SQLE EERIEE

K 45 28 2 414 U SQLE SE B mRNAH X 3 15 00 R LA LI L SR L L FF
RN N NN 7NIDN I 27N N N O LN E I 2 G
FR R R LT (El4-4a)

15
s
C
n I
$E 1.0
g3
® o
L
5 g 1
ez o5iHEE
w = {1 E
g {HE
17 =
0.0l AEAE &
FO E® DS S QG D S v
A R K

Bl4-4 SQLEFES-2% B HXTRIEKF

Fig 4-4 Relative expression levels of SQLE in various organs
4.3 @by FLER LR 4nAa
DA ZF LR b R 20 B S B2 L RS B4 R L SR g A T, R s A 2
FI bR 4 i ff 2R (T A8HEAT 9O 45 R R, RS FLIR B g, MR8
BHAE R K F90% (Kl4-5) , BLC 3R /KA-BMEC, 1l LT J5 SHR5% .
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CK18 DIPI Merge

El4-5 F40HaMAEA18 (LA FIAKFFR bR R4l (EER)E, DAPIRE)
¥R R K50 pm,
Fig.4-5 CYT18(red) and nucleus(DAPI,blue) in BMEC. Scale bar, 50 pm.

4.4 SIRNATFHHE

F#siRNA-2031. siRNA-1843. siRNA-1103. siRNA-1960 (si-SQLE) (#4-4)
MR (NCD v Be gy il Bk I 4% 3 31 73 B 85 % 1K 4-BMECH48 hj, gRT-PCR
G R B, DU QEAISIRNA-1960 1) TH AR e ff, 15%]95% (P<0.001, K&l4-5a) ;
TR 1 G EVEE S 45 L S, I 4 I SQLE 2 1 /K P AH N 6 i B R 163% ([&l4-6b)
Ui IHsi-SQLE W H T 5 A5 .

Fa-4 FRABLIREITT
Tabled-4. The name and sequence of interference fragment
- bl
TR B AR .
sense (5-3") antisense (5'-3")
SIRNA -2031 CCUAGAAGCCUCUCAGAA AUUCUGAGAGGCUUCUA
uTtT GGTT
SiRNA -1843 GCACCGCAGUUUAAAGCA UUGCUUUAAACUGCGGU
ATT GCTT
. CCUAUAUUCUGUCAGCCU AAGGCUGACAGAAUAUA
siRNA -1103 UTT GGTT
SIRNA -1960 CCAAGGAAUUUGAGAGAA AUUCUCUCAAAUUCCUU
uTtT GGTT
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2 b SO
1.5 - P [-actin

* — *or B si-SQLE

-
o
]

1.0

|

SQLEmMRNA expression
(Relative to GAPDH )

o
o
1

0.0 l . -

\J J \J
siRNA-2031 siRNA-1843 siRNA-1108 siRNA-1960

SQLE Pro expression
(Relative to B -action)

Fd
o

NC si-SQLE

El4-6 7K4-FLRR 1 B2 40 ML 53 ¥ Sea%si-SQLE T BUE SQLEZERIMRNA (a) M&EA (b)

KFEHIFRIE, *RRP<0.05; **FR/P<0.01; ***F77~P<0.001,
Fig.4-6 The interference rate at the mRNA (a) and protein (b) level after BMECS were
transfected with4 siRNA SQLE by gRT-PCR.and Western Blot. *P<0.05** P<0.01, *** P<(.001.

45 FFRIEYR

XT & I IPCDNA3.1-SQLE RIAHAK (|¥l4-7a) JEATRUAGY), HIk4E R o
1731 bp#i15394 bp# 4c 4ty (4-7b) , HTHIAHAF (1737 bpAi15388 bp) . 120 uL
BRSNS, B2 AR, BRI v B H I BUe e ULie, T N
R . qRT-PCRE: M Won A T AEmRNAK I R iA & Hil 76015 (Kl4-7¢)

a b ¢

@
o
]

=2
o
I

1737

IS
2

SQLE mRNA expression
)
=]
1

o

T
Ctrl Over expression

B4-7 G RIEFCRIPCDNAS.1-SQLESH (a) « FhixuBgv ik (b, 1. 2F13% XU EE
VG FBIBIRESR, 4KMarker, 54PCDNA3.1-SQLER BIRALAK) RiTRAMKE,

Fig4-7 Structure map of overexpression plasmids (a), the results of double enzyme (b, 1, 2 and 3
are the plasmid length of PCDNA3.1 and SQLE,4 is the Marker, 5 is the plasmid length of
PCDNAS3.1-SQLE) and the efficiency of overexpression.
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4.6 SQLEZ:E X ZRpa4 K HiBi=/EA
4.6.1 {Rit4MpRIETE
X UM Rz 40 Mt A7 e BesiRNABR L Rk Jioki 4b B, 48 hjis, HICCK-8fill 4 g
1. KISIRNATHLSQLERLR &, 4 iukG 5 fie ) T F%32% (P<0.001) , i &k
SQLEJE A 5 g s e 77 L FH23% (P<0.01, FH4-8b)

a b
*%
1.59 *kk L : :
L 1
) )
,‘? . 1.0 ———........ ;‘ A 1.0
g0 £5
Sz $0
32 32
O 7 0.5 3205
0.0 : . 0.0 r
NC si-SQLE Ctrl SQLE overpression

KEl4-8 RNATHE () Bid®RE (b) SQLE/E, KAFMR EERAMEIGES . **FRAP<0.01; ***
F7P<0.001.

Fig.4-8 The vitality of BMEC after knockdown (left) or overexpression (right) SQLE gene.
**pP<(0.01; ***P<0.001.

FHE A 40 o AR I 20 B R 39, &5 SRk ILSIRNAAL B 17K 24-BMEC AL TG ) tr
Bl ER L (P<0.01) , AFG2iHRLbfl B> (P<0.05, Kl4-9a) ; it3Rikib
FFIBMECAL TSI E B EM L (P<0.05) , A T-GLAIG2MIHI4 s mkf B

440 (KE4-9d) .
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a b | c
100 ] a
~ & 8
il . Dy DpG1:7522% B Gt DeGL7eNx
i\o i = NC q = u-g(,z Dip62:10.18% 5 Dip G2 Dip
c 801 B si-SQLE 1 ] DipS  pips:1459% g Dip S Ibs ublx
.9- é
=
2 60 25
=
%o '
2 R
S 201 -
o = X
® i ] .
o 0 T T
G1 S G2 & » “ @ 0 0 20
Pl Pl
d € f
61:7330% 1 DIpG1:67.86%
~ 807 g B Dip G2 :m;usu & x 2:824%
= . Cirl N S Dips:18.04% DipS:23.80%
o BB Over expression
5 501 58 58
= a a2
H £ £
£ 401 g ‘s
2
b *
o
T 201 ] &
>
[
3
0- 5 =
@ G1 s G2 " ™ o =

El4-9 KAFLIR EEAMERNATH (a. bfilc) BudRX (d. efif) SQLE/E, AR &R
WA TR L] (afid) MEHAHrmE (ofefxs A, cMfZi®EA) . *8
7RP<0.05; **&"P<0.01.

Fig 4-9 Percentage (a and d) and distribution (b and e as the controls, ¢ and f as the treatments)
of different cell cycles after RNA interference (a, b and c¢) or overexpression (d, e and f) of SQLE
in buffalo mammary epithelial cellsby cell cycles detection Kit.

*P<0.05; ** P<0.01

4.6.2 HIFIZARRIAT

X FUIR b R AN AT TR alk FIASQLEIL R AL BE, 48 h)m, AT IR &
SR T, R ERNAT P Ak 0 ) 0 7 09300 1A 30T 1 B 1 340 B 5 0
(P<0.001) , EFET R EF76%, K4-102) , At FRIE A HE /K 2EBMEC H 11
TR IR T Lo A G 2 kb (P<0.05, &4-10d) , RHT-HR FE72%.
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a b c
s jat Q@2 "ot @
- B si-SQLE .| 885 0.38 1.09 s 6.43
. 1 . i
2
@ 10
© L T .
2 i
2 s i
2
5_ ]
od “las a3 “las a3
T LA 50 1893 1.42 86.3 6.19
d (] FITC f FITC
7 1
= ctrl 11.38 4.36 1184
B SQLE overpression | 1
81 [ kL
X
2
] o o
2 i
[
-]
S
o
g
0- i i
S W A 1923 1.96 195.7 1.01
v o T L ™ e Y-
FITC FITC

Kl4-10 KAFLIR A BRNATF A (a. bflc) Bl RiL (d. efif) SQLEE, AFETEFI&EM
40 e BB ANB R T ] (afiid) ME RS E (bfext B4, cMiRaEA) .
*RINP<0.05; **F/RP<0.01; ***FRP<0.001,

Fig 4-10 Percentage (a and d) and distribution (b and e as the controls, ¢ and f as the treatments)
of apoptosis cellsafter RNA interference (a, b and c) or overexpression (d, e and f) SQLE in
buffalo mammary epithelial cellsby cell apoptosis detection Kit,.. * P<0.05; ** P<0.01; ***
P<0.001.

4.7 SQLEEEXM I IEFAZA RS B BEIER
4.7.1 {REHBM=BEEFNBEEH S
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Fig.4-11 The concentrationof triglyceride (a and d) and lipid droplet secretion (b and e as the
controls, ¢ and f as the treatments)in BMECafter RNA interference (a and c) or overexpression

(d and f) SQLE in buffalo mammary epithelial cells. Scale bar, 100 pm, ** P<0.01.
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Fig.4-12 The concentration of casein in culture supernatant after RNA interference (a)

or overexpression (b) SQLE in buffalo mammary epithelial cells. * P<0.05.
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Fig.4-13 Relative expression of genes related to proliferation, cycle, apoptosis, milk fat

synthesis and casein synthesis after RNA interference SQLE in buffalo mammary epithelial
cells. * P<0.05; **P<0.01.
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TESQLEFE K, 922146H1914238 (1) 7% & FE 22 547 rifs D B BUK, R A
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(Orozco et al 2009, Horne et al 2004) , Jir A SL£5 14 5 90 FL PR BE IR OCIBE 45 A s ]
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MY CHX A 5w 2% H i (P<0.05) ; fe i T3 PRl BaxAH X ik 7 W% il (P<0.05);
S IAH SC BRI P2 AR N A & i 2% N (P<0.05)

PCNARIMYC#EZ 541 fFUDNARY 3%, HPCNAFZAGUNA R ML, &4
A5 IR 25 46 HR (Moldovan et al 2007, Wojciech and Alicja 2010) , i#{ESQLEJ5,
PCNARNIMY CIf ik i W 2 N A < 40 I BHL Ay AE G LI, AT 9k 55 40 L 9 B 8 ) « Bax
DL LR AARFL I T 1 I 186 I s 52 v 5 B0 1= 8 7 R (Eskes 1997, Vyssokikh et
al 2002) , BaxF ik & N i B SE A MR T (HARE SR, P2LE 40 i IMIGL/S
AR A, A A AADNATEGLSIAZ BB F I, P2UR s . HARIA =T
[ S UM TR R FG2/IMIK BT (Bedelbaeva et al 2010) o {HARE P13
IS5 1) IR S B MR 3G G R G2 M BH A o A SCHRARGE , P2AS FUA 4 4
MBS TE 15, i AT LU S cyclin/edk 4 & T8 1 2 4 03 sh 40 i A e AT,
TS S 40 2> 244 ] (zhang et al 2007) o A B4l foe 4 B Wor, P21 F
R 2 M S5 S B, A0S ARG LI CORZ%E4E 2018) o AIAS P21 fiE
T A 40 P 80K 4 AR R 4 A0 i 8
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LR IASQLE S R A [l Je 15 1 A=) 5 1 5 3 A0 M B BRI A2 (Sui et al 2015) o 4
RASQULEI: [R5 1 f [7] I 38 gk 8 715 L[] I 1% 5l ) e P A LI B R 4 M P A G, G

Tl = BaeE AT EA s, W LRI sy, AW 1 R G B A
H, RvE FLA R I EE N 2 (Sun etal 2017, Yang et al 2017) o 7 H it =g Jy 1,
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FILSQLEJG, idhHMi=mek & EJF 741% (P<0.01) o i T-40 it £ H oo H il
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THRSQLEJG, FLME - 5z 40 it v i (¥ 4 p S a3 ka9, i ik SQLEJ& R 45
IR, gRT-PCRZ KR HIRNAT-HESQLEH: K] J5 7K 2 BMECH SREBP 13 (A AH
RIS W G (P<0.05) o CAWFITERY], SREBPLI WS 42 I 107 A1 H il =1
A BN ) E Sk A T (Edwards et al 2000, Anderson et al 2007) . 5§42 FLR
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AZiEHE (ACBP) JERWAIA/K MM (Li et al 2014, ZFf 2014) . {E/KA3
R A, b5 SREBPLIL M [T ERFABP . il iR BEAHEEA L IRl (SCD) A
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BE R AL FL NG A s w] eI ok Y45 i PR SRR B LN A e TR DGR A3 B 48 b
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FIRPS6KBL1) AN # ik i B 3% P4 (P<0.05) . AW, PISK-AKT-mTOR
FIPRL-JAK2-STATS & 7L 8 (& s 2 ZL 15 5 48 % (Wang and Proud 2006,
Rosen and Wyszomierski 2010, k%% 2013, Tian et al 2016) , HmTOR{5F 51l
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