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BEE mEE SER M OB kzz F oo AFH AR
(FRAERFHEMWISET L% 201600)

BE BE A RSADRRR 1 53 E k%2R B6-Chrl® fo 24k & & CSTBL/GT (B6) i it T 448 5% 405 1 K A B )& ( quantita-
tive trait loci, QTL) M &kiA 2 FZ O HMEARAFHRTELR, BLEAALALLFAXFESH (genome wide association study,
GWAS ) # B fe Al X Lok hiE s A B . J7iE R A AR #:%  H AR 3t B6-Chrl™ fo B6 3 47 AT ik A B & 34 354400 ;35 A Tran-
scriptome Analysis Console 2k A Ik B RT3 47k ik 2 7547, S b kX Z /&G %AALA; 15 Ensembl Variant Effect Pre-
dictor 4445+ B6-Chr1¥ &, | 5 &k Loyt T F A7 a2, X R e R BB AR D R A %R F T RKEE, ik
th 5T ey fisA8 % QTLs; #) A bedtools W &) intersectbed ¥ 5 T ¢y Rk ik 2 F H G H A A ARSI RT T ARYE & %574 QTLs
R B AT IbER, 4 A A K GWAS H A Aol & ik it h fn flE AR X AZ LI R, G5 R £ fl5A X QTLs W, 37k th 34 N EF A
KBGO BAER, 5 A 32.11 F= 20 AN F A2 B 8% (cholesterol, CHOL ) . % % /£ s %& & A2 ) 8% (High-density lipoprotein choles-
terol, HDL-C) &5 & i5 & & 2 ] % (Low-density lipoprotein cholesterol, LDL-C)#8 % &5 QTLs M ; it h 47 Ahsb R T AR,
2 F A 21,41 #= 14 /~4%F CHOL . HDL-C.LDL-C #483% #) QTLs N, £ LR L B o, kit h mAEi A B, £ & Marcl E/\;*é
GWAS #F5  A [aeAs &, Soatl & b5 ) R iR XA X, LI :Marcl Fo Soatl 7T 52 5] A2 B6-Chrl® i fi5 53 #9 2 fit

B, f & Marcl koA #54RE 5 e g 4K AR % , TTAE A4 ik A B AT —F g o A IiiE

KGRI 5 QTLs; F & Bt KX 2 F R G HAER; ik £ LAKE;GWAS
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ABSTRACT Objective: Using chromosome 1 substitution strain derived from wild mice B6-Chrl¥ and recipent strainC57BL/6J
(B6) to identify both differentially expressed protein coding genes and protein coding genes with deleterious mutation in blood lipids re-
lated quantitative trait loci(QTL), then potentially functional genes were further prioritized by analyzing human genome wide association
study (GWAS) data and related literatures. Methods: First, gene expression profiles in liver tissue were assayed for B6-Chr1SJ and B6
with expression microarray technique and differentially expressed protein coding genes were determined using transcriptome analysis
console software. Second, Functional annotation of the genetic variants identified in B6-Chr1¥ was performed using Ensembl Variant Ef-
fect Predictor software. Third, the identified blood lipid related QTLs was screened out using the Systematic Genetics Resource Database
of mice. Lastly, Both differentially expressed protein coding genes and functional mutation genes were compared with the identified
QTLs using intersectbed in bedtools, then joint analysis of the human GWAS data and related literature to select candidate genes. Results:
There are 34 differentially expressed protein encoding genes in blood lipids related QTLs. Among them, 32, 11, and 20 are in CHOL,
HDL-C, and LDL-C related QTLs, respectively. We also identified 47 genes with functional mutations in which 21, 41, and 14 are in
CHOL, HDL-C and LDL-C related QTLs. In these genes, Marcl was a candidate genes in the blood lipid related human GWAS data,
Soatl has been reported to be a regulatory gene in blood lipid metabolism. Conclusions: Marc1 and Soatl are likely to be the genes caus-
ing dyslipidemia in B6-Chr1¥, where Marcl has not been specifically reported to be related to lipid metabolism and may be used as a
candidate for further functional validation.

Key words: Blood lipid QTL; Chromosome substitution strains; Differentially expressed protein coding genes; Functional annotation
genes; GWAS

Chinese Library Classification(CLC): R-33; Q75; Q493.5 Document code: A

Article ID: 1673-6273(2018)17-3218-06

* I - E R A AR AR B (31371257 )5 LR QAR 400 H (151409005005 16140901300 )
YEE S BhAER (1993-) BH-BFEAE , 2 BEBIETT 1 B2 o)1t ey FLil - 15201866307, E-mail : lujiatao 1993@163.com
A EIRVER  HEE(1968-) , 887, EBWIF TN : BBy Figtfe 24, E-mail ; xiaojunhua@dhu.edu.cn
(Wi H - 2017-10-28  $532 H 191:2017-11-24)



DREYESSHE  biomed. cnjournals.com Progress in Modern Biomedicine Vol18 NO.17 SEP.2018

- 3219 -

YN

]

o}

iG-S (Dyslipidemia) 3= Z2 3k 1fi 25 A & (choles-
terol, CHOL ) Fl() H il =& (triglyceride, TG ) K-y T, i
7| RO I A ) EE AL TR 3R 2 — P, P o NS i i
o WFFERI , i AE R F 5 R g 58 i B Z R R 22—,
I 16 I 6 5 i B4 QIR G B T BB BT, XoF T0L ) ATV 7 LG
WHRAEEE L.

INERAE R A AT i A 2= A D e R E A WL TR
LB A CHHX — & 22 MR 58 vl Tz a8 - S IER T J
AR 22 5 WA/ NRE R AR Ag e F2 AUREA,
FE/NREEE A 1 AL T KA I B AE DSBS P R 55 8 B ( quanti-
tative trait loci, QTL), %l Suto P44 f] DDD/Sgn Fi1 B6 {4 F2
AR LB T 4 4~ CHOL #H2¢ QTLs 1 2 4~ TG #H¢ QTLs,
B g ] 52 1 F2 AQHE R 40 20 28 i 9 QTL X B — Rk
(20-40 Mb [a] ), 38 56 FECHEE 2 LA A FE R HE LS A TR
HBORAE R, 3E A4k, 28R K 2 SCHK 4341 (genome wide
association study, GWAS)VIE & J& , NUAE N KB, 7E /1
SRR Rtz 3z AT (Sl ) A S0 06 % 30 58 Z /N BURE
IRIEATRER e A A SEPRGE T RE AR TRAR, S 238/ R 2
PR (Hybrid Mouse Diversity Panel, HMDP ) iz i 4=, #F 5%
FW], FEZ/NRABEA T, QTL SE AL iy Yo ik Be X Be ] 4ii /) 2
2-3MbP) AR Kb T 6 A R

ute PR i 22 AR G R i — S su B Y et R A 5]
SZ AR i R DR T S R R AR A R R, RS R AR 5
— R . AR IR NKEORIER 1 SRaKREHR A
B6-Chr1SJ FISZ 44 5 2 CSTBL/6J (B6) JgAfAS , 8 1 i 306 £ 1 1fiL
i HH5& QTLs PN 3k 22 55 2 R R T R 58 A 26 R 9 45 B A3
GWAS Bl FIAH DG SCERILIE ) T Mg B A .

I R 5% &

1.1 KIezhY)

AR L H ARG B6-Chrl® 1 B6(I H g3 s 5L 55 5h )
AR A [SCXK(34)2012-0002]), f 37 T AR A K 2% S0 5 3 W) ik
My [SYXK (77)2014-0022], IR EEHHIZE 18-22 C, BE N
40-60 %, SEEAFE] Ry 6:00-18:00, FaHFIZK AT BERT SR AR
1.2 MmAS/MRARE AR ST

AU ARSI M /N A SRR 14 RIS LA L,
HARE R 22 72, JFHcmiME— il — i SE. HERZA
Ja AT aE AR SR o B /AN AR S 55 TR, BT A MM B
CZIRIE) PR RE S M4 BRATE 4-6 HZ ), 4hER 21 KI5 Wil
S, T 3-4 H AN 8 SR IEHE TREHMO1-F25 5 i st
IS EhYA PR T, A 10 %l 5 & JtAY R REH(D12450B, Re-
search Diets, 3¢ [H ), R4k 12 i, b fE v, & iE %/ Bk
B HAEREE SR,

1.3 BR i R 1 i 2 AL 38 HRiE

B 20 B /ML (Hd B6-Chrl® /MR 3 H ,B6 /M ERL 12
H), 14 h 255 R A BRAR Bk B T EDTA A4 1) B0 48
o, EEREE 2 DAY R IR SEE S ,2500 g B0 15 4R
(4°C), B3 T THE 08 1, -20 CLRAER H - MR AEfLT8 bR

o ZE4E L ¥ V5 IR — L SC IR s A B2 |, 1R AR Ak i v
434 (Hitachi 7180; Hitachi, 42 57, H 2 )Wl & CHOL . /& %5 i
N7 1 JIH [E B (High-density lipoprotein cholesterol, HDL-C ) Fl
1% %% B g 45 19 H [& % (Low-density lipoprotein cholesterol,
LDL-C)¥JE

1.4 BFAE RNA B3R UK FFREE FE RIAE 1446 i)

/N BRI Sz B S Ao S AR A, B 22478 BT I 4HL 4, R
RNAiso Plus 3200 (_[- 1622 29 /R AE W BOR A BRA R ) ##47 RNA
Hh#2 . A Nanodrop 2000c 43¢5 & i1 ( Thermo Fisher Scien-
tific, 3¢ [E) F 1 % EE AR M AR IREE IS LUK 45 8 RNA (19 T
ek ,-80 CLRTEAE . B6-Chrl® § R 2= HU/NRAYIF
JIE RNA, AR 28 1 5 Y 5110 65 B6 F2IID HU/)N
SR AT RNA P R FEAR 28 RS SR A . A&
Lt L WE BB PR B 58 % skl AR (Mouse Tran-
scriptome Assay 1.0 chip, Affymetrix, USA),

L5 RIXERERESH

F A 15 I 1R B 9% (CEL 304 )5 A Transcriptome Analysis
Console v4.0 (Affymetrix) {4, B8 MTA-1_0 38 28, R
SST-RMA Hk , DI RT3k 25 7 o i (BRI R 2247
BT ), 25 Bk R SO EUE AL R T 1.5 4%, H P<0.05,

1.6 1 S aE&INEETE

| Ff] Ensembl Variant Effect Predictor (VEP )v80 %K {4 %}
B6-Chrl¥ /N 1 S 4k - (58 ST e e i, %
UIRe AR A
1.7 MBS QTLs fifik

FIF /N B R G5 305 2 0% TR B9 1 (https:/systems.genetics.
ucla.edu/) , ik H £ 45 (W MBS AHSE QTLs,

1.8 MmAgEX QTLs REAFRIZERER SIRERTER LT

FIFH bedtools 1[4 intersectbed ¥ T 4 i) ek 25 3k
R K Dfg s AR B R 5 i figAE ¢ QTLs X Brafhty bk, i i1 4%
TEHER
L9 ST ZES %

KA RIBEFBIPUHETHE o0, i EEIEEA
(Meant SEM)ZKik, i) t K267 Hr M 2 1H] 22 5% , 24 P<0.05 I}
INRHEFIERE, Y P<0.01 FHA A 2ZE S B 3.

2 R

2.1 RESDH

TEMLIEHFE S 3 TFEARAG 45 S h , B6-Chr1¥ 55 B6 [a] 1y
TR RENES (B 1), Hri, LDL-C /K22 57 5 K (P<0.
01),B6-Chrl® ¥ i J& B6 11 1.8 f%; H ¥k & CHOL /K,
B6-Chrl® ¥ 5 B6 1 1.4 %, FIFEFELE 2 F P B 3 (P<0.
01); HDL-C /K-35 545 /N P<0.01) , Hik 512 B6 16 1.3 %,
2.2 BamAgE% QTLs

HMDP B H1 249 100 M558 RN, 45 29 4t
IAE R T AEMIT LR FEEINFARIE W RFIEZIL
(UCLA)FIFHZ /N BB R , R GWAS BFFT M, %8 Tk
MLEARE 1 QTLs F1 eQTLs®, I HE N7 T /N R e it A% 27 B
%4 22 (https:/systems.genetics.ucla.edu/) , FFiZEE 22 , L0
B T 29 4~ CHOL #H¢ QTLs(9 M3 T Chr 1) .47 4~ HDL-C
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#H3 QTLs(13 A4~ F Chr 1)F1 19 4~ LDL-C ¢ QTLs(6 4~
£ F Chr 1) (& 2).
23 RIFEERE QTLs ARIZEREAFLERNEE
Mouse Transcriptome Assay 1.0 ;is ] Kl 65956 FEH
Hrpa$5 36703 ~3E4iTE RNA, K B6-Chrl¥ 5 B6 /N EAT
Rk ZFILR T, BB 1267 ~32152% 553 H (fold change>1.
5 H P<0.05), Hrv, 589 A ILEZE B6-Chrl™ [ PR 35k
L iE(445 AR E GRS IER ), 678 IR T (300 A~ EH
IBIER ) (B 3), 2546 LR MIRHHOC QTLs, I &I 34 A~25 57
FREAMGIEHEE 1),

g“”
. lu/i
AR
AN
%E.i

8-
> [ C57BL/6J
o B8 e cnS
-
=° *k
£ 4
£
2-
*k
N CHOL HDL-C LDL-C

1 B6-ChrlSJ 5 B6 MAS7KFEb &
Fig.l1 Comparison of blood lipid levels between B6-Chr1SJ and B6
Note: Date are expressed as Meant SEM.

2 HMDP ¥£FE R MmBEHAX QTLs /MR EREA S
Fig.2 Distribution of lipid related QTLs identified by HMDP in mouse genome

51 Avg (Iog2) vs B6 Avg (1og2)

S) Avg (1062)

13 15 " 19 2

B 3 RiZERSTEENER
Fig.3 Genes identified by differential expression analysis
Note: red dots represent up-regulated genes, and green spots represent

down-regulated genes.

8 ; 10 11
® HDL-C
@ LDL-C
o CHOL
18 19 X Y
24 1 S E QTLs NINREREEFRNEE

H1 T B6-Chrl® /NRIHFFIRIE AL L5 1, AU TE R ETXT 1
Sk b QTLs NIRESRAIEINIEATHEE  FIH] VEP 4%
BO-Chr1® /N 1 S Qe (A IEAT D RETE BT 4 T RER AL S N
Ja A5 LR IMLIERIOC QTLs, LA B 50 A>T fig 2 A8 2L N (%

N , 7% He &
2) Hor 4 AN B R AR H—Fpze AR il Cd244( & k3K
1FAR TG L FRAE ) (Olfrd418( B H 58 A8 Flst L 5874F ) . Ppplrl5h
(A AR FIAS L 578 ) Fil Akrlcl GRIGFE 5 A FIfE G 58
AR) o MeAh, 43 ANEEE G PSR dE 1 AN IETFRIG R AR S
A (Etnk2) .2 2% 117 R 5248 FE K (Cd84, Olfr421-psl ), 2 4>
Bede e A L (Nfase, Phf3),6 />4 A €75 5 A ( Arhgap30,
Casql, Gm28040, Kiss1, Rnf2, Plekhm3) F1 9 > F&fith 5 45 B ]
(Atp2b4, B4galt3, Cryge, Gm10188, Hlx, Nfasc, BC094916,

Cdc73, Kmo) , HiAx 20 DI s SURASHEA
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1 QTLs WRZEEFELARGER
Table 1 Differentially expressed protein coding genes in QTLs

QTL type
Chr Gene symbol Fold change
CHOL HDL-C LDL-C
1 4930523C0O7Rik 2.79 \ \/ V
1 Adss -1.54 J «/
1 AI607873 221 J «/
1 Cacybp -1.55 \ \/ v
1 Cdk18 1.61 J
1 Edem3 -1.6 J
1 Feerlg 1.52 Y «/
1 Fegr3 1.59 \ «/
1 Gm16432 3.03 J «/
1 Gm7068 5.23 J «/
1 Kmo -1.73 J y
1 Prg4 4.89 Y
1 Ptpdal 22 \ «/ «/
1 Pyhinl 225 \ v
1 Rabgapll -1.55 \ \/
1 Rasal2 -1.55 J «/
1 Soatl 1.77 \ v
1 Swtl -1.79 \
1 Zbed6 -1.62 J
5 Faml126a 2.47 \ \/
5 Glt1d1 -1.72 \
5 Gm9958 1.53 \
5 Rassf6 1.63 \
6 Ppmlk -1.67 \ v
8 F11 -2.08 \
8 Gm23812 3.44 \
8 Tenm3 2.83 \
11 Cd6s 2.62 \
11 Igfbp3 1.98 Y «/
12 Dhrs7 1.72 \
12 Fam84a 1.77 \
13 Akrlcl8 2.54 J V
13 Akrlcl9 2.79 J \/
13 Marcksl1-ps4 2.22 \ v
15 c6 -10.4 J \/
15 Dap 1.9 Y «/ \/
18 Ablim3 -2.06 J \/
18 Cd74 6.19 J «/
18 Csflr 2.28 V «/
18 Gm4951 2.1 J \/
19 Aldhla7 2.33

19 Atrnll -1.86 \ N \
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Table 2 Functional mutant genes in QTLs on chromosome 1

QTL type Gene symbol
CHOL Olfr421-psl, Olfr418, BC094916, Kmo, Hlx, Casql, Phf3, Lgsn, Pih1d3, Tnn, Cacybp, Rabgap1l, Cenpl, Slamf8, Olfr418, Pyhinl1,
AI607873, Kmo, Chml, Sdccag8, Marcl
Etnk2, Olfr421-ps1, Akrlcl, Cryge, Gm10188, Nfasc, Atp2b4, Cdc73, Olfr418, BC094916, Kmo, HIx, Plekhm3, Ppp1r15b, Kissl,
HDL-C  Gm28040, Casql, Phf3, Nfasc, Lgsn, Pih1d3, Cntn2, Ppp1r15b, Plekha6, Renl, Etnk2, Zc3h11a, Optc, Pappa2, Tnn, Cacybp, Rabgapl],

Cenpl, Slamf8, Olfr418, Pyhinl, AI607873, Kmo, Chml, Sdccag8, Marcl

LDL-C

Cd244, Cd84, B4galt3, Rnf2, Arhgap30, Phf3, Lgsn, Pih1d3, Fam129a, Fcgrd, Ppox, Itlnl, Ly9, Cd48

2.5 MBEMAXIRIEERE ML

h T ik — TRk R R R, A GWAS Catalog 4 %
(https://www.ebi.ac.uk/gwas/) , %X & P {HS 5% 10%, f35] 527 4~
HDL-C B IR Z 51 (single nucleotide polymorphism,
SNP), 517 4~ LDL-C I SNP, 488 /> CHOL -1 SNP, 435
X 236,202 F1 265 AMAHCHE . ¥ GWAS HUR4 A 5 E
i) QTLs PRI Rk 22 78 g 2L 8 B T fig e AR 5L A, &
B 5 CHOL # ¢ 1 Marcl [ [l B} 7746 T W .
B6-Chrl1¥ /N HY ,Marcl £ [FI7E Chrl:184801966 =&/ C |
T BRI 2878, Jnfith S 56 th RS a2 A &R

WAMEGZ SR, T ##3) Soatl 2 AR R H E 5
MR AIAHCH TIREIE N, ARSEEGH , B6-Chrl™ [ Soatl FRik &
HEAFHLE T B6, 48 T 1.77 £(P<0.05) , A W M52 7
3 Pig

PO B R MBS AR — X e e fikdh, HIL R 41 5
99 %A 1552 M R — 3, Ak T SR R ZH T S A e R AR
S, BT AN SR T 5 ZR (B B3 I SR M 22 S kg T BE A VE FH X
B s TG 7 F AR P e fk 2, ZEABEE R Y
AN BRTER 1 5 e 4 (K % 3 & B6-Chrl™ 7£ CHOL,
HDL-C F1 LDL-C 3 =3 ifil fig a4 bR B 3404 & 214 (p<0.01)
T2 & B6, 252 B6-Chrl® i jE5 45 FHAY X Bk,
PLGARATRENL T | S etk . oM, /N 3R R4l Jn
& 1S Yk RS A R E S MIRHHOEH QTLs® S, k1 H
HIAE 15 e b AE 0 5 b H 5 1 1T T e 3 X Apoa2!™
1 Soat1™ HTr QTLs AL EE A A FF 4T o

GWAS J&: D SRS Ry F6ath , 1o FHFE R 20 s A B
=2 % SNP AE N /e FhRic, dEATXE BB ol AH DG 1 Bk 4y
M, AR e B 0 2 23 PR D R B PR A8 53 i — i SR s 1), 5
PUAE AR R SE B T A 6], GWAS AN S (B S s
FE 3 R A 05 5 PERAR RIS, 32 ) GWAS FBt BT 541
EABEP R T KRS MARHSC I 9, 32 B i, 78
GWAS Catalog (4 2, FLid 5t T 500 AN ZE 47 19 1 AR AH ¢
BRIt (H I A 28 R 4 I R AE D RE S IE , 5 EAT T
PR RS

AR, WF 5T TR F 3h e A0 e AU g Hi | 3k PR 20 B0 A
FIRTERIE, 458 N2 GWAS Bl #E— Ak i e e 2 1]
B BB VB T, T Wang™ 25 Fl S 40 T 38 & Bx D /MR
4h5 N2 GWAS Bl , ik B — A5 /R A8 B 3 AR ¢
MFERE Col6a5, AR MFIRERH BRIk, 456 A3 GWAS

B G 1% — 4~ 5 CHOL #H 56 ) %&£ [H] Marc1 (mitochondrial
amidoxime reducing component 1), 522K MARC -+
GIPIRE BRI AR RR A | B R S T AL X =R
FAALEGIIRES A = SR BE  HAEM L sl h BA WA
B3R AR MARCL Al MARC2, AHE [R]85 5 %) )7 21 AR AL
PE P, A MARC HEF AT U5 4IAE AR bSB £ (CYBSB)FI
NADH 41l 43 b5 i JFBELL L N- 5 R 5¢ , X — i R G hg
BEIA 5 N- R G Y™, AR5 E S MARC2 Wl g2 5 fiR
JU7 089 BRI, R A T BRAE /N SRS s A s A v
G5 & IR MARC2 f) mRNA FLE FUK-FWREEZ EIF, SR
I MARC1 R BX — AP, SR BT REIE Marcl 245
Sl RACHAEDG, B AR R A H g B (1 il s kL A g , i
LA AT A 6 B 1 AN L AN T I Y
BT, X SRR — 8 IR ; FIR A A SRR i &
I, EE R AN U IE e 57 1 2 22 3k (biogps.org/ ) , 1 IFIIE X
MRS EE S S, P A T (8 5 B6-ChrlS) il 54
i B G

IhAh, Soatl (sterol O-acyltransferase 1)4z: £l O- [BEIL4E L
fiff 1 gD EE A . SiZEEFEAHICH) SOAT B HEARE, & O- Fist
PR DL, TEWZL S P A AE PR 55 25 {4 SOATI
1 SOAT2, X T AJEHI/IN FRIX P 8 He AR AR TE R SE R 51 b
A 50 Yorry [A] 5 , R AT e v E A v B 1Y [ , e rh
SOAT1 740 i A kA AE [F e~F- 5 1 & #4606 , il SOAT2
A S A B E R W FTIE S, BT B, SOATI & 1
LT R, BRAE IS 2 IR TR AN B U ot B4l A FIJIE
[ B 1 e A6, OCT Soatl 5 ARRSHAYEK & , Lu45E A7E
2011 4EF H B6.apoE* Al C3H.apoE™" /)N il Z 32 1Y F2 A e F
BT Soatl [HIAEAS F43 i 50 HDL-C . 3F HDL-C Al
TG K¥-.

gi bR, ARIER I A/ NKERIER 1 S i
# 5 B6-Chrl® FIZ A M & B6, fECAIMASAHI QTLs Hhrifit
hREZEFEAMEIEEMGER RN, BE4EGA%E
GWAS 4l FAH G SCHR i — 253 B Marcl i Soat] X #§->
FREFN B6-Chr1¥ LIS THmiAHSCAER o Horh Marcl A HiE
5/NERUMAR ARG, FT ARG B K AT T — P i P RESIIE .
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