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Identification of Candidate Genes Involved in Fat Deposition in

Hulun Buir Sheep Tails Using Fg within the Variable Window Sizes
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(Institute of Animal Science , Chinese Academy of Agricultural Sciences, Beijing 100193, China)

Abstract: The aims of this study were to reveal the genetic mechanism of fat deposition in the tail
of sheep, and to explore the candidate genes involved in sheep tail fat. A total of 288 individuals
from two lines of Hulun Buir sheep with different tail types were used to identify candidate genes
controlling different tail types of sheep. These individuals included 142 fat-tailed and 146 thin-
tailed sheep. The whole-genome single locus Fsr values were calculated based on the Illumina
Ovine 600K SNP genotype data. The cubic smoothing spline method was used to define the num-
bers and sizes of variable windows. A total of 23 144 variable windows were identified within the
whole genome. The largest window with 775 SNPs was located at chr12. 35 241 750-43 798 950 bp,
with a size of 8. 56 Mb. The W statistic was constructed to detect the windows with selection
signature. Twenty-seven of variable windows reached extremely significant level (P <C0.001).

After annotation, these windows harbored 337 candidate genes, of which 22 were related to the
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fat metabolism. Through GO analysis, these candidate genes were mainly enriched in the intra-

cellular components, organonitrogen compound metabolic process and small molecule metabolic

process. The Fs method with variable windows was used to effectively identify candidate genes

associated with fat deposition in the tail of sheep. These genes can be used to breed a new sheep breed

with small size. The results will provide an important reference for breeding short-tailed sheep.

Key words: Fgr; variable window; Hulun Buir sheep; tail type; fat deposition
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Fig. 2 Genome-wide distribution of W-statistic values in Hulun Buir sheep
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Table 1 Selected regions identified by W-statistic and annotated candidate genes

PLRERYS YA/ Mb SNP %t H W Giit it HE R 24
Chromosome Physical distance No. of SNP W-statistic Gene name
26 0.00~0.11 2 22.14 ERICHI, DLGAP2
2 111.71~112. 14 5 21.99 PALLD, CBR4, ANXA10, LGSN, OCA2,
HERC2, NIPAl, NIPA2, CYFIP1, TUBGCP5
3 94.05~94. 21 21 19. 06 ZNF638, DYSF, CYP26B1, EXOC6B, SPR,
SFXN5
20 33.55~33.89 19 16.52 PRP2, UBE2N, PRL, HDGFL1
1 106. 54~106. 64 8 17. 60 ETV3, FCRL5, FCRL4, FCRL3, FCRL2, FCRL1,
KIRREL1, CD1D, CDI1E, OR10T2
6 19.95~20. 05 9 16.53 TBCK, NPNT, GSTCD, INTS12, ARHGEF38,
PPA2, TET2
15 16. 04~16. 13 6 14. 88 PIWIL4A, FUT4, C110RF97, CWF191.2, GUCY1A2,

ALKBHB, ELMOD1, SLN, SLC35F2, RAB39A

5 39.54~39.78 12 15.22 OR6F1, OR13G1, OR2W3, TRIM58, OR2AK2,
OR2A]J1, OR2L13, OR2M4, OR2T27, OR2G6,
LYPD8, ZNF672, ZNF692, SH3BP5L, PGBD2,
PLPP2, MIER2, CDC34, HCN2, BSG, TPGS1,
GZMM, MADCAM1

(# T Carried forward)
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Y ¥4 &/ Mb
Physical distance

SNP %t H
No. of SNP

W Giit i
W-statistic

HE I 2 k%

Gene name

8

22

21

14

11

16

32.75~32.82

40.92~41.01

38.56~38. 88

51.11~51.27

49.24~49. 31

261.41~261.54

216.96~217.12

55.23~55.29

55.56~55. 66

37.90~38.00

80.26~80. 34

7

17

12

21

22

27

11

10

13.54

15. 28

12. 27

14. 84

12.65

13.08

12. 86

11.82

12.19

11.90

LIN28B, HACE1

IT11, FGFR2, ATE1, TACC2, NSMCE4A, BTBDI16,
PLEKHA1, HTRA1, IKZF5, ACADSB, PSTK

PAG6, DDB1, VWCE, TKFC, TMEM216, TMEM]138,
CPSF7, SYT7, PPP1R32, FEN1, FADS1, MVRF,
TMEM258, FADS2, FADS2

PDE2A, ARAP1, ATG16L2, FCHSD2, ARHGEF17,
P2RY6, RELT, FAM168A, PLEKHB1, MRPLA8,
PAAF1, COA4, C2CD3, PPME1l, PAHAS,
PGM21.1, UCP2, UCP3, PGM21.1, KCNE3,
LIPT2, POLD3

LEUTX, FBL, PSMC4, MAP3K10, AKT2, TTC9B,
CNTD2, PLD3, Cl9orf47, LTBP4, SHKBP1, SNRPA,
NUMBL, ITPKC, CYP2F1, SEC61G, ERICH4,
CYP2B6, SEC61G, DMAC2, BSGNTS8, B9D2,
PRR19, TMEM91, CCDC97, LIPE, CNFN

ABCGl, TFF3, TFF1, TFF2, UBASH3A,
TMPRSS3, RSPH1, SLC37A1, WDR4, PDE9A,
NDUFV3, PKNOX1, HSF2BP, RRP1B, RRP1,

AGPAT3, AIRE, PFKL

ABCA12, ATIC, FN1, MREG, TMEM169,
MARCH4, SMARCAL1, IGFBP2, IGFBP5, TNP1

AANAT , UBE20, SPHK1, QRICH2, UBALD?2,
FOXJ1, EXOC7, GALR2, ACOX1, FBF1, WBP2,
H3F3B, UNC13D, UNK, I'TGB4, RECQLS,
SAP30BP, SMIM5, MYO15B, SMIM6, CASKIN2,
TSENS54, GRB2, GGA3, SLC25A19, MRPS7,
MMIF4GD, NUP85, JPT1, NT5C, ARMCY,
SLC16A5, KCTD2, MRPL58, HID1, OTOP2,
FDXR, NAT9, RAB37, CD300E, CD3OOLE,
GPRC5C, GPR142, DNAI2

MY010, ZNF622, RETREG]

LCLAT1, CAPN13, GALNT14, CAPN14, EHD3,
PCYOX1, TIAl, C2orf42, PCBP1, ASPRV1, MXD1,
SNRNP27, GMCL1, ANXA4, AAK1, GFPT1

SIX3, PREPL. SLC3Al, PPM1B, LRPPRC,
ABCG8, ABCG5, DYNC2L1l, PLEKHH?2, THADA

(%75 Carried forward)
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USRS Yy HLALE /Mb SNP %t H W Giit R
Chromosome Physical distance No. of SNP  W-statistic Gene name
24 34, 87~34.96 14 12. 14 RHBDD?2, POR, TMEMI120A, MDH?2, SRRM3,
HSPB1, DTX2, SSC4D, DTX2, UPK3B, POLR2],
ALKBH4, ORAT?2, LRWD1, SH2B2, CUX1, MYLI10,
COL26A1, IFT22, PLOD3, CLDN15, FIS1,
ZNHIT1, AP1S1, TRIM56, SERPINE1, ACHE,
SLC12A9, ZAN
7 38.14~38.22 6 11.02 MDGA2
1 140.59~140. 69 15 11.45 NRIP1, SAMSN1, HSPA13, LIPI, RBM11
7 24.92~25.00 8 10. 61 OR11H7, OR11H6, OR11H4, OR4Q3, OR4N2,
OR4K2, OR4K1, OR4K14, OR4K15, OR4Q2,
OR4F15, LPCAT4, SLC12A6, NUTM1, NOPI10,
EMC4, EMC7, CHRM5, RYR3, AVEN
1 209. 34~2009. 48 14 11.03 NAALADL?2
16 42.21~42. 34 25 10. 69 MTMR12, GOLPH3, PDZD2, DROSHA, CDHE6,
C5orf22, CDHS6
7 23.88~23.95 13 10. 44 RAB2B, TOX4, CHD8, SUPT16H, ZNF219,
OR5AU1, TMEM253, ARHGEF40, NDRG2,
TPPP2, RNASE13, SLC39A2, RNASE4,
RNASEY9, OSGEP, TEP1, TMEM55B, RNASE10,
PARP2, CCNB1TP1, TTC5, OR11H4, OR11H6,
OR11H7, OR4Q3, OR4N2, OR4K2, OR4K1,
OR4K15, OR4K1, OR4K14, OR4Q4
3 121.84~121.92 9 11.06 SLC6A15, LRRTQ1, TSPAN19,
ALX1, RASSF9, NTS, MGAT4C
2 HEHECHRESEHSRRKEEXHEREER
Table 2 The candidate genes related to lipid metabolism in previous studies
e 4 Yy A B/ Mb e 45| kN 44 B e ) i
Chromosome Physical distance Gene Gene name or function
1 140. 59~140. 69 NRIP1/RIP140 ¥ % K32 58 H 1 nuclear receptor interacting protein 1/
ZARAE H [ 140 receptor interacting protein 140
1 105. 54~107. 64 CD1D CD1d 43+ CDI1d molecule
1 260.41~262. 55 ABCG1 =R A AFRIE K Gl
ATP binding cassette subfamily G member 1
2 192.77~194.92 TMEFF?2 e F A K K - CEGE) 250145 440 3 R0 79 A~ B 36 9100 28 25 AL 45 44
o 2H % Y 5 25 14 transmembrane protein with EGF like
and two follistatin like domains 2
2 215. 96-218. 12 IGFBP2 G EEARKRFEEEA 2
insulin like growth factor binding protein 2
3 93.05~95. 21 ZNF638 L3851 638 zinc finger protein 638

(TR

Carried forward)
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(#£3%& 2 Continued)

Jefa ik Yy #LALE / Mb LA HE [K 24 FR B2 RE
Chromosome Physical distance Gene Gene name or function
6 18.95~21.05 NPNT ' I 2 (1 nephronectin
7 22.88~24. 95 RYR3 2% B 4K 3 ryanodine receptor 3
11 54.23~56.29 ACOX1 BE S AG A SULEE 1B AR

acyl-Coenzyme A oxidase 1,palmitoyl
11 54.23~56.39 SAP30BP SAP30 454 % 4 SAP30 binding protein
11 54.23~56. 29 RAB37 RABSTRAS fi PSR 54

member of RAB37 and RAS oncogene families
14 48.23~50. 29 AKT?2 AKT 2 &R/ 9 & B 4B 2 AKT serine/threonine kinase 2
14 48.23~50. 29 LIPE e il E. % & U A lipase E, hormone sensitive type
15 50. 11~52. 27 ARAP1 DNA #1416 &2 1 ¥ ArfGAP with RhoGAP domain,
ankyrin repeat and PH domain 1

15 50.11~52. 27 UCP2 AR & 11 2 uncoupling protein 2
15 50.11~52. 27 UCP3 fi#¥BEE 8 19 3 uncoupling protein 3
20 32.55~34. 89 PRL f##. & prolactin
21 37.56~39. 88 DDB1 WS DNAgEEEN 1

damage specific DNA binding protein 1
21 37.56~39. 88 FADS1 g 5 2 i 0B 1 fatty acid desaturase 1
21 37.56~39. 88 FADS2 6 5 R i LB 2 fatty acid desaturase 2
22 39.92~42. 01 ACADSB PO LA Al A S/ S

acyl-CoA dehydrogenase short/branched chain

24 33.88~35.96 MDH?2 SER R A 2 malate dehydrogenase 2

x3 EERBRANEEGOEELBILE

Table 3 Summary of enrichment analysis of GO terms for genes in selected regions

GO HrfEsr2 HEFHA P{E FDR
GO function term Gene number P-value

GO H:= ¥ 33 GO biological process

GO:0007608-JF 5% M5 GO:0007608-sensory perception of smell 7 5.26X10°° 1.73X10°?
GO:0007606-4k 27 il 1% B9 2% % 1 5. GO:0007606-sensory perception 7 5.26X10°° 8.65X10°
of chemical stimulus

GO:0007600-J8&5E M5 GO:0007600-sensory perception 7 2.19X10°" 2.40X10!
GO:0019748- R ZAC it B GO:0019748-secondary metabolic process 2 3.21x10 ¢ 2.64X10 !
GO:0044281-/1 43 F 4L #f i #2-GO: 0044281-small molecule metabolic 36 5.09X10°* 3.35X107"
process

GO:1901564-H HL A b & P X i i ## GO:1901564-organonitrogen 75 5.46X107" 2.99X107"
compound metabolic process

GO 4 4H 4 GO cellular component

GO:0044424-40 1 N A A4 GO:0044424-intracellular part 197 3.02X10* 1.56X 10"
GO:0030027-# 4R h JE GO:0030027-lamellipodium 3 5.61X10 " 1.45X 10"
GO:0005769-F. 1 N & GO:0005769-early endosome 4 8.91x10°* 1.53X10°!
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PIBRER , IF 7 A2 340 J B 6 il [ (NADPHD . 1if NADPH
2 BN YR P 0 T2 ol B Al % A K 3o A v 1) L
Tit i1 R 177 TR 5 B L A AR 9 NADPH 4 R 0 1
I LB R g i K NG B A . 53 4 Zhou FERY
5% & Bl . MD H2 3 P 78 5% B 3 AS [ 58 4 fig 1l 41 41
22 Ak k. NPNT J: K] LA SR N
Ly ISl T 1 N I AU s 1 I ol A
PRLR #5319 PRL 0] B 898 5 i 7 20 20 b (9 4R i
AR R (-2 (UCP2) & 4 bk 7% 2 2R
F 8 R 1 1 5%« 7 i T A 40 i R R 3k T g T T
HEA NG W5 208U S i SRl JE Y UCP2 BRI ) %
B S A B R 4140 UCPL B W &8 A fii
BIRIE 1 X T 4k 457 /N B 0 ZL 3h P 0 iR R G
FLT . NRIP1 SE PR AT 1 S i 1 i A 0 48 4 1R 1
O ER B 00 ZNEF638 2 g Wi A A 38 50 A
WA F . TMEFF2 358 78 (1 @88 5 4 80 55
JEFIEN . ACOXT S fig i 4l i N 2 5 g i i 4R 1k
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KREFHREWRY, MR A R
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