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Abstract: Cashmere fineness is the key quantitative trait to evaluate cashmere quality and cash-
mere price. In recent years,with the intensive study of cashmere fineness functional marker genes
and through the genome-wide association analysis, the candidate genes of fineness traits of cash-
mere were gradually screened out. But the key regulated genes, their expression levels and molecu-
lar regulation mechanisms of cashmere fineness have not been resolved. Gene expression is regula-
ted by a variety of regulatory factors. The regulation of non-coding RNA is more active,it mainly
includes microRNA, IncRNA and circRNA. High throughput sequencing and biological informa-
tion analysis discovered that non-coding RNA is differential expressed and regulated of related

target genes of skin,secondary hair follicle and the development of secondary hair follicle in peri-
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odic growth in different cashmere fineness of individual in cashmere goat breeds and varieties. At

present,the related researchs of using SNP marker, transcriptional screening, high throughput an-

alytical non-coding RNA and genome-wide association analysis to selected differential genes of

cashmere fineness have found that the same cashmere fineness target genes focus on two pathways

were more,but it was very rare to cover two or more passages. In this paper,the authors mainly

discussed the research progress on molecular regulation mechanism of cashmere fineness candidate

genes,and microRNA, IncRNA and circRNA on cashmere fineness related target genes at tran-

scriptional level.
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Table 1 Cashmere fineness index parameters™
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PERUEE F1 L 7 RNA JKF ERREAT 6 25 A 09 A4 92
Tihg. AF 9 6% RNA AR 4 4 B nl &1 73 O 3 28
<50 nt, fJ ¥ microRNA, siRNA #F1 piRNA %3,
50~500 nt, fF5 rRNA.tRNA.snRNA.snoRNA.,
SLRNA 1 SRPRNA £§; >500 nt, fJ 5 IncRNA
£ 1 mRNA-like 7 9E 4i i% RNA £ ) 447 PolyA
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pm
T E RN WAL A
Cashmere variety Cashmere fineness Coarsest Finest
EELREGIEXCIETE 2 IIER: 3 14. 60 18.70 10. 30
Cashmere of Inner Mongolia White cashmere goat (Alxa type)

IS 00 (R ILED 1L 2E 4% 14,42 17. 80 10. 40
Cashmere of Inner Mongolia White cashmere goat(Erlang Mountain type)

EESSE YIE P NREEIITE S 16. 04 21. 20 10. 80
Cashmere of Inner Mongolia White cashmere goat (Arbace type)

BRI g5 10 2 1L 24 Cashmere of Wuzhumugqin cashmere goat 16. 20 19. 60 11. 40
410 3 1L 3 48 Cashmere of Hanshan cashmere goat 16.71 20. 50 12.70
im0 2E 1 2E 48, Cashmere of Xinjiang cashmere goat 16. 10 22.70 10. 20
T T 410 2 10 24, Cashmere of Liaoning cashmere goat 15.21 20. 40 9.00
3 5511 2111 2 45 Cashmere of Qinghai cashmere goat 14. 94 20. 20 10. 80
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DPT.ELOVL4 . FA2H ,FAR2,FGFBP1,S100A7,
SOAT1, THBS2, NPPC, PDESB, PLIN2, FK-
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1. 2017 4F, Qiao %5 XF P 52 G S SR A A0
PREAR AT 4 A G B 43 i & B, AKT1,ALXA,
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2 Rz Bk P R S 3Rk . 2014 4R, SR EILAE A5
Exiqon miRNA 8.1 FikiEt #1770 d g1 %
LA AR 2 JA 5 S5 U0 B2 BK R miRNA () 3%
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GH1.MAPI1B, LTF. ELN. TNFRSF6. CGN1,
IGF2 .PGK1 f1 ZFY 3, 2013 4F /E % AT £ WF 5%
A BA ST L 72 4011 3 (LCG) J ik miRNA #4775 18
R, R 237 A5 N EE gl FE (MCG) 2 57
R IRH miRNA SO B il K 48 76 F
miRNA = E o R R M Gk 2, Hh iy
i gL 2 miRNAs 1 A w5651 [ ScEk's , ir
TH L miRNAs #9335 & 8086 ok A A of 58 A
BA) . 2014 4F, 3= #JE BT, miR-125b 41 i )k 2% £
WrEAE KB FGFS 3R £k, gk
AR R A BRAEK L E M miRNA IR, 75 5
J& miR-203 J¢ 8 K [ DOST; let-7Ta J #I K&
LYPLA1 Fl ND4; miR-183 K ¥ £ [N GLGI1; miR-
199a J # 3 KRTAP5,.KRTAP6 ,RPL30 . MYH9
A MYL6, 2016 4F, X 22 3K 56 5F B . ora-let-7 #
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Table 2 Differential expression miRNA and target genes in skin of LCG and MCG

RNAS TFHIE HNEHHILE I [
LCG MCG Target genes
let-7b 73 407 1193996  BHMT.OR52L1 . ATF6B.DNAJA2 RDH16 .RPL6 . XPOT.VTI1B
let-7¢ 121 663 38 013 GPCi
miR-103 23 441 44 327 RPA3 .HPRT1.RPL23 .RPL28 .RPL1.RPS3 .RPS8 .EIFAA2 ATP6V1F
miR-10a 61 567 13 225 PPAT.RPS2 .RPL18A
miR-10b 198 902 57 917 PPAT.SETMAR .MAGOH .RPS2 .RPL18A
miR-143 437 242 1344 689  ATP5G2.FDPS.KPNA2., AADAT.CYP4F2. NCBP2. GALNT7. PRPSI,
TUBA1C.RPL23 .WDR61
miR-146b 157 985 62 327 FDPS.OR4K5
miR-148a 241 396 125 764 HMMR , TUBA1C .RPL11
miR-181a 26 451 14 076 COX7A2 NLGN1,AHCYL2.GCSH ,PRDX1,ANGPTI1 ,SPCS2 ,MOCS2.SS18
miR-182 21 916 38 075 GRIA1,PSMB6 . TUBB.BMI1 SKP2
miR-183 10 450 11 520 SERPINA5,PSMA?
miR-200c 14 063 76 101 VIM .HPRT1
miR-23a 31 075 10 730 NLGN1.0R52B4.PRPS1.YWHAQ .BRK1,HNRNPC,SS18
miR-23b-3p 25 001 12 525 NLGN1.0R52B4,PRPS1 . YWHAQ .BRK1,5518
miR-24-3p 37 928 76 282 ATP5G2 . NDUFS8 .CAPN1,DGKZ.ST8SIA5 .GTSE1 .RBX1 .RPLP2 RPL36
miR-26a 540 976 42 483 RPS6KB1.NUDT9 .CAMK2D
miR-27a-3p 21 735 14 101 GUSB.AP3B1.RPA3.ATOX1.STRADA .BECN1.VTI1B .EYAl
miR-30a-5p 102 751 68 298 RPL23.EIF4A2
miR-30e-5p 37 727 28 485 EIF4A2
miR-378 13 005 155 553 EPHA3 .RPS6 .CDK2.SLC15A1,BMI1
miR-199a-3p 112 700 12 895 WDR61.EIF1A2 . BCAS?2
KB ILF Br A B B AH OC 58 B o8 45, 9F 3T
3 IncRNA X F M EHXEBERNFE mRNA F 5 K 56 sl AE e R AR 2 B4 46 ] AR

IncRNA 7EVF 22 2 Wy i i vb 4 45 00 1 45 B70) RNA %48 3 A BIE M fem S5 # L JF B
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IncRNA N4t 1 . (HE 25 5 T DNA H 31k, P B2 A AR 4 65 RNA (19 3 ik, 5] B o6 1] DL 5
X Yo (R YT ER 3 D 2H NG | Yo 0 A8 4 5% S R 9 miRNA & 4 ¥ 25 & mRNA, 3 & # 5 19 1E
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2 4 IncRNAs, H 1 IncRNA15025 Hl IncRNA15479
HEHERBMERERETHE A0 8 A4
IncRNAs 5 £ g0k 1k ) B 2 & 54 X, 2017 4F,
Wang 8 fF 58 & 3. 76 4010 2 K % B g LNC-
000181 # chi-miR-34a . chi-miR-199a-5p. chi-miR-34c-5p
R fE H F GATA3 3 K, LNC-000344, LNC-
000421, LNC-000395, LNC-000367 I miR-21-3p,
miR-214-3p £ G /E FH T SMA03 X K, 2018 4F,

Bai 2 fF 5% & B 6 4~ IncRNAs 1 20 4~ miRNAs
FL[RVEH T 72 OB 7R R B 4 b R 4 AR
H . [E4F, Zhou %BY BF 58 & I8 84 4~ IncRNAs Hi
miRNAs HEFEEHPEERN S 5REERENEK
KE .

HET. & T4 = J Bk B 4% IncRNA By #F58 K
ZEPTHETBEARKET L. T E 0040 5 M= 1M
5 IncRNAs B8 B i BF 52 85 /0. 2014 4F B &
JRAE W 5T AT BA X AL 77 4% 1L 3 R P 58y 4L S R R
IncRNAFAT 1 &3 & e, e B 93 /> 22 5 K ik
IncRNAs Jz HH0 L P, Hoir 5¢ T £ 4040 2 iy 10 4>
IncRNAs K HHEEE R 78 1L 77 4010 E N 50k g1
LRk ESFRAEFGR D MAHTFH LR
B IE 0 EE feaE o A 06 AR AR AT Re IR Y S ok 4 B ) R
FINM IncRNA

F3 TTFHLUEMARHHLUFERD IncRNA ZERRIERBERE
Table 3 Differential expression IncRNA and target genes in skin of LCG and MCG

IneRNAs FU SIS AEESAIIES i [

LCG MCG Target genes
XLOC_010430 188.553 73.0454 TRNAULAP .RCC1,TAF12.RABA2 . PHACTR!
XLOC_001980 19.1252 3.50528 PYGL . ABHD12B ., TRIM9
XLOC_016109 17.2188 70. 6548 LOC102184770 . KPRP ,SMCP . IVL
XLOC 016115 6. 23184 55.5671 LOC102186542 .CRNN,LOC102176090
XLOC_014015 4.62281 1.91617 SORBS1.PDLIM1
XLOC_001070 1.32437 1.78312 ZNF148
XLOC_010456 1.61732 8.71312 CRYBG2.LOC102171110
XLOC 011319 1.15849 2.77598 PSMAG6 NFKBIA .KIAA0391
XLOC 015057 0.302532 1.37111 CTSC
XLOC 001617 0. 263952 1.61725 CCNL1.LEKRI

4 circRNA S EHRMAEHEKEERNFEZE
circRNA & —Z8 B a0 M A g5 0 /9 Y IR R

Zifh RNA, T HAR R R . A 3
PolyA &A1 5" ¥t M 1 45 ¥4, KN %8 B Bl 4% & Hh V) g
RNaseR [% f#, AH b H A 9E 40 B5 RNA B f2 %€
circRNAGHE & A B FIE Ay . — & A 1~5 4>
ST AR E 1~2 DN E T B a] DU
A R A Xl Al g i XA 4 . cire RNAJ& & A
AT AR Y45 0 7 ) AR S AL S N A R
U — Ok A AW cireRNA 43 RE&H N & F
) ciRNA| H &4 48+ 1) ecRNA KA 4+

VA W& F I EIRNAL DL E 3 F2 i ATA mRNA
Zoad K1) BY B0 B 5 e b 8 A R ET IR (RNA £
i B (RNA N F tricRNAP 0 R Z 8
circRNA FE7E T 40 M v, A F0e 7 T a0 iz iy . 2
HIFIMRSE i)z PERR AR E F R A B 25 FE R
SERRAEN . KER A cire RNART DLTE % 5% 0 5% 51 J5 7K
R R AR L, A 80 H BR AE B Sk OK O R E
HMY . circRNA BE 7 24 miRNA 2 F i 47,
miRNAM HILF M 85 55w S % RNA
B, 5 snRNA 3 RNA & (8§ Il #8 T /E H
AL MR i R PR e GR PR 5. 2017 4F, Tao AR
ML B 8 P S5 BT 13 950 4> circRNAs, J 72
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Gy A TR Gt fhk b Hr 37 > cireRNAs 2 7%
5,24 > circRNAs EJE R 13 4~ circRNAs T i/,
TEX 28 circeRNAs /BRI L 2 /Y chi_circ_0007167
I chi_cire_0005189 {423k /K ¥ 735 134 T 8. 07
1 6.10 f%5. 54, chi_circ_0003472 F1 chi_circ_
0003645 4+ %I F ¥4 T 5. 76 1 5. 09 f%. chi_circ_
0008219 45 69 4~ miRNAs JE il F K Y circRNA-
miRNA I 42 80 B (R 3% 35 W 4%, 2017 4F, Li

ARl g 2 LN R 6 113 A4 circRNAs 1 7
286 956 > miRNAs X JJLPYAE K & AH G HE 5E A &
FENE T« [R] B 78 45 2 1 26 14 & B cire_0000059 ]
9 M miRNAs ) 58 NV 7E 45 6 o 13 X $IE 5 [ 34
WAEM . R T H0LF cireRNA J7 [ (1 5F 53 ¢ 18 42
>, 2018 4F A 3 Fir 76 A BASE 5 X 3077 20 1L S A
SO E G A 52 cireRNA (#F5E, KL T
32 NERFEIK cireRNAs MHILHF (F 1),

F4 TTFHRUFMAREHLERKS circRNA ZRRIERFEEE
Table 4 Differential expression circRNA and host genes in skin of LCG and MCG

EVIIE P =
CireRN A LTgE NEh gl LIRNA FRAHE
LCG MCG Host genes

circRNA128 36.95 7.14 chi-miR-331-5p,chi-miR-877-3p TCHH

circRNA4154 5.05 2.04 chi-miR-145-3p.chi-miR-30b-3p.chi-miR-30{-3p.chi-miR-346-5p HOMER3
chi-miR-34a, chi-miR-34b-5p, chi-miR-34c-5p

circRNA3620 2. 86 1.02 chi-miR-125a-5p.chi-miR-125b-5p, chi-miR-15a-3p, chi-miR-188-5p CAMSAP]1
chi-miR-2331,chi-miR-485-5p ., chi-miR-708-5p

circRNA6854 0.79 3.17 chi-miR-106a-5p,chi-miR-106b-5p . chi-miR-17-5p . chi-miR-20a-5p KCTDY
chi-miR-20b, chi-miR-338-3p,chi-miR-378-5p,chi-miR-93-5p

circRNA2245 0.51 2.90 chi-miR-140-3p,chi-miR-155-5p,chi-miR-2284e,chi-miR-26a-3p HEBP1

chi-miR-532-3p

HEI, & T 4% 1102 circeRNA (19 k3R 8 &80,
VE# K B — SE %) £ 50 40 8 LA 3 LY cireRNA
FE L H 5 miRNA A7 B AF St [F 9 5 a9 5 2 K
TCHH 78 HAth % 55 945 W 2 rh 1 3000 430 o 0 48 5
TR MR 98 B AT £ TCHH L 78 90010 2
WM P BESY ciccRNA A1 miRNA X2 2% 20
JEE L TR 2R ik SR AR A

A 3BT TR SNP A 0 4 Bl 45 2 48
o i 22 S R D] B gk 2L O 0 S 00 B 2 S R I L

RS FHMERXEEEREERE R E R P HRAHOR

AR AT AR SR A RNA I8 95 £ 900 40 B 2% 5 D9 B 4
PRI 2 S 056 43 T 2F SR 20 B 2 S 5 TR A A G I 5 45 2R
R TR T 3 I SR A B AR ) S ok A R AR R A,
38 % DL b L[] R AR B A ml BE LA 3 ok 40 G B
A0 L A2 (%6 5) . H RPL . KRT #1 PSMA A
TN [F) i S 201 e 38 et 50808 43 B o o A R A L R
R E AT AR S 2R G MR R AR % U] (ELA)
o B — 25 B IR R E

Table 5 The frequency of cashmere fineness related target genes in different research pathways

tﬂfm};ﬂ\&—( %Zﬁ( %%Xﬁﬂtu.ll—lz.u.ls.zoj

Frequency Gene name References!? 11712:11:18.20]

2 ATP5G2 .BMI1 .BRK1 .FDPS.IGF2 . INHBA .PPAT, Dong % (2013)
RPA3.SLC.VTI1B.WDR61 . YWHAQ .OR52B4

3 CYP.PRPS1,.SS18,TUBAI1C Tk A, % (2014)

4 FGF .PSMA EIFAA2, X7 3, 25 (2009) 5 Qiao 25 (2017)

; KRT M2 (2012); Tk 4, 45 (2014) ; Qiao 4§

(2017)
6 RPS YEH Rk FRE
14 RPL Tk 4 4 (2014) s AF 4R ER(2014)
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ST T ST G 2RI T Al R R, R
RPL .RPS.KRT.PSMA #1 TCHH L ] g X} 3¢
G B U AR LG AR L W]k — 2P IR e E
H AR A5 2 G040 B G HE 3 DR A vk i ol v i
i R O 198 15 3] 5F G5 A BV T e ok R PR, LR B AE
G112 R TR AR AR TE AT AN 4 58 A i 93 2 Ak B A G A
i RNA 85 P+ 0 AR 38 50 1E , 2R 5 14 R
[F) 9] 15 PR 1 2% 3 480 A 0 R 66 PR 1) 2 3k 3l AR L A IR
2% 76 HE 40 L P 38 3F miRNA | IncRNA HI circRNA %
HOBE N DT ER AT F R G B R EH . AR s
ZETR AW T 50 0E BE 06 4K 15 ) 45 5 % 40 18 ik P K
A5 RNA 8735 K, 8 4 J5 A58 07 322 2011
- E G B ) kPR B R

2 % 3Lk ( References) :
(1] HE3=. R EES SRS (— [T & E TR,
2015,1.:27-31.

TIAN W L. Quality analysis of Chinese cashmere(1)[]J].
China Fiber Inspection,2015,1:27-31. (in Chinese)
B SCsE. g6 B AT (2O LI i E 2K
2015,3:22-25.

TIAN W L. Quality analysis of Chinese cashmere(2)[]].
China Fiber Inspection ,2015,3:22-25. (in Chinese)
XNEBE EET ok L AR FGFS 36X X 9 5t gk 1l
RSB m[] ], #4%,2009,31(2) :175-179.
LIU H Y., YANG G Q,ZHANG W, et al. Effect of
FGF5 gene on fibre traits on Inner Mongolia cash-
mere goats [ ] |. Hereditas, 2009, 31 (2):175-179. (in
Chinese)

JIN M,WANG L,LI S,et al. Characterization and ex-

[2]

[3]

[4]
pression analysis of KAP7.1,KAPS. 2 gene in Liaon-
ing new-breeding cashmere goat hair follicle[ J ]. Mo-
lecular Biology Reports ,2011,38(5) :3023-3028.

[5] ZHAO M,CHEN H, WANG X,et al. A PCR-SSCP

and DNA sequencing detecting two silent SNPs at

KAPS8. 1 gene in the cashmere goat[ J |. Molecular Bi-

ology Reports ,2009,36(6):1387-1391.

[ 6] ZENG X C,CHEN H Y,JIA B.et al. Identification of
SNPs within the sheep PROP1 gene and their effects
on wool traits[J]. Molecular Biology Reports, 2011,
38(4).:2723-2728.

[7] ZHOU ] P,ZHU X P,ZHANG W,et al. A novel sin-

gle-nucleotide polymorphism in the 5 upstream region

of the prolactin receptor gene is associated with fiber

traits in Liaoning cashmere goats[]]. Genetics and

Molecular Research ,2011,10(4):2511-2516.

87 1 3. 2l 3 40 B A A DG IR 1Y 0 2% L S e Fn &

ST LD, FEFIE R - N5 ROk R, 2012,

LIU B. Selection, identification and SNP analysis of

correlation genes with cashmere growth on cashmere

goats[ D ]. Hohhot: Inner Mongolia Agricultural Uni-

versity,2012. (in Chinese)

B P EP GO0 TR R R 2 S

FD]. b gt i E AR R B, 2008.

DI R. The microsatellite and SNPs study of Chinese

cashmere goats[ D]. Beijing: Chinese Academy of Ag-

ricultural Sciences.2008. (in Chinese)

ZE AR S A R R = A0 A KTFT 3R

ZAMES B AR A R SR (D], 22 M Ol &l

K2#,2009.

LI L J,ZHANG L P, LIU W ]. Polymorphism of

(10]

KIFI gene associated with cashmere traits in there
cashmere goat breeds[ D]. Lanzhou: Gansu Agricul-
tural University,2009. (in Chinese)

M A . vh [ 56 F) 0GR a2 2 6 200 13 AH DG 05 1 ik
PR 1 0 1 B oSG BE 43 M [ D, 25 8 K 55 - Hr sm Al K
2#,2012.

TIAN Y Z. Study on selection and relation of candi-

[11]

date gene and associated with wool fineness in Merino
sheep[ D]J. Urumgqi: Xinjiang Agricultural University,
2012. (in Chinese)

FokAEHE BHEMRAR, S5 3T G0 S SR AR AR OC
B[], i E R SRk, 2014, S1: 147-149,
YU Y S,CAO Y,PU Q L,et al. Screening of cash-

(12]

mere diameter related genes in Liaoning cashmere
goats[ J . China Herbivore Science, 2014, S1;147-149,
(in Chinese)

SR AN, MP1 5P 76T 7 4010 5 K ik i 2= 3k pF 9E [ D
R AL T INFE R, 2015,

ZHANG L L. Study on the expression of MP1 in Lia-

[13]

oning cashmere goat skin[ D]. Dalian: Liaoning Nor-
mal University,2015. (in Chinese)

QIAO X,SU R,WANG Y, et al. Genome-wide target
enrichment-aided chip design: A 66 K SNP chip for
cashmere goat[ ] . Scienti fic Report ,2017,7(1) :8621.

[14]



11 4 0 A 0B 5+ A 2R B RINUAL 33 5 2 200 200 0 i 6 PR 0 TR 30 3183
[15] ZHANG W,GUANG W,JIANG H,et al. A subset of NoRC complex mediates the heterochromatin forma-

[16]

[17]

[18]

(19]

[20]

(21]

[22]

(23]

[24]

skin-expressed micrornas with possible roles in goat
and sheep hair growth based on expression profiling
of mammalian micrornas[ J]. A Jowrnal of Integra-
tive Biology,2007,4(11) :385-396.

BEYLE L, F R 0L 70 d R AB IR/ T RNA
SO A B miRNA S [ ] A MR, 2014, 24(1)
32-36.

FAN K J, YIN J. Construction of a small RNA library
and identify of miRNAs from 70 days cashmere goat
fetal skin[J]. Jowrnal of Biology,2014,24(1) ; 32-36.
(in Chinese)

LIU Z H,XTIAO H M.,LI H P,et al. Identification of
conserved and novel microRNAs in cashmere goat
skin by deep sequencing[ J]. PLoS One,2012,7(12) ;
e50001.

DONG Y.XIE M,JIANG Y.et al. Sequencing and au-
tomated whole-genome optical mapping of the genome
of a domestic goat (Capra hircus) [J]. Nature Bio-
technology »2013,31(2) :135-141.

. 900 R G S A AR OE microRNA
P %8 A8 K miR-125b 75 B 3L 3k 401 b /9 2 e AR 5T [ D,
T PU AL R MRFL B K , 2014.

YUAN C. Identification of micro RNAs in secondary
hair follicle cycling and functional analysis of miR-
125b in dermal papilla cells of cashmere goats[ D].
Yangling: Northwest A & F University, 2014. (in
Chinese)

AFAHEN. B0 58 J AP AR OC microRNA K H 0 5
BRI LD ] W A - A 52 ARl R 2%, 20114,

FU S Y. The Research of microRNA and targets re-
lated to cashmere cycle in cashmere goat[ D]. Ho-
hhot: Inner Mongolia Agricultural University, 2014.
(in Chinese)

X P GOLFERG LI B 2 L H A E microRNA 14 i
e 5 % (DL MEANE R NS ROl A, 2016.

LIU Y. Screening and identification of hair follicle de-
velopment related microRNA in cashmere goat[D].
Hohhot: Inner Mongolia Agricultural University, 2016.
(in Chinese)

DINGER M E,AMARAL P P,MERCER T R,et al.
Long noncoding RNAs in mouse embryonic stem cell
pluripotency and differentiation[ J]. Genome Research ,
2008,18:1433-1445.

MAO Y S,ZHANG B,SPECTOR D L. Biogensis and
function of nucler bodies[J]. Trends Genet ,2011,27 .
295-306.

GUETG C, LIENEMANN P, SIRRI V, et al. The

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

tion and stability of silent rRNA genes and centromeric
repeats[ ] ]. The EMBO Journal ,2010,29:2135-2146.

B W, BERAL. SRR ga i RNA R [T
#A4%,2017,39(11) : 1054-1065.

LU C,HUANG Y H. Progress in long non-coding RNAs
in animals[ ] ]. Hereditas,2017,39(11):1054-1065. (in
Chinese)

ROTHER S.MEISTER G. Small RNAs derived from
longer non-coding RNAs [ ] ]. Biochimie, 2011, 93
1905-1915.

. FHURAEIE A KRR IneRNAs #§i gt [D].
v  PU AL RAMRFHE K27, 2015,

GUO Y. Screening of specific long non-coding RNAs
cashmere[ D].
Yangling: Northwest A & F University, 2015. (in
Chinese)

WANG S,GE W,LUO Z,et al. Integrated analysis of

regulating  periodic  growth  of

coding genes and non-coding RNAs during hair folli-
cle cycle of cashmere goat(Capra hircus)[J]. BMC
Genomics ,2017,18(1) . 767.

BAIW L,ZHAO S J,WANG Z Y,et al. IncRNAs in
secondary hair follicle of cashmere goat: Identifica-
tion, expression, and their regulatory network in wnt
signaling pathway[J]. Animal Biotechnology s 2018,
29(3):199-211.

ZHOU G,KANG D,MA S,et al. Integrative analysis
reveals ncRNA-mediated molecular regulatory net-
work driving secondaryhair follicle regression in cash-
mere goats[ J]. BMC Genomics ,2018,19(1) ;222.
SALZMAN J,GAWAD C,WANG P L,et al. Circular
RNAs are the predominant transcript isoform from
hundreds of human genes in diverse cell types[]].
PL0oS One,2012,7(2) :e30733.

ZHENG Q, BAO C, GUO W, et al. Circular RNA
profiling reveals an abundant circHIPK3 that regu-
lates cell growth by sponging multiple miRNAs[ ] ].
Nature Communications ,2016,7:11215.

PANDA A C, GRAMMATIKAKIS I, KIM K M,
et al. Identification of senescence-associated circular
RNAs (SAC-RNAs) reveals senescence suppressor
CircPVTI1L[]J]. Nucleic Acids Research ,2017,45(7) ;
4021-4035.

JECK W R,SORRENTINO J A, WANG K,et al. Cir-
cular RNAs are abundant, conserved, and associated
with ALU repeats[J]. RNA,2013,19(2) :141-157.
ZHANG X O,WANG H B,ZHANG Y.et al. Comple-

mentary sequence-mediated exon circularization[ ] . Cell,



3184 hoOE F O M B 45 %
2014,159(1) :134-147. genesis, properties, roles and their relationships with
[36] LI Z,HUANG C,BAO C,et al. Exon-intron circular liver diseases [ J]. Hepatol Research, 2017, 47(6)
RNAs regulate transcription in the nucleus[ J]. Na- 497-504.
ture Structural & Molecular Biology,2015,22(3); [42] MEMCZAK S, JENS M, ELEFSINIOTI A, et al.

[37]

[38]

[39]

[40]

[41]

256-264.

LU Z,FILONOV G S,NOTO J J,et al. Metazoan tR-
NA introns generate stable circular RNAs in vivo[ ] ].
RNA,2015,21(9) :1554-1565.

ENGLERT M,SHEPPARD K,ASLANIAN A.et al.
Archaeal 3" phosphate RNA splicing ligase character-
ization identifies the missing component in tRNA
maturation J |. Proceedings of the National Acade-
my of Sciences of the United States of America,
2011,108(4):1290-1295.

GAO Y, WANG J,ZHENG Y, et al. Comprehensive
identification of internal structure and alternative spli-
cing events in circular RNAs[J]. Nature Communica-
tions ,2016,7:12060.

o Pl LB LA PRI RNA KCHE B
HfE A o R LT ] ob 40 B A ) 2% 2 4, 2017,
39(12):1633-1641.

YANG P,NI C,CHEN S, et al. Advances in circular
RNAs and their role in gastric cancer[ ] ]. Chinese
Journal of Cell Biology,2017,39(12):1633-1641.
(in Chinese)

YAO T,CHEN Q.,FU L,et al. Circular RNAs: Bio-

[43]

[44]

[45]

[46]

[47]

Circular RNAs are a large class of animal RNAs with
regulatory potency [ J]. Nature, 2013, 495(7441) .
333-338.

CONN S J, PILLMAN K A, TOUBIA J, et al. The
RNA binding protein quaking regulates formation of
circRNA[J]. Cell,2015,160(6) :1125-1134.
ASHWAL-FLUSS R,MEYER M,PAMUDURTI N R,
et al. circRNA biogenesis competes with premRNA
splicing[J]. Molecular Cell 12014 ,56(1) ;55-66.

TAO H,XIONG Q.ZHANG F,et al. Circular RNA
profiling reveals chi_circ_0008219 function as
microRNA sponges in pre-ovulatory ovarian follicles
of goats (Capra hircus) [J]. Genomics, 2017, 17,
30129-30133.

LICY,LI X Y,MA Q M,et al. Genome-wide analysis of
circular RNAs in prenatal and postnatal pituitary glands
of sheep[J]. Scienti fic Report ,2017,7(1) ;16143.
LICY,LI X Y,MA Q M,et al. Genome-wide analy-
sis of circular RNAs in prenatal and postnatal muscle
of sheep[J]. Oncotarget,2017,8(57) :97165-97177.

GHAESEE IR



