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ET SWChen RS FUNER )M ET (Moschus
berezovskii) FASN HMGCR F1 CYPI11A1
E[E miRNAs RIS

HAE, GEE, BRE, HFZ, KAE, XEF, B M5
(RIRTTZGREBRSEIT, FE 6 VRIS SRR T A, K 408435)

2 [ @0 TR IR (Moschus berezovskil) FASN. HMGCR F CYPI1AI 31 miRNAs, NEEERY/E
WA LRI S %, [ ik ] S bR A AR AL 2= D0, ARIBURE A v i) B Ak Ay, W AH
PG5 45 U SR 5 3 2o S A P AR BB BT 26 ) mRNA 751 % miRNAs J#41, FIH A B9 5 134
SWChen F G5 % P45 SCHEAGIE K 2810 miRNA ST, FELAIN FSAN 3L RGPS T, R,
4 (Bos taurus). \112E (Capra hircus) F4R2E (Ovis aries) WM 45 R AEAT LB HEE B80T, SREUE TR BREE A
FIfEE miRNAs, [ 255 ]| BEF Lo R FE IR IR IR EE AT ALY . DA G . IEESA S ST EY
s TN ETE FASN FE 2K miRNA T34 miR-24-3p A1 miR-30b-3p, HFE HMGCR F:H AN miR-
29b, miR-146a, miR-181b-3p Fil miR-429 Z5, W% CYPIIAI B FEE A A miR-532-3p il let-7 K%, L[
TR 3 AR IR A EZ R miR-205 R A miR-143 Kk, [ 4518 ] Lk miRNAs AL [ 42 Hk 8§ FASN .
HMGCR fl CYP11A41 SR Fk % miRNAs, X # BT AR BB 10 A0 & VLR B S % M .
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Predicting miRNA Targeting FASN, HMGCR and CYPI11A1
Genes in Moschus berezovskii Based on SWChen System
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ZHANG Chenglu, WU Jiayong, JIE Hang

(Key Laboratory of Sichuan and Chonggqing Co-construction for Characteristic Biological Resources Research

and Utilization, Chongqing Institute of Drug Cultivation, Chongqing 408435, China)

Abstract: [ Purpose] To predict the miRNAs targeting FASN, HMGCR and CYPI1AI genes in
Moschus berezovskii for providing the reference about mechanism of musk biosynthesis.

[ Method ] We acquired chemical components of musk to seek out key enzymes by metabolomics
sequencing. Then, sequences of FASN, HMGCR and CYP11A1 mRNA sequences as well as miRNA

sequences data of M. berezovskii were obtained by transcriptomic sequencing of musk gland. SW-
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Chen system written by ourselves had been used to screen candidate miRNAs of pertinent genes and
had been verified the veracity. Meanwhile, the predicted results of Bos taurus, Capra hircus and Ovis
aries species were used to compare to get candicate miRNAs regulating genes of M. berezovskii.

[ Result] The chemical substances of M. berezovskii mainly included in carbon chain fatty acid de-
rivatives, aromatic, sterols and steroid derivative matters. The predicted results revealed that the
miRNAs regulating FASN gene expression of M. berezovskii mainly constituted as miR-24-3p and
miR-30b-3p. The predicted miR-29b, miR-146a, miR-181b-3p and miR-429 family preferentially had
influence on HMGCR gene expression. Then, miR-532-3p and let-7 family had been displayed as the
modulation to CYP1IAI gene expression. Further, the miR-205 family and miR-143 family could
jointly regulate the expression of the three genes. [ Conclusion ] The above predicted miRNAs are
candidate regulators targeting the expression of FASN, HMGCR and CYPIIAl in M. berezovskii,

which had the referential value for the analysis of the biosynthesis mechanism of musk in M.

HMGCR 1 CYP11A41 3 miRNAs BT 881

berezovskii.
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B (Ipomoea batatas) F 3t W 1 A (Pittosporum
glabratum) W 1 HEEE W70, AHRE.



882 Py I )y N = 22

36 3%

T B 45 65% £ oK . 25% K. 6% #& Ek
0.4% Bk . 1.5% CaCO;. 0.8% CaHPO,. 0.15%
YA 0.15% B W) BT K 17: 30 RG K1
ARRSEAR i = WL
1.2 FEACKEE

T8 5—6 J1 b e, SR FH A 3 Ji R 4 vk
R A IR LA, ST 20T RNA (RAF
I HAE 280 °C PRAF s 1 11—12 H B i
Wy B, 3 a7 BT MR v SR IBOMK B A R A
3y, ETELENRAE,
1.3 A A

FERERNM R AN AR BT &EYAHR
AR GC-MS FEATAEFEARACH 2 = A, il
FHHBE—S 07 RT3 0 1) IS T 22 1L
A RS T P T SRR A 1) T A o S
AHXS & 5
1.4 FesNGE KPP 3  Hr

it B RNA RBUS , RFEE B TAEY)
BEE A BR 28 /2R H Hi-seq 2500 5. 4R J5 K
FPEIR#EAT Trinity §H2 . 58 HOSH A BB RS
345 FASN. HMGCR Fl CYP1141 %:F mRNA ¥
I AT AR 5307, BE 3'-UTR J¥ 51 L) S AR
miRNAs ¥ 58 8E s LI IEFIS S5,
XF 3 A FE A 3-UTR ¥ 947l xf, JF 4 H
MEGA 6.0 J i UL 9K s 4l i ik A A% 5 3 i
RNA 2 25443 ¥ (unafold.rna.albany.edu) | fi#
RHFhILP 3'-UTR JE9 )25 S5 00 o
1.5 SWChen R 4% miRNAs TR AR M (156 UE

T HATH I miRNAs U4 F 1 miRSy-
stem (mirsystem.cgm.ntu.edu), TargetScan (Www.
targetscan.org) 1 miRDB (mirdb.org) 1% i il 3 43
B LY DB miRNAs,  JC i 6 I8 45 R8T 2 B 1y
miRNA JEAT HERH B, R, A HF5E7E miR-
Base #(#& % (www.mirbase.org) T # A i miRNAs
3, Jt7F GenBank (www.ncbi.nlm.nih.gov/gen-
bank/) 5] A FASN £ [H 3'-UTR J¥%1] (NM_0041

04.5), F| I SWChen & %4 (https:/github.com/
YLCHEN1992/SWChen) X} i 2 FASN 3 ik 1)
miRNAs #F 17 F , 38 i 5 7F 26 4K {4 miRSys-
tem, TargetScan 1 miRDB® Wil 45 5L b4, LA
miRTarbase %Y 4} J&£ (mirtarbase.cuhk.edu.cn) 1 1
1% FASN #1511 4K miRNAs (miRTarget All) Al
FAT8 S TUEE AT I N FASN JER#5H) miRNAs
(miRTarget High) fE282:% , il SWChen R 4¢
X miRNA T30 () R 1
1.6 1% FASN. HMGCR F1 CYP11AI 3K Rk
f) miRNA Tl

B9 2 (KPR EE mRNA 3'-UTR J3-51 K 3K A5
MR BF miRNAs %04 2 #] | SWChen & 4t 47 43
Mr, PJEEER FASN, HMGCR 1 CYP11AI %
KA B miRNAs; 7F GenBank HakBE4: . 13F
FAR=F FASN. HMGCR F1 CYP11A41 FEH) mRNA
FEH (1), 7F miRBase K048 FEARELA- | 1L 2E A0
ZR3EHY miRNA J781], HT4F miRNA Haaih,
B 1L 2L RN 2E miRNA 79 A3 22 ) miRNA
BE i, LT LAY miRNA 150 55
Mro FIH SWChen RGHMIEE2E | 1L
FASN. HMGCR F1 CYPI1A41 FERF5EE miRNAs,
F 38 1 U (Fp 7 )7 51 DC BC T3 K 5% AR FE T
A3 [R5 1) TR B R #2218  miRNAs, DI
TSRS B, A J g I 2 R A T AR B e i LA
AR BB A & WA S A BE 8 miRNAs 43 .

2 RS0

2.1 SWChen %%t miRNA g Flill 45

FHIE 1 AT 1. SWChen 38 3 Ff— X DT B Fi il
(single) TN FASN WFEFILAT 193 4%, Foit
fic miRTarget All %4} 8 4%, VLA miRTarget High
s 3 4, M= miRNA 5 mRNA 3£ 4] E
B 6 J5 OB {H) 5 miRTarbase ¢ % % A VUL 5
TargetScan 75 Z& 3 {4 #I A 745 %%, UL
miRTarget All #(#& 15 45, VLA miRTarget High
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Tab. 1 GenBank No. of species gene sequence

YIFh species FASN

HMGCR CYPI11A41

> Bos taurus NM_001012669.1
NM_001285629.1

XM_027974304.1

112£ Capra hircus

247 Ovis aries

NM_001105613.1

NM_176644.2
NM_001287574.1
NM_001093789.1

XM_018053703.1
XM_004005125.3
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Fig. 1 Comparing prediction results of four miRNA prediction softwares by using miRTarget database match
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Note: A. seed sequence match prediction of SWChen; B. seed sequence
and binding intensity match prediction of SWChen; C. conserved and non-
conserved miRNA prediction by TargetScan tool; D. miRNA prediction of
miRDB tool; E. miRNA prediction of miRSystem tool.
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Fig. 2 The gather statistic to resuls of four
miRNA prediction softwares
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Tab. 2

The main chemical components of matured musk

22414} chemical components

CAS%i*5 CAS No.

F U THI AR detected area FEA T 2 sample deviation

S -t U §$ B trans-dehydroandrosterone 53-43-0 11168282.67 1121583.40
6-FF Pide-1,6- - 6-methylheptane-1,6-diol 5392-57-4 11110678.00 811962.87
[ 7 muscone 541-91-3 10499690.67 10790615.92
%of R p-cresol 106-44-5 4090610.00 294912.52
JHEEE cholesterol 57-88-5 4071492.00 1409731.95
13-+ VU 13-tetradecenal 85896-31-7 371539833 2517935.89
8-#1 -7\ Ji-1-l 8-cyclohexadecen-1-one 3100-36-5 1771978.00 16964.98
I R-13-+ )\ cis-13-octadecenal 58594-45-9 1749918.33 2317990.10
2K . benzeneacetic acid 103-82-2 1712839.67 1217397.87
4-F IR T4~ 1-F 4-methyl-cyclopentadecanone 34894-60-5 1266641.67 788677.07

0.009 )

0.022 Capra hircus CYP1141 (NM_001287574.1)
0.034 0008 6yis aries CYP1141 (NM_001093789.1)
0.540 0.041 o Moschus berezovskill CYP11A1
0310 0.007 Bos taurus CYP11A1 (NM._176644.2)
0373 0.033 o Moschus berezovskill FASN
: 0.037 0.021 Bos taurus FASN (NM_001012669.1)
0.024 2994  Copra hircus FASN (NM_001285629.1)
0.004 __ yis aries FASN (XM_027974304.1)
0.876 0.005 o Moschus berezovskill HUGCR
: 0017 0.004 Capra hircus HMGCR (XM_018053703.1)
0.004 227 pog taurus HUGCR (NM_001105613.1)
0.013 __ yis aries HMGCR (XM_004005125.3)
0.2

T BRI S 22 R AR

Note: The numbers represent the degree of divergence in the branches of the evolutionary tree.

3 E[MXA 3'-UTR FH# LR EE 3T

Fig. 3 Sequence alignment of gene 3’-UTR by evolution tree construction
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WH5E FASN B [H 2 35 59 miRNAs 32 2 & miR-24-
3p Al miR-30b-3p; % HMGCR F&[H F ik 1) mi-
RNAs 22 £ 5 miR-29b, miR-146a il miR-2284d;
JA¥E CYP1IAI B K1Y miRNAs 28 4E 4 let-7
Ko
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B

M. berezovskii

q:
B. taurus
-
\\ ()
} o 9...”
¢ B
ITES ( k\\\- ; ..... )
C. hircus \;';Rj‘s\‘q%f"‘
.g" o
‘Q\-f.l'ﬂ,'. L
e o -
O. aries C
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Fig. 4 Predicted RNA secondary structures of gene 3'-UTR sequences in respective species

) miRNAs {XZEMEE . 1L 145 P £ 7E miR-
532-3p AE4ER
3 Wig

SWChen R4 &3 T Smith-Waterman J&)3 7
G EEXT B R EE BB R B T O 2 4%
J¥ 5 2Z 18] 0 A5 BATE F BE 1 FARALL AR DL iR T
FERET RIGF MRS, HT RNA ZHA1E
FHAE SR 343 RN S5l 45 )7 51 X ik
Erh H BELE 3~4 D BYAH B VC AL A BEHRTH 1 M55
Bt, 546 miRNA JF5FpDCECHLIN, 38 i 6 B
S AR AT H B R85 B2 SWChen RS0 11 i
LV, PSSP SEOT TR E A EAE

TR M A R

Smith-Waterman -7 2 1FH 2 55551 2 [6] 1)
e BlORN PR ST B L X AR%: . AH B BLAST 5341
L JR AT FAGAIHESY. - Smith-Waterman 5735 B
TR, REASTE B BINFE R, (EUR XA B Y
FERNS, HAZWEES 2 Wores&i E . miRTarBase
B RS T A ORI D681 miRNAs,
M7E A YRR, N FASN 58 IE 408 2
Z, IR AT G074l SWChen F 4 HER
HEAE YR, BT ISR ER: 4F
T T 245 R 22 594K, Hid SWChen fHLE
miRSystem 1 miRDB T H. B8 Fi i H %5 £ 4 1 &
miRNAs, DL At miRTarBase %% #i /& ) miRNAs



886
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M. berezovskii

M. berezovskii
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CYPI1IAI

B. taurus

mERMRE R %36 %
HMGCR CYP114
IES e 7 EiES
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Fig. 5 Venn diagram of miRNAs regulating FASN, HMGCR and CYP11A1 genes expression intersection analysis in four species

=3 IHIEEREH miRNA &

Tab.3 miRNA intersection of targeting genes

A genes

miRNAZZ 4 miRNA interesection

FASN

HMGCR

CYPI1IAl

HMGCRNCYP11A1 (M. berezovskii)
HMGCRNCYPI11A1 (B. taurus)
HMGCRNCYPI11A1 (C. hircus)

HMGCRNFASN (M. berezovskii)

HMGCRNFASN (B. taurus)

CYP11AINFASN (M. berezovskii)
CYP1IAINFASN (B. taurus)
CYP11AINFASN (C. hircus or O. ries)

miR-24-3p, miR-30b-3p

miR-29b, miR-146a, miR-2284d

let-7g, let-7i, let-7f, let-7b, let-7d, let-7c, let-7a-5p
miR-205a-5p, miR-143-5p, miR-205-5p, miR-205, miR-205b
miR-125a, miR-125b, miR-205, miR-670

miR-1224, miR-125a-5p, miR-125b-5p

miR-146b, miR-146a-5p, miR-146¢c-5p, miR-146d-5p, miR-146a, miR-27b,
miR-146b-5p, miR-30b-3p, miR-30e-3p, miR-2424, miR-96-3p
miR-10165-5p, miR-2358, miR-2394, miR-669

miR-143-5p, miR-205a-5p, miR-205-5p, miR-205, miR-205b
miR-2406

miR-342-5p

® 4 ESPMHTUIEEEEL miRNAs (RH1E)
Tab. 4 Predicted miRNAs targeting genes in species respectively (dual thresholds)

Wb A K

species name

TR FASN £ K ) miRNA
spredicted miRNAs for
regulating FASN gene

TR 4% HMGCR %54 ff) miRNA
spredicted miRNAs for
regulating HMGCR gene

TR CYPI1AT FEH ) miRNA
spredicted miRNAs for
regulating CYP11A1 gene

miR-545-3p, miR-429-3p,

WEF M. berezovskii — miR-200-3p, miR-532-3p
miR-181b-3p, miR-29d
4 B. taurus miR-10182-3p, miR-1777a, miR-669 miR-2350, miR-429, miR-545-3p —
. . . miR-181b-3p, miR-186-5p, .
W2 C. hircus miR-874-5p miR-429, miR-497-3p miR-532-3p
452 O. aries miR-874-5p — miR-532-3p
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