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Deep Sequencing and Regulatory Functional Analysis of miRNA in Rat Brain Under Con-
tinuous Swimming Training Mode
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Abstract: Objective: To identify the differentially expressed miRNA in rat brain stimulated by continu-
ous swimming training mode, predict their target genes and explore their potential regulatory functions.
Methods:124 rats were randomly divided into continuous swimming training group (CST) and control
group (NC) ,and the model of continuous swimming was established. After constructing the SRNA li-
braries of two groups of rat brain tissues respectively, high-throughput sequencing was carried out through
Illumina Solexa sequencing platform, and the difference of mMiRNA was analyzed by EXPR_SIG 3.0 pro-
gram. Real-time fluorescent quantitative PCR (qrt-PCR) was used to detect the significant difference in
Mirna expression between the two groups. Results: A total of 2 419 known miRNA were screened out and
114 new ones were predicted. Compared with NC, 512 differentially expressed miRNA in response to
continuous swimming training were identified in CST group, of which 397 were significantly up-regulat-
edand 115 down regulated (P< 0.005).The target gene prediction showed that differentially expressed
miRNA were involved in the expression regulation of 362 genes in the brain. Conclusion: Continuous aer-
obic training could significantly differentially express miR-379-5p, miR-139-3p, miR-125b-5p, miR-30e,
miR-128, miR-101 and other miRNAs in the brain of rats, and the differentially expressed miRNA target
genes were involved in various metabolic regulatory functions of brain cells. However, the specific regu-
latory mechanism and its role in disease prevention and treatment need to be further verified.
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AP B ARG IR LR R B A ¥, micro RNA
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1.1.1 2%shHheaiks5a

132 H{gRlfEr: Sprague-Dawley(SD)AEL(35 Hi),
WL SR S K, WIRpERA ARG, =
IR (18.6+2.4)°C , HI X I JE (58.0£12.5)% , K K
REMPOKAZIR 5k KBRS VB 4% 3d, 805
FEUE A 3 d A PRI I 25, B R —IK, B 10 min
B AE K2 15 min, B2 30 min 1&g R , KRR
58 H, TR R AL A X RE 4 62 H (Normal
Control, NC) #3421l 44 62 2 (Continuous Swim-
ming Training, CST), SZEHIH] NC 01 CST 4H K FE
AR R RS ARSI ] Z R EE AR X4
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1.1.2 X Rk 4RERZ S

NC dHIEF 1RF%, 1l A G sh , A~ 2 514k, CST 4
D)5 B E S AR B3 e vkt (CBEA% 150 emx70 cmx60 cm)
HHEAT A 6 S A Hr S MR UK I 25 KR 40 em, B
PR 4 2 Wi 2 33~36 °C ., WiFTk 5 4 5 A
FPHIT - W EIIZE6d, R BT
AR 1R, BRI B TG 1 B RF 223K 150 min,
HiE RS 120 min, TR EOR A 3% TifUk , A B g
2 AR K BT AN Bl Bk B i kit i 2% Sk ki
IS vk U 2R 151 18] Bl B U560 S oK R a2 )
e 1 B SIOIRAS S B L BB, AR 3k
1T A 3R B, (8 LR 2 SR A R4 R 5 Gk
HEMNBERKR S E, IR T B &, B RE

1.2 LR HUA

6 JE I, 45 R s — Uk N 2R 5 B Z1,
2% % 2 280 (40 molkg) X Il kR dH K B RS T IE I
TS R , SR 5 S0UHE 8 A7 BFE B T ok L FT
Ji 0B R A /NI 2 20 R R R R L IE AR T
—80°C UKAHAAFE . NC 4L bR I AU [F] B | R AE AT

1.3 5 RNA 2m

M NC ZHF1 CST 4 4 BEMLAh I 15 H R R K
i i DX 28 40 7E WA T A S UK R, SR T TRIzol 3
1 (Invitrogen , 5% & ) #£ B &L RNA , GeneQuantTM 100
43 696 B 1 (GE Healthcare Life Science, 3% [ ) 43 %]
T2 5 RNA B B RN 4B | 42 ) BE 2 R 25 4 55
AR RNA B 5, AT 8 /N RNA(SR-
NA)SCIE

1.4 sRNASCRHE 5 &l &N )3

56 15% 72 M 2R V9 M ok e B8 it L UK M\ RNA
Al 2 B a4k 16-30 nt A9 SRNA, T T4 RNA
e FEMERE B SRNA (1 5/ 3 A1 3w fin B4k, RS
H SuperScript 11 %% 5% [ (Invitrogen) & A% cDNAs, Jf:
4T RT-PCR ¥4, f5cJm H 10%74% 14 28 P9 4 I e B
W HL UK E — 25 43 | Il R 44k PCR 47 34 J5 14 XLk
cDNAs, LIF#HE SRNA W7 SO, AR Z R IHRIIAE
K E: [ (BGH{# H llumina Solexa il /% £ %F sSRNA
FEARATIREE T .
1.5 3R BEI P B0dhs i s B

AT sSRNA w138 &0 5 i ba 5dis e, e B
7 2Z 7, B LT DL AY reads 36 7y 25 B . U
AL A 5k B3k KA RE B
polyA LI K K BE/NT 18 nt %, B Jr 3% 18~30 nt Ay
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B T T % (clean reads ) . Fi SR FH v i L A 4H
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¥4 5 Rfam F1 Genbank & P 5541 22 k47 % 91) Fb Xt
FI L tag2 annotation (BGI, ) H 51 FvE B
clean reads, i JE i tRNA rRNA mRNA snRNA
SnoRNA .scRNA srpRNA UL & & & J3 51| ( repeat asso-
ciate SRNA)%E

1.6 B miRNA % % Fi3 miRNA Ik L3

i of BLAST F2 /5 44 i 1% 1 19 sSRNA JF 51 5 3
£ 7 miRNA %4 2 miRBase (v18.0) H 77 i 19 K K
ALY A E %0 miRNA JE4T Hext B & FR o E
A1 miRNA £ 5F miRNA,

FE S8BT mIRNA ], Je 4 36 2 (0 T A B 0
(1) SRNASs J751) Lk 21 B S R 4, #% 4 55 AR DT
T S DR 2 3, DA AR SR DR 4 B 7 L AR
Je DA B ok el B TR R KR A
60~100 bp Z= 47 Y FE AT, B2 H b miRNA 1
BT 51, 4R J5 FH MIREAP {4 (BGI, [ ) 15 &
ST B S GG (BURR & RS54 ), an i) — DI ER AT
A mIRNA Fi A 1 85 F RRAE e m] LA Ok HJE —
R HT miIRNA
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(NC 41 A1 CST ) iy Rk wtn il . prifEfb)s
Fik i = B miRNA (9 3RIA & /20 I 5 read $ix
1000 000; (@ 3% Hy 9 2H A it 1] 7 % 36 1 22 S A 4
(Fold-Change, FC),FC=log,(CST/NC), Bl FC=log,(CST
20 IE miRNA AR MER IS & INC 4P 5 miRNA 1Y
PRifEFRIA ), W FC=1, W SRR A BEAE ik i |
P T 248 Q2R FC=—1, W FR/RAb AL fh 3RaA 5 N T
208 ;@I 225 W P H . I P<0.005, £7R 25 57 i 3
Wk P>0.005, 27 ABE, RPN S R, PLE
P<0.005 H |FC|=1 ) miRNA, ]}y 25 7 E K
mMIiRNA, Bl B R F 2Lk z 20 22 5 235100 miRNA,

1.8 Z5#EmiRNA M RT-qPCR R

¥ FH mirVana miRNA Isolation iz 7 £ ( Applied-
Biosystems /A Fl , 3¢ [ ) 4 2 £ BOK FUG 2H 21 sSRNA
(<200 nt), 0 HovR B MAl BT, Fe i SRR &
(RevertAid First Stand cDNA Synthesis Kit, Thermo
Fisher /A wl , 36 [ ) e E Ud BH 30 % 5% & il cDNA SR 5
LI cDNA R HEFT miRNA 5% & w6, 514
H BGI ARG (1), LU ANSHEN, EH
Biorad iCycler # # {3 i) J v, 24 F . 95°C 3 min;
95C 155,60°C 30 s,40 MEH, H MM EE 3 1K,
FH 2-A ACT #1175 CST 411 NC 41 miRNA 11
AT ik &, SR SPSS #EAT 41T M, 24 P<0.005
R 25 5 3

R1ERETHSIWRF

Tablel Primer sequences upstream and downstream of genes

mMiRNA S IY(F.57-3") TS 1I#I(R:5-3")
miR-379-5p GCGCTGGTAGACTATGGAA GTGCAGGGTCCGAGGT
miR-29b GGTACCGGTTGTCTTGGGTTTATTG GAATTCAAATACTTCAGAGCTG
miR-125b-5p ACTGATAAATCCCTGAGACCCTAAC TATGGTTTTGACGACTGTGTGAT
miR-4510 CAGAGTGTGAGGGAGTAGGT GTGCAGGGTCCGAGGT
miR-93 TGCGGTCAAAGTGCTGTTC GTGCAGGGTCCGAGGT
miR-34¢ CGTGAGGCAGTGTAGTTAGC GTGCAGGGTCCGAGGT
miR-182 TTGGCAATGGTAGAACTCAC GTGCAGGGTCCGAGGT
miR-7b GCGTGTGGAAGACTTGTGAT GTGCAGGGTCCGAGGT
miR-429 AGCCGCTAATACTGTCTGGT GTGCAGGGTCCGAGGT
miR-1839 CCAGCGTGAAGGTAGATAGA GTGCAGGGTCCGAGGT
U6 CTCGCTTCGGCAGCACA AACGCTTCACGAATTTGCGT

1.9 #EBRiEmiRNA 505 1

§ o T MR NA ) 5 5 [T L G T A
MIRNA B9 V8 £ 70 flE . 75 9 £ 18,2 7 ¥ My 0
MIRNA 85 19— FI A 280& 72 , B 76 T 90T 5 e 51
R U1, AT 5 A PR 00 4 7 Target Scan

RNAhybrid 1 miRanda A NCBI %% 45 % rfr $8 %1 K B
JE DR X B 9 cDNA J 1) (ftp://ftp. ncbi.nih. gov/gene/
DATA/GENE_INFO/Mammalia/Rattus_norvegicus.gene
_info), T H 4522 5 28 B9 miRNA X0z Y H AR
B AR TR IIRE . BRI EORBRAL DL 1,
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2 RS54
2.1 miRNA ¥ B0 5 B 5 By

clean reads, 45 {4 4% 537 311 Fl 1 1 056 485 Ff SRNA
K I SOAP 3 #7 51 A4 K 3 26 ¥ %1 5 Rfam 1 Gen-
bank & K 4l 2 547 7 51 L X, CST 4145 71.16%HY

i3 Nlumina Solexa M 5 F- £ , K CST 4171 NC
41 SRNA BEA SN BIHEAT R HE MUY , 1581 11 932 211 %
il 21 372 487 %R 50 (raw reads) , 20 idd ik g b Bt
CST 4L NC 4153711 9 439 802 A1 20 658 317

total SRNA F1 47.77%# unique sRNA A & £ 2] K F
FEHNZH |- NC 414 70.13%F1 total SRNA F156.28%
) unique sSRNA & B 51 (£ 2)

R2 BREVNFRERAZEMERSIT

Table2 Statistics of high-energy sequencing and genome localization information

21 5] raw reads(n) total SRNAs(n) HIrE 1% unique sSRNAs(n) H L 1%
SRNA i csT4 11932211 9439 802 100 537 311 100
NC 21 21372 487 20 658 317 100 1056 485 100
X b BE R 2H &R 55 CST#4 — 6717516 71.16 256 666 47.77
NC 21 — 14 488 689 70.13 594 634 56.28

XJ clean reads i £ 43 Afi 73 #7 i 7k, CST 41 Al
NC 4143 54 80.97%7F1 78.52% () reads - & 4& h 7
20~24 nt Z ], Hifr K R 22 nt (1) reads #¢ £, LL {4
W T Ho At reads, £F CST £H A1 NC £+ 73 %1
31.71%7F01 30.61% (&1 2) . Hi AT UL, W 45 21 i) 75
ZH sRNA reads & 73 A #3455 3 ) il miRNA 1)
AR g o3 A e A — 2

¥ 18 clean reads 5 Rfam Fi1 Genbank %k 3% 2
HEATIP AN EEXT, DL 3g SR A L v A S 7 31 2 45 Sk
i1 T %0 RNA J5 51, 41 tRNA rRNA mRNA snRNA |
SNORNA _scCRNA %5 A [r] RNA 2 51 () 505 Fi E 41 L
% 3, KX sedE miRNA 751 it € J5 , CST 41 F1 NC
20 430 0 1 Y 7 739 289 %Ml 15 774 525 Zk it A #E

ERER S, A] 4 4% TR A E— 20 miRNA 7347

26 1%
2 Wl 13
20 [ 15°

23

mNCH
| Teypiil

E) ‘5 1‘0 1‘5 20 25 30 35
2 CST ZH#2 NC 48 clean reads & E 4%

Figure2 Length distribution of clean reads in CST and
NC groups
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% 3 CST A% NC A sRNA Ky £ i
Table3 Classification annotations of SRNA in CST and NC groups

e CST 41 sRNAs NC 2 sRNAs

unique % total % unique % total %
rRNA 75 265 14.01 1071961 11.36 151 074 14.30 3330834 16.12
tRNA 30028 5.59 345 097 3.66 34900 3.30 789 023 3.82
SCRNA 592 0.11 4178 0.04 77 0.07 6 108 0.03
SNRNA 3057 0.57 13241 0.14 6648 0.63 59 169 0.29
SNORNA 3748 0.70 73983 0.78 7049 0.67 236 933 1.15
SrpRNA 805 0.15 5190 0.05 1633 0.15 22 995 0.11
exon_antisense 2116 0.39 2673 0.03 2999 0.28 3922 0.02
exon_sense 74020 13.78 95917 1.02 179 548 16.99 219 397 1.06
intron_antisense 4955 0.92 6 160 0.07 10414 0.99 12 811 0.06
intron_sense 33192 6.18 53333 0.56 93129 8.81 128 385 0.62
repeat 21501 4.00 28 780 0.30 57 451 5.44 74 215 0.36
Unannotated 288 032 53.61 7739 289 81.99 510 863 48.35 15774 525 76.36
Total clean reads 537 311 100 9439 802 100 1056 485 100 20 658 317 100

2.2 BHImiRNA %% 53 miRNA fid

2.2.1 &% miRNA # %%

i it BLAST 2 7545 W1 410 & H 19 sSRNA 751
5 miRBase % 4% JE th LA (1 90 £ B sh i 1 & A
MIiRNA 17751 Hext, %58 2419 ~E 4 miRNA,

CST 4 1713 1~,NC 4 1691 4>, Hoh wizH 44 985 4~
EL%1 miRNA , CST 41454 728 1~,NC 4454 706 1,
Fih KT 80 000 reads H W 2H L 47 1) miRNA Xy
8 i, Hoh mir-9 Al let-7 & W0 AL EU s Rk = e
) miRNA K% (£ 4) .,

x4 MAXFRFRIZEKXT 80 000 reads 2 A1 miRNA
Table4 Known miRNAs with a shared expression level greater than 80 000 reads between the two groups

miRNA izl K Int Rk miRNA %% miRNA [F] R 5]
CST NC

miR-30d TGTAAACATCCCCGACTGGAAGC 23 106 052 413 656 mir-30 oan pma bta hsa
miR-143 TGAGATGAAGCACTGTAGCT 20 522 375 1139 450 mir-143 pma rno xtr mmu
let-7¢ TGAGGTAGTAGGTTGTATGGTT 22 986 859 1205674 let-7 hsa odi pma csa cin
miR-9 TCTTTGGTTATCTAGCTGTATG 22 340 899 751193 mir-9 egr sko aca bma xtr
let-7-5p TGAGGTAGTAGGTTGTATAGTT 22 308 332 220610 let-7 dme tca cel
miR-378 ACTGGACTTGGAGTCAGAAGGC 22 416 545 1452 656 mir-378 hsa ppy cfa
miR-9a-5p TCTTTGGTTATCTAGCTGTATGA 23 574982 1416714 mir-9 dme
let-7b TGAGGTAGTAGGTTGTGTGGTT 22 129 813 307 685 let-7 hsa odi pma xtr cin

2.2.2 # miRNA # FR x|

K H MIREAP #f4:, SLFi 1 114 4% miRNA,
Hrp CST 24 96 1~,NC 41 281>, WiHALA 101 (£ 5),
CST 4HFEf 86 1~,NC ZHF5-T 1818 miRNA, iX 114 Ff
B miRNA 9 B2V Ry 20~24 nt, 5 HAh 2 A1
(2% miRNA AEALL, #7955 miIRNA 2 B g 1w 24 4
rmo-mir-n001 #| rno-mir-n114, H-H  “rno-mir-" 5 1 /)
FRE“n” K78 H miRNA (novel miRNA) | 1 “n” &5 T &
SRBTF IR AR LX) R BRI ZH miRNA 947 2 1 HE
F . LLFEH 10 57 miIRNA S4Bl A, i ik)F
G 1) 2 Je B5 K 1) B/ Iy H R ESY T-57.6~-31.3 keal/mol
Z ], -4l h-43.06 keal/mol, 5 /N [ H fEF8 50 T

0.86~1.86, F-34E K 1.2, 3% T mRNAs(0.62~0.66) |
rRNAs(0.59) 11 tRNAs(0.64) ,

2.3 miRNA BIZESFE 06

fifi I EXPR_SIG3.0 2 /¥ Xf £ % %2 H 1) miRNA
AT 2SS, 45 R R, 5 NC 4 b, CST 4
A 512 4> miRNA H BT vk 22 J 3k Horp
397 MEA R FE LA, 15 MR EETHE (B 3),
HY AT, K B )R SR 0 Uk DI 25 e % B 2 175 3 R B
i mIRNA [ 22 5 33k 21 3k it (FR LT ) 3
KT 10 000 reads (1) 52 3 L8 AR I8 49 miRNA 35
20 Ffr, I 6 FiR
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x5 Rl SR A BAXFRF miRNA
Table5 New miRNAs shared by continuous training group and control group

) K reads HIRT 5 A g/ A thee
miRNA 52l _

Int  CST NC (oA (kcal-mol*) =58
rno-miR-n002_3p CATAAGTGTAGAGAGTCTGTAGT 23 30 59 1:131079839:131079925: + —31.3 0.95
rno-miR-n012 5p AGGCAGAACTCTGGAAAGAGGC 22 19 38  3:151927526:151927610:+ —47.2 1.03
rno-miR-n014_5p TACAGTTAGACGTAGAGACCAT 22 9 31  3:153140628:153140705:— —35.0 121
rno-miR-n017_5p TGAGGATTACGAAGAGGATGGT 22 10 9 5:130346817:130346905: + —47.6 1.44
rno-miR-n022_3p AAGGGCAAGCTCTCTTCGAGG 21 30 36  6:134405230:134405322:+ —42.7 1.07
rno-miR-n024_3p GGTGACAGTAAGCTGTAGTTGC 22 10 23 7:141082914:141082992:+ —38.7 0.99
rno-miR-n025 3p ATGGTAATGGTGGTGGTGATGG 22 56 108 8:64686682:64686763:+ —46.0 1.44
ro-miR-n027_5p AGGGCTAGTTAACAGTTTAGGT 22 14 42 9:45537650:45537727:+ —44.9 1.10
rno-miR-n031_3p TCAGTAGGCCAGACAGCAAGC 21 301 453 11:36339323:36339403:— —39.6 0.86
rno-miR-n038_3p TAAGCTTGCCTTAGGATTGTTG 22 9 9 15:96354938:96355021: — —57.6 1.86
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Figure3 Differential expression of miRNA after contin-

uous swimming training

2.4 RT-qPCR Bl

R T L BTV B Y A R T SR, e
10 422 552381 miRNA #E17 RT-qPCR #0431l 2
miR-379-5p .miR-29b miR-125b-5p .miR-4510 . miR-93
miR-34c . miR-182 .miR-7b ,miR-429 .miR-1839, % &
IR, 3% 10 i miRNA # D) g ke i 2] 1, o 8 A
MIRNA 76 7 4 K BUIK 349 A o 3% 22 = Rk,
miR-379-5p .miR-29b . miR-125b-5p \miR-4510 & # I
P , miR-93 \miR-34c \miR-182 miR-7b & # T I ,
miR-429 miR-1839 /&AM 7E P4 [H] Jo 25 57 (&1 4) ,
1M 5 SR 5 TR B T s 7 Al ke A — 3

FoMmEFrgmxillEMEZERREZAWARAZEH KT 10 000 &Y miRNA

Table6 miRNAs with significant differential expression in response to continuous swimming training and expression

levels greater than 10 000 in both groups

miRNA CST_Std NC_Std log,(CST/NC) P Mark
miR-379-5p 10 425.22 1626.51 2.68 0.00 Up
miR-139-3p 4532.40 1128.46 2.01 0.00 Up
miR-125b-5p 6512.21 2029.01 1.68 0.00 Up
let-7-5p 32662.97 10678.99 1.61 0.00 Up
miR-30e-5p 2150.36 821.03 1.39 0.00 Up
miR-1224-5p 1414.75 569.07 131 0.00 Up
miR-30c 1944.00 842.23 1.21 0.00 Up
miR-137 1523.97 700.35 112 0.00 Up
miR-30e 3040.42 6 464.66 -1.09 0.00 Down
miR-191 1508.29 3253.94 -1.11 0.00 Down
miR-128 2284.48 4990.34 -1.13 0.00 Down
miR-101 2 409.90 5317.76 -1.14 0.00 Down
miR-100 1365.18 3090.18 -1.18 0.00 Down
miR-24 4023.71 10 276.39 -1.35 0.00 Down
miR-29a 1617.19 4 478.44 -1.47 0.00 Down
let-7i 1109.77 3611.38 -1.70 0.00 Down
miR-182 4 585.58 15810.92 -1.79 0.00 Down
miR-30a 6 766.35 23 650.96 -1.81 0.00 Down
miR-183 1500.03 6 087.04 -2.02 0.00 Down
let-7g 1980.66 8991.29 -2.18 0.00 Down

7. CST_Std F1 NC_Std 7% 13 22 I i 2H Fn % B4 miRNA B4Rk 2358, 76 bR Ak B H {5 29 K T 10 000 reads;

Down 1 Up 7= T I F1_L A miRNA,
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sequencing B qRT-PCR

log2(CST/NC)

H . 5 NC 414 b ,CST 41 # & miR-379-5p . miR-29b |
miR-125b-5p ,miR-4510 K ik B & [ iH ,** £/x P<0.01 ,
*xx J2 o8 P <0.001; miR-93 . miR-34c miR-182 miR-7b
FETH,** %R P<0.01 ; *** F75 P<0.001,

& 4 £ 5 %K% miRNA i RT-qPCR I8 iE
Figure4 RT-qPCR validation of differentially expressed
miRNAs
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2.5 ZE5 K miRNA #0502 3L oh fig
2o

iz FH AR PR S AR 14 | 512 /> 22 53 35 1) miRNA
T 453 g TN 2 8 760 ALY, HE xR RIA
9 MIRNA A T 380 X)o7 ¥ 5 D] 38 3 i 2% 2R mT A
KB, Al —Ff miRNA w45 2 AL AR R A miR-
NA A P [R]—Fp ¥ L R, 4 miR-214 Af 45 Nmu
Beanl,Cmas Cntfr %5 Z 4~ #8 B [K] | 1fif miR-106b-3p |
miR-1188-5p . miR-1224-5p . miR-150-3p . miR-1587 %%
30 > miRNA ¥ a] 5= HE A Agrp, DI REITE R &
WA 362 BN 5 REA O¢, W RIAWE ST i
IO A7 2 i Uk I 25 25 5 3R IR 1 miRNA 25 T i #
362 /L R R IR IR A, K 7 I A B oAt
78 Ncan Ncdn Ncs1 Nefh Negrl Nenf Nepro Neto2
Neul . Ngfr  Neurog3 %5,

x7 ERBFRIEN mRNA BLBER R HEINEES
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