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RNA-Seq analysis of improving mechanism for cardiac hypertrophy of a propolis product
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Abstract; To study the improving mechanism of a propolis product
on cardiac hypertrophy, spontaneously hypertensive rats (SHRs)
were picked as animal models. After continuous infusion of this prop-
olis product for 35 d, left ventricular index were calculated and RNA-
Seq was performed. Differentially expressed genes (DEGs) were
screened with the following GO enrichment analysis and KEGG met-
abolic pathway analysis. Totally 1 297 DEGs (91 DEGs were up-reg-
ulated and 1 206 DEGs were down-regulated) were selected. Results
of KEGG metabolic pathways showed that 410 DEGs were enriched
into 182 KEGG pathways, among which the top three DEGs enrich-
ment is closely related to insulin signal transduction pathways, namely

PI3K-Akt signaling pathway. insulin signaling pathway and MAPK signal
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pathway. It was indicated that the effect of the propolis product on the
myocardial hypertrophy of SHRs was improved and the main KEGG
pathways were associated with insulin signal transduction.
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pertrophy; RNA-Seq; insulin signaling pathway
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ARA MR F

J 8% 5738 #) £ : TaKaRa PrimeScript™ RT reagent Kit
with gDNA Eraser Kit B, 44 TR CKE B RN ;
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(4) W33 BR G i 45 - HLI% 2298 T K )5 5 000 r/min 85 .0
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18

13, L 0.1 mol/L HI R 71 R %% 28 vl 64T G25 FEJZ T,
b S I I PR AR R 4 4 T EAT G50 KRR T, A U
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MERE A 247 RNA 2 B, & % mRNA. il A fragmentation
buffer {8 H B A 8 B 75 DL R WS 19 mRNA S8R 7S
M IEREALS ] W) (random hexamers) & % ¢cDNA 25 — 4% . I
AZE . ANTPs, RNase H #1 DNA polymerase 1 & i
cDNA 55 — 4, 23t QiaQuick PCR 37| & 44k I in EB 28 ojt
WRUE M 22 R o s A2 I A I Y 4 Sk T 25 SRR B R
LUk I 1R/ B IR AT PCR 47318, DA 58 J80HE A4~ 32
JE T 2 TAE . KL SCPE AT HiSeq™ 2500 B 7 3 &
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(2) 2 57 B TR A 0 % 2645 8L 23 BT 10 X i 4 030 0 47 o
25 T3 A Ao U R Ul D A MR o B Y e SR AR R 5
22 A TR AT LG X 43 A R IR R GK R Y A
FPKM (Fragments Per Kilobase of transcript per Million
mapped reads) B F| J§ FDR 5 log, FC 2 i 6 28 7] 22 7 B: (A,
fii 16 7 1y FDR<20.05 H.[log, FC|>1. 45 X} 22 57 3k [N f
TToine s 40 T 5 KEGG AR hia #7347 .

(3) Thfgw gk & KEGG R} #% 73 A7 - % 22 55 3 38 4k A
1] Gene Ontology (GO) % #i& J# (http://www. geneontology.
org/) 45 term WG, I T A term B HE 40, S8 )5 T
JUfTA a0 $RHE 5RN EEA T R E 2 F R B ERF
BEEEN GO K H. ¥ DEGs 1 BB KEGG #4241
P KEGG %¥is P2 {5 B 5%+ DEGs #17 KEGG i i 7 E B .
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Table 1 Effect of the propolis product on heeart index and
left ventricular index in SHRs (72=10)
20 51 Lol EIREL 415 Ll E R EL
MC 0.28040.015 BYL-M 0.27640.014
BYL-L 0.28040.010 BYL-H 0.26740.013*
T % FoR G HIEILIH HE, P<<0.05,

#1914~ DEGs 1.1 206 4~ DEGs T, X frf DEGs it
17 GO WR . 457 FUIRe AL 7 R B =28, B4
Y3 B d L R & T YR (developmental process) A= #¥) %k
[t (biologicaladhesion) . iz 3] (locomotion) ., 4 it i, 43 4H 2 Bk
H: ¥ % 4 (cellular component organization or biogenesis) . 5&
i (localization) {8 ¥ #EF& (metabolicprocess) | B — 144 i 74
(single-organismprocess) , 4 4 1 5 (biological regulation) |
M i FE Ccellular process) . 4 & (growth) ., g 7 it &
(immune system process) \ i I 2 if (response to stimulus) .
{5 514 1% (signaling) . 2k % (reproduction) . £ ff #1l {& 3k &
(multi-organism process) .7 4 (behavior) . Z 4l i 4= ¥ 1 #2
(multicellularorganismalprocess) i) DEGs ¥ H 7> %] & 410,
116,138,351,346,593,720,444, 886,69, 147,469,403, 84,

5MC 41 A1 ke » WBYL-HZ4] i % # 1 297 4~ DEGs , K 34,1,152( 1),
Fx2 NEHEBSW
Table 2 Analysis of transcriptome sequencing data
A BB B 52 %35 HAA
LETEL RS i) R B 99 IE GC &t/ WX Liy R L M — I ZIWx R/
CHRGEBHA D R Q0/% % pugsatis 1) 52 B X B 592 %
MC-1 45 130 504 43 177 846(95.67 %) 96.38 52.23 41537 076 4323817 36 310 587 902 672 89.59
MC-2 48 893 904 46 969 666(96.06 %) 96.50 53.16 45934 946 4 323817 40455310 1171138  90.62
MC-3 40 859 596 39 151 470(95.82%) 96.40 52.24 38 234 978 4000165 33 416 171 818 642  89.54
BYL-H-1 42211 378 40 539 862(96.04 %) 96.46 51.23 38 773 434 4490 748 33 480 918 801 768  88.42
BYL-H-2 50 807 492 48 879 912(96.21%) 96.49 51.69 46 285 712 5142384 40112762 1030 566  88.89
BYL-H-3 48 902 702 47 158 232(96.43%) 96.71 50.76 45 064 582 4924 176 39 268 152 872 254 89.07
835
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Figure 1

GO term 4 £ 4 X%

Results of GO term classification
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Figure 2 Top 20 KEGG enriched graph with
significant DEGs
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B ESENG S B R, 3 4 K3k F M DEGs 2
mitogen activated protein kinase 1 (MAPK1) ; i R {5 5@
5 PISK-Akt 3 % 3L [W] ) DEGs 24 : phosphoinositide-3-ki-
nase regulatory subunit 1(Pik3rl) . protein kinase AMP-acti-
vated catalytic subunit alpha 2 (Prkaa2). insulin receptor
substrate 1 (Irsl),glycogen synthase kinase 3 beta (Gsk3b) .
3-phosphoinositide dependent protein kinase-1 (Pdpkl) . tu-
berous sclerosis 1(Tscl) ; il 5% 25 5@ %5 MAPK i %It
[f] ) DEGs J: crk-like protein-like, CRK proto-oncogene,
protein kinase cAMP-activated

adaptor protein ( Crk) .
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FTERR) L 47 MR U S (K ERK2mRNA 2235 4 .t # 0
JUE S B B &5 9 — 3K,
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1 T B TR W TR AL » T 1 1 1 3R 32 10 5 TR'S 0 H A 26 1 A
VB B0 9,35 PISK-Akt F1 MAPK B 7E N 1Y 2 4> 38 5% .
O IE R IRST A IRS2 J& 22 3k i e i 1Y IRS 28 [ 0 i i 22
PHMOE PISK 2 2 4E AT, PISK i1 pl10 4 4k T8 3 il
p85 A ¥ T 5 JC 41 L, i b A= B g IR ) PP 3 T 5 3K
PDKI1 451 Akt M30E . Akt 153 B B2 16 5 11 8 4 35 4% Rl
AN AR L A0 E P R A R 2 AR Akl T Ake2, jif ¥ £
AR RAK,FE EZSRBME. B Ak 4 S BER
FEAE G T GSK3p i . MTI AR 32 T 00 I JIE SR R e 11y
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Figure 3 Overlapping genes in the top 3 KEGG pathway
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Table 3 Overlapping DEGs of insulin signaling pathway with PI3K-Akt signaling pathway and/or MAPK pathway

il 1D H R 2 ik log> (FC)

Bels RSB B PITS-Akt {5 58 K04371 Mapk1 A 25y BLE TR R (s 1 —1.056 5
MAPK {5 i f

JB ) 2 B3l % L PIT3- Akt % 53 i K16172 Irsl R ZEZRIED 1 —1.182 0

K02649 Pik3rl IR WLEE 3 W 1 7 S 57 1 —1.291 1

K06276 Pdpkl 3T T WL LA A6k 2 1 i 1 —1.780 9

K07206 Tscl SR 1 —1.8131

K03083 Gsk3b W54 I i 38 —1.125 6

K07198 Prkaa? T T AMP 3505 AL T B o2 —2.169 9

55 2215 55 . MAPK {323 K04438 LOC100911248  crk FEZE (1254 —1.542 8

K04438 Crk B3k 11 CRK —1.596 0

K04345 Prkach B 1R Camp 308 AL T 35 B —1.351 4

T PI3K-Akt @ (19 Ake, 38 5 H T i GSK3p #i g1k . &
U GSK3p 2 i , 3E T 5 8O0 DUIE K iy & 4. GSK3p 1E
Tyr216 i 5 BERR AL 1), GSK3B 5% P4 3% i, M 7E Ser9 £ i1 B
2 Ak i . GSK3p 1 14 52 204 i L 1% A i) GSK3p ®T LABH 1k .0 JUL
B &R et AR R S R E TR,
GSK3p #£ SHR .0 L (M R 5t THET .0 GSK3p 19i% M &
YR AN ] i AR T — 2B AR
2.6 qPCRIGIFZR

JUESE RNA-Seq ¥4l 19 T S 44, BEAL Bk 2 9 4> Sk B
T qPCR B WFE. X 9 & K 4 5 & Gadd45g (Gene ID:

83718) .
26201) .
26197),

Usmg5 (Gene ID: 103693430) ,Mzt-nd4 (Gene 1D:
Mind3 (Gene ID: 26199 ), Mt-arp6 (Gene ID.
W& 4 Jif R . 2 qPCR B ik , 33 26 1 2 3k B 1% 47 X
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3 s
AR DL SHR 2 3 ¥ - il 4 420 %= 58 B v 5
B 52 T3 7 i RS O JULJIE JEE 08 T TR o B 24 598 £ ) ek 2
(BYL-H 41) . %% {fi J] RNA-Seq £ R %} BYL-H 41 #1 MC
S e SR B BEAT 2y M. 4R T 1 297 > DEGs, i 28

291005 ), MAPK1 (Gene ID; 116590) ,Eif4g1 (Gent ID; DEGs #417 KEGG mﬂiﬁﬁ%a%ﬁ*ﬁ KM ED 5L E
287986), Otudl (Gene ID; 498803 ). Clic4 (Gene ID: AR5 HH O Y JL A 3% CEIVIBR 9 2245 550 % L PI3K- Aktf5 53
2.51 1.57 8"
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Figure 4 Relative gene expression levels of candidate genes. Data from qP(,R and RNA-Seq both are means of three replicates
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