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Abstract: The aim of this study was to investigate the differential expression of genes in the blood of
Yili horses before and after the 5 000 m race, and the correlation between cardiac parameters and the
differentially expressed genes. Six elite Yili horses, which were among the top 8 horses in the 5 000 m
speed race at the national level, were selected for the study. Echocardiograms were collected from the
resting state of the horses before the 5 000 m speed race and the blood of the horses before and after
the race by using the Myriad M6 Veterinary Portable Color Doppler Ultrasound System, which was
used for transcriptome sequencing. The results showed that: 1) A total of 889 differentially expressed
genes were screened, including 751 up-regulated genes and 138 down-regulated genes. GO and
KEGG enrichment analyses revealed that the differentially expressed genes were mainly involved in
the biological processes of cellular response to stimuli and immune regulation, as well as the MAPK
and Jak-STAT signaling pathways involved in cellular immune response and inflammation.
2) CCL3, CSF1, CSF3, IFNG, IL4, IL10 were screened as key genes. In the correlation between
the post-competition expression of key genes and cardiac structural indexes, CCL3 was extremely
significantly positively correlated with PADs (P<C0.01) , significantly positively correlated with
LVIDd (P<C0.05) , and significantly negatively correlated with RWTd (P<C0.05) , CSF1 was
extremely significantly positively correlated with PADd (P<C0.01) , significantly negatively correlated
with RWTd (P<C0.05) , CSF3 was significantly negatively correlated with TVSd and EDV (P<<
0.05), IFNG was significantly positively correlated with PADd (P<Z0.05), significantly negatively
correlated with IVSd, MWTd, and RWTd (P<C0.05), IL10 was extremely significantly positively
correlated with LVLD (P<C0.01) , significantly positively correlated with MVD (P<C0.05) , and
significantly negatively correlated with EDV (P<C0.05). In the correlation between the post-race
expression of key genes and cardiac function indexes, CSF3 was significantly negatively correlated
with SV, SI, CI, and VTI (P<C0.05), IFNG was significantly negatively correlated with SI (P<C
0.05) , and IL10 was significantly negatively correlated with CO, CI, and VTI (P<C0.05).
Moreover, CSF1 and IFNG post-race expression were significantly negatively correlated with the
5 000 m exercise performance of Yili horses (P<C0.05). Cardiac indexes and CCL3, CSF3, IL4,
IL10 regulatory mechanisms play important roles in the 5 000 m race of Yili horses, and the expression
levels of CSF1 and IFNG can be used as candidate genes to assess the athletic performance of Yili
horses.
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1.2 HARE

FEHT 24 h, 76 B VT 2R S T 7 FH 3 3 M6
FHAE #8520 (0 22 3% 4 8 5 2R 48 SR ML H G 75 0 3l
(2.5 MHz P WCFE B VC A B 55 = 30 58 DU 5k 3 26
B4 FA S 2 B AT 48 (2D) F M SR, B K
BAR TR N 30 cm, e BE 7% 19 A5 S8 € 7E 5 em &b
B RFIE MR 110°, B s O 3 BTG A 34 Hy ] —
PR AT, A OB AR T 40K - min ' A 2390 5k 8]
1§, I 3 AN 7 22 0 Bl SR BCE S84 .

TE L T 1 d # 2R LR 38 5 B 20
EDTA $t %845 R 4 T VT 590 i ok 1l 8 FF A, Bifl J 2 L
B (1:3) IR A ML 5 Trizol & 7 , ¥ BE 20 2 A
5mL VRAEE A ic B 0 B, B 0 R
B A L 2T A ARAE G B A —80 "CYKAE
FH T 42 BUR 3 5 UC 5 RNA, I k47 J5 2256 % 4
M .
1.3 DESHELE

A B e 55 Kl A B 5 g A MBS S A
B 55 A A e ) A B AR AR OC T IE Y 324>
FE0n B H o 20 40 JIE 45 74 48 B < &7 5K R I 220
I B B¥ L (end -diastolic left ventricular free wall
thickness, LVEWd) Wit 4 R 1 Zc .0 =5 1 25 1 ) B

(end-systolic left ventricular free wall thickness,
LVFEWs) & 5K K W] £ 0> & N 42 (end-diastolic left
ventricular diameter, LVIDd) W45 K 42 0 B AR
(end-systolic left ventricular diameter, LVIDs) . & 5k
K W = A fF )& & (end-diastolic interventricular
septal thickness, IVSd) W 4 A< 1] 5 [4] B% J& B (end -
systolic interventricular septal thickness, IVSs) | &F 7k
KW & 0 E N (end-diastolic right ventricular
diameter, RVDd) . W 45 K ] 47 .0 & N 4 (end-
systolic right ventricular diameter, RVDs) | &F 7k A 1]
7 .0 %= %5 1 (end-diastolic left ventricular volume,
EDV) | i 45 R 3 /2 0> & 4% & (end-systolic left
ventricular volume, ESV) | Z£ > % K #ll & (left
ventricle long axis diameter, LVLD) . — 22 il N 1%
(mitral valve diameter, MVD) | &F 5K A 3 £ .0 Bz N
12 (end-diastolic left atrial diameter, LADd) UZ 45 K
M 72 0 5 N 18 (end-systolic left atrial diameter,
LADs) . & 5k A ] 3 3l Jk MR ¥ N 42 (end-diastolic
aortic root diameter, AODd) . I 4 A i £ 3l ik 42 5B
N 12 (end-systolic aortic root diameter, AODs) \&F ik
AR Wl 3 ik N 42 (end-diastolic pulmonary artery
diameter, PADd) | W 45 K ] Jifi 3 Jk N 42 (end-
systolic pulmonary artery diameter, PADs) | &F 5k &
WO ¥ & a0 = BE JE (end-diastolic mean left
ventricular wall thickness, MW Td) & 5k 7 ] 4 % &
ik 1] BE J5£ (end-diastolic relative left ventricular wall
thickness, RWTd) , 12 4~.0 Ik T GE 48 5 : 0> 2R (heart
rate, HR) . 3 3l Jk AR #8442 /220 b N 42 (aortic root
diameter/left atrial diameter, AOD/LAD) /20> % &
1. 43 %% (ejection fraction, EF) | Z7 0> % & 1M B 18] (Teft
ventricular ejection time, LVET) | 4 # & (stroke
volume, SV) . & #f & 45 % (stroke volume index,
SI) .. fi i & (cardiac output, CO) .0 HE & 48 5
(cardiac output index, CI) | Z£ 0> & 55 B 46 a5 5L
(fractional shortening, FS) | 7 0> 2 0 L i & (left
ventricular myocardial mass, LVM) | .0 If #§ %
(velocity Time Integral, VTI) | 20> % .0 LT & 45
0 (left ventricular myocardial mass index, LV
MASS-1),

1.4 HRANF

1.4.1 RNA £, 3C 57 K i FF fill H
TRIzol® it 7 (magen) M Il 7 AF A H 32 B AL RNA
& Fl Nanodrop ND-2000( thermo scientific, USA )
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Bioanalyzer4150 (Agilent Technologies, CA, USA)
W E RNA f#9 RIN B, O B HA BUR 4 4% 9 RNA 4
RE T SRR M 2

FEA K T A 4% f5 , 2 B ABclonal mRNA-seq
Lib Prep Kit (ABclonal, China) i} B 45 ] % PE
P& o fd ] oligo (dT) % 2k M 1 pg & RNA o 4 fk
mRNA, & J5 £ ABclonal First Strand Synthesis
Reaction Buffer 7 # 17 mRNA R Btk . Bl J5 , VU
mRNA - BOAE 80, {8 7 B AL 5| 9 F0 30 5 Sk il
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afi fb 1) BUEE cDNA FEHEAT R o8 2 I A J8 I 1% 4%
M 4% 3k, 48 )5 - AMPureXPbeads #F 17 A Bt K/
VEFE, B Ja 34T PCR & 459 21 5 241 ¢cDNA SCFE
I 18 i Agilent Bioanalyzer 4150 ¥4l SCF i i .
J& ff FH NovaSeq 6000l J57°F &5 PE150 132 #E 47 I
J¥ o M\ Hlumina ¥ & £ B ECE T2 9015 222 55
B, T A S BT B R B B R Ay A R A R A
A 58 o
1o4.2 W 5 o fastq g =2 0 5t i B s &
Seil I perl AR HEAT A PR X BR 2K P A, 2o E 4RLAIG
Jo7 e (AR &, Bl o 4 (/D 1 55 T 25 A9 Bk 2
A reads 6026 Lh 1) N (N /R JC Ik B 52 Bl 315
B KT 5% 1Y reads, 3815 7T H T J5 2253 #1 19
clean reads.,
1.4.3 5% LA LX) 4 BT 4% J5 19 Clean
Reads {H F %t 2 2 %01 5 19 2 2% 36 4 (hieps: //fitp.
nchi. nlm. nih. gov/genomes/refseq/vertebrate_mammalian/
Equus_caballus/latest_assembly_versions/GCF _
002863925. 1_EquCab3. 0/GCF_002863925. 1_Equ
Cab3. 0_genomic. fna. gz) I ffi F HISAT2 #1444
AT Clean Reads 5 € HIAY H 2 7% e (K 20 HE 1T L
XT, 3RHL Reads 7ERE R4 I 0 i 5 B o
1.4.4 @5 HT A 0 Py A 5 H 2 2%
A7 BT B LT, et RS R 1 Reads 3%, 43
Sl aok 8 25 B L X6 BT i (ELAIR T 10 B9 Reads oA AT (14
Reads DA J oxF 7 & 7E 2 PR 2 2 A IX Y Reads.
Ff J5 Al H Subread %k 4 # (1) Feature Counts . H. X}
s #EAT E 553 .
1.4.5 ZRIEHFMH W T I2DHEAR SRR
IR E I E 58 R X H R IR B #E AT G o T

f8 F DESeq i $& A [R1AR ST Rk 7K OF i % 22 7 11
K, Ll llog,(Fold Change)|>1 H P<0. 05 Jy #5 1
i 1 25 S RAK LA

1.4.6 ERRBIEFEREREES T  XER
FER 0 A (H AT RIS, M EHT TS AL B
i T A5 1 22 S HE DR R AT R 28 43 M, 35 AH I (9 L X
BE—. BRI DEGs i #rig 8 3 N Rk 5, i
HI Cluster Profiler 3 X 55 € A %€ J5 AL b (1) 22
SRNEHTT GO M KEGG & 45347 .

1.4.7 SEWPEEE R PCR MNFE L4100 6 45 51
H AL BT 645 UL A 0 DEGs #E47 52
I 5¢ 6 2 TR AIE , YE B GAPDH R N S 34, 3N
1R I Primer-BLAST & 31, AR B IE 5| 9115 &
WMFE PR G5R 2 0 ki3 AR N %k
i, HE 2V A B S I A 0 o R R R
=R

1.4.8 B4 04t fdi F§ Excel 2021 X I 4 fF 1%
(.0 E 25 4 D B 48 bR AT R B . LA P<<0.05 H
llog,(Fold Change)|> 1 1y 2& 5 3 1k 5 [K] 1 7 326 b
e HEBRAFFE RN RS A B T S 22 S 3L
HEAT GO T REVE B A KEGG 18 B% 1 B¢ . 1 1] SPSS
26. 0 K¢ 7R b H & 43 Bt k0 JUE 285 4 L T e A8 B Bl 5
JIT i BE G B 2= 5 ik DR [) A A 6 o E AT BT, P>
0. 05 K JC i 5 #H 5 , P<<0. 05 4 i F A 56, P<<0. 01
h W B A OE , + R P<<0. 05, %+ R P<<0.01,

2 &F B
2.1 MEHESITSHH

At X 12 S FEAR SR B RNA A4 2 S0 | B AL
G, DA RIS 46 269 521 4% raw read , F
Y5 A FEA 3815 clean read 45 880 398 4%, 34 %k
BAE 5 99.15%, HFEAR GC & ELE49. 050~
50. 96 % Z ], Q30=94. 81% , & BH I ¥ K 45 Y ot 1
BWE L, HF RN — 4/ DEGs 43 M, 45 R n & 2
Fim
2.2 DEGsTFiERRBESH

i I B AR 3k AL A b R e
Jei  FE G AL T g R AR v 4500 23 581 AN SR L e
llog, (FoldChange) |1 H. P<C0. 05 {f J i %t DEGs
bR e . e 2, WAL T 5 000 m 3 38 11 i 14 1L 3%
FEA 3% 5 ) 889 N DEGs, A X T35 ZE i 41 , 35 %%
JE A EPEIER 7514 R IR 1384, dnE 1A
Jim . X DEGs AT R IR B KA, AL
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Table 1 Real-time fluorescent quantitative primers
HEN iR/l P E /bp B KR E/C
Gene Primer sequence Product size Annealing temperature
HSPAG6 AGCCCGGTTTGAGGAATTGT 140 60
CCTTGGGAATGCGGGTAGAG
TMEM150C TCATGTCCCAAGGCATCCAC 113 60
CTCGTAACGGTAATGCCGGA
HSPA1B AGGCGGAGAAGTACAAAGCC 100 60
TCCACTGCGCTCTTCATGTT
ccDC117 ACTACACAGGAGAGAGCCAGA 125 59
AGCAGCTGTCTCCACACTAT
LSMEM?2 GCCTGAGGAGACCAGAGAAG 207 60
CACAGCGATGGTGGCAAGAT
ABCAG6 CTGGCCAAGGTGTGATGAGT 192 59
CCATGTCACTCAGAGCCTCC
GAPDH ACCACTTTGGCATCGTGGAG 101 60
GCCATCGCGCCACATCT
F2 NEFBERETMG
Table 2 Sequencing data quality assessment
N 4 % P nel= 3 s /0
Sampl Mt Clonman o mee Q0% cei
post-1 41 817 280 41 501 952 0.01 94.99 49.05
post-2 39 175 094 38 810410 0.01 94. 84 50. 36
post-3 42 153 256 41759 112 0.01 94.99 50. 36
post-4 47 757 550 47 378 840 0.01 95.12 50. 87
post-5 48 628 054 48 229 232 0.01 95.03 49.63
post-6 41 245 032 40937 134 0.01 95. 36 50. 96
pre-1 52 542 720 52 062 014 0.01 94.91 49. 96
pre-2 48 850 700 48 486 766 0.01 95.16 49. 38
pre-3 49 443 516 48 991 572 0.01 94.99 49.75
pre-4 37 463 198 37162 120 0.01 95. 06 49. 38
pre-5 49 502 576 49 082 372 0.01 95. 14 50. 35
pre-6 56 655 278 56 163 258 0.01 94.81 50. 05

5 000 m 5 € /i 5 % 56 PR 3R 38 5 22 SRk,
K 1B frw o
2.3 DEGSHIGOIIgtiEREMEESW
AL 5 000 m 3w €T 5 DEGs #17 GO 3
AE TR, 2LAT 1 264 4 B g B 31 2 058 45 GO 4%
H, Hdom s AEY B (BP)A 173210 %H
b AR A (CCO) A7 108445 H L 43 F I E (MF) £
2181 H & ER X 3N AT 104~ H
K 2 ff /8 o DEGs £ E ¥ & £ 41 g & i &

(multicellular organismal process) . 2 il X 4 3 ] #%
{4 1 B (cellular response to external stimulus) \ & &
i # (developmental process) . 41 Jifd X #1358 il 35 114 g
R (cellular response to extracellular stimulus ) %5 4= 4
it B W K sy 1 P BE I 9 I 7 (molecular function
regulator) | {5 % &% & 45 & (signaling receptor
binding) . Z il P 3% 7 ( Cytokine activity) . A #HLF#2
He Ak A W) 5 P 5% 32 15 7% (organic hydroxy compound
transmembrane transporter activity ) %> T I AE (& 3) .
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post vs pre Group
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B AR A s A bR R R R ki AR AR Y W 3EME (B A) o pre R Te 80T, post B su 285 (B B) , NI [H

Red dots indicate significantly up-regulated genes, blue dots indicate significantly down-regulated genes, and gray dots indicate
the differential expression of genes are not significant; horizontal coordinates indicate the change in gene expression folds in the
sample; vertical coordinates indicate the significance of the change in gene expression (Figure A). The pre indicates pre-
competition, post indicates post-competition (Figure B), the following pictures are the same

1 EZRREEFRNLE(A)MBEHAE(B)

Fig.1 The volcano map (A) and clustered heat map (B) of differentially expressed genes
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Fig.2 Top 10 GO terms for BP, CC and MF
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Fig. 3 Bubble map of GO enrichment of differentially expressed genes

4 (138 A 30 4% (P<<0.05) , &l 4 2 b 35 1 9 1o 114
20 7% W 8%, A5 IL-17 15 5 6 5 ik £ (IL-17
signaling pathway ) . 2 i DXl - 24t i P 5~ 52 44 i) A B
£ F (cytokine-cytokine receptor interaction) \MAPK
{5 53 % (MAPK signaling pathway) . Jak-STAT {5
Z il % (Jak-STAT signaling pathway) % {5 5
i

2.5 XEEFANMIERREER SN

2.5.1 O MOk B AW fifi % P<<0.01 H.
llog,(foldchange)|™1. 2 19 2= 5 FE (7, 5 Jr 0 366 4 22
S 5 DRRIH STRING i PE 3k A4 15 22 53 56 DR AR X
IO AR 1 o 22 ) ) AH AR OG 2R 2% (BT JE 4G R BT
A Cytoscape3. 9. 1,fff HI %t MCODE 4 - ( i 1%
2 K Degree Cutoff & 2, Node Score Cutoff
0.2,K-Core fy 2) #t— 2 i 16 22 5 R A S [N, I 22 1
B TR0 2% P, e BBUA G e i 118 5 A IR 9% [ 4 hy G
FEHLL S5 R W 5 R o

2.5.2 REIENMELBE SN P {E M
log,(FoldChange ) fE ( (log,(FoldChange) >1 %/ I
] , log,(FoldChange) <1 F& 7~ T 8 ) X 5 Bl 5L M &
kAT 2 M, CCL3, CSF1,CSF3 . IFNG . IL4
i B L IL10 B RO, R 3PN .
2.6 ELRRAEEPCREIEEFRAKNE

Shy 565 TF AR 3 56 7 S5 4L 0 23 SR 0 o A L B PIL
TE I 6 A~ 5 O AL 0 Ik 48 A5 AH G B 4 1 2
HSPAG6. HSPA1B, LSMEM?2, TMEMI150C .
CCDC117 . ABCA®6, i 5 it Hl %¢ O & & 5 Ik 1Y
RNA # i 5 RNA-seq 2 0 J3 Bir A9 A 5 — 2.
L GAPDH W ZZE W4T qRT-PCR B UE . B0 UF
5N 6 s, qQRT-PCR WA 6 4> 5 31E 3t P 75
5 000 m 38 FE 1T J5 19 2 38 K7 ) A8 b i #5 5 RNA-
seq M J5 43 A7 Jr A5 245 SR 1) 2 3k fa #— B0, R A F
FH RNA-seq 84l o Hr &5 SR G5 RE,aT T
— 5 .
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KEGG Pathways Enrichment(Top 20)
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Fig.5 Key genes network diagram
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Fig. 6 Trend plot for differentially expressed genes expression
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Fig.7 Corplot of the correlation between pre-competition expression of key genes and cardiac structural and functional indexes
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Fig. 8 Corplot of correlation of key genes post-competition expression with cardiac structural and functional indexes
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