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The purpose of this study was to characterize equine heat-shock protein (Hsp) genes and analyze their
expression pattern in various horse tissues and blood leukocytes after exercise. In a previous study,
RNA sequencing of blood and skeletal muscles of thoroughbreds before and after exercise was per-
formed using differently expressed gene (DEG) analysis. Three Hsp genes (HspHI, Hsp90a and Hsp/0)
were selected by DEG analysis and were found to be differentially expressed in either blood or
muscle. To validate and extend previous observations on these genes, we performed RT-PCR analyses
of horse tissue as well as real-time qPCR analyses of blood leukocytes after exercise. mRNA ex-
pression of these Hsp genes was found to be ubiquitous in the analyzed tissues (including thyroid,
colon, skeletal muscle, cecum, kidney, spinal cord, heart, and lung). In addition, Hsp mRNA ex-
pression of these genes in extracted whole blood increased after 120 minutes of exercise compared
to the baseline condition. These results are in agreement with the results of human and other ex-
perimental animals, suggesting that regulatory mechanisms that are responsible for upregulation of
Hsp gene transcription may be conserved among species. Further investigations to correlate Hsp gene
expression patterns with athletic performance or recovery processes after exercise are warranted.
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Table 1. Transcript ID, symbol and gene description in muscle and blood cells

Transcript ID Symbol Gene description Muscle Blood
ENSECAT00000020163 HspH1 Heat shock 105 kDa/110 kDa protein 1 3.54 1.81
ENSECAT00000001035 Hsp70 Heat shock protein 72 kDa protein 1.96 -
ENSECAT00000020420 Hsp90a Heat shock protein 90 alpha - -

* Data are average fold change value of six thoroughbred horses

** Data were adapted and modified from Park et al. (2012).

Total RNA £&
HeBEloA F2 &4 dojgl= WBC pellets 1 ml
] Trizol (Invitrogen, Karlsruhe, Germany)< ©] 83} pi-
petting 314 cell & E91t} E07 WBCE 15 ml tubed] &3
% iceol 10 3+ HEF A AT A FAk0E 22 5-& 50~100 mg
< wojfo] stAAtRo A A AL EAste Haz A
Zth. 28 2452 15 ml tubed] B2 £ icedl A 10
E3F Trizol# WHSARS. 1 F, £33 f7]80

Al717] 93] 200 ul®] chloroforme £F3}e] 5
o 941823k total RNAZF E019le A5
Isopropanol®] £9°]%l& Al tubed] &7 % mvertlng 0}911”4-.
A4 &2 3] total RNA pellet& down A7 &, 1 mle 75%
EtOHS Agste] g2oA AzAFT 28 RNAE 20
ul®] RNase-free watero] 343ttt Z& A2 4T A
23 = At} genomic DNAY 2 E-& 7] 93] RNase-free
DNase kit (Qiagen)E AH&3t%Th RNAS FEH & &<lst7]
s A7) gsst] UV Aol A rRNA = s #263
1, Spectrophotometer (NanoDrop® ND-1000)& A}-&-3}
TR £E5 FUsAT

cDNA M

cDNA &4 Al 3 ug9 total RNAZ} AHEE S, M-
MLV  (Moloney-Murine Leukemia Virus) reverse tran-
scriptase (Promega, Madison, USA) 1 ul, Oligo-dT (Invitrogen)
1 ul, RNasin® ribonuclease inhibitor (Promega, Madison,
USA) 1 ul, RNase-free waterg AH-&3t <DNAE &4 33
o 48 FS total RNAsE 79T W5 BAsgn
cDNAE F7F 4= fste] 4T JZHA 5

Table 2. Primers used for RT-PCR and real-time qPCR

Primer design

ke FAAE F537] 918kl PRIMER3 softwares At
&3} primerE designdt Sl th(Table 2). A €% & NCBIS
Ensembl database® L3t AT Hsp 70 A 4] primers
=E[39]& Fastel A-gskATh

RT-PCR

DNAZ S B A4S SEA717] f8t] 100 ng/ulE
514 ¢ ¢DNA 1 ul, 5 pmol/ul® 343 forward primer9}
reverse primers 27 1 ul®, dNTP 3 ul, 10X buffer 2 ul,
HS-Taq (GENET BIO) 02 ul, D.W 118 ul ¥o] % 20 ul=
PCRE 43314 th PCRY 24L& b3 2tk A BA A
94TCZ 10 £7} denaturations A1Z1 3, 94Tl A4 20 27t de-
naturation® 60Tl A} 20 27 annealing, 72l A 40 27t
extensions 35 cycle ¥FE3 R T vpA T QA Z 72Tl A 10
B2 extensiondt QYT 2T 22 GAPDHE A48t 2%
9] Seakem LE agarose gel (Lonza, Rockland, USA)E UV
4ol A bandE YstA T

Real time qPCR &4

B frAze A wdFs s sk
c1000WTherma1 Cycler (Bio Rad, Hercules, CA)E o] &3}
real-time qPCR< F 34t T WHE 4L 25 uls AHE-3H3l
I g P g7 2k 14 ul® SYBR green master
mix (Bio Rad), 5 pmol/ul® 3|4 ¥ forward primer} reverse
primerE Zt7} 2 ul, 5 ul9 distilled water, 50 ng/ul® 34 %
cDNA 2 ulE ¥ %t real-time qPCRY 7 & T3 2t}
HA 94TAA 10 £7F denaturation A1Z1 3, 94ClA 10 %,

GENBANK ID Fragments Primer’s sequence (5'-3') Product size (bp) Tm (C)
NM_001493517.1 Horse_HspH1_F GTCTTTTGGAGGGGGAAAAA 82 55.3
NM_001493517.1 Horse_HspH1_R ACCTTGGCAGGAACAAACAC 57.3
NM_001163955.1 Horse_Hsp90o_F AAGGAGCTGCACATCAACCT 184 59.9
NM_001163955.1 Horse_Hsp90o_R ACTGGCCGATCATGGAGATA 60.5
NM_001256923.1 Horse_Hsp70_F CGTACGCGTTCAACATGAAG 103 573
NM_001256923.1 Horse_Hsp70_R ATCACCTCCTGGCATTTGTC 573
NM_001163856.1 Horse_ GAPDH_F CGCTTCCCTTCCGCACTGCT 229 63.4
NM_001163856.1 Horse_ GAPDH_R CCCGTGCTCGGCCTTGACTG 65.5




108 BBUAUTIX| 2014, Vol. 24. No. 2

< sy fste] 3 79 A|Fr} 24 & o] &3to] RT-PCRE +3 T 2
I AHgE 8 NS 2H (A, 2R, 24, WA, A, AR,

< 184bp AL, 7)) BroA 2dS AT AthFg 1). Al A

<— 103bp 7} 8 /MY A A EAFTE AL Heptl, Hypf0a, ]"15]7703]
Z A o

245014 RAAS Wi, dFE 4 IPFhE 3
«— 220bp g =ag

o |
AFuk ol A A E(&F A, 30 7, 60 &, 90 &, 120
Fig. 1. Expression of the horse Hsp genes determined by RT- “ ;T PRl A2 R 0;1 R }\:‘ x4 O]T a8l : A
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10 Fig. 2. Relative expression of Hsp genes determined by real-

s time qPCR in horse before and after exercise (30, 60,
6 90 and 120 min). (a). HspH1, (b). Hsp90a, (c). Hsp70,
4 0": before exercise, 30": after 30 min, 60": after 60 min,
0

HSP90 expression/GAPDH

90": after 90 minutes, 120": after 120 min.
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