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Analysis of Stress Response of Domestic Chicken Breeds for the Development of
a New Synthetic Parent Stock
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ABSTRACT We compared the degrees of stress response of 12 domestic purebred chicken strains that have been bred at
National Institute of Animal Science, RDA, Korea since 1980. As a physiological marker of stress response, the expression
levels of heat shock protein (HSP)-70, HSP-90a, HSP-9083, hydroxyl-3-methyl-glutaryl coenzyme A reductase (HMGCR) genes
and telomere length were measured by quantitative real-time polymerase chain reaction using the lymphocytes of 1,101
chickens. There was significant difference in HSP-70, HSP-90a, HMGCR expression and telomere length among the strains.
There was also significant difference in HSP-90a, HSP-903, and HMGCR expression between male and female chickens.
Different age groups of chicken exhibited different expression levels of HSP-70, HSP-90a and telomere length. The results
of the HSPs expression level suggested that, the strains of R, L and Y were highly resistant to stress, whereas the strains
of S, O and W were susceptible to stress. Although the statistical differences in some of HSPs gene expression existed between
genders, the HSP expression results varied in different strains that some opposed to the others, and there might be interaction
between strains and genders, which conclude that there was no difference in stress response between male and female chickens.
Moreover, despite of significant difference in some of HSPs expression level, it was considered that there was no difference
in stress response between ages due to the inconsistent trends among HSP markers.

(Key words : stress response, telomere length, heat shock proteins, Korean domestic chicken breeds)
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Table 1. Number of chickens and samples in Korean domestic chicken breeds for analysis of gene expression of heat shock proteins
and telomere length

Q 3 Total
No. Line No. of No. of No. of No. of No. of No. of
chickens analyzed samples chickens analyzed samples chickens analyzed samples
1 L 50 49 50 40 100 89
2 w 50 48 50 44 100 92
3 G 50 48 50 48 100 96
4 Y 54 48 52 47 106 95
5 R 45 44 50 46 95 90
6 F 51 47 50 50 101 97
7 K 50 45 50 47 100 92
8 ¢ 50 49 50 48 100 97
9 C 48 41 50 48 98 89
10 D 50 37 50 47 100 84
11 S 50 36 50 47 100 83
12 H 48 45 57 52 105 97
total 596 537 609 564 1,205 1,101
§3lo] RNAS %33l cDNAS 3/d3ISIth cDNAFA & < ]88z AR A A Fgk2 Livak and Sch-

reverse transcription system(Promega, Fitchburg, WI. USA)-S
o] &3} 21 primerE oligo(dT)E ©] &3t -5 24
< RNA 1.5 pg, buffer 4 uL, MgClx(25 mM) 3 puL, dNTP(2.5
mM) 1 pL, reverse transcriptase 1 pL, primer 0.5 pL= total
volume-2 DEPCZ 20 uLZ 23t} o]E ®EEEL2 25T
oA 523t HAIG I 27Tl 6027 IS AA
cDNAE Fd3tar, o] 70ColA] 1587 GA el & slo] o
Ar EAE B85} AIFTE Real-time PCRE 913t primer
A 212 reference gene(Actin) 2 Telomere, HSP-70, -90q, -9083
2 HMGCRZ 3247 ANtarget gene)Z 31 primer-dimer
7} FAAER] EE=Z A 265 t(Table 2). Quantitative PCR-2

mittgen(2001)°] A|A]ZE 2724 W o 7 B 5leiT)

3 Ejﬂ':'/\-l

=29 telomeric DNA €, HSPs 2 HMGCR £ #} &
Lo B4 248 SAS EAI97])A](SAS Institute Inc., Cary,
NC, USA)2] GLM procedure 24 2] 7+ f-2)4S A% s}
3, A Fatak ko] -2 Tukey’s HSD 7% W&
°o]- &3k

2} 4 sk

real-time PCR machine(Model LC480, Roche, Mannheim, Ger- 1. Z£ 2 HE H AEFA HI2 HE 24

many)S ©]-83F] ¢cDNA 5 puL(10 ng/uL), primer(5 pmol/uL) £ Algol] FAIg EFE 12A4]80) thg HSP-70, HSP-90q,
Z+2} 0.5 pL, SYBR Green(Roche, GmbH, Mannheim, Germany) HSP-90B8 ¥ HMGCR<S| #3x} &&dZa} dzujo] /&
10 pL, ddH,0 5 pLE 2ol H= volumeo] 20 pLo| === o] ¥4 A3}= Table 33 Table 49l A A&t} #A] Ax}
&k, 95CollA 5E Helsle] HZx WA Azl F 95T 102 BE 4 2Ed ol Bl gt drojo] gl 9o
W4, 60T 303 HF, 72T 1023t 217 whe-5 403] W53 A& A el g Aol & Holuh @x] zle] HSP-90Be] &
WA 218 F AAZE 3 RUEE ST Tmate] 5482 d ke A% 7 A7t fle AR Yehgth ARS FA
LightCycler® 480 software v1.5(Roche Diagnostics, GmbH, g 75 dAdlA S, 0, W A8l HMGCR, HSP-90a %
Mannheim, Germany)E ©]-8-5tc] #24]3}31T}. Reference gene HSP-709] & -&0] E}E Ao vl feldez S71d
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Table 2. The primers of telomere, HSPs and HMGCR for the semi-quantitative reverse transcription polymerase chain reaction

Genes Primer Sequence(5'-3") Size Tm(TC)
Forward  CGGTTTGTTTGGGTTTGGGTTTGGGTTTGGGTTTGGGTT
Telomere >76 bp 60
Reverse ~ GGCTTGCCTTACCCTTACCCTTACCCTTACCCTTACCCT
Forward ~ ATGCTAATGGTATCCTGAACG
HSP-70 145 bp 60
Reverse ~ TCCTCTGCTTTGTATTTCTCTG
Forward CAGAAGATGAAGAGAAGAAGA
HSP-900 133 bp 60
Reverse ~ GGAGAAGTTACCAAGCGATT
Forward TGTAGTAATGGCGAACCTAA
HSP-90pB 84 bp 60
Reverse ~ TCAGAGCGTAAGACCTAAC
Forward GAGGCAGAGCAAGATGAAG
HMGCR 113 bp 60
Reverse ~ GCAGGACAGTAGGTGAGT
Forward CCACCGCAAATGCTTCTA
Actin 96 bp 60
Reverse ~ GCCAATCTCGTCTTGTTTTATG
Table 3. Gene expression of HMGCR, HSPs and telomere in females of Korean domestic chicken breeds
L Age HMGCR HSP-90¢. HSP-90pB HSP-70 Telomere
M€ (wks) ACt 2-aaCk ACt -aACt ACt 2-aact ACt P ACt -aact
L 36 599+227%° 047 1134+1.97° 087  22.16£1.82 121 -0.57+0.55> 1.13  0.79+0.66° 1.46
W 36  5.8742.08®  0.52 11.13%£1.46° 1.01  22.07+3.58 129 —029+0.83* 0.93  1.72+1.06*  0.77
G 36 721£2.68° 020 10.61x1.73° 146  22.124228 125 -0.58+0.65° 1.14  0.87+0.70° 1.39
F 36 6.70+1.75™  0.29  11.37+1.42 0.85  23.07+2.66 0.64 —0.62+0.74> 1.17 1.33+1.69™  1.01
K 36 6.96+£6.57" 024 10.94+1.80° 1.15 21.61%2.48 177 -0.54£0.76° 1.11  0.72+0.96° 1.54
6] 36 6.5042.42%  0.33  11.17€1.97°  0.99  22.04+6.76 132 -0.70+£0.62° 1.24 1.00+1.69*  1.27
D 36 7.70+2.45"% 0.15 12.7241.76* 033  22.07+3.04 129 —020+£0.81® 0.87  1.00+0.75* 1.7
Y 74  6.48+1.85™ 034 12.58+1.29° 0.37  22.5242.28 094  0.04+0.87° 0.74  1.70+0.83"®  0.79
R 74 8.63+£5.16°  0.08 10.77+1.47° 130 21444329 199 -0.50£0.76® 1.07  0.83+0.68° 1.43
C 74 7.0942.20°% 022 11.71£1.53*°  0.67  23.14+3.44 0.61 -0.17+0.79® 0.85 1.29+0.61%*  1.03
H 74 8.00+£3.04°  0.12  12.47+1.63"® 040  22.1842.61 120 -0.46+£0.82® 1.04  0.73x1.32° 1.36
S 74 4.9240.67° 1 11.1541.56° 1 22.4443.20 1 ~0.40+1.33% 1 1.34+0.79%° 1
p value <0.0001 <0.0001 0.4639 <0.0001 <0.0001

Values are meantstandard deviation.
The different letters within column significantly differ

" ACt value which is equal to the difference in threshold cycles for target and internal control gene.
value which indicates the fold change in gene expression relative to the control.
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Table 4. Gene expression of HMGCR, HSPs and telomere in males of Korean domestic chicken breeds

y Age HMGCR HSP-90a HSP-90pB HSP-70 Telomere

" (wks) ACt 28ACt ACt PR ACt 28aC ACt 28aCt ACt A
L 36 8.88+5.82° 024 12974520 024 1830+6.06° 162 —0.65:0.84* 120  1.17+0.73®  0.93
W 36 7.23+2.65®  0.74 11.70+1.48® 058 22.39+1.80° 0.96 —0.37£0.83™ 098  1.34+0.93*  0.83
G 36 6.49+2.44° 123 11.89+2.18° 051 21.9242.66° 1.32 —0.53+£0.57" 1.10  0.97+0.78  1.06
F 36 6.68+£2.63°  1.08  11.80£1.93® 0.54 22.44£2.42° 092 -0.63+£1.12* 1.18  0.77£123° 122
K 36 6.57+2.88°  1.17  11.68£1.42® 0.59 21.62+221° 1.62 —0.36£1.00 098  1.21+0.98®  0.90
0 36 751458 0.61  11.55+222%  0.65 22.07+2.12° 1.19 —0.76£0.62° 129  0.70£0.96° 128
Y 36 7.17£2.82° 077 11.66:1.72° 0.60  21.70+4.42° 1.54 —0.14£0.95® 0.84  1.53:1.65°  0.72
R 36 6.80+2.71° 1.05 10.50+1.76° 134 23.39+4.18" 0.48  0.09+0.88"  0.72  1.13+0.99®  0.95
C 36 7.85+2.61" 048  11.85+2.07° 0.52  23.09+3.19° 0.59 —0.21+0.83* 0.88  1.26+1.46"™ 0.87
H 36 7.59+2.33%  0.57  11.25+3.93®  0.61 22.29+2.74* 1.02 —0.38+1.07"™ 0.99 = 0.96+1.30" 1.07
S 36 6.80£0.91* 1 10.92+1.51° 1 22.3242.95° 1 —0.39+£0.68™ 1 1.06+0.80™ 1

p value 0.0034 0.0039 <0.0001 0.0002 0.0005

Values are meantstandard deviation.
The different letters within column significantly differ.

ACt value which is equal to the difference in threshold cycles for target and internal control gene.
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Table 5. The effect of age on gene expressions of HMGCR, HSPs and telomere in Korean domestic chicken breeds

Age HMGCR HSP-90a HSP-90p HSP-70 Telomere
(wks) ACt graact ACt prAact ACt praact ACt 2rhact ACt b
36 6.80£3.43  1.05  11.71£1.53* 097  22.18£3.61 1.07  —0.55£0.70° 120  0.95+1.18" 127
74 6.87+3.10 1 11.66+1.63° 1 22.28+3.10 1 -0.29+0.92* 1 1.2940.90° 1
p value 0.8077 0.0164 0.7296 0.0002 0.0003

Values are meantstandard deviation.
The different letters within column significantly differ.

ACt value which is equal to the difference in threshold cycles for target and internal control gene.

2-A Act

value which indicates the fold change in gene expression relative to the control.
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Table 6. The effect of sex on gene expressions of HMGCR, HSPs and telomere in Korean domestic chicken breeds

HMGCR HSP-90a HSP-90pB HSP-70 Telomere
Line Sex

ACt At ACt gt ACt e ACt paac ACt graact
Q@  5.99+227° 1 11.34£1.97° 1 22.16+1.82° 1 ~0.57+0.55 1 0.79+0.66 1

- 4 8.88+5.82"  0.13  12.97+520° 032 1830+6.06° 14.52 —0.65£0.84 1.06  1.17x0.73  0.77
Q  5.87+2.08 1 11.13+1.46 1 22.07+3.58 1 ~0.29+0.83 1 1.72+1.06 1

W 4 723+265 039 11.70+1.48 067 2239+1.80 0.80 —0.37+0.83 1.06  1.34£0.93  1.30
Q  7.21£2.68 1 10.61+1.73 1 22124228 1 —0.53£0.57 1 0.97+0.78 1

¢ d 6494244 165 11.89£2.18 041 21.92£266° 1.15 054076 1.01  0.72£0.96  1.19
Q  6.70£1.75 1 11.37+1.42 1 23.07+2.66 1 -0.62£0.74 1 1.33+1.69 1

g d  6.68+2.63  1.01  11.80£1.93 074 22442242 155 —0.63£1.12 099  0.77+1.23 147
Q@  6.96+6.57 1 10.94+1.80 1 21.61+2.48 1 —-0.54+0.76 1 0.72+0.96 1

« d  657+2.88 131  11.68£142 060 21.62£221 099  —036+1.00 088 1212098  0.71
Q@  6.50+2.42 1 11.17+1.97 1 22.04+6.76 1 ~0.70+£0.62 1 1.00+1.69 1

© 4 751x458 050  11.55%222 077  22.07+2.12 098  —0.76+0.62 1.04  0.70£0.96 123
Q  6.53+2.97° 1 11.09+1.73° 1 22.18+3.45° 1 —0.56+0.69 1 1.07+1.13 1

foel 4 7.18+3.49°  0.64  11.90+2.41° 057 21.54£2.88° 1.56  —0.55£0.83 0.99  1.01£0.94  1.04

p value 0.0263 <0.0001 0.0164 0.9434 0.5770

Values are mean+standard deviation.

The different letters within column in lines significantly differ.

ACt value which is equal to the difference in threshold cycles for target and internal control gene.
2742 value which indicates the fold change in gene expression relative to the control.
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