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The Relationship of the Expressions of Stress-related Markers and Their Production
Performances in Korean Domestic Chicken Breed

Ji Ae Park', Eun Jung Cho', Eun Sik Choi', Yeong Ho Hong’, Yeon Ho Choi’ and Sea Hwan Sohn"”'
'"Dept. of Animal Science and Biotechnology, Gyeongnam National University of Science and Technology, Jinju 660-758, Korea.

2School of Bioresource and Bioscience, Chung-Ang University, Anseong 17546 Korea,

Dept. of Animal Science, Shingu College, Sungnam 13174, Korea

ABSTRACT This study was conducted to verify the relationships between the expression values of stress-related markers
and their production performances in 25 strains of Korean domestic chicken breeds. For stress response markers, the amount
of telomeric DNA; expression levels of heat shock protein (HSP)-70, HSP-900, and HSP-90B; and comet scores were analyzed.
Production performances were measured by the survival rate, body weights, days at first egg laying, egg weight and hen
housed egg production. The results showed that the production traits and values of stress-related markers showed significant
differences between strains. In general, the stress response of pure bred chickens with heavy weights was relatively high, while
that of hybrid chickens with light weights was relatively low. The correlation coefficients between telomere contents and body
weights showed that there were weak negative relationships. However, the correlations of telomere content with the survival
rate and egg production were weakly positive after 20 weeks old. The expression levels of HSP genes and DNA damage rate
(comet scores) were positively correlated to body weight, but were negatively correlated to the survival rate and egg production.
The results implied that increasing body weight was associated with increasing HSPs expression and the DNA damage rate
was associated with decreasing telomere content. In addition, increasing HSPs expression and the DNA damage rate decreased
the survival rate and egg production, but the relationships with the telomere content was the reverse. Correlations among the
stress-related markers showed that there were significant correlation coefficients between all of the marker values. HSPs expression
was negatively correlated to the telomere content, while it was positively correlated to the DNA damage rate. There was a
highly negative correlation between the telomere content and DNA damage rate. In conclusion, increasing the HSP values
and DNA damage rate can promote telomere reduction, which led to a decrease in disease resistance and robustness of the
chicken. Thus, increasing the stress response was verified to adversely affect the laying performance and viability of chickens.

(Key words: stress response, telomere, DNA damage, HSPs, production performance, chicken)
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Table 1. The production performances of 5x5 diallel crossed domestic chicken breeds
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Body weight (w)

Hen-housed

Line Days at first Egg weight . Survival rate
combination egg laying at 40 w cgg production (16~40 w)
10 20 40 (20~40 w)
HH 1,332.4+164.1%  2,560.5+333.0° 3,649.24510.8°  146.5+6.6" 53.443.4% 42,1+ 3.68 46.0+15.9°
HG 1,408.1+£139.4%  2,743.1£370.2° 3,715.9+402.5®°  137.143.8° 5524500 58 14+ 5.1° 60.2421.1%
HF 1,458.6+154.5% 2,654.1300.6™ 3,581.54373.5%  142.5+6.5° 56.542.6" 51.8+ 6.8 76.9+15.0™
HY 1,271.7+132.2¢ 2,298.3+228.8° 2,933.64266.4%  137.2+7.3° 54443 3% 690+ 8.1 77.5+ 8.5*
HW 1,176.7+ 95.2° 2,164.04211.4° 2,771.54264.5° 138.0+7.0° 54.0+3 4% 66.4+11.1¢ 76.7+12.8%
GG 1,508.2+231.0° 2,595.1+412.9®°  3,392.0+432.0° 132.541.5%" 52.542.6% 59.8+ 5.1° 46.0+ 9.8°
GF 1,467.5£1484%°  2,682.24368.1°  3,495.0+£349.9°  135.044.2°¢ 53.0+3.4% 60.6+ 9.2° 64.1£15.9¢
GY 1,270.2+126.4¢ 2,324.84243 1° 2,789.14299.0%  132.243.0% 51.442.5" 75.5+ 8.4° 73.9+14.9°
GW 1,254.6+160.7%  2253.4+226.8° 2,724.94227 3¢ 134.7+5.1°% 52.7+1.4% 82.0+ 9.9° 79.5+ 3.2%
FF 1,516.8+199.0 2,700.9+400.6°  3,796.6+466.1° 135.8+3.0°¢ 55.843.5% 470+ 6.7% 53.9+ 7.8°
FY 1,288.4+157.4¢ 2,304.9+309.5° 3,024.1+341.4° 130.1+3.41 56.243.4® 72.6+11.1% 78.8+13.4™
FW 1,311.9+111.1¢ 2,256.8+214.3° 2,826.54265.8%  132.045.9% 55.741.9%¢  76.3+11.4° 83.2+ 6.3°
YY 900.4+ 77.6° 1,645.6+182.6 2,112.4+197.6" 141.745.6° 54.140.5°%% 745+ 4.9° 96.3+ 3.9
YW 937.5+ 72.3¢ 1,595.3+180.8¢ 2,165.4+169.7° 143.8+6.2% 542415 736+ 7.0% 96.7+ 5.1*
WW 934.4+105.2° 1,602.44233.1¢ 2,173.9+192.3" 142.0+5.8° 53.6+0.9°% 69.2+ 4.8 96.4+ 3.6°
Means 1,270.6+220.3 2,295.0+446.3 2,921.2+588.1 137.2+7.2 54.443.2 66.4£13.5 75.8+17.8

* The values (meantstandard deviation) with different letter within column significantly differ.

Fig. 1. The body weights in 5x5 diallel crossed domestic chicken breeds from a day old to 40 w.
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Table 2. The expression values of stress related markers in 5x5 diallel crossed domestic chicken breeds at 20 w

Line Telomere

o ) HSP-70' HSP-90a HSP-903' % DNA in tail  Tail moment  Olive moment
combination quantity
HH 2.40+£0.12% 4.7142.12° 1179+ 9.79%  3.50+1.79" 30.246.7 24.149.3% 31.746.4
HG 2.35+0.14" 1.98+1.50° 8.38+ 5484  3.09+2.65™ 26.9+5.5% 17.3+8.7% 28.9+9.7%¢
HF 2.46+0.16® 1.65+0.17° 3.98+ 3.08%¢ 1.4622.10% 26.446.5" 14.849.4% 27.0+10.5%°
HY 2.44+0.1% 1.10+0.87° 2.78+ 2.13¢ 1.24+1.08°% 24.8+4.5> 14.746.7> 23.846.1%
HW 2.41£0.15% 1.10+0.87° 278+ 1.17¢ 1.24+1.08™ 26.6+6.6™ 17.9+10.5% 28.5+9,1%
GG 2.37+0.12% 5.65+3.80° 17.04+12.04° 4.39+4.51° 33.1%1.6" 33.2+8.2° 36.2+4.9°
GF 2.3240.15° 1.12+1.00° 1.62+ 1.34¢ 1.86+1.29%% 27.045.2% 16.948.7™ 28.349 4%
GY 2.46+0.16® 1.72+1.62° 5.89+ 6.12°¢  1.98+1.04% 21.9+4.2° 14.1+8.1% 21.246.6°
GW 2.47+0.16® 1.72+1.08° 5.95+ 6.03%¢  3.07+2.98™ 23.845.6° 17.048.0% 24.248. 7%
FF 2.37+0.15% 4.26+2.76 1033+ 9.24%  7.74+3.86° 27.0+4.0™* 14.4+5.4% 27.6+5.8%
FY 2.4240.18%° 1.71+1.04° 7.66+ 8.07°¢  1.15+1.07°® 23.6+4.7° 10.446.5° 21.7+6.7°
FW 2.36+0.15* 1.70+1.36° 1.01+ 1.21¢ 1.67+1.02°% 26.245.0% 13.0+7.5¢ 23.846.6™
YY 2.46+0.15® 0.51+0.57° 2.88+ 3.089¢  0.64+0.55° 27.744.7% 13.6+5.5° 26.6+6.1%
YW 2.51£0.18° 0.72+0.49° 1.91+ 2.54¢ 0.94+0.74% 24.3+5.4% 16.2+10.9* 23.1+7.8%
WW 2.36+0.18" 0.95+0.56" 6.40+ 2.71%¢  0.10+0.14° 26.8+3.3% 19.346.9% 27.2+7.5%
Means 2.41%0.16 1.82+1.21 5.22+ 2.06 1.02+1.21 25.6+5.6 15.949.2 25.6+8.4

—AA
! The values are 2~ “°¢

which indicates the fold change in gene expression relative to the control.

"¢ The values (meantstandard deviation) with different letter within column significantly differ.

Table 3. The correlation coefficients between the amount of telomeric DNA and their productivities in Korean domestic chickens

Body weight (w)

Hen-housed cgg Survival rate

Telomere Days at first Egg weight .
content egg laying at 40 w production (16~40 w)
10 20 40 (20~40 w)
r 0.02864 0.02702 0.03150 —0.01647 0.07651 0.06424 0.02738
o P 0.51460 0.54260 0.52990 0.70820 0.08160 0.14350 0.53330
r —0.04041 —0.03563 —0.18371 —0.00004 —0.05445 0.21916 0.10573
a0 P 0.37850 0.43900 0.00030 0.99930 0.23570 <0.0001 0.04640
r —0.13466 —0.11687 —0.23872 —0.07577 0.00467 0.23195 0.08015
A P 0.00740 0.02030 0.01420 0.13370 0.92650 <0.0001 0.02010

7: correlation coefficient, p: p value.
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Aol AZWERIA L] #FE sst=d], 53] Al 3 oAt
2 e zAshe A TR S I3 A HALS
=

=721 ThBobek et al., 1980; Garriga et al., 2006; Star et
al., 2008a; Quinterio-Filho et al., 2010; Kamboh et al., 2013).
3 51 2EH AT APl 1A AlGSHE B el A
AR A5 A she 28 A S Weliske] A
s3] AS XA e Muiruri and Harrison, 1991;
Novero et al.,, 1991; Rozenboim et al., 2007; Elnagar et al.,
2010; Felver-Gant et al., 2012). w2}r Ee] HSPs #-7#A}
e S7he 2EH A whgol tigh o] STkt A
< AlAFSHE 2o HSPs B F7bol| whE Abebeg el 7t
2 HAE 3 7] Basr 2 dX|F s Adelt) g
H, HSPs TA & AT BAA AlFo] S7HET=
HSPs®] & go] S7tstetl, ole L A1@A tal w
w23 ABRE ~Ed 2 v F vl AlgolA uAlF
WFTFEC] AHAeR 2 Id &S Uehlla, AAF
el W& WA Hof A3 HSPs 'EE S {to ¥
A3t Aol ke Haet & dX]¥]= Aol th(Cho et
al, 2016). ©]¢} & Ayte= Aguzde|s)l 2o &3 )
T 2478 NA7E EFEOIY ofAloF 22 sl Hlal
A HSP-709] @ &o] EShvhe Hadte AR Aatoltt
(Yahav et al., 1998; Sandercock et al., 2006; Cahaner et al.,
2008; Soleimani et al., 2011; Tamzil et al., 2013). o]4+e] 2
e @ ~EF 2~ whlA ol HSP-70, HSP-90a 2 HSP-9083
o Azt e /A ke PR Aol Sle

Table 4. The correlation coefficients between the gene expressions of heat shock proteins at 20 w and their production performances

in Korean domestic chickens

B i . Hen-h .
ody weight (W) Days at first Egg weight e ouseq Survival rate
HSPs egg layin at 40 w g8 production g )
10 20 40 £8 laymg (20~40 w)
r 0.14897 0.11927 0.19766 0.03018 0.03018 ~0.16937 ~0.28553
HSP-70
p 000180 0.01280 0.00020 0.52910 0.52910 0.00040 <0.00010
r 0.09105 0.11087 0.05381 0.01495 ~0.01343 ~0.12086 ~0.16646
HSP-90a
p 005750 0.02090 0.32180 0.75560 0.77980 0.01150 0.00050
0.24635 0.26997 0.33275 ~0.08386 ~0.01322 ~0.16620 ~0.29007
HSP-908
p <0.0001 <0.0001 <0.0001 0.07990 0.78290 0.00050 <0.00010

r: correlation coefficient, p: p value.
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Table 5. The correlation coefficients between the rates of DNA damage at 40 w and their productivities in Korean domestic chickens

DNA damage Body weight (W) Days at first Egg weight Hen—house'd Survival rate
rate egg laying at 40w cgg production (16~40 w)
10 20 40 (20~40 w)
% DNA T 0.12612 0.13996 0.13280 0.16434 —0.04768 —0.26498 —0.18494
in tail P 0.02430 0.01230 0.01820 0.00330 0.39680 <0.00010 0.01310
Tail r 0.01738 0.04082 0.01700 0.08488 —0.05991 —0.15759 —0.13025
moment 0.75710 0.46750 0.76340 0.13100 0.28680 0.00480 0.02000
Olive r 0.11190 0.13004 0.10455 0.12781 —0.02121 —0.18583 —0.13689
moment 0.04580 0.02020 0.06340 0.01660 0.70640 0.00090 0.01440

7: correlation coefficient, p: p value.
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Table 6. The analysis of correlation coefficients among HSPs gene expressions, telomere quantity and DNA damage rates in Korean

domestic chickens

HSP-90a HSP-903 Telomere quantity % DNA in tail Tail moment Olive moment

r 0.1086 0.0829 —0.1695 0.1231 —0.0949 —0.0183
HSP-70

)4 0.0303 0.0991 0.0081 0.0141 0.1008 0.7527

r 0.1838 —0.1074 0.1817 0.0919 0.0723
HSP-90a

)4 0.0001 0.0465 0.0001 0.1334 0.2382

r —0.1531 0.2685 0.0507 0.0434
HSP-903

)4 0.0141 <0.0001 0.4082 0.4793

r —0.6462 —0.3286 —0.5260

Telomere quantity
)4 <0.0001 <0.0001 <0.0001
r 0.4983 0.8145
% DNA in tail
)4 <0.0001 <0.0001
r 0.6355
Tail moment
)4 <0.0001

r: correlation coefficient, p: p value.

g ke AE oS AT vk FAUE AR Be- A3, AT o3 Fo) ARaASE JERITE DNA &
loor et al., 2010; Sohn et al., 2012; Sohn and Subramani, 2014; e B B3 AlSHe O o] dEE, xS 4 A
Sohn et al,, 2015; Cho et al,, 2016). °]’d2] &4 Aol m=t &I T 9 A= Fof JadAE el o=
Shell 9le] HSPs 3 DNA &73%9] S7h= dZn|o] doj9] AZe] S71eE HSPs 42 TdE, DNA 748 3 9
AE5E 38k, ol /hAe @Y 9 S ASAA =0} 3F5o] S7KRHE ofvleta, Wi Aehed 9 AE
e YE o] B JgS nXe Ao Atk §o] ¥SFE HSPs 414 T3 &7 DNA 482 Yo}
A a1, dzuje] Fe A er Erhs S AR &
=] Ef 2 FA4] JQAE o] AT A RE B4 gk 2t
o] el 7E UeRdEE), HSPs gk denjo] g
B 7 tho] A W AEY A AP Tx|o] T Eo) Fihs Fo] FHE, DNA 483 o] dds Hol,
o]=9] QA= 7o) ATWAYS A E| 95 AoT ER dznjo] g2 DNA &8s e 7o 4d2 ye
27 2545 S ow Aano] 3 I ey v WA o] de] 2Eel~ 54 gt ibes 7he] FE A
A(HSPs) #7304 @€ 9 DNA 485 BAetn, 5o A7l wef gl glof HSPs 5 DNA £4&¢f 37h= |
AASe] WZ2E, A4S s S 2A)El] o] 5 zH Zrjo] 45S FA8ka, o wkek AAle] g 2 g
o] ARTAS BA 3 oh B4 Ay gasa 9o~ A ASAA AtdeH I AEEd] U 9Fs viAle A
B2 A G5 3l 2 fold Aol7} vehyksn),  &® ddEth
iAo 3AT S 2B A A diiH e = (H]10}: 2E# 2 whg, ’l20|o], DNA £48, d 2E
gkor), ARE mAAEe 2B~ AHIL A Yelgey, Hl A, AikeE, o)
ggnjo] gzt Yt o] AL 205 o] FH-E]
frelg ARl uEd, A9sdne g e 2 AL AL
o FEE, ey B AEETE o (el BEwA
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