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ABSTRACT This study was conducted to compare the heat stress response and production performance of chicks hatched
in winter and summer. Among the 2,090 Korean native chickens examined, 1,156 hatched in winter and 934 hatched in
summer. The amount of telomeric DNA, the expression of heat shock protein (HSP) genes, survival rate, egg production, and
body weight were analyzed to evaluate the stress response and production performance of chickens. The results showed that
the expression of HSP-70, HSP-900, and HSP-90p genes in the winter-hatched chickens were significantly higher than those
in the summer-hatched chickens during the growing and laying period (P<0.05). There was no significant difference in the
amount of telomeric DNA between summer- and winter-hatched chickens. The survival rate was significantly higher in the
summer-hatched chickens than in the winter-hatched chickens at the laying period (P<0.01). The hen-day egg production and
egg weight in the summer-hatched chickens were also significantly higher than those in the winter-hatched chickens (P<0.05).
In contrast, age of sexual maturity of winter-hatched chickens was significantly earlier than that of summer-hatched chickens
(P<0.01). The body weights from birth to 24 weeks were significantly lighter in the summer-hatched chickens than in the
winter-hatched chickens, however, it was reversed after 28 weeks (P<0.05). In conclusion, the chicks hatched in the summer
are more resistant to heat stress, with better productivity than the chicks hatched in the winter. These results suggest that

the chicks grown at high temperatures have greater adaptability to the thermal environment.
(Key words: hatching and brooding season, heat stress response, HSPs, productivity, Korean native chicken)
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2000; Kang et al., 2013).

S EfReh 2] 40T o)) 2 Al /A,
Aoz idwz] ol Ao g A2xdo] HA &
545 AYaL itk webs] He e FHosta AN
ol RIZFeA whEgith el Akl A¥e dAlEE
(thermoneutral zone):= 18~24C L& o] = Hlojyd Y=
& AlREE, 579 AR, 78S B AGE R 9%

< "X= A2 Bty ) 3(Yahav et al., 1995; Altan
et al,, 2000; Vinoth et al, 2016), AF&Ale] 7% Abehg )
Ao A3 Xt ot th(Usayran et al, 2001;
Mashaly et al., 2004; Ajakaiye et al., 2010). =3+ 5233t
A 2EE H7ol WM9dE A, A ngEe] ®
£ WSAIA Aol &slE 7]Fol W d&e nHtta
3193 THQuinteiro-Filho et al., 2010; Song et al., 2014). &

3] A|&AQl 12 A 32 AL A 2 AEA S
jE

HolA] We HANel ATE 2ejgtoR 1o fEWAS
Az 4 Qe A B7e] 2ol & Aagdo] we )

A §Ao] Boslth 1 AEH 2 gk AL o)
7] gk HhHo g 84 %7] A|gkFo](Yahav and Plavnik,
1999; Zulkifli et al., 20000} &5 o & =3 ok &
A& A5 HPH(Rajkumar et al., 2015; Narinc et al., 2016;
Vinoth et al., 2016) 2 A}& W 43} Ed o]y veldl A
7H(Habibi et al., 2014; Ghazi et al., 2015; Zeferino et al.,
2016)9F 22 Wekse] avliEa 3t ol5 ¥ & A& At
WS ol A A7V 54 27] Mol E e =
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ot o] % Aty AtgHEl= FARAAL FEe] FAAR o]
& T2 4 AolAe| 7 F 1254 £ 580 em’S] U=
2 ARSI o, WAl HF 5 Ve AlFHe]= HARS F
Al AbeFaE] A e whet skl AabsE o] vlaE ¢

oto] 7 H A A AEE, A E S AR,

far e

w7} o zne WS kel HSPs FAA W

2. d=0[|0f &2k =4

o deujo] & £42 dod U BEdT AxE dde
& Sohn et al. (2012)Z} Cho et al. (2016)°] AA| & HHS
U H tAEsto] 3334 3 Q1 (Fluorescence in situ Hybridi-
zation) 2.2 FA3lt). "@Zujo] ek B o]gg
telomeric DNA probe= CCCTAAZ} 791 WHEE o
oligomers& primer2 3} PCRE %% £ Dig-PCR probe
synthesis kit(Roche, Mannheim, Germany)Z labelings}ith.
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Fig. 1. External ambient temperature('C) during rearing period of chickens hatched in summer and winter (Korea Meteorological

Administration).

WY A L] FE A2 Ficolls ©]-&ste] & f Wid
TRHS BElsba, o5 AlEZ 0.06M KCI(Sigma Chem, St
Louis, MO, USA) A7<iel] 1523t A7 A2
9 (methanol 3 : acetic acid 1) 2 33] A2 dit) A
2E &gtol= FE-2 RNase(Boehringer Mannheim, Indi-
anapolis, IN, USA)Z 37T &4 3083 225k
RNAE A A3}z, 80%, 90%, 100% <let&= G4 ARAIA
t}. 7dz¥ &Tko| =9 hybridization -£9(13 pL formamide,
5 pL hybridization buffer, 200 ng telomeric DNA probe)S &
ojrmdl & 85Tel|A] 5T WA 7], 38TellA] 12413t ©]
& Ageiaith A Ael7F b 7209 2x SSC gl
A 5%, A29] PN buffer(0.1% sodium phosphate, 0.1%
Nonidet P-40)°i| 4] 233t Al 3}z, anti-digoxigenin-ﬂuorescein
(Boehringer Mannheim).2-2 33353} & PN buffer= 33] A
Heta Ax:AAh A S mpxl ﬁ%t propidium iodide
solution(Sigma Chem)2.2 |l A= spdde] FEr}
F-zte 53507 (Model AX-70, Olympus, Tokyo, Japan)-2-
2 3 = JNA E 1007] o]3e] g YxE 7hH 2 (Model
DP-70, Olympus, Tokyo, Japan)Z &35t} g 1TE
o olmz] EAIZ g gl (MetaMorph®, UIC, Pennsylvania,
USA)Z o] &3te] dl=n]o] ks S4sta EA3813ith

< Carnoy’s

3. HSPs RAX welg 24
BH &S BA) e

o Z} 7fAe] Yo 2 RE] RNAS et AF e A
g QIAamp® RNA Blood Mini Kit(Qiagen GmbH, Hilden,
Germany)E ©|-83}] RNAE %313 cDNAE /43
t}. Real-time PCR-S ¢]%+ HSP-70, HSP-900, HSP-908 2
reference gene2| primers+= Table 13} 2T}, Quantitative-PCR
2 93 HHS-E-2 cDNA 2 pL(50 ng/uL), SYBR Green(Roche,
GmbH, Mannheim, Germany) 10 pL, primer(5 pmol/uL) Z+2¢
0.5 pL 2 ddH,0 7 pLE g°] #F volume®] 20 pLo] ==
£ Z35}aL real-time PCR machine(Model LC480, Roche,
Mannheim, Germany)< ©|-83Fo] 95TColA 5& X WAIA]
21 F 95T 10 ¥A, 60T 30x H3, 72°C 103t 217 b
&= 403 WHEShAA AAIZE 3 RUER ST Ctakel
=3 LightCycler® 480 software v1.5(Roche Diagnostics,
GmbH, Mannheim, Germany)& ©]-8-3t] #2433} t}. Refe-
rence genes ©|-8-¢F ZF FA Y FAke] Al gk
< Livak and Schmittgen(2001)°] A)A|g+ 2722 Wi o=
=gl

4. SHZEA

574 A wE AL NAIES] AiteE et |
Znjo] gk 8l HSPs Ak A& etk vlale SAS
EASFIA(SAS Institute Inc.,, Cary, NC, USA)2] r-test
procedures ©]-83l] feldS AA I} I FH o
& d=Erjo] I HuE fsixe L FAHA
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Table 1. The primers of HSPs for the quantitative real-time PCR

. Size Tm
Gene Primer Sequence(5'-3") o
“ (bp) (©)
Forward GCGCATTGGAGCGGCTGTGT
RPL27 81 60
Reverse CCTTCCGTGGGTAGCGGTCG
Forward GGAGAAGTTACCAAGCGATT
HSP-90a 133 60
Reverse CAGAAGATGAAGAAGAGAAGAAGA
Forward GCAGGACAGTAGGTGAGT
HSP-9083 113 60
Reverse GAGGCAGAGCAAGATGAAG
Forward TCCTCTGCTTTGTATTTCTCTG
HSP-70 145 60
Reverse ATGCTAATGGTATCCTGAACG

GLM procedure S ©]-§-5to] Fo4d A& sta, 7% 3 Ao SHsth oF 3 Aeddl 2 st S79€ 7

T#E e t537%2 Tukey’s HSD procedure= 717 3} o ZF g AlSe] ¥ske Fig 29 Atk B4 23 AE
AT dAstel §98 MAES ATl AEHl K88 MAE
ol Hlgte] 24FR 7 = 72 ohﬂ =7 HERstoL, 2854
Zdut 3 nF o]FFHE 3le] 9 FFE Ui ol 2a=
S 270 ol =EFH A S0l d 2EHAE QS 7
1. golz| Al 4 A HA|Fol| w2 MASE H|D & ATE Holtt £4 F717E MAM3] & Agom <l
U EFTAE Fo=2 - ALH A 42 Ay g B3 7191E Yoz AlmEnh HEdedA T
Sol 298 ANE Bo YA v BAsnA 7 2] 0E Abge] 7] A Age] HE wPYRS wAT
o LA 9345229} 119 EAHE 1,15650) s 2zt A 31 B33} 31(De Basillio et al., 2001; Zaboli et al., 2017),
28 A7 20UY, 9F 2 AANDES WY FRe 40 @ 2Ed) 2 0 g AFe AsEtin syt
ZFH7A] 22 2 AAE AL Bl AT HE Q0 (Sandercock et al., 2006; Soleimani et al., 2011). ZZ&ju} 12
e 2% HoE 2ot o F Al 4% 71 Lol w2H WolelSe] A Al o] vhETe] Hal 52
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Fig. 2. Comparison of body weight between hatched chickens in summer and winter from hatch to 40 wks.
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EralE 2 al(Piestun et al., 2011)9} 1.8 =Z3} A= 3F
de ¥uE A7} flvd= Ei(Yahav and Plavnik, 1999)
T o] AAl §A 7] 12 2EY 29} A e AR
o tefr= Bt B2 A57F Basitta AbR¥Th Table
25 AF 2 ALHA TAst] S Al o] AEES
A AR 0~1557F4] 574719 16~40777HA] 4]
2 o] B Th AAlE bkel o] §47] AEE
o] A2 WA ATE 89.3%, A2 WA AlTS 89.0%
2 AT F AEEL Aol YERA] 2sko, 16578 o]
T AR sete] AEES AFE WA AT 97.1%, 7
H A AT 75.1%%2 ALHo| EAYste] 49 AT
o] oFHo| WA ATt HlE] AAS] A YERskTh ©]

o
WA SES @ ASwar oheh Aol AL
A

A)A AEgo] B7 Ueht Ao maHt Ba

=
deollM = 27] A7) B AR Ee 87 2%
EE3AAS W & Aol EobH 7] AEEC] FEEHU
T} B35k 9ITHArjona et al., 1988; Morsy, 2013). L2
v A Agdel Bt A 1t zfol7) An, 53] FFolvt
Agol we} vk 48 ot def d 2By A2 Qg

AL 2o 7} ufl§- ATtar 31 tH(Sohn et al., 2015; Cho
et al., 2016; Duangjinda et al., 2017). Table 32 o5& % 7
o WSt SAHE AT 7 AR S g B

Aot} Al Hete] 4bghgo] 5% =23 A 4
ZALE R SIS W, Y M5 HEstelA A5
A AT 157.8Y, ALd A AT 136.8U2 ALE
Wby A Eo] o] B A ATl Hlstel 3F Hw W),
A, 205 HE 407 7] dANEES oA 8E A Al
0] 69.0%°]3L, AEH TA Aol 66.1%= AFH LA
Aol ALH A Aol Hlal FelshA %o, 325
H dFdME 54 DA Aol ALE EA ATl

o

Table 2. Comparison of survival rate (%) of hatched chickens
in summer and winter from birth to 40 wks

Growing period Laying period Total
Hatch
atched 0 15 wks)  (16~40 wks)  (0~40 wks)
Summer 89.26+5.78  97.13x2.72"  86.7745.75"
Winter 89.01£6.79  75.07+18.17 82.23+10.19

Values are meanststandard deviation.
™ Values in the same column are significantly different (P<0.01).

Table 3. Comparison of egg productivity of hatched chickens in
summer and winter

. Hen-
Days at first Egg weight e day‘
Hatched laying at 32 wks cgg production
(days) © from 20 to 40 wks
i i %)
Summer  157.81£9.20" 60.34+1.56™ 68.98+7.60*
Winter  136.76+5.47 54.16£1.93 66.07+11.95

Values are meanststandard deviation.
™ Values in the same column are significantly different (* P<0.05,
™ P<0.01).

AHo] s & AF

2A 84 27 v ol =&H Hol B 2% shillA 54
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3lEthar 3CHUsayran et al., 2001; Mashaly et al.,, 2004;
Sahin et al., 2018). &} He] E 2E#H 2 A E =0
7] 9t Wolel5g §4 X7l 94 e R 1
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Table 4. Comparison of the amount of telomeric DNA of hatched chickens in summer and winter

Telomere shortening ratio

Hatched 10 wks 20 wks 40 wks (10 wks~40 wks)
Summer 2.61+0.12° 2.40+0.13° 1.69+0.16° 1.01+0.06
Winter 2.60+0.13" 2.4120.16° 1.68+0.20° 1.1240.05
P-value 0.4514 0.1365 0.4875 0.2184

Values are meanststandard deviation.

"¢ Values in the same row with different superscripts letters are significantly different (P<0.05).

i Bl s AT Aaglel BRE FAIAS
7VaeE d2njolo] ke folalA frAstd e, ol
A S 3 BAIgle] JhAle] Flmmjo] dol= A
ol we} Foplvks 7124 ol &y dAlH = Aol |
gulols FAA deRe] we vk 471X Y
© A westhe} 4hshH B 2o o3 Jake W,
A7} 2Bz w2EW Qznjo] ol 7hzo] TS
é;ﬂ%‘?}i 424 ItHRichter and Proctor, 2007; Beloor et
, 2010; Sanders and Newman, 2013; Sohn and Subramani,
2014). Sohn et al.(2012) o] AISHEE 2 Fof Az} 2
& 2Ef 2 aQlo] druo] o] 753} A Aol
S-S ¥l B} 91, Simide et al.(2016) AlHlg] o} g
27 30T Aol =3AR F dznjo] Zo]
3’4’, 2o Hgke] 15% = AEEITL Ha
SkAth ol#3 &S A7RAlIEol A Aer 4 ~
Ed 2o :Ed 75, dEno] Ho] A58 JI°] U=
= AlAkshs datolnh. vt B AT A3 Holl Slo] 4
713t Bt AEARQ] o 3 o] Ato]7} siA o] "= w]
AR e Aew HoAXnh

<

>4

4 Aol iE HSPs RAAL LA

=4

[e=] H

o

= WA deizl HSPsE E AEd AWyl

L RS W - 9 2B 2o WHeslo] s & vhald
o, ~EZ 2~ 27 3tA] 7kt A e A
U THZulkifli et al., 2000; Gornati et al., 2004; Beloor et al.,
2010; Sohn et al., 2012). HSPs 5= £-3] HSP-70-2 S}ol 9lo]
ZEY A A7dsHA wheels d AEY A gilA R 4y
A e, 2 2Eg 2N ofye), Aljlg, =, A
o e 2EY A o =E2Ho% o] fHA HHE&ES
AT Ad5etta Huwn It Wang and Edens, 1998;
Zulkifli et al., 2009; Kamboh et al., 2013). w2hA] & A7
e T EF FAS oz o 23 2Asle] §49
At Agdd BAste] SAE AT ] E 2Eg
W FEE vl £4skr] #1ste] HSP-70, HSP-90u B
HSP-90p 74+l mRNA & &S 7+ 1073, 20575 2
403 wl Real-time PCRS ©]-&3to] ACt#hoz FA3)a,
ole] A¥}E Table 59} 6, 7¢I A|AISIFATE & Tableol] #]A]
B ACt3E-2 target gene®] Ct#t3} control gene®] Ctate] 2b
o|2A W o] HEFE gho] Yolxl=d]|, A 1t A
2 &

ofj
i
Ry

47

)

of

o,

S YeRN7] gl8te] 2 4gte 2 Fhagto 2 £
AL 7IFez 2 ule] de o] YefU=rtE BHolF
t}. 24 A3} HSP-70, HSP-900 2 HSP-90p 544} 23l &
o ubg AR A AT 7F BE FEo)|A] §ol3h xfo]=

Table 5. Comparison of the expression level of HSP-70 gene of hatched chickens in summer and winter

10 wks 20 wks 40 wks
Hatched
ACt 27&&& ACt 27AAC( ACt 27AAC1
Summer 0.82+0.45 1 —0.06+1.46" 1 —0.76+0.76" 1
Winter —0.57£1.23 2.63 —0.98+1.11 1.94 —2.01+0.93 245

Values are meanststandard deviation.

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

The values are 2~ °°%

which indicates the fold change in gene expression relative to the control.
“ ™ Values in the same column are significantly different (* P<0.05,

* P<0.01).
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Table 6. Comparison of the expression level of HSP-900 gene of hatched chickens in summer and winter

10 wks 20 wks 40 wks
Hatched
ACt PA ACt PAR ACt PAN
Summer 18.08+3.02" 1 19.74+4.18" 1 22.3343.67" 1
Winter 16.95+3.48 2.19 18.2443.15 2.82 20.4143.09 3.87
Values are meanststandard deviation.
ACt value which is equal to the difference in threshold cycles for target and internal control gene.
The values are 2~ “““ which indicates the fold change in gene expression relative to the control.
™ Values in the same column are significantly different (" P<0.01).
Table 7. Comparison of the expression level of HSP-90B gene of hatched chickens in summer and winter
10 wks 20 wks 40 wks
Hatched
ACt 2 e ACt P ACt A
Summer 7.89+3.317 1 11.06:+4.40™ 1 11.71£1.56" 1
Winter 5.92+2.30 3.92 8.66+2.84 5.30 9.21£2.98 2.82

Values are meanststandard deviation.

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

The values are 27 °°%

ATE T T 107, 207 2 405 w) ALl 2
49 e A ] AFH WE st S48 kel
H)sl] HSP-702] 7% 1.94~2.634] =& &S HYT,
HSP-900+= 2.19~3.874, Hsp-90[3t 2.19~5.304)

e
@S vehio] 48 RE Hshsel WARE ALY ¥
3 g9o] o} 82 23§47 Vg B BA Vet

t}. ol et Adte ALH Wﬂ ato] Xi%*&
7€ HUln Ao of 257} FFdle
| JHAISo] AEHel H“@d@ A2FE A 57
W A8 oz o 2% 7} et A1l A&E A
S vla] &€ 2Eg 2~ W Fert B4 Briee A
vt} o= @A) 2 é
golg]Eo] deol gt 28 59
?ﬂ S}A] o] h_-:r/]-a]-{—
Ha2defdx F3} 4
o] A/ &ZollA ALSH 5o vls HSPs Had o] v,
d A8 Yo Edthihs Bt & dAH= Aot
(De Basilio et al.,, 2001; Star et al., 2009; Zulkifli et al.,
2009). BFACE 1L AEHAES WS Po] HSPs E &0
FolAHA 312 A de] A7), o]of wE Aol ¥
Jukgo] ZxErtaE Bk $UTh Vinoth et al.(2016)
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which indicates the fold change in gene expression relative to the control.
™ Values in the same column are significantly different (™ P<0.01).

o A2 ol g3l 5~7AEAA] 43T 1L WA 64
A w=ZEAZl F 25T Heoa ARSZE HolelE9
HSP-90a, HSP-70 2 HSP-609] 1382 B3 A3} A&
A7tz vlal ke

:ﬁ
N
\S}

ARl M= Q)8 o]z
T8 80 w=E3AZ Fo| WHEL o5 23] B
A vebskthal Baskgict gl §381 713t 5 231 14
Ay 4% Feleriot 2 2ox F3E ol
8 ZRAI S| HSPs ' go] A 2olx F3tE A H]
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