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WefbH s 11259 12 0 #2H - 112412 20 H

w =

EVRTEE A0 (heat shock proteins, HSPs ) 241N FEENE A RERAVRHSE AR PITEIE « R4S BVEH B
FERIEREE T > BMARTEEE 70 (heat shock 70 protein, HSP70 ) J&4fEH5F 1% & 1 H 45 S B AR AH AR5 m Sy 3%
R« RKIH5E 5 TP 15 ~ BP LA EHEEEFORNEE HSP70 BN C667G R IT - TEFE

K 4 25 RE M A HI it (polymerase chain reaction-single strand conformation polymorphism, PCR-SSCP ) Ei%¢5 |1
W20 SR AT R R B B AT B SE S FE (kompetitive allele-specific polymerase chain reaction, KASP™) % 2 fii
FRE G E - I THEE HSP70 FIRELZe85 2 881 (single nucleotide polymorphism, SNP ) FLRIFIGE:E - 45 BB
2 e EE R R MR il 734 HSP70 55Kl AA ~ AB 2 BB EERIAY 100% FH7F (P <0.01) - Bgig bt 2 flfe i o AH 2R E A -
T KASP™ B8 ] 24 B DR R MBS T B PR AN B F o P FHALSPI % ~ SR L2 R S B 20 HSP70 FERIN A28 5
ABEEST IRy 0.40 ~ 0.35 52 0.04 < K2R AIKIBEEA A #E i HSP70 BN 2 AR 5 » PRETEVEIHTR
T HSP70 AR EEH NSO MR 2 28 -

R - #E PN PMRSEE AR ~ BRSO AN R R SR E -

i

BURTE R (heat shock proteins » HSPs) Z{E4H 5 2 NS AV A & R 7 (EAVE 2 1 E » HSPs
N trEdi e T SR MWIEEEMEE > FlEE = BEMIGREE > & HSPs #5:l R YREZE AR AR
HRESEAE Y451 (Tang ef al., 2011; Balakrishnan ef al., 2023 ) - fFEVELOSEABR JAVEREE T » HSPs LA 4ER5E H
BAERETR - DUREERAHRIAGHYINAE A (Gething and Sambrook, 1992) - Zi{kFe&EH 70 (heat shock 70 protein,
HSP70) 55 HSPs X EE MR 2 2 — © Liew et al. (2003) 75 FHAMR G BEVEEAVEER IR T » &K 2 /N2 EE
1£38 £ 1" C I 80 % ¥R ERVEREEH » 408% 192 /A A%E (Cobb ) #YHSP70 2 1HE S HHEYLMEEER FE 3R (infectious
bursal disease, IBD ) {1 /7 4 RIEFREFRI ’é’%@% HSP70 2 '8 & B#E [ HAH 4N 155> (Bursal Histological
Score) RHEEEAER (r=-0.33, P=0.0008) - IfiHEk HSP70 & ('8 & 150 (4 A #E S BVESaAI I 2 M B him /T -
Yu et al. (2008) FEEFE0~2~3~5H110 /J\Et*PKHHTFEﬁLQ%EE’Jﬂ%L 22+ 1" C BT 37 £ 17 C HyEREs
—F » 100 £ HAZE (Arbor Acres) /[ MigaH %% 5 HSP60 ~ HSP70 ~ HSP90 %Eﬁ%[{ mRNA FH & » FZEEGAAY 2 /)N

1% > HSP60 ~ HSP70 f1 HSP9O HY#&E H/E & 81 mRNA & B 7 - WAk 3 18 HSPs 2 SRR T4 2 s
[REEHE T - Gabriel er al. (2002) §H 41° C 51 44° C SUSHEBERATRS HSP70 mRNA HILRAIBIGHIE T - 458
HAE 44 CHIMALIRIE N » HSP70 8 KIE FJT » H mRNA REEZFEEMLFRAGT (37.5C) #Y15£% -

PREE (2005) {ic45 25 B B 22 A= )+ il & sl 40 (National Center for Biotechnology Information, NCBI) /5 #
HSP70 3R 7% (GenBank J02579) - JEF 2 & i 38§ 7 FE B BRI A T2 22 HE M (polymerase chain reaction-single
strand conformation polymorphism, PCR-SSCP ) #1ij » #E HSP70 F:RNHY SNPs S8 5 » 2255571 84 A&k ~ 48

ill[
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EHAEE ~ 104 SL0PIT2E - 99 EFl THTRM A L7 ~ 174 M A L9 ~ 155 €M A& L1 K 162 &30 i
Z L12 > 5 826 5 HSP70 BN o GEREUR » 2KFHE - HINEE ~ 40013 ~ el L E#ash A L7 - L9 ~ LI
K L12 09 HSP70 7[R A A2 F:RFEZ 43 B B 0.03 ~ 0.09 ~ 0.37 ~ 0.93 ~ 0.59 ~ 0.62 7 0.63 - A+ #fa g T 2T
it 2 S AL SP) L HERY SRS BRI HSP70 A SRR EEE S S YN B 2 ZE 2 Fe ) A BERS R (P < 0.001) © Tamzil er
al. (2013a) 78 PCR-SSCP fi HISE =47 MT Ayam Kampong ~ Arabic Kz % #EF8 2 3 ([ ZEfERY HSP70 Z£ R %1 ( GenBank
J02579) - &55LEEIRAE Ayam Kampong Y HSP70 FRACAERRAL (44 ~ AB ~ AC ~ CC ~ AD ~ DD H1 BC E R ) »
Arabic 1 HSP70 F:RA NEEERE! (44 ~ AB ~ AC ~ CC ~ AD #1 BC £:RAY) - w6 €efdly HSP70 £ KA —1lE DD
FRA > T AR B MR AR M iR S FR A ZAEEANIT BB B S 88 HSP70 FRAVA R (Tamzil er
al.,2013b) -

PCR-SSCP &7 H A 150 F fiff B B AR FR (B BAMY BEAZ H R 20 RE 1 (single nucleotide polymorphism, SNP) i H]
Fefty - EJRFRELS DNA FP3i884E SNP Bhfir 52 ~ Gk Bl AN PSR BE R DNA H45HE V2R nEIEEME
PRI A S Bk AR 2 R N EIRZ FE UK BN AL A% » #5722 AE R RN A HE IR - AR R AR R (6

TN ) HEZEAORE ~ EARENRORE ~ BIBRE K HHREFEIMERZFE (Konstantinos ef al., 2008 ) -

KASP™ 2 LGC /45| (Laboratory of the Government Chemist, LGC, UK ) B> #r—{{ SNP g HHz ffr » HEL
KIEFF 2 #E WAL 5 I 2 B %75 FAM/HEX-labelled f2508 Y B 3" Ui 73 Il GE e 28 S Bhin A 2 5 [ F A —BE e 115
F-HTi#R 2 primer mix - 3G F A RIE AR (G EER SRR quancher {118 YEERET master mix > $#f SNP i BT
PCR IS [ JE - 25— ERL2EHY PCR b 2 &% > FF ] Real-time PCR WS¢ {EHIE A FE PCR FEY RN B L 08E
DIHEFRA (Semagn ef al., 2013) - LT EA SEE - REERE « (KA R RBHRCR S SEE > #iEZ
JEFAAEE K (Nair ef al., 2015) ~ /N2 (Rasheed ef al., 2016 ) Bk (Shi et al., 2015) Z%/EY) » DL T4 (Zhang
et al., 2020) ~ EEGFEAHE (K% > 2022a) -~ ZEPGHFAME (RS > 2022b) BAGHESEE  (Liu e al., 2020) S5H)
VIR oy TR B BRI 5% -

AW FE 5 1E 3 KASP™ E R ARl - BEZER CANHEIR T E G 70 B K 2 B RAGHEE - DL
KASP™ B0y At MR N A E R FE 00 2 (88 $R S o TAZRREE B S ey -

M TR

A B s B E AR A T EREN Y HSP70 ELRAGHIEL AT - SEREhta & RE s
AEEY 2 A ~ 8 AN E B KB EER R E R EE N U 2 S B RETT  (TACUC &l
B 110-38 57 ) -

L HEEY

DRMEHSERER S 15 HARLLPI 2 120 & - 55 4 AP L2 120 &5 13 tHUSF#E 120 5%
& RalBganyy - 51 360 & -

IL £ SRS DNA Z£HY

AR ER B EER THRREMRL 0.5 — 1.0 mL > & A& §i st Mm% EDTA-K, (VACUETTE" TUBE,

Greiner Bio-One GmbH, Austria) 7 £ [fll & H1 R & 1% FL K #8 DNA (gDNA) ZEHU A - DL gDNA PR ZE B &40

( EasyPure Genomic DNA mini Kit, TransGen Biotech, Beijing ) 47 FIZEEGEEREZE ¢DNA 18 » 4XeZ 7 A& T.E.
4EMEDT (Tris-EDTA) /A% » FAIHME Y% (NanoDrop 2000c, Thermo Fisher Scientific, USA ) JH|E gDNA &
B BESE R OD 260/280 ratios £ 1.8 — 2.0 Y gDNA FELGE R £ 100 — 150 ng/ ¢ L » f#E/F PCR KZJE > 15tk
(Semagn et al.,2013) -
1. HSP70 #:[N 2 PCR-SSCP ELRAIfg I = i B

DL Ak & (2005) & 3= HSP70 % [ PCR-SSCP A (A B f M| ¢ 2= Z 5] + & % - DL IE [\ 5] F 7 %1
5" TTTGATGCCAAGCGTCTCAT-3" #i 7 [a] 5| F 5'- ATCTCCTCTGGGAAG AAGGT-3' # {7 PCR X JfE ( THZK < &
94°C , 5 sriEt% o HAEEETT 94°C , 40 b ~ 62°C , 30 Fb R 72°C , 30 FhHY 35 (EEER I IE > (R IERZIE 72°C , 5 388 ) ©
1 PCR #% 1% 4 Ef DL GenePhor 25 Jk % f# ( GenePhor Electrophoresis Unit from GE Healthcare, Amersham Pharmacia
Biotech, Sweden ) T SSCP E:[RAIS34f » B 5 1L PCR KZFEBHYEYEL 5 1 L denaturing buffer FAEECVES - JEE
HEERY 95°C , 12 rsE R T E A KSR » i PCR ERAVEYIEME - Bl 6 nLIEERE A GeneGel Excel 12.5/24
Kit (polyacrylamide gel T: 12.5%, C: 2% ) &kiER » LL 600V, 25 mA, 15W, 15°C HYR{FEEK 120 73§ - BEIKEAS R i%
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L GeneStain Automated Gel Stainer ( Amersham Pharmacia Biotech, Sweden ) #E{T5% (0 30 474% » 17 2 1% FE R
IV. HSP70 7R KASP™ ELRAU I 2 i

¢ NCBI 2\ B8 %t HSP70 2: [N F¢ %1] (GenBank J02579) Ei Ensembl (https://www.ensembl.org) Red Jungle
fowl (GRCgb6a) ¢ ¥l &k} (5:53,059,707 - 5:53,060,326) th %ﬂﬁ , gﬁng KASP™ R R B A HI 5] F - A &8 &5 £
A guanine IF [A] 5] F 5'- CAGACATGAAGCACTGGCCG-3' 1 52 FAM %% ¢ ~ B %% # £ [A cytosine IF [ 5] - 5'-
CAGACATGAAGCACTGGCCC-3" # st HEX 2 ¢ ;. 2 | 5] F 5'- TGAGCACCATAGAGCTGATC-3" » i DL BT A 2%
& T 8 $84 [ [ % (Applied Biosystems StepOneTM System, Thermo Fisher Scientific, USA ) 17 KASP™ %t (K AU i
SHI - KASP™ f7 JiE 45 &6 B0 %% DNA (50 ~ 100 ng/ L) 1.5 gL ~ 2X master mix (FRET cassettes ~ ROX ™ passive
reference dye ~ Taq Z2& M 2 MgCI12) 5 ¢ L ~ ddH20 3.3 ¢ L B assay mix (—{f1F 7] FAM ™ GAEE0E [ ~ —(E
[ HEX™ S56AERE5 [ ~ — (B A G5 1T > DU FRET cassettes) 0.2 L > #5110 4 L - KASP™ ZFE{FF £y (A)
95C THEEME 15 73 (B) 10 {EfEERAY 95°C 81 20 #h8L 66 — 60°CRL#E 60 ) - ::{I{Efaﬁﬂﬁe 0.6C; (C) 261
TEERAY 95°C 8 M 20 FPEL 55°CHh 60 7 » W LAEERS N StepOne Software v2.3 HRASHES TR RIBLH ] -
V. HSP70 N5 EF?

¢ NCBI A\ Fa#t HSP70 Z: A% ( GenBank J02579 ) EL¥f Ensembl (https://www.ensembl.org ) Red Jungle fowl

(GRCgba) FFFIIE&ER} (5:53,059,707 - 5:53,060,326) 1% > sxetEla5] T 5'-TGCGAGC GAGCAAGTGACT G -3' £l

K 18 5] F 5'- TCCAAGCCATAGGCAA TAGCAG -3' » DI H ik B ) 7€ F¢ % (Applied Biosystems 3500 xL Genetic
Analyzer, Thermo Fisher Scientific, USA ) #{TEFF °

TER TR

AHtFELL PCR-SSCP £ AR M i B AL P L2 ~ BOPI -2 R S8 8 HSP70 BN Z B AR - SR AL PCR
fr 155 bp HERR BYEYI. - #E1T SSCP AUSERIKEGER - FR{EEL NS B B SRR s, > AR RIA Y TE Fh SR A s ik
2HAAEDTER B AT AA ~ AB K BB N (fE 1) -

single strand

double strand —— | . W S —— == - —

Lane 1 -3, 6, 8 : AB genotype.
Lane 4 -5, 10 : A4 genotype.
Lane 7, 9 : BB genotype.

& 1. LL PCR-SSCP & HIF i 43 #1 8k HSP70-C667G 2 Bk -
Fig. 1. Genotyping result of HSP70-C667G by PCR-SSCP.

AT B & T 2 KASP™ EL R A i HISEEZ L T #E 1T HSP70-C667G BER IS » DL PCR i FEME (A HEEE 119 bp
BER EREY) - 455A0E 2 - KASP™ @EEac vl ARERNE 7 =R AR » Hoohar X @l (HEX 26588 ) By HSP70-
BB & FHRA - 37 Y Bl (FAM E5E58E ) s HSP70-AA SiaFRRA > dhiijsksh (FAMMHEX JE&& 8% ) &
HSP70-AB & THNAY - J5HEBREH Ry Zs (50T
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AR B T 5 M — 5 B 58 KASP™ Bk R AU I R Al 2 2EHEME » ik NCBI A Bf HSP70 A fF %] (GenBank
J02579) sxatEFF51T > WAL PCREIERE Ky 619 bp AW - LUK E IR B BIE P EIETERES - FEFERE
Ensembl ( https://www.ensembl.org ) Red Jungle fowl (GRCg6a) [5IIE& K} (5:53,059,707 - 5:53,060,326 ) #E{Tr4I/ELES -
GEREUR AA GG TN HSP70-667 ik fs G (guanine) ([ 3A) > PCR I E 7515 330-339 bp 2 DNA
F£%1] B TGGCCGTTCC ; BB 4l & 7KK A% HSP70-667 ik 5 C (cytosine) » PCR #i E FE 5155 330-339 bp 2
DNA 5% TGGCCCTTCC ([& 3C) -

Allelic Discrimination Plot

®
ol 1]
L1 4
- AA
] | -
[ ]
=
=
.20
E or
- AB
L
"
0.2 BB
o s %2
HEX signal

2. JEF KASP™ rfilz il 53 1 e HSP70-C667G 2 BEPRAIE - A4 &i& RN 25 FAM 8560 RSt - BB 4l
G AR 2 HEX BHOUREE0 Rék e » 4B fiG T ARA 23 FAM/HEX 8 ARa0 bk th - 28 IR DLUREER
e
Fig. 2. Genotyping cluster plots of HSP70-C667G by the kompetitive allele-specific PCR (KASP™) assay. The genotyped
samples marked blue are 44 homozygotes; those marked red are BB homozygotes; those marked green are AB
heterozygous. Black is the control.
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3. % HSP70-C667G 2 (A) A4 (HSP70-667G) ~ (B) AB (HSP70-667C/G) } (C) BB (HSP70-667C) 2RI E Fr &
Fig. 3. Sequencing profile of (A) A4 (HSP70- 667G), (B) AB (HSP70-667C/G), and (C) BB (HSP70-667C) homozygotes of

S (2022a) BRI KASP™ KL i 17 2 6 PRLR F5[K SNP BEfir C617T 7 FRAIHIEE - EFHELLER
KASP™ Bl PCR-SSCP K&K AU i HIBE [ &5 87 KASP™ {825 %2 PCR-SSCP (1Y 1/3 B - Bl v 58 gl KL R AU $8 7E T.0F >
i BL DNA FF 315 FF PRLR ZE[K PP ~ PR} RR ZE Rl {% » 568 KASP™ « PCR-SSCP Fz DNA 731 E [7 75 5 = Tl i
LA E RN > G5 R HARRA M9 %E 100% —%{ - Chang e al. (2021) i KASP™ IR I 4E F A B8 ALEE AR
@l A (lactate dehydrogenase A, LDH-A) ~ fiéiadlifi a2z B (mitochondrial cytochrome B, MTCYB ) F1Z% iz f&
D4 (dopamine receptor D4, DRD4) %5 3 {[& KR4t 4 {lE SNPs Ay & » Al #E1T KASP™ Eil PCR-RFLP JHI3E T FiF
BLEFRIRERS 2 LRl o T - SR 2 FERL R AR 5 A 188 2 BRI 51 100% » 211 KASP™ TEREfE % 7 2.5 /)
I - 17 PCR-RFLP RIFEZLLY 7 /N A RE T2 Ak [R5 B AR B E AV AR B o3 47 o A5 A B TAE ST A A A4
KASP™ (y# B8R AR LE PCR-RFLP ALY =% -
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KA BRI IER PCR-SSCP Ei1 KASP™ 4 2 TEAER AUl » PLIRAL P15 ~ FROPIL 3 K S B4 360 fElEAER
AR HSP70 BNAREEAE R - 2 FERERAGHIE T /54T HSP70 KR A4 ~ AB F BB FERAI 100% MR (£ 1) - B
AUt 2 Ry AT AH I O - PRIALPI L5 ~ BRI 2 RS E BEHY HSP70 ZERHI SRR A SR 5T 1] By 0.40 ~ 0.35
2 0.04 -

W A

ek 2 A E R AR AT AL - 3850 KASP™ ERAUAAIT 22 b B B N AYSE E Y= IERERE SN - Rl A %Y
4R AR ] R (R BB SR A > BT S IR B S S B3¢ e DL SNP 73 TR Bh B 2 75 - R > 40
WA EEF CAZEAFELE (£) HSP70 FNZ AENAERER - FRETBEIHRE T HSP70 AN =8
AEHECRMIRMERERIR S - b TEREERCANMEHEESNSEEN -

B &

W R ARG T (110 2R} -2.5.3-F -L1) &R - RESUGEE AR - &
T BT BRI S S i%  FILEEEH -

ZER
RHELE ~ ISR ~ BKIE - RdE - BRZ ~ $I57% ~ RFE - R - JIRSC - 2022a © FEUNA R PEZ AR AN R ZE

RME ~ EEE ~ fEAkAE - R -~ TRFFEE - 2022b - RING I S RGHESH I FEAROAISE UBE3C BLRBEZE B L Ret ~ KA
BIoHr - hEgst (W) S51:94-

PEE ~ SEFR - HIERE  mEE > MRS BT 0 2005 o HEREAVEVATEES 70 BREEX - hEEE (W)
34 1135
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Abstract

The heat shock protein family (HSPs) is a critical biomarker for organisms responding to heat stress conditions. Under
heat stress or other stressful environments, the heat shock 70 protein (HSP70) is an indispensable regulatory factor for
maintaining the proper protein structure and mitigating tissue damage. The purpose of this study was to analyze the genotype
frequency distribution of the HSP70 gene in Taiwan colored native chickens including red-feathered native chicken, black-
feathered native chicken and silkies. The single nucleotide polymorphism (SNP) genotypes of the chicken HSP7(0 gene were
identified by two genotyping platforms, polymerase chain reaction-single strand conformation polymorphism (PCR-SSCP)
and the fluorescent primer marked kompetitive allele-specific polymerase chain reaction (KASP™). The results illustrated
that the HSP70 gene genotypes A4, AB, and BB analyzed by both detection techniques were 100% consistent, confirming
that these techniques can be interchangeably used. Furthermore, KASP™ can effectively reduce working time and economic
expenditure. The allele 4 frequencies of HSP70 gene in red-feathered native chickens, black-feathered native chicken, and
silkies were 0.40, 0.35, and 0.04, respectively. In the future, the influence of the HSP70 gene on economic traits under heat
stress conditions can be discovered based on the differences in the genotype frequency of the HSP70 gene in different chicken

breeds in Taiwan.

Key Words: chicken, heat stress, HSPs, KASP™
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