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WelbHE 11259 H 12 0 #2HE 112912 20 H

W B

BRSeE 205 (heat shock proteins, HSPs ) &4 R FEENEIE IR R AT RASE A= VBT « (EAEVIRE S BAVEE B AT
FEEREE T > BARTEEE 70 (heat shock 70 protein, HSP70 ) JE4fEH57 IR % & 1 H 45 B4R SHAHRE A ) Sy 3%
R~ o AW5E 5 SN 15 - BN HERSHHEZEH QRNHEE HSP70 KK C667G EERNIUSRZ /3 » FEFH

GLERESLRE M RHIFE AT (polymerase chain reaction-single strand conformation polymorphism, PCR-SSCP ) Bl&s %51
2 R M KT R BRI SR IR ST B K7 B (kompetitive allele-specific polymerase chain reaction, KASP™ ) 2 2 f&
BRI N2 - #ETHEE HSP70 BB €8 26 REME (single nucleotide polymorphism, SNP ) ERRITUSEE o 45 FLEET -
2 e FL R R M il 73 4 HSP70 55K AA ~ AB k2 BB EERIRY 100% FH7T (P <0.01) - Bgid bt 2 fl R il aTAH B TE AT
1 KASP™ B A 2 4 K B R AU A IR R RS A B F - R FHALTIH 2 ~ BT3RS S Hey HSP70 BN A £
A BEERIT ARy 0.40 ~ 0.35 )2 0.04 « KA > AIKIZEEH TR LE HSP70 BLfA > BLRIIUARA S - PRETAVENAIR
BT HSP70 BRI EZEH BRSO MR 2 s 8 -

R - #E o PNEIH - BMRSCEOENR ~ BRSO A IR R S S E -

i

BUREE AR (heat shock proteins » HSPs) ZE4H 2 NS AV iedfE b & R F FHVEZE S » HSPs
N rigdie e 2 R B IV E R ES - RS R EMIGEREE § - & HSPs #50 Fye 42 )R FE R E 8 IR AR
HIRESREAY4E1E (Tang er al., 2011; Balakrishnan ez al., 2023) -~ 7EEVEUAECHAMER JHVEREL T - HSPs AR EN
BEERESEEL > DR RSB AHARIEE A ThRE A E® (Gething and Sambrook, 1992) - Z{KFEEE | 70 (heat shock 70 protein,
HSP70) 55 HSPs ZXJEHEZEMNNE 2 —  Liew et al. (2003) 7 FHHIREEEEGAAVEER IR T » &K 2 /N2 FE
1£38 £ 1"C HI80% ¥R T HVEREE T » 408% 192 £ A A%E (Cobb ) HYHSP70 25 1E EHH YL EEER 232 (infectious
bursal disease, IBD ) &7 J] KA RHRERLIN » 4431 HSP70 2 /8 £ B EE K AR E S5  (Bursal Histological

|

Score ) EHHEEMED (r=-0.33, P=0.0008) - 3z % HSP70 & H'H & v HY 58 A AR EN SRR 2 EE DT T -
Yu et al. (2008) PREFAE 0~ 2~ 3~ 5HI 10 /NEFEA R ERFHVENEL - 1€ 22 £ 17 CHUETFEE] 37 £ 17 CHYERER

0 100 €5 9%E (Arbor Acres) /0 ffi4H4% S HSP60 ~ HSP70 ~ HSP90 & [/ M1 mRNA £ & » FAZEESAN 2 /)N
IF$1% » HSP60 ~ HSP70 F1 HSP90 HY#&E I/ 8Bl mRNA FiEZ & BHEE [T - Rl Al 3 18 HSPs 2 = R T HE 5 s
IRIEE 'S - Gabriel er al. (2002) $1¥f 417 C Bl 44" C ZVEA I ZEIRRG HSP70 mRNA R EMRARHFEH - 4551 %
AE 44 CHIALIRIE N » HSP70 T8 KIME 7T - H mRNA RIEEETFEEMLIREGT (37.5°C) #1515 -

MEE (2005) B35 BB 22 A it & 51 .0y (National Center for Biotechnology Information, NCBI) /\ [ %
HSP70 3N %1 (GenBank J02579) - JEH 2 & i 75 $H K7 FE B BRI f T2 22 B M (polymerase chain reaction-single
strand conformation polymorphism, PCR-SSCP ) #1ij » # 2 HSP70 £Z:[RY) SNPs 8 5 » 225717 84 B3R Z & ~ 48

(1) EEEE e i e R 556 2774 9% -
() BN E e B A A BHA -

(3) AR ATR A E] -

(4) BT R R B AE YR B R A -
(5) BT RBHE R YR R R E £
(6) E/EE » E-mail:lin0429@mail tlri.gov.tw
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EORHE ~ 104 SAP -5 ~ 99 EFil MM A L7 ~ 174 €08 MM A L9 ~ 155 €408 & L1 K 162 £ M
Z L12 > JL51 826 2 HSP70 FAMY o SEREUR » 2KFHE ~ HAEE ~ 40012 ~ el t8alh A L7 - L9 ~ L1
K L12 EI’] HSP70 F: R A A EERFAZR 53 H B 0.03 ~ 0.09 ~ 0.37 ~0.93 ~ 0.59 ~ 0.62 7 0.63 - A+ ZEfEEst TR
i Fa S AP T Y AR BN HSP70 A FREREEE Ml =y IS Y NB R A 2 25 5 e I A R RS R (P < 0.001) © Tamzil et
al. (2013a) 7# F§ PCR-SSCP f@ HINE =45 MT Ayam Kampong ~ Arabic Kz & FH #EFE 2 3 ([ ZEfERY HSP70 FE R P51 ( GenBank
J02579) » 45FEEIRAE Ayam Kampong 1Y HSP70 F:RA T{EFLERY (44 ~ AB ~ AC ~ CC ~ AD ~ DD 1 BC R ) »
Arabic ffy HSP70 FRA NEEERA! (44~ AB~ AC~ CC ~ AD F1 BC £RAY) - pHFZEfERT HSP70 £ K75 —{ DD
FERA > T AR B MR PR AR M i % SSFRRE S EAEEANIT BB S 8 HSP70 FR VAR (Tamzil et
al.,2013b) -

PCR-SSCP J&—7d 55 10 F il BB gl AR FR B B4 BRI H iR 20 RE % (single nucleotide polymorphism, SNP) g il
Pty - ERFRELS DNA [P35 4E SNP Bhfir S5 ~ G/CBHE ARF AT SR B DNA B4EHE V25 > AR IFEME
PR R SERR B kAR 2 AR N EIRR EE R KBNS » #5722 A E RN B E R - AR R B HIREEERE (6

TN ) B EZEAORE ~ EARERORE ~ BIBRRE K HHREEIMERNZFE (Konstantinos ef al., 2008 ) -

KASP™ 2 H LGC /A= (Laboratory of the Government Chemist, LGC, UK ) B> #r—f{ SNP fHHzffr » HEL
AR BRI 5" I B A FAM/HEX-labelled {2508 % B2 3" U 73 A RE ek 2e B EL s AL 2 5[ F1— A& K [H] 5 |
FHTi#E R Z primer mix > GFFIRA R [E 8 ER IRV R quancher {1188 L EEET master mix > #f SNP {7 BT
PCR B4 [ & - 225 —ERELEHY PCR bl S fE1% » F5 7 Real-time PCR RSB M E RS FE PCR FEEY R 2 E 08T -
DIHIEARAY (Semagn ef al., 2013) - JLFiTEA SEE ~ REERRE ~ (KA AR ISR S B R > 2
JEFAF £>K (Nair et al., 2015) ~ /NZ¢ (Rasheed et al., 2016 ) B AT (Shi et al., 2015) ZEAEY) » DI R faiEE4E (Zhang
et al.,2020) ~ ZEEETCAHE (K% > 2022a) ~ ZERGHFAE (RS > 2022b) BUGHESEE  (Liu e al., 2020) Z5E)
VIR 57 TR B B A 5% -

AW 5T 5 AE A KASP™ BN ARG MR il - B E 28 A GABERRTE N 70 KRN 2 RRABHEE - D
KASP™ ﬁ{%ﬂ'ﬂ%@ﬁﬁﬁ/f@ﬁ%ﬂ%ﬁfﬁﬂﬁi‘ﬂZfﬁ% RAEE Tk BB SR -

M A

Aatpit BN & S a4 A BT \EREn Y HSP70 BN e fI B 3 A - uiﬁ%ﬁﬁb%ﬁ%ﬁ/\ﬁfﬁgﬁ% ’
ey 2 - 68 el N A BB T EsB i g el E m a2 S e R ETT  (JACUC &k
Bh5 110-38 58 ) -

L HEREY

DIREEYSE RS 15 TARLLP L2 120 & 55 4 P L2 120 & 58 13 tHUSF #E 120 254
& RalBREnyy - 5T 360 & -
1L BRI EARS DNA ZHL

KR ERG S FERFEMKL 0.5 — 1.0 mL - B A &Hi kM7 EDTA-K, (VACUETTE® TUBE,
Greiner Bio-One GmbH, Austria) 7 #¢ I FIR & & LA RS DNA (gDNA) ZZH{F - DL gDNA R ZEE &40

( EasyPure Genomic DNA mini Kit, TransGen Biotech, Beijing ) 77 FIZEEGERERE#E ¢DNA 18 » XeZ @ A= T.E.
BN (Tris-EDTA) J&#7 - BFIRME 5 OEEEE (NanoDrop 2000¢, Thermo Fisher Scientific, USA ) JHI7E gDNA J&
o B A EESE OD 260/280 ratios £ 1.8 — 2.0 Y gDNA FHEGEE & 100 — 150 ng/ 1 L » HE/E PCR K7 JFE 2 AR

(Semagn et al., 2013) -

Il. HSP70 £:[K2 PCR-SSCP E: R AN EZHE

DL #k % (2005) 2 %2 HSP70 K R PCR-SSCP A (R &Y g M| ¢ 2 Z 5] + f¢ 51« PLIE [\ 5] + 7 51
5" TTTGATGCCAAGCGTCTCAT-3"' B K7 [a] 5[ F 5'- ATCTCCTCTGGGAAG AAGGT-3' #77 PCR 7 JfE ( FEEN T JiE
94°C , 5 oriEl% - HEHELT 94°C ,40 7D ~ 62°C , 30 b R 72°C , 30 FPHY 35 (EIEIRIIE » RARERET2C , 5 708%) -
1 PCR 1% 4 | Ef DL GenePhor 28 Jk % f# ( GenePhor Electrophoresis Unit from GE Healthcare, Amersham Pharmacia
Biotech, Sweden ) 7 SSCP E:RAIS347 Bl 5 1L PCR KZFEBHIEYEL 5 1 L denaturing buffer A8 CVES - SRS
EIEERY 95°C , 12 33 2B A UK T - i PCR RERHIEDEEN: - AL 6 nLIEETRE A GeneGel Excel 12.5/24
Kit (polyacrylamide gel T: 12.5%, C: 2% ) FEXHEH - BL 600V, 25 mA, 15W, 15°C AV 120 4788 - kLS HE
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LA GeneStain Automated Gel Stainer ( Amersham Pharmacia Biotech, Sweden ) {744 30 47§% » 1F 2 % (B HFEENA -
IV. HSP70 55K KASP™ B PRAI -2

i NCBI 2\ B #t HSP70 5 FF %] (GenBank J02579) Ei Ensembl (https://www.ensembl.org) Red Jungle
fowl (GRCg6a) ¢ %I & ¥} (5:53,059,707 - 5:53,060,326) LL %f % - 5% 5+ KASP™ KL K i M 51 7 - A B &
guanine 1F [A] 5] T 5'- CAGACATGAAGCACTGGCCG-3' #Z 5t FAM % ¢ ~ B ¢ & £ [ cytosine IF [A] 5] T 5'-
CAGACATGAAGCACTGGCCC-3" # st HEX &Yt & [z | 5] F 5'- TGAGCACCATAGAGCTGATC-3" » 3fi DL BT A% 2%
& Tl 8 $4 |2 [ 2% ( Applied Biosystems StepOneTM System, Thermo Fisher Scientific, USA) {7 KASP™ %t K &Y i
I o KASP™ |7 JE 43 & 316 0 %% DNA (50 ~ 100 ng/ L) 1.5 L ~ 2X master mix (FRET cassettes ~ ROX ™ passive
reference dye ~ Taq &0 s MgCl12) 5 4L ~ ddH20 3.3 ¢ L B assay mix (—{EE[ FAM ™8 G5 [ F ~ — (@1
o] HEX™ S50A8aT5 [ 1~ — @A G AH5 [ DR FRET cassettes) 0.2 L » #5110 2L - KASP™ [ZFE(KRFFy (A)
OSCTHENE 15 7788 » (B) 10 {E{EIRAY 95°C &M 20 FPEL 66 — 60°CHLE 60 7 » FHEFEERIF(EK 0.6°C 5 (C) 26 ([
TEIRAT 95 C# M 20 FHEA 55°CHEE 60 F) » i DUEEES N StepOne Software v2.3 BAGHET T AR H ]

V. HSP70 BRFHIES?

& NCBI A\ B #E HSP70 F: [N 7% (GenBank J02579) CL¥f Ensembl (https://www.ensembl.org ) Red Jungle fowl

(GRCgba) FerE&E#R} (5:53,059,707 - 5:53,060,326 ) 1% » 5t EM 5[ T 5'-TGCGAGC GAGCAAGTGACT G -3' i

& a1 5] 5'- TCCAAGCCATAGGCAA TAGCAG -3' » DI H ik B 5 7€ F£ % (Applied Biosystems 3500 xL Genetic
Analyzer, Thermo Fisher Scientific, USA ) #{TEFE °

TERMAETER

AHF7E L PCR-SSCP FER g I Al i BT %6 ~ S0P+ 2 K S5 2 HSP70 2R 2 FRRIAY - st ALK PCR
PERY 155 bp HIZEF ERiEY){% o #E(T SSCP HUS R /KEE S o S EL IR AY B B A B B G T3, - BRPRIAYAVEE & Hh B T& 3,
2R ARESTEREE > &5 AA ~ AB & BB EREM ([E1) -

BE -
= B
R TS T e e T T S T e | T———
single strand i - :
m —_— -_— _— S =
double strand =) - E E — — == - —-— —

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

1. B PCR-SSCP it 5347 2k HSP70-C667G 2 Bk E »
Fig. 1. Genotyping result of HSP70-C667G by PCR-SSCP.

AT BH A5 T 2 KASP™ LR G IS 2R i 1T HSP70-C667G RERRIGE & » DL PCR K7 FEMR(FHEEE 119 bp
FER Ry - 455400 2 - KASP™ &0 af HARERNIE 4y = FRACNAY » Hoopr X i (HEX #6988 ) Ky HSP70-
BB 4l & A > 3T Y Bl (FAM 5C58FE ) By HSP70-AA 44 T-RRAL - PR4%EE (FAMHEX E&SELRE) &
HSP70-AB & T-RAR > T80 B BEA Ry 78 5 ¥#07 -
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A 5 B B T S e — 2 B 56 KASP™ Bk IR AU A 1 % it 2 ZEHEME > {ix NCBI /A B HSP70 2R [ 5] ( GenBank
J02579) B&ETERFGIF 0 4L PCR 88 &% 5 619 bp )% » LUK EE B 8hE Fr BT E M e Fr - REE Fr 4 SR
Ensembl (https://www.ensembl.org ) Red Jungle fowl (GRCg6a) FF¥I[EH} (5:53,059,707 - 5:53,060,326 ) #E{TFP5I CLES ©
GEEEUR AA ST ERAISE HSP70-667 ik s G (guanine ) ([ 3A) > PCR §iEi i Fr Fr #15E 330-339 bp 2 DNA
%1 B TGGCCGTTCC ; BB 4fi & T-F: N A E HSP70-667 figikk s C  (cytosine ) » PCR #&EHE 78 ¢ FE %155 330-339 bp 2
DNA %15 TGGCCCTTCC ([ 3C) -

Allelic Discrimination Plot

[ ]
| gL
i
<« AA
e L]
=
<
.2h
| S D I . | AB
w?:
‘BB
=] s %2
HEX signal

2. [EF KASP™ IRl o3 18 HSP70-C667G 2 BARAUIE - A4 i FHARI R E] FAM 8 CAS0 850 > BB 4l
BFEREEH HEX 8O RSk > AB e TAERIU 23 FAM/HEX BDCIERL Bdk( 22 HEEARDISARER
T
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 4B
heterozygous. Black is the control.

A B C

3 G G

¥ (o] e i J 6 G c

667G § 667 c/c-; I o |

667(':'-

IIN I NN AN EE Y N iNipiENEEINEEN

3. 2 HSP70-C667G 2 (A) AA (HSP70-667G) ~ (B) AB (HSP70-667C/G) }% (C) BB (HSP70-667C) R EFFHE o
Fig. 3. Sequencing profile of (A) A4 (HSP70- 667G), (B) AB (HSP70-667C/G), and (C) BB (HSP70-667C) homozygotes of

L5 (2022a) CLERIhHE ] KASP™ HiigE 17 £ PRLR KR SNP BEAy C617T 7 FERAUGHINE 2 - (KB SR
KASP™ Bl PCR-SSCP £ [R AU i HIBG [ > 4537 KASP™ {88522 PCR-SSCP [y 1/3 B - B W] 58 s B R AU $8 7 T1F >
il L DNA FP31| %€ > PRLR B (5 PP ~ PR J2 RR K&K 1% » 568 KASP™ « PCR-SSCP J DNA 7751 7E 714 % =& i
SR E R N A > 45 R HAARA M9 22 100% —24 - Chang ef al. (2021) 4 KASP™ FE[RIRL g HI3E 4E A B 08 FLEEAR
Al A (lactate dehydrogenase A, LDH-A) ~ FI43Fa4liE &2 B (mitochondrial cytochrome B, MTCYB ) 1265 /i il
D4 ( dopamine receptor D4, DRD4) 55 3 {EE: [Nt 4 {E SNPs (Y77 - A #E1T KASP™ £ PCR-RFLP JHlsk % T /BRI
BRI 2 Rl oo T - S5 2 TR IRAU ARG 5 A T8 T8 SRR 51 100% > ZA1] KASP™ T{EHERTEH M F 2.5 /)
5§ > ] PCR-RFLP HIFEZE4Y 7 /NEFA BETE Ak [E S AR B VR RR 3 b7 - A0S A B TR TIF A A AR T
KASP™ (13 B8l AJEL PCR-RFLP (ALY =1 -
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AR BRIFFTIE PCR-SSCP £ KASP™ 45 2 FEALARIMHIG AT - LI 1 5 ~ FROPI L3 K S8 B8t 360 fElEAER
A HSP70 BERAIE E4SF - 2 TEEREG IR T 5347 HSP70 ESERl A4 ~ AB Fe BB FEPRAY 100% 5 (£ 1) &
bt 2 TR AR S (A - RAA P L3t ~ P2 s S8 HERY HSP70 FANEYSOE RSN A B 5731 R 0.40 ~ 0.35
2 0.04 -

fw am

Frh 2 RN E RO ITHI LS - 3680 KASP™ BN Sk B A RN AL B 1Y s IERERE S SR A3Y
4R TRtk ] R oA N TR S RA - R G IR 2 B 58/ LA SNP 73 ARk Bh Bl 2 75 - A2 40
WIBEAWITE AT EE R AR () HSP70 BN Z HRNIFARGER - FRaTEEIERET [ HSP70 AN 278
AEHELCRMIMRERR PR - BalE—F THEREERONEERESISEEN -

=B

W E R SRR ARG TSR (110 2R -2.5.3-F -L1) &&EF - REPUGEE ARG - &
P BB BRI S S P - FFIEEER -

RERFE ~ MEERE - BRI~ RdE -~ BRL -~ BIFK - RFE - RIAE -~ FRSC - 2022a - HELA R ZASEINRIZE

58 2 REME RN R e I iV S2 G S BARER] © EREERTSE 55+ 47-55 -

RRME - MIEE - Bk ~ RUIE - 5RFEE - 20220 - B Sl 3 S fEAR MI3% UBE3C BRREZEE: AR 2 AN
UG « hEgst (JET]) 51:94 -

MIEE ~ EFR - =55 - SHiES M E -~ RPE - 2005 - BEEIERTTED 70 BERME - thaEgst (T
34 0135 -
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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 HSP70 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 HSP7(0 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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