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Table 1. Percentage of patterns frequencies of identified SSCP variants among amplified fragments of sheep
HSP70AIA gene (Oar_v4.0; Chr 20, NC_019477.2).
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Figure 3. Identified polymorphisms in ovine exon region of HSP70A1A gene (Oar_v4.0; Chr 20, NC_019477.2) a:
Identified SNPs in 247 bp segment of the HSP70A1A gene. b: Identified SNPs in 293 bp segment of the HSP70A1A
gene.

9.26561877G/A

1- Synonymous


http://dx.doi.org/10.52547/rap.12.31.169
https://dor.isc.ac/dor/20.1001.1.22518622.1400.12.31.19.0
http://rap.sanru.ac.ir/article-1-1156-en.html

[ Downloaded from rap.sanru.ac.ir on 2026-04-23 |

we PCR-SSCP iS5 L il 5 oloyte 315 lizhsS 5 HSPTOALA 155 (sla IS5 123 (bl

(Oar_v4.0; Chr 20, NC_019477.2) HSP70ALA (; S5 anb 3 oss plulis sla ISbxs =Y Jain
Table 2. Identified SNPs in ovine HSP70A1A gene (Oar_v4.0; Chr 20, NC_019477.2)

o1 lolid (SNP) (sasgilS s IS aiz (XP_004018985.1) (st JIsi 5 aipeluesl (2301 s gy PojsessS olad

0.26562252C>A p.52 Gly > Gly

0.26562261G>C p.49 Arg > Arg

0.26562270T>C p.46 Asp > Asp

0.26562273C>T p.45 Thr > Thr .

0.26562279C>T p.43 Ala > Ala 55 Y
0.26561745T>C p.221 Ala > Ala

0.26561784C>T p.208 Ser > Ser

0.26561877G>A p.177 Thr > Thr

2 &S (5 IS ol orditins 23y 5> (5000) (gt
U5 0l SawgS > HSPTOALA 5 oSyl cypon
5o 9 ¥ o)loss SSCP L;U@iﬂ L alie Cond 29390
ol SodisS (piman g ilagy 9 Ole SN NdwoS

(8 JS5) 392 05luolds g il S5

glSy S glaJly galan adjee @b

2 08l8) origiew WSS b gy (Sl adllas )40
o ulp (F UK el e 4w
Oar_v4.0; Chr 20, 0.26561874C>T
LY 5 ¥ o) ojles SSCP (clagSIl oy NC_019477.2;
9 95 o Jed jl adlls 5)50 (lylaliny ladisS 5l 6
boomes b 23Rl pae aSle o (F JSKS) 290 hge

s dites-1oR mEOmY
Wehraban sheep-patiern1 EEGTG
Wehraban sheep- pattern? EEGEG

Wenraban sheep- pattern3 BEGEGGTR

Wehraban sheep-patiermd EEGTGGRE

Wehraban sheep- patterns EECEG

Caprahicus EBGTGST

Bostautus HECEGOE

Equus caballus GTGEEG- -

EECETCET cEEcCEN
Sus scrofa GHGHEG - - HEEGETGET CEBEGGH
Mus musculus

GT GGl
Panpaniscus GRCEEG- --- -- BECBTGET cBEcCHE

Gi G
CHECECCET cTcchE

Homo sapiens GHGEEG- - - - - - BEGETGET cEEGGER

HE BTCHE
BB BTGEEEEEGE B GHEcEGGET cicGEETEEG cGoRGGRGGT 1333

CunsensUS AAGTGGTTCA CCAGCCTGTT GTCGAAGTCC TCCCCGCCCA GGTGCGTGTC CCCGGCCGTA GCCTTCACCT CGAAGATGCC GTCGTCGATC GTCAGG--AT

cansenctn 1) /1) (00D (1 ﬂﬂﬂﬂ_m mnhh HHHHHHH i1l (il HHHH nm o Ml H i [l
' 18

Ouis aries-Texel CCHEEBCTEC BEE} cTTcBcE THI

WeNraban sheep- pattem1  GGH|

clcc Bcecllcices 1401

Wehraban sheep- pattern2  GGHN| e | clcc BecBEcTcGe 1401
Wehraban sheep- pattern3 HGH o | BccBECTEC clo cBcc BecBECEGGE 1401
Wehraban sheep- pattern4 GGl - clicl BcclEcTEG clcMTcclcc BocBTcTecs 1401
Wehraban sheep- patterns [HGH ! | B clcl BccBEcTEC cBcBTccBcc BGcBTcTcce 1401
Caprahircus GGHl cl BcclBEcTEG clcBTcclce BocBEGTGGE a5

Bostautus GGH Gl BccBEcTEC cBcBTccBcc BccBEcTcGE 1738

Equus caballus GII cl llGI'GlIG ccclifcclcE BccBicceee 1374

Sus scrofa Gl cll cBfc cccBTccEcE BccBEcGEGG 1223
Mus musculus GGI el | cTHc cBcBTccEcc BECEBEGTGGG 2042
cl cBTG ccoBTccHcE EccBEcCEce 1434

¢ GGGHl § BcHcEEBGTG cE B-cTcol
mce GGGIIIIGII BcHcEREcTc BEccEBETCE ToBTcETccE B-ciccBTEE BETcTECETC cocBTccBcE BecBEccHcc 1437
Consensus GGACACGTCG AACGTGCCCC CGCCCAGGTC AAAGA-TGAG CACGTTGCGC TCCCCCTTGC CCGTCCGGTC CAGGCCGTAG GCGATGGCGG CGGCCGTGGG

e, T TV VTV corr{ VAT e TV YT TV T T oot (T T (TRl

IS 015 WihgS (68365 10 5 ol g L HSPTOALA (5 JSs s 5l oas ololid (slagSl alus a0 o =¥ S5
«(Sus scrofa) S's5 (Equus cabalus) cul (Bos taurus) 4 (Capra hircus) 5 Jud jl oy )libiny i ule o (Ovis aries)
(Pan paniscus) o lwli 5 (Homo sapiens) il (Mus musculus) e

%ure 4. Multiple sequence alignment of the identified SSCP patterns of HSP70A1A gene ]
polymorphisms with its sequences in Texel sheep (Ovis aries), and with the different mammalians species
e.g., goat (Capra hircus), cow (Bos taurus), horse (Equus cabalus), pig (Sus scrofa), mouse (Mus musculus),
human (Homo sapiens), and chimpanzee (Pan paniscus)

[ DOR: 20.1001.1.22518622.1400.12.31.19.0 ]

[ DOI: 10.52547/rap.12.31.169 ]

o b bl bbd jl ol cuenl s Vsl
ol Bl glge dF 3 acee slagwyiel 4 Cuoglie

> (YY) ohlSer g o S Cliig > gadge
5y Os}f‘ ui‘x*f‘ uﬂoo PRI W ain dhb‘_{\fw:
(YY) ol 0ad @l 35 g o5 oy ,> HSPT0ALA
»odd gLl guiglfy SIS s aw ol ]
<, SNP .26561784C>T s (gjl s YAA axkd
Syl s b1y (p < 0. 05) e colis
(V) oher g Mgls = wsSle (¥ Jgiz) 2b lis
M5 YE 5 gkhwsS HSPIOAAL 1 cela JSs ws
oo bl 5 3l g (g e (Sl I s
3553 s 5o facgine Salls (S gl gl idged

ok ol IS5 xis A 1 SSCP elagSIl )3

Oar_v4.0; Chr 20, ) HSPTOALA 55 5381 4l
L ol oy 5 colppe 315 S (NC_010477.2
QU Y Jgde 10 S @y sesl b oy ol pas
o bl LIS dip O _ale? 4 ] 005 03
g.26562252C5A 5§l il cas VIV adis
0.26562270T>C g.26562261G>C
e gl 0.26562279C>T , 0.26562273C>T
ol ol Syl onyle ol L1, (p <0. 05) (o)l
Sl S e e 4 (Y s
&S b can YFY ahad o oid glels usyils'y
25155 e 18l e HSPTOALA 5 ol i 4 bigyye


https://www.ncbi.nlm.nih.gov/blast/Blast.cgi?QUERY=XP_004018985.1&PAGE=Proteins&PROGRAM=blastp&BLAST_PROGRAMS=blastp&PAGE_TYPE=BlastSearch&SHOW_DEFAULTS=on
http://dx.doi.org/10.52547/rap.12.31.169
https://dor.isc.ac/dor/20.1001.1.22518622.1400.12.31.19.0
http://rap.sanru.ac.ir/article-1-1156-en.html

[ Downloaded from rap.sanru.ac.ir on 2026-04-23 |

[ DOR: 20.1001.1.22518622.1400.12.31.19.0 ]

[ DOI: 10.52547/rap.12.31.169 ]

Vo

bl Slshd ZONY L Y (5585580l (ool g gl 5
A Y 50 hyeds sl slagll gy Slgld o yieS
wsbye g Jume ulyd b1y )55l (S g oyt
obly 9 Kid bylyd 4 )85l a5 SloyS o5 5o Lol sl
SINY oyl & 15,5 oanlio SSCP go8)l ¥ b5 Attun
ol (M) G393 Jj 3155 sidussS SSCP elmsSIl 5 gl
@ s Slpl MbesS Gl gladlp )5l o)
s ool nl > g W3l (o ige gl lame Ll
Cuoglde )3 g5 Carge (SuB) 95 (nl 9 Ml £95
sl s g il 4 cens dlise glaph
o pbl o (sbadlp (59, p &5 Sliiod > 9 e
siplSy S JSS we (W) llSen 5 gn ol
4l Jole 5 i Glee S glys 41, 0.105G>T
o3 Sanhe Jsie 315 clagls ;s HSP70 5 5-UTR
bls)l &5 w08 alolid pliadgse (023 5 2w ol
O OmS 9285 Slagygersn ghaw Ly (p < 0.01) I e
HSP70 o5 53,8 slaguy sl sl T4 5 T3 Lus )
2 bols Caglio gluulS 15 oleis 4 Y] Slgs
MR oo 90 ) e plopw i lie
5 Kb B 9y 2 SR B 2 emed DS
3 anb p ) gagslly JSbaiz gy 2l (V) gl
DM Al 3 1y (c15elSy (S5 IS s dw 5 ool
03,5 oleld o o8 sladlp > HSP70ALA 5 5l
bk clio bl jbee (sl cusy S o
On bl gezmen b (i ple)S ot 4 Jeou
2 e g Slao LHSPTO () )3 39290 sla ASbri
9 Cawgd dwly aSHyeb 4 Cuwl odd Sl jo By
duw e HSP70 5% a8 (awyp b (VoIA) o))
wlolis |, C211G>A JSbnis S, 5 SSCP oS
0355 yjg 9 p30 s il L1y b u;.u bls,l a8 s 8
SISD d Cuenl 990 cpl Wb LS (geligs )3 059
5 g Slio b o bloyl 5 HSPT0 sdlgls (clag 5

VF) A o lis (slasyie Sllas j3 1) Jiedgs

Yoo ke /YY ojladd /pmdjlgy Jlo ols cladss (slouimg sy

o5 ol ole B 4ol 53 (il s F5 Cuabse 5 CIG
05 ol ol pew e MawsS dalise glaodlp
4 Caus CC660 cwigy YL ol gaw (S
Cod yidy & D bz ,» GG—660 5 CG—660
520 o] &S sy 5331 lils oo Lyt 5
5' anb il o5b cais 660 adhaio > Ligs Vil 65,8
Sike 5y 2 ote 256 HSPIOAAL 15 il
Oszed D)l olad g Ol alizee byl b diawsS sl
WiwgS LI g9)p adlas L (1T) GhlSen 5 (3w
ke las Madras 3 Marwari Magra Chokla s
T30T>G L 5 wuislSs 5 gl Ko ws
HSP90 . » I, 112G>C 4 180C>T 459A>G
oS 13,5 ololis HSP70 5 o 1, 222G>A cusslS s
Siilly S JSS de lie 4 ol G
G gl oll ol 00l il §.26561877G>A
i b gme b a4 AA Cuigi (YY) ohKes
2 GG 5 AG uigf & Coms |) i slacumsS'y)
oS wid )3 do byl b i pedpw bl liidweS
IS olys @ Ny o saiglls SIS e ol
]a.;.‘)..f: Dlie o awsS cbaolp o (6)B ke sbul Jolge

Vo) ohSer 5 oylans (oolasel il e dlmuw
5 HSPOOAAL 5 Ve oyl olSols IS5 wis ()
9 &Hlsu ) ol u'*‘*“*’f Pl oL ‘ bls)l
PSS oyp 2l g O iz slagdlil )5 1) (2ol
oS Wdges omlis gail o5 55 PCR-SSCP zls
e ) sl > (659895 slagSl cnl gl 3
wlaziel [ adlas  uzmen Dg Golite (2ol g
whd (a5glS g SO (ISS s b el 5 Sle)S
05 B 5 Kl Gl ewd gl cas YY)
&S Gdgas sy PCR-SSCP s, 4 |, HSPOOAAL
2535 ssalie J5 SbwsS glp SSCP 6581 5 ] b
Ot (Sll® YT L0 (60898l gl 0l 0

35 WdwsS (Oar_v4.0; Chr 20, NC_019477.2) HSPT0ALA 5 o955) 4l ) snd ssalin Luds) slailsls = g

B @ g3l b gy ol pae b Jolss s 5 bt
Table 3. Genot pic_frequencies observed in exon region of ovine HSP70A1A gene (Oar_v4.0; Chr 20,
19477.2) in Mehraban sheep, and evaluation of equilibrium and disequilibrium of genotypes

frequency using chi-square test

018 lulis (SNP) guigilS 5 JSsia

9.26562252C>A 0.26562261G>C 9.26562270T>C

.26562273C>T

0.26562279C>T  (.26561745T>C  (.26561784C>T  §.26561877G>A

wIP S e Gl eyl bl eyl Gl oyl G odsl bl e Gl ods g
cc -I5¥ GG . T . cc -Iys cc -[5¥ T . cc .Is5 GG Y
CA Iy GC \ TC \ cT -I5¥ cT -Iys TC AL cT -Iv¥ GA .la
AA . cc . cc . T T . cc AN T . AA
Chi-square  ¥/AY Voo Voo YY)\ FIAY SIvY ¥y SIXY
P-Value o[y o[ of e o ooy N JeEx N
1- Flanking


http://dx.doi.org/10.52547/rap.12.31.169
https://dor.isc.ac/dor/20.1001.1.22518622.1400.12.31.19.0
http://rap.sanru.ac.ir/article-1-1156-en.html

[ Downloaded from rap.sanru.ac.ir on 2026-04-23 |

[ DOR: 20.1001.1.22518622.1400.12.31.19.0 ]

[ DOI: 10.52547/rap.12.31.169 ]

ws PCR-SSCP iS5 L il 5 oloyte 315 lizhsS 5 HSPTOALA 155 (sla IS5 123 (bl

09,5 WNAD (G aedl dlwd 93 4y CE ) Ay (shl
g o3leld g Gl cwl (Sn sladsS Jols sl
o Bzl ens il oSl Joli pg> e
Ok 5) Ol P MhwsS g9, » HSPT0ALA
AP KdwsS 458 b duwlio j3 g pobs ddllas o (o,
bl 2 e 0 (9o g g8 SladiS 5 ¢ JuS
olesil ) Voo 2oy Bootstrap jlude b 3 4555 b JSS
JS8) €85 )5 sthosS 455 b by soasls & ooy
oo 0 (VF) oh)en ¢ 48 2ol ol ,> basdly ol (0
35 3 565 ;> HSPT0-1 coumwlginel § (aigilS'ss g

D91 ke plo b awslie 3 o (LelS5 354, 5 ot

0220
Note: Branches shorter than 0.0138 are shown as having length 0.0138

o sSse 03,8las 5 LLlST Ll aSybel

1 (¥5) 5,8 Sy il (slaaigS o bl jlislo 5 JIgs
» HSPT0ALA 55 Jlg oli)ls cé ) pols Gudos )
ol Ay el g ons slolis SSCP slagSl ol
L 51 8,5 by plo 5 JuSS Sl5 ahsS 5l 0
slie (O JS3) A5 wwy UPGMA 34, 4 NCBI
e clbasls il e jd ol S Bootstrap
P odd mawy 2l ca g 4 YU gplolel I Sk
sbas s ey gl ol p e Glagh o
o Sy oMl el sk ke
lodigS ol 4G ypkas 503 gais 09,8 Lny] HSP7O0ALA

Mus musculus

.55 50 5 ol 3l edd plwlis Calisee SSCP 4lagSl oy UPGMA a5, bl 5 HSP70ALA 5 JIg olils cé s -0 S
Sy sddls e )3 dod cas p 8> BoOtStrap polie .oyl ki (sasss plo 5 dawsS 5 o5 cpl Jlg oleMbl b ol
SosSols 5 oYY e aidl e 70 (golue b 1355 BOOLSrapping ixe s (S5 p (o) dtwe (sl 451 Cansl o o3l )Lt
Al oGl o saasslss
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Abstract

The heat shock proteins (HSPs) are a family of proteins contributing to cellular resistance
against a variety of thermal stresses in different climates. In this study we aimed to characterize
polymorphisms of the ovine HSP70A1A gene in Mehraban indigenous sheep breed and
Romanov imported sheep breed, because they are well adapted to the cold climate. Blood
samples were collected from a total of 141 sheep (100 Mehraban and 41 Romanov), and then
genomic DNA was extracted according to conventional instructions. Polymerase chain reaction
(PCR) was performed to amplify the 247 bp and 298 bp of the exon region of the HSP70A1A
gene (Oar_v4.0; Chr 20, NC_019477.2). Also, polymorphisms of the studied fragments were
explored using single strand conformational polymorphism (SSCP) technique and then the
amplified DNA fragments were sequenced by Sanger sequencing method. In both Mehraban
and Romanov breeds, five distinct SSCP patterns were identified that two and three
electrophoretic patterns were respectively related to 247 bp segment and 298 bp segments.
Furthermore, frequencies of SSCP patterns showed no differences between breeds. Five single
nucleotide  polymorphisms  (SNPs) including  g.26562252C>A, (.26562261G>C,
0.26562270T>C, 9.26562273C>T and 9.26562279C>T were identified in 247 bp segment, and
also, three SNPs including ¢.26561745T>C, ¢.26561784C>T and (.26561877G>A were
identified in 298 bp segment of PCR products. Results revealed that all SNPs were in Hardy—
Weinberg disequilibrium (p < 0.05), except of .26561745T>C and @.26561877G>A.
Considering the role of HSPs in resistance to the environmental stresses, it can be conclude that
the identification of these SNPs can play an important role on understanding the mechanism of
adaptation to temperature tolerance among the Iranian indigenous sheep breeds.
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