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Integrative and comparative analysis oftranscriptional profiles and
competitive endogenous RNA regulatory networks to identify key genes
associated with heatsstress'in broiler chickens

Abstract

Broilers are particularly sensitive to hightambient temperatures, which may have a negative impact on their welfare and production
efficiency. The aim of théStudy was to combine a literature review analysis of transcriptional profiling and a competitive analysis
of endogenous regulatory network (CERNA) to identify the key messenger and non-coding RNAs involved in the molecular
regulation of the cells of the pituitary glandgand the brain in heat stress broiler chickens. Overall, two long non-coding RNA, 11
microRNAs and 426 common mRNAsand genes were identified that showed significant differences in expression between the two
tissues. From the analysis, 12 major genes (HSP90A1, HSPAS5, HSP90BI1, HSPA4, HUSYI, AHSA2, ALB, DNAJA1, DNAJA4,
HSPA4L, and HSPH1) were found to be more extensively expressed in broiler chickens under heat stress than in control chickens.
In addition, after reconstructing&e competitive endogenous RNA regulatory network and the associated candidate modules, the
main impestant, metabolic/ signalling pathways identified were protein-folding chaperones, cellular component organisation,
protein-binding to heat shock proteins, the endoplasmic reticulum chaperone complex, and protein-processing signalling pathways
in the endoplasmic reticulum. Overall, considering the identified RNAs involved in the ceRNA regulatory network that underlie
phenotypic differences in the severity of heat stress, this study may provide new insights into the molecular mechanisms underlying
the control of heat stress severity and resistance in broiler chickens.

Keyword(s): Broiler chickens, Competitive endogenous regulatory network, Heat stress, Hub genes, Transcriptome
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. . Down/Up
Gene Annotation Chromosome Tissue Log2(FC) Regulation (logFC) P_value q_value
AHAL, activator of heat shock Pituitary gland 1.8207 UP 240E-31 1.55E-28
AHSA2 90kDa protein ATPase homolog 2 3
(yeast) Cerebral cortex 0.9703 UpP 7.34E-05 0.0288
Pituitary gland -0.9969 Down 0.0021 0.0057
ALB Albumin 4
Cerebral cortex 5.2071 10) 4 3.10E-04 0.0389
Dnal (Hsp40) homolog, subfamily Pituitary gland 0.7414 UpP 4.72E-10 3.74E-08
DNAJAL A, member 1 z
’ Cerebral coitex 0.8364 UP 1.14E-03 0.0498
DnaJ (Hsp40) homolog, subfamily Pituitary gland 1.1848 UP 6.04E-10 4.57E-08
DNAJA4 A, member 4 10
’ Cerebral cortex 1.87\ up 2.05E-07 0.0025
ONA DnaJ (Hsp40) homolog, subfamily Pituitary gland \,5254 UP 8.94E-08 7.82E-07
B4 B, member 4 8
’ Cerebral cortex 1.3225 UP 6.20E-06 0.0141
Heat shock protein 90kDa alpha Pituitary gland 1.1348 10) 4 1.39E-14 2.68E-12
HSPIOAAL (cytosolic), class A member 1 5
v ’ Cerebral cortex 1.1781 UP 3.31E-05 0.0245
Heat shock protein 90kDa beta Pituitary gland 1.0212 UP 3.67E-09 2.23E-07
HSP9OBI (Grp94), méiber | !
I Cerebral cortex 1.4743 UP 1.02E-05 0.0171
\ Pituitary gland 0.8781 UP 2.39E-16 9.84E-15
HSPA4 Heat shock 70kDa protein 4 13
Cerebral cortex 0.9961 UP 2.43E-05 0.0228
4 Pituitary gland 0.6539 10) 4.35E-09 2.55E-07
HSPA4L Heat shock 70kDa pretein 4-like
Cerebral cortex 1.5242 UpP 1.31E-06 0.0051
Heat shobk, 70kDa protein 5 Pituitary gland 1.5838 UP 8.09E-14 1.39E-11
HSPAS (glucose-regulated protein, 78kDa) 17
& EUgIC protein, Cerebral cortex  1.0836 up 1.79E-05 0.0209
1 Cerebral cortex 1.4334 UupP 1.74E-05 0.0209
Pituitary gland 0.5109 UpP 8.68E-06 0.0002
HYOU1 Hypoxia up-regulated 1 24
Cerebral cortex 0.6265 Up 2.00E-04 0.0367

MO0 Gl Ogldi 5119 SMRNA (i gt Judoxs g 4 32



2 (CC™) Jshos clial 5 (MF™) JoSUg0 5 Slas (BP™) (Sojsln a2l b Jolul 52 (Spbio slos Shas oo g 4520
S2l B (gl o A cggazee ) 0 ploul s ui g Sibsem CEL 63y o ae Bl sli s> St 5 0d sy
Sgtie 11,3 8 Jslo il ailejlo TmMRNA (55l I ol 4,18 g Jaib JelBias s plulid (S5l
s ogde sial o ™ b slizl 50 b (ailejlo 5T g dlisgy B9 AIE MRNA Sgilie 1] 377 58509 Lo
& o o gy & Jlall ol o8 Wd (pananeSipre J5ge 63,58 fe V3 onsglbilis (LMRNA ()l
S oign Jlail 5 Toion Jlasl NATP 4wy (g 03U paate ¢ 0o Jlatl Mod Uyt (g Jla!
g5 g 1 35 el o] (oo 45 b (alolid I sine VY ¢ Jolo clinl L abasly )3 iman 2005 ™ 3l >
SGan sl (Seogill Cadgroe I Jslolyg)d Selul st & Jloisy> (Seegll llo ol 0ad (byee
sz Soluil ol 5 jguamo  Joluo 9,0 Sl Tagigide & Mgl a8 o & g (ol (wSeS T gy
Sk 52595 & J5Sss Mpplowdly SLiB spame Jolo 38 5n & andgul &d gy SheS oLt
KEGG L Lo (5o yome Sl g Bz oliol - (BS5) ditin ™ onsMygioms J55059 5™ Sshoyp0 Salil yog) & 9051
313 1oy Lol Bt Lolis o B IS yomma ¥ ol 93 1y 0 2] ol S o MRNA g 5 o3zl
\ 2039 oo (St gl 590 5 somsdoguil aSd 1> (g
s> Joloo Sl o (JoSUgan Ses’c S5g sl d Jold cilies (glaog)S )3 oS (SIgibio (slojpune cadlllae (] 5
> DNAJAL 5 HSPOOAAL MYOUL dFISA2 HSPAS sl 54 lolis olo (o e o S lyie wwogs s

2% Biological Process

30 Molecular Funetion

31 Cellular Component

32 Protein folding

3 Cellular process

3 mRNA processing

35 Cellular component organization

36 Macromolecule metabolic process

37 Chaperone-mediated protein folding

38 Cellular component organization or biogenesis
¥ Binding

40 Protein folding chaperone

41 Unfolded protein binding

42 Chaperone binding

43 ATP-dependent protein folding chaperone
4 Protein binding

4 Heat shock protein binding

46 Intracellular anatomical structure

47 Intracellular organelle

48 Cellular anatomical entity

49 Neuron projection

0 Protein-containing complex

31 Endoplasmic reticulum lumen

32 Melanosome

33 Intracellular membrane-bounded organelle
34 Endoplasmic reticulum chaperone complex
33 Plasma membrane bounded cell projection
36 Vesicle

57 Cell projection

38 Axon

3 Intracellular organelle lumen

0 Cytoplasmic vesicle



b s i gy b b Ly (slb yews 13 HSPHI o DNAJB4 HSPAS (gl )} o 35,05 b5 ey opail
HSPHI, 5 4w Y+¥F Jlo 53 o)k 5 Lin 3559 005 35 Jobs 82318 b Lo yo (gl pouno 53 00 _lolis Clo (gl plos
DNAJAI &5 diwly o) 33 .8l03)S" Byre (g5 sladsgs olo)S (55,0 S50 sy leie 4 |y HSP90AAI g DNAJAI
5 Li (Baaklini ef al., 2012) w3l HSPAS ™ ko ys mla—sS i y5slsld 5 oSs 5 Cusl DNAJ/HSPAO o3lgils 4y 3leie
LS o g (oo 93 (Sl S Cod lisee gslaw 3 DNAJAT () ple (e 45 03,8 ()55 VeV Jlo 3 oS
) 8us” o0 g ATPase ouisS Jlad & lgimy AHSAZ 5 sl 03y lis )l (55 &) Canglie j> (slosaly a5 4
2l ausl b S b lad e i layiiSTly )0 eudal (i Cunl (Seo g (Sun et al., 2012) cusl ol @SEHHSPIO (54,
Jole ing) AHA 03lgils 4y &8t i3 58 walas (sloyutiay AHSAL 5 AHSA2 5905 sl 58 AHAL o6 |
SoSan $ile]ld Glp 9 8580 Jate HSPIO & e yobo 4 WaysSgmycnl 261> 3l (ATPase Hsp90 oais Jlsé
plo oo (33,80 4 &5 Cunl oy B9y SO Hsp90 (Holmes et al., 2008) Sty s ys o HSPIO o anslg
ool (Rl )0 et GBB 0Bign cnl onlple Diluie a2l (15 Joyu e Big 5 00,5 B oy
rolen G5 o S slacj lgie |y AHSA2 05 gliion aminl ) 45 o MBS &0 Conglio ol 81 5 5l 51 (o
(Cheng et al., 20200,5 8 yraqeti)l> 865 sladso> 13 slo)S 5 4 Cuoglde 4>

952> Ll s ;> DNAJAI 5 HSP9OAAI DNAJA4 DNAJBA AHSA2 (o5 55 Joge 5,8as ik
Sl Ssb oubian il 5 55 DNAJAIL o HSP9OAAL DNAJAEAHSA2  HSPAS (gl by §) it 15>
Iy HSPAS5 9 HSP9OBI (Y+YY) l,San o Barreto Sanchez .Miiwa pie beS sbadsgs ;0 olo)S (il )0 9 )b &
a3 & Sl HSPIO (595 So HSPIOBI SHEsssy S yneg) 2lolid (5l i b by 186 (lagyj plyis &
s sabedabbne L JsSJsa la s s ;] Blodlsils HSPOO (glagyuiss s (Chen ef al., 2005) 565 o <l ousdlyg]
Ysane HSPIO slacyisy 5 oo WIS, 55155 90ghels 577 o 55 ity (2805 ¢ JiSomw Jis 3 il (slo s &5
o S 1y oyl I ugpodid 0)gil> (slagisy ddome ME g (5)luly g s 023 g5 05U (slacnlign plo b olyen
5 HSPIOBI .53y)> L o5y o B0sts 3 oS sttt gy (sloiyiSon HYOUI 5 HSPAS HSP90BI .3iiS
ATP qudgilio o 03 8 deaze |y alllS HSPIOBI .35))5 i Lyo gl o 3 basipo (souwMlygi] 4S5 slnclld j> HSPAS
0903 Bontiay sl p SRS HSPAS () ogde )l J5 1S9l maw 5l cow HSPAS oS Jbs 5 camd o plosil |,
o> i S N T ol il 5 43,5 )3 S il cos s HYOUT o5 oo o 3 5 axih i ok
Foo Sl (e b 69y o 2)> (i (ogeVgen dnwgi b basye slaculld olal 1> HSPIOBI o) opionen
(Dou et al., 2017) 1l oo Lo yo ol oluiST g 15 ool 0aiiS malsis a5 sl gy cdlud b o] culled g ol

HYOUI 5 HSP90BI HSPAS (claj «somMysil a5 gy uShoS 5 el slinl b Laiye (cloye oo

oL (Byme b slagy ples madgiaw g Johoygyd (Seagll sl b b po (slayise 53 o ol o 5 cpl disd 155
)8 w)’bsxl Al cpog) )0 &S Cawl (Hsp70) 5yl Sads sla gy odlgils slacl 51 (G HSPAS (4igp Siuud (350

61 Co-chaperones
2 Degradation
63 Morphological evolution



b oS oo onl 2 Jols (ol (5 S (sloiign b HSPAS .l cansdlyguil 48 jligan Lol oS mlats
oS ol IS 5T g pundlSo (calS linl 5l (S g oo 43 35 (GRP7E™) YA 3S9l5 Lauwgs oaideasis piigp pb
(Barreto Sanchez et al., 2022) xS o Jos oyl bl s cov (o5lg5lg,Slo a0l 8 closl )
Sl lags gl gl ) & o9 1550 05 W e oousdygail 4 1> iy a3l e (sl 005 15 IS o 53
an ys 5]y ooled 3 o Wlodis oS DNAJALy HSP90AAI HYOUI HSP90BI HSPHI HSPA4L HSPAS
OF 45 92 1553 (5 8 58 Joke (Ssea ladeSge prae )3 )l B (nBgn o3 g gl (a8 U oy JUil
P Jele o glgin 9 sl HSPLIO 0dlgls 5l ggie 55 o) cnl 0980 (B2 ol slagj SheSglsie & HSPA4
NV o o 56 oL)Sen 9 Kubota adllas > .(Mohamed et al., 2012) &S o Jos HSPT0,  cbo 55 !y 52895
oils 4 oy il b swcdl > HSPHI o HSPOBI HSPI0AAI HSPAS HSPA4L HSBA4 o ks oo

s 4y Gl I oo 8055 slagys (UVI)

Conw e 31 031kl b o 3Ll Johow sl 5 (J5S50 55 (S 5909m w3 JolSIUSis 5 (Slglio s Uganss Y JSCud
ol o 2 b dag o g5 daed Buidd LS Shael . uieSislrdnga B Syl 1S b b polgla 5/ mRNA

IncRNASmRNASHRNA 6 5 515059, (oontid 45 5300 3
(LMRNA) b 595 o &Molss 45" 45 a3 STRING, o Wil 0515 o&b ookl b g p—puSg p ilite 51 aSiois
aS ol 3 oS blite [BT lime wlol p clay 5/ MRNATWY, ¢ pioman 423 o LS olomign lad,Sloe olly |,
LmiRNA ¢,53u 5,k | (LINcCRNA 16b) LneRNA, Lwyi (55 e pdad (6% S0 glyp dad  8ym0 5 ololis
2950 ok 3l e Yhe lely STRING il 03l ol5L 1 o gl il SleMb] i aalitwl b ¢yl yply (smMRNA
pleal Iy RNA cla JsUse (s (sonkalBliMoles o5 85, g5kl INCRNA-mMiIRNA-mRNA ceRNA  _olas aSii cmlis
43¢5 b .09y MRNA YAY 5 NIRNA V) dneRNA ¥ ol 0,5 YAY 59 JL VE+ 50,5 YAV ol eulals aSds ol 0S8 0
miR- iR-22 miR-181a ggga-miR-&%-Sp gga-miR-2127 clmiRNA @i ;5 15,5 clRNA o Jlie U

(Y ISS) S (Byxe g olwlid Ol lmiRNA lgis o let-7f

\

& ,5 WAINCRNA $55Lled | Al Cuid (sl ,5 .ol mRNA YAL 5 miRNA VY dncRNA ¥ Jols ceRNA  oonali aSud ¥ JSUS
o o, o e, BT8R Wi oluw (glad iuud By 5/ MRNA s ylis b (500,59 LMIRNA b2y Wid ilie

i

IncRNA-miRNA-mRNA (5 5 51300939 oaldd s Jgjlo sunaigd Julni g 4 3205

s g 355 gl (V,) 4, aswas) Cytoscape l38ls,5 ;> MCODE 938l 51 ceRNA  oplas aSids g5kl 51
XY 90,5 ¥A g OA AY AF (s iy 4 F B Y slaJosle 10,5 (c5lujl Jgile ¥ cggommo 5> b odliul 4 (gaiJosle
L3gy 4 AY 5 Y+ ¥ 100

% Glucose-regulated protein 78
%5 Uterovaginal junction

AR



)5 a5 > Joile ot Oloin gle cul calpli 391 0 (lolid o slagj plos Jols V Jojle danJgile (lie
g 5,0 gga-miR-1770 4 gga-miR-1754-3p gga-miR-2127 miR-6607-5p Jolis miRNA ¥ ¢ Jg5le cpl > .0
COMMD3 55 59 b)) y> NRXNI 3 GNGI3 BCARI COMMD3 slo i3 b g 59 oo MiR-2127 ] e > 48
$iom b oSlojlo (Joho auT8 55 55 BCART o By 5l o)1 g clié 13 jpamme (Jobugygyd Solsil g pusdygions 5
Caleg 3 3> U gy Sl 5 Jobo 20,5 5 55 GNGIS 55 b (55 Jobo Sl 5 e JLail s ko 13!
)l ypax J9S59 9 Jobwigys Selil (o9l 36590 Jlail ( Joho il 5500 b (adilejlo )3 55 NRENT 5 o () 5
INcRNA 8 %35, 5> ENSGALG00000050713 3 ENSGALG00000037064 IncRNA $iys o ¢ ) gl Jg5le 5
Sy Jyins BAG3 o5 9 5> CHORDCI 3 BAG3 DNAJA4 HSPIOARL -5 e |, ENSGALG00000037064
(NEF7) 4592155 s Jole G lgims gipan 0 (! 8 o Jos HSCT0 9 HSR70 55 oS Sl 925
pBion ilalil Sl gl 4 g 88 o K5 |, HSCT0 5 HSP70, SUspisgyy 5 ADP (558l 5 035" Jos
O Jlal 9 (ol $om cgpe Ay 4 6590 MU @S CHORDE ()j (Rauch ef al;2016) 595 oo | g
1> DNAJAI § HSPA4L HSPAS o losyj o s 35 ENSGALGQ0000050713 IncRNA el S50 5 So
9 48 oo Wl oo (25 & Fly 3 Sl i &5 sl HSPIO 5y u*’)l\“" Wl p)ygdopl HSPIOAAL (5 >9 LLS)|
blis 15 HSPIOAAL o5 & cusl ors s f§EN(Hu SPal., 2024)}4-,@ s )y G SewdlS S e
9 Chen .yl » ogMe (Yao et al., 2023) o)1y 5l (il codioubsS slbdsss alsl clbacuwsmwsd) S )3 ase LB
Ml JUis] b sl (Saan gyl ol BB @ ol cooglie (I3l &5 K087 (515 (VoY) K
D5 o5 09,8 3 HSPIOAAL ol > ans Wl L3l LPQP Lios S5 slaallias ;5 1l Lo pe HSPIOAAL
St (glo JiSs ¢ 235lgtel 5 ordsiiligisen] (6ol bt il clle S (g @l b &S ob Gl |y )l
Sl GBS o 09)S 5> (dleg S dl‘th ozen 9 JUpol 228 (gl Jolo musdlygis g st )3 HSPIOAAL oss g
Ol U558 091841 S Iyl [BIEICoS 09)5 1 (gl JiSwo ()l oyl Sy b ol Gl liwe o 0l ol
(Lin et al., 2024) 5,l> (¢,l> szo
GRP78 45 <ol 031> LS ‘w\*"“"’ 93,00 i ey s jd (gu5 0 aib il 55 GRPT78Y Jlgins &) HSPAS 5
b > (LAl s S50 S plgin 5 (L1 & L, 2012) 48 oo elais pjlSe iz o)k 1) (ol slageoly 5 o]
(Hori et al., S8 Jws oyl sloglo 1 1, oS gtes 5 ocnlSgrand b g 5518 GRPTS (oMl
(Triantafilou ef al., 2001) x5 o Jae Johs gebaw MHC-I (gl (5050 <S55 S olsins ccywizzan GRPTS 1996)
o HSPAS (5 &5 casl os (015 ()l 5 Cov (b5 sladagr (55) 2 RNA-Seq Jdov g 4 jo0 I ooliul L
o 2 Y0) (Sl a5 4 GRP78 iS1y o8 1505 adllas o el (ol b S oo Wl (ool sla b (55lo b )3 (oo
Celo ¥ o) 4l il ol & e (glaly wMlae g jhe S «cdB 3 GRP7S lo oljee & 21 Gl aunl 03,8 oy 1) (31,5

% Nucleotide exchange factor

7 Nuclear translocation

%8 |_abel-Free Quantitative Proteomics

% Immunohistochemical staining

70 Glucose-regulated protein 78

71 chemokine

72 cytokine

73 Major histocompatibility complex class |

VY



Kong et ) 3)ls (i 5 (58 (sl Gl 3 g () 45 Conl o ()]3S (ppiomen o G20 s 5 (365 o0 29l
5T oaimalyl (slags LBl oy osions (5,35 HSPAS 55 Jsho J51 ol Linlj3l & ol i adlle ol fal, 2015
Lauwgs LPS ool wl5_a HSPAS donsis 1 sl 03,8 Cugis g gopmss |y HDIT™ Lawgs LPSY Lol Ll o, o
HSPHI HSPA4L HSPAS (lopi YoYY Jlo 5 olSen 5 Lu (45 e |, MHC-IT ol) &5 ke |, HDII
5 ol 1555 cladogs 3 Syl Ui b baye Joine sl sl (sl (slasj olsins |, HSPIOBI 5 HSP9OAAL

(P JS8) witad Jo> (oDl At (e )5 45T 133)S° (Byne

(RINCRNA buiad Wi ot Cuid oS .05 )l> CIB> mRNA 4+ g miRNA £ dncRNAY Jgjbo ol 55030 4 1) Jojlo .£ JSUS

Sl s o i 1y Bl ,UT ayd i L5/ LMRNA buiad i 2,8, 5o ,5 o LmIRNA b2d ylis o slro )5

Jolize ,UT baiadyLitd 3,3 glaad 5 IncRNA-mRNA Julike ,U1 5aidd yWis o (sWoad inRNA-TIRNA o ks U1 5035 L3 ol
.Swnwd MiIRNA-mRNA

2 &S Wde w55 gga-miR-1754-3p 4 gga-miR-1770 miR=6607-5p aniR-146a  lbmiRNA ;5 Y Jg5bo ,
MiRNA ¢ oyl Lgd 0 By Ola clacuigy, olgie 4 gga-miR-2127 ¢/gga-miR-6593-5p miRNA ¢ bl jle
P MMPI5 5 Swwn bl s MAPIB § STXBPS5 GNAQ BCARI (h?CK3 MMPI5 gay\i b S yiie job &
Sl o g Jlail )3 55 DOCK3 G5kl S Jsbo l)"l\)’)?—’ b puibojlo 5 J5SUse9,5ke (Sdspbio 2] 8
S o ) 185 Jgho Sl 5 MAPIB 55 5 Gl 50 il 5 35 GNAQ 5 (s 51 25 5 Johoiog
$ g miIRNA Y LLUCTL3 5 Joile cpl y> 2595 sa a8 ENLasl g Wb 40148 ¢ Joho  ogilil 13 S yiitie yobo a3 o)
OB slEE )3 joae (Jolwiyg)d Salsl g (Sgi s9l SNeSEMRNA. (Sgilie (B33 )3 a8 2)b 1y b cp i 0
(& JS5) 5yl

o,k (50,5 9 LMIRNA i3y Lis A CWo,S .5y CIB 3 mRNA AY g miRNA T Jojb cpl g5lwsb 43 Y Jgjbo .0 JSU6
058 sad g mMRNA-MRNA bl 4B 5023 1yl sl (slaad s oo b 1y Joliio ,UT Lay i a5/ MRNA diad ylis
. .Aiad mIRNA-mRNA Jsliie ,UT baias ylis

HMG-CoA 350, ellsd 5 s\l DNAJAL 15 i 1555 asllan ol )3 o 3yme ol (sla g plos o Jojlo

o ek )" il )T s g JoyiedS e gilie 5 a3 o GRal381 1) JgymlS’ 55k )3 S s S dgame 51 1S90,
ol i dele (Robichon et al.,2006) )58 . )A;b JoyindS pudgilio p HMGCRY 59y gdaw (iol38l b 5 1S
hasl (mas s sk 13 3,35 o 1l o) cbed, 3,Sas Vo] a5 Cunl Jo s ags (aalidl cpdgmn 512 )
54y e JoyindS pdaw ialS 5 Mt 3o () o) 5,Slec ;3 DNAJA4 ol yoin & HSPA g HSP90 clmoslgils
sy j3 JiSw Js! slb poue bais Jgius g ps (Gerges ef al,2004) 3¢5 0 bed) jl b n ol 538 Cuwd
S Nazs! il i Jsb yd JoyinlS pdaw > @lyoss o oplulo (Bernardo et al., 2007) s (i)

74 lipopolysaccharides

75 chicken macrophage-like cell line

76 Reactive oxygen

77 3-Hydroxy-3-Methylglutaryl-CoA Reductase
78 Lipid rafts

VY



2 &Sl )l Ses lacndign we sbael 5SS g3 sl HSP70 odlgls 4 HSPHI ()5 5,38 o 356 Jobuo
asui > .(Subjeck et al., 1982; Lee-Yoon ef al., 1995) cul ouds z3j95 0353 jolay Slilgs calises (sla ol o bacdly
Jole G lgim 9 058 o <S5y (ERAD™) owoMgsil a8 4y diaanly o 55 a51)3 )3 odes yolas HSPHI ¢ oMy gs]
by 352 5> DNAJ/HSPAO o9y sS b )lSen Gosb jl 09 ool S (o0 Jos HSPAS (sl 459205 95 Jols
s (Smith et al., 2011; Rosenzweig et al., 2019) 1S o oS 03,9560 (slo g 56 4y 5 03,5 &S piHSPAS
el olles (HSRY) (gl i b ablle e 0 epe S8 e
sl sk y3 HSPHI (5 ol gdaw o 5yl (i blps coo a8 ob olis YAA Jls ,> Guidon g Hightower cldéss
g2 Munlio uner Suogif diej )3 (V4IF) (e g LU0 Cldllas (pl p ogMe b oo i) 3 S0 & (g0 (i
o9 Sy g9y p (YoVY) o, Ker 9 Asadollahpour jyiomen g 415, Relaodly Julow g @50 eslitwl b gssS la

(7 J5) sl (Sl (15 b ablie uslSe )3 e (D9 JoSgalSs SOHSPHITES wims gl 5Li5 (S ]

&Wo,5 g LINCRNA 25 Wis ahd Culidr (5o )5 .5,k I3 mRNA 07 9 IneRNAY Ugjlo of g3Wwil 13 ¥ Jgjlo N UG
9 MRNA-mMRNA biliie ,UT 23 lis oluw (glad S oo i 1) Joliie ,UT Laad il b 5/ LmRNA duas Wi 2ls )k
. Aud IncRNA-mRNA. Jsko LT Em:&bﬁw sl

MMPI5 gy b & Joile aile &S il o g8A-mMiR%2127 4 gga*ﬁR-6593-5p ol mRNA o & Joile )
O 8 yels 4l cpl 0 BCARI 5 &S &ols opl b e bls,l > MAPIB § STXBP5 GNAQ DOCK3

Y JS3) )1 (550 5 o sine (25 (oo M5 J5%i5 5 ol 195 (Seegill 3l ey 0 JLail > STXBPS

o ke oo ,5 o LMIRNA b L, e 035,05 1> EJE> mRNA £€ g miRNA € Jojb cpl g5lwsb 43 :€ Jgjb .V S
058 sad 9 MRNA-mRNAG b ,UT b8y i sl (gad taiad oo b 1) Jliio ,UT Lay aiiuud a5/ MRNA diad ylis
tu.b miRNA-mRNA Jslio ,UT b oy Wi

RO L
$i5 5 sbgmn slocil Sl l)T5) 5 RNA-Seq gty S5 cslo blis g oo 5 4,55 pleol b allan (]
55 tsin BB 5 (o)l o> Ll ) S5 5 5 (5 o S (slatags J] s 93 (5500
3 b glolihedl 9o o b xe ol oy glyly i i/ MRNA ¥YS g miRNA VY AncRNA ¥ o000 )3 o LS
AHSA2 HYOUI HSPA4 HSP90B1 HSPA5 HSPIOAAI) Cla (5 VY i gjlwil ladss as g b diwly oyl
alio 55 g ol Wl Hai 5l 45 545 byme o lolis (HSPHI § HSPA4L DNAJB4 DNAJA4 DNAJAI ALB
oedals 4Sd bl ol (LS 063 Sl ol (Rl S S sladege 4 Cund )l RS Cov (b5 Slade g
Jolis (SJglie Jol slapuilSe 10 a5 B0 (g5lwjb pre (kS Jo3le ¥ INCRNA-MiRNA-mRNA 8, (1509,
Ssd outign Jlail (Jobo szl Fisn b asilojl (Jobo wuld (Jobo il (bl gy sy & oion oAU
@l conlpls 035 I35 (canMlygil & 3 (g (3l n Sl o 5 oudigul S gz e ShaS ()l

79 ER-associated degradation
80 Heat stress resistance

A4



CERNA orlits a5 el 5 455 U8 5 slie ygp0 51 00litsl 5 ot Sndl 3 (sl Jylbg g pleo) a8 ols oLt adllas
lliss sl ale)S G5 o6 Ll )3 e (88 €l g jiboen Bl Cgen o by bape ool Aigad i odlizal |
5 S5 S5 dee eyt |y cetsdn (el i Wy e Abgrye clod,Slas g b ppuns 0ALSIS i g 01250 lo WRNA

6 Sas Glas 290 5 2lo)S LT O ialS )>9S dbul 55 slada g 0 (olo)S i ediiS bl clapunslSe
Al ansl i85 gl )

&bo

Amiri Roudbar, M., Mohammadabadi, M. R., Ayatollahi Mehrgardi, A., Abdollahi-Agpanahi, R., Momen,
M., Morota, G., Brito Lopes, F., Gianola, D., & Rosa, G. J. M. (2020). Integration of single nucleotide
variants and whole-genome DNA methylation profiles for classification of rhémmatoid arthritis cases
from controls. Heredity, 124(5), 658—674.

Andrews, S., Krueger, F., Segonds-Pichon, A., Biggins, L., Krueger,;)C., & Wingett, St (2010). FastQC: A
quality  control  tool  for  high  throughput sequence, datas, Available”™ online:
http://www.bioinformatics.babraham. ac.uk/projects/fastqc

Sadollahpour Nanaei, H., Kharrati-Koopaee, H., & Esmailizadehy AN (2022). Genetic diversity and
signatures of selection for heat tolerance and immune respense in Iranian native chickens. BMC
Genomics, 23(1), 224.

Baaklini, I., Wong, M. J., Hantouche, C., Patel, Y., Shrier, A., & Young, J. C. (2012). The DNAJA?2 substrate
release mechanism is essential for chaperone-mediated folding. Journal of Biological
Chemistry, 287(50), 41939-41954.

Barazandeh, A., Mohammadabadi, M. R., Ghaderi-Zefrehei, M., & Nezamabadi-Pour, H. (2016). Genome-
wide analysis of CpG islands in some livestock genomes and their relationship with genomic features.
Czech Journal of Animal Science, 61(11),487—495.

Barreto Sanchez, A. L., Wang, Q., Thianmy, M., Wang, Z., Zhang, J., Zhang, Q., Zhang, N., Li, Q., Wen, J. &
Zhao, G. (2022). Liver transcriptome regponse to heat stress in Beijing You chickens and Guang Ming
broilers. Genes, 13(3), 416.

Bernardo, M. V., Yelo, Ej Gimeno, L3, Campillo, J. A., & Parrado, A. (2007). Identification of apoptosis-
related PLZF target genes. Bioch(mical and Biophysical Research Communications, 359(2), 317-322.

Bolger, A. M.,,Lohse, M.,.& Usadel, B. (2014). Trimmomatic: a flexible trimmer for Illumina sequence
data. Bioinformatics, 30(15), 2114-2120.

Bordbar, F., Mohammadalgdi, M., Jensen, J., Xu, L., Li, J., & Zhang, L. (2022). Identification of candidate
genes_regulating carcass depth and hind leg circumference in Simmental beef cattle using Illumina
Bovine Beadchipfand next-generation sequencing analyses. Animals (Basel), 12(9), 1103.

Cassuce, D.\C., Tinoco, 1. D. F., Baéta, F. C., Zolnier, S., Cecon, P. R., & Vieira, M. D. F. (2013). Thermal
comfort temperature update for broiler chickens up to 21 days of age. Engenharia Agricola, 33, 28-36.

Chen, B., Piel, W. H., Gui, L., Bruford, E., & Monteiro, A. (2005). The HSP90 family of genes in the human
genome: insights into their divergence and evolution. Genomics, 86(6), 627-637.

Chen, B., Yang, B., Zhu, J., Wu, J., Sha, J., Sun, J., Bao, E. & Zhang, X. (2020). Hsp90 relieves heat stress-
induced damage in mouse kidneys: Involvement of antiapoptotic PKM2-AKT and autophagic HIF-1a
signaling. International Journal of Molecular Sciences, 21(5), 1646.

Cheng, S. Z., Guang-Xin, E., Liu, C. L., Basang, W. D., Zhu, Y. B, Na, R. S., Han, Y.G., Zeng, Y., Wang,
X., Ni, W.W,, Yang, B.G. & Huang, Y. F. (2020). SNP of AHSA2 gene in three cattle breeds using
snapshot technology. Journal of Genetics, 99, 1-6.

\o



Davis, S. & Meltzer, P.S. (2007). GEOquery: a bridge between the Gene Expression Omnibus (GEO) and
BioConductor. Bioinformatics, 23(14), 1846-1847.

Dehghanian Reyhan, V., Ghafouri, F., Sadeghi, M., Miraei-Ashtiani, S.R., Kastelic, J.P., Barkema, HW. &
Shirali, M. (2023). Integrated comparative transcriptome and circRNA-IncRNA-miRNA-mRNA
ceRNA regulatory network analyses identify molecular mechanisms associated with intramuscular fat
content in beef cattle. Animals, 13(16), 2598.

Dou, T., Zhao, S., Rong, H., Gu, D., Li, Q., Huang, Y., Xu, Z., Chu, X., Tao, L., Liu, L. and Ge, C. & Jia,
J. (2017). Biological mechanisms discriminating growth rate and adult body weight phenotypes in two
Chinese indigenous chicken breeds. BMC Genomics, 18, 1-12.

Du, P, Kibbe, W.A. & Lin, S.M. (2008). Lumi: a pipeline for processing Illumina microarray.
Bioinformatics, 24(13), 1547-1548.

Ekhtiyari, M.S., Javanmard, A., Ghafouri, F., Sadr, A.S., Miraei-Ashtiani, S.R. & Shirali, M. (2023).
Bioinformatics analysis of differentially gene expression profiles related to heat,stressiin brain, liver,
and leg muscle of broiler chickens based on microarray technigue. Iranian Journaliof Animal\Science,
54(3), 203-223. (in Persian).

Etches, R. J., John, T. M., & Gibbins, A. V. (2008). Behavioural, physiological, neuroeridocrine and
molecular responses to heat stress. Poultry Production in Hot Climates\(pp. 48<79). Wallingford UK:
CABI.

FAO (2022). Data from: Crops and livestock preducts dataset. License:'CC BY-NC-SA 3.0 igo. Available
at: http://www.fao.org/faostat/en/#data/QC (Aceessed'April 01, 2022).

Gautier, L., Cope, L., Bolstad, B.M. & Irizarry, R.A. (2004). Affy—%alysis of Affymetrix GeneChip data at
the probe level. Bioinformatics, 20(3), 307-315.

Gerges, N. Z., Tran, 1. C., Backos, D. S., Harrell, J. M., Chinkefs, M., Pratt, W. B., & Esteban, J. A. (2004).
Independent functions of hsp90 in neurotransmitter release and in the continuous synaptic cycling of
AMPA receptors. Journal of Neuroscience, 24(20), 4758-4766.

Ghafouri, F., Bahrami, A., Sadeghi, M., Miragi-Ashtiani, S.R., Bakherad, M., Barkema, H.-W. & Larose, S.
(2021). Omics multi-layers networks provide novel mechanistic and functional insights into fat storage
and lipid metabolism in poultry. Frontiers in Geneticsy12, 646297.

Ghafouri, F., Dehghanian Reyhan)V., SadeghiyM«f Miraei-Ashtiani, S.R., Kastelic, J.P., Barkema, H.W. &
Shirali, M. (2024a)gIntegrated “analysis of transcriptome profiles and IncRNA-miRNA-mRNA
competing endogenous RNAyregulatory network to identify biological functional effects of genes and
pathways associated with Johne’gSIisease in dairy cattle. Non-coding RNA, 10(4), 38.

Ghafouri, F., Dehghanian Reyhan, V., Sadeghi, M., Miraei-Ashtiani, S.R., Kastelic, J.P., Barkema, H.W. &
Shirali, M., (2024b). Competing endogenous RNAs (ceRNAs) and application of their regulatory
networks in complex traits and diseases of ruminants. Ruminants, 4(2), 165-181.

Ghafouri, F.,"Sadeghi, M., Bahrami, A., Naserkheil, M., Dehghanian Reyhan, V., Javanmard, A., Miraei-
Ashtianiy, S.R.; Ghahremani, S., Barkema, H.W., Abdollahi-Arpanahi, R. & Kastelic, J.P. (2023).
Construction of a circRNA-lincRNA-IncRNA-miRNA-mRNA ceRNA regulatory network identifies
genes and pathways linked to goat fertility. Frontiers in Genetics, 14, 1195480.

Guerreiro, E. N., Giachetto, P. F., Givisiez, P. E. N., Ferro, J. A., Ferro, M. 1. T., Gabriel, J. E., Furlan, R.L.
& Macari, M. (2004). Brain and hepatic Hsp70 protein levels in heat-acclimated broiler chickens during
heat stress. Brazilian Journal of Poultry Science, 6, 201-206.

He, X., Lu, Z., Ma, B., Zhang, L., Li, J.,, Jiang, Y., Zhou, G. & Gao, F. (2018). Effects of chronic heat
exposure on growth performance, intestinal epithelial histology, appetite and related hormones and
genes expression in broilers. Journal of the Science of Food and Agriculture, 98(12), 4471-4478.

Heidarpour, F., Mohammadabadi, M. R., Zaidul, I. S. M., Maherani, B., Saari, N., Hamid, A. A., Abas, F.,
Manap, M. Y. A, Mozafari, M. R, (2011). Use of prebiotics in oral delivery of bioactive compounds: a
nanotechnology perspective. Pharmazie. 66(5), 319-324.

1



Hightower, L. E., & Guidon Jr, P. T. (1989). Selective release from cultured mammalian cells of heat-shock
(stress) proteins that resemble glia-axon transfer proteins. Journal of Cellular Physiology, 138(2), 257-
266.

Hill, M., & Tran, N. (2021). miRNA interplay: mechanisms and consequences in cancer. Disease Models
& Mechanisms, 14(4), dmm047662.

Holmes, J. L., Sharp, S. Y., Hobbs, S., & Workman, P. (2008). Silencing of HSP90 cochaperone AHA1
expression decreases client protein activation and increases cellular sensitivity to the HSP90 inhibitor
17-allylamino-17-demethoxygeldanamycin. Cancer Research, 68(4), 1188-1197.

Hori, O., Matsumoto, M., Kuwabara, K., Maeda, Y., Ueda, H., Ohtsuki, T., Kinoshita, T., Ogawa, S., Stern,
D.M. & Kamada, T. (1996). Exposure of astrocytes to hypoxia/reoxygenation enhances expression of
glucoselregulated protein 78 facilitating astrocyte release of the neuroprotective eytokine interleukin
6. Journal of Neurochemistry, 66(3), 973-979.

Hosseinzadeh, S. & Hasanpur, K. (2024). Whole genome discovery of regulatory genes responsible for the
response of chicken to heat stress. Scientific Reports, 14(1), 6544.

Hu, L., Fang, H., Abbas, Z., Luo, H., Brito, L. F., Wang, Y., & Xu, Q. (2024). The HSP90AA1 Gene Is
Involved in heat stress responses and its functional genetic polymogphismiare,associated with heat
tolerance in Holstein cows. Journal of Dairy Science.

Huber, W., Carey, V.J., Gentleman, R., Anders, S., Carlson, M., Carvalhoe, B.S., Bravo, H:C., Davis, S.,
Gatto, L., Girke, T. & Gottardo, R. (2015). Orchestrating high-throughput genomic analysis with
Bioconductor. Nature Methods, 12(2), 115-121.

Khabiri, A., Toroghi, R., Mohammadabadi, M., & ‘Tabatabacizadeh, S. E. (2023). Introduction of a
Newcastle disease virus challenge strain (sub-genotype VIL1.1)isolated in Iran. Veterinary Research
Forum, 14(4), e221.

Kim, D., Langmead, B., & Salzberg, S! L* (2015)3HISAT: a fast spliced aligner with low memory
requirements. Nature Methods, 12(4), 357-360.

Kong, L. N., Zhang, D. X, Ji, C. L., Zhang, X. Qa& Luo, Q. B. (2015). Association analysis between SNPs
in the 5’-flanking region of the chicken GRP78 |gene, thermotolerance parameters, and tissue mRNA
expression. Genet. Mol. Res, 14, 6110-6123.

Kubota, S., Pasri, P., Okrathok, S., Jantasaeng, O., Rakngam, S., Mermillod, P., & Khempaka, S. (2023).
Transcriptome analysis of the uterovaginal junction containing sperm storage tubules in heat-stressed
breeder hens. Poultry Science, 102(8), 102797.

Lee-Yoon, D., Easton, D., Murawsh, M., Burd, R., & Subjeck, J. R. (1995). Identification of a major
subfamily ofylarge hsp70-like proteins through the cloning of the mammalian 110-kDa heat shock
protein. Journal‘of Biological Chemistry, 270(26), 15725-15733.

Li, G., Zhao, H., Guo, H.,Wang, Y., Cui, X., Li, H., Xu, B. & Guo, X. (2020). Analyses of the function of
Dnal family, proteins reveal an underlying regulatory mechanism of heat tolerance in honeybee. Science
of the Total Environment, 716, 137036.

Li, Z., & Li, Zg(2012). Glucose regulated protein 78: a critical link between tumor microenvironment and
cancer hallmarks. Biochimica et Biophysica Acta (BBA)-Reviews on Cancer, 1826(1), 13-22.

Liao, Y., Smyth, G. K., & Shi, W. (2014). featureCounts: an efficient general purpose program for assigning
sequence reads to genomic features. Bioinformatics, 30(7), 923-930.

Lin, Y., Ji, Z., Li, C., Liang, Q., Shi, J., Su, Z., Yao, X. & Zhang, X. (2024). Proteomics analysis for key
molecules in adrenal glands of Wenchang chickens for their resistance to heat stress. Poultry
Science, 103(11), 104161.

Liu, Z., Liu, Y., Xing, T., Li, J., Zhang, L., Zhao, L., Jiang, Y. & Gao, F. (2024). Unraveling the role of long
non-coding RNAs in chronic heat stress-induced muscle injury in broilers. Journal of Animal Science
and Biotechnology, 15(1), 135.

ARY%



Livingston, M. L., Pokoo-Aikins, A., Frost, T., Laprade, L., Hoang, V., Nogal, B., Phillips, C. & Cowieson,
A.J.(2022). Effect of heat stress, dietary electrolytes, and vitamins E and C on growth performance and
blood biochemistry of the broiler chicken. Frontiers in Animal Science, 3, 807267.

Love, M. L., Huber, W., & Anders, S. (2014). Moderated estimation of fold change and dispersion for RNA-
seq data with DESeq2. Genome Biology, 15(12), 1-21.

Lu, T, Li, L., Li, Y., & Li, X. (2023). RNA-sequencing reveals differentially expressed genes of laying hens
fed Baihu Decoction under heat shock. The Journal of Poultry Science, 60(2), 2023012.

Luo, Q. B., Song, X. Y., Ji, C. L., Zhang, X. Q., & Zhang, D. X. (2014). Exploring the molecular mechanism
of acute heat stress exposure in broiler chickens using gene expression profiling. Gene, 546(2), 200-205.

Madkour, M., Salman, F.M., El-Wardany, [., Abdel-Fattah, S.A., Alagawany, M., Hashem, N.M.,
Abdelnour, S.A., El-Kholy, M.S. & Dhama, K. (2022). Mitigating the detrimental effects of heat stress
in poultry through thermal conditioning and nutritional manipulation. Journal of Thexmal Biology, 103,
103169.

Marangoni, F., Corsello, G., Cricelli, C., Ferrara, N., Ghiselli, A.j3Lucchin, L. & Poli,/A. (2015): Role of
poultry meat in a balanced diet aimed at maintaining health ‘and wellbeing: an Italian consensus
document. Food & Nutrition Research, 59(1), 27606.

Mclnnes, L., Healy, J. & Melville, J. (2018). Umap: Uniform manifold approximation and projection for
dimension reduction. ArXiv Preprint ArXiv:1802.03426.

McKenna, L. B., Schug, J., Vourekas, A., McKenna, J. By Bramswig, N'C., Friedman, J. R., & Kaestner,
K. H. (2010). MicroRNAs control intestinal, epithelial differentiation, architecture, and barrier
function. Gastroenterology, 139(5), 1654-1664.

Mohamed, B. A., Barakat, A. Z., Zimmermann, W. H., Bittner, R. E}Mﬁhlfeld, C., Hiinlich, M., Engel, W.,
Maier, L.S. & Adham, I. M. (2012). Targeted disruption ofHispa4 gene leads to cardiac hypertrophy and
fibrosis. Journal of Molecular and Cellular Cardiology, 53(4), 459-468.

Mohammadabadi, M., Babenko, I. O., Borshch, O., Kalashnyk, O., Ievstafiieva, Y., & Buchkovska, V.
(2024). Measuring the relative expressiongpattetn of the UCP2 gene in different tissues of the Raini
Cashmere goat. Agricultural Biotechnology Journal, 16(3), 317-332.

Naserkheil, M., Ghafouri, F., Zakizadeh},S., Pirany, N.;"Manzari, Z., Ghorbani, S., Banabazi, M.H.,
Bakhtiarizadeh, M.R., Huq, MUA., Park, MiN«'& Barkema, H.W. (2022). Multi-omics integration and
network analysis revéal potential hub genes and genetic mechanisms regulating bovine mastitis. Current
Issues in Molecular Biology,44(4), 309-328.

Nepusz, T., Yu, H. & Paccanare; A. (2012). Detecting overlapping protein complexes in protein-protein
interaction networks. Nature Methods, 9(5), 471-472.

Pritchett, E. M., Van Geor, A., Schneider, B. K., Young, M., Lamont, S. J., & Schmidt, C. J. (2023). Chicken
pituitary transcriptomictesponses to acute heat stress. Molecular Biology Reports, 50(6), 5233-5246.
Rauch, J°N."Zuiderweg, E. R., & Gestwicki, J. E. (2016). Non-canonical interactions between heat shock
cognate protein 70 (Hsc70) and Bcl2-associated anthanogene (BAG) co-chaperones are important for

client release. Journal of Biological Chemistry, 291(38), 19848-19857.

Renaudeau, D., Collin, A., Yahav, S., De Basilio, V., Gourdine, J. L., & Collier, R. J. (2012). Adaptation to
hot climate and strategies to alleviate heat stress in livestock production. Animal, 6(5), 707-728.

Reyhan, V. D., Sadeghi, M., Miraei-Ashtiani, S. R., Ghafouri, F., Kastelic, J. P., & Barkema, H. W. (2022).
Integrated transcriptome and regulatory network analyses identify candidate genes and pathways
modulating ewe fertility. Gene Reports, 28, 101659.

Ritchie, M.E., Phipson, B., Wu, D.I., Hu, Y., Law, C.W., Shi, W. & Smyth, G.K. (2015). limma powers
differential expression analyses for RNA-sequencing and microarray studies. Nucleic Acids Research,
43(7), e47-e47.

YA



Robichon, C., Varret, M., Le Liepvre, X., Lasnier, F., Hajduch, E., Ferré, P. & Dugail, 1. (2006). DnaJA4 is
a SREBP-regulated chaperone involved in the cholesterol biosynthesis pathway. Biochimica et
Biophysica Acta (BBA)-Molecular and Cell Biology of Lipids, 1761(9), 1107-1113.

Rosenzweig, R., Nillegoda, N. B., Mayer, M. P., & Bukau, B. (2019). The Hsp70 chaperone network. Nature
Reviews Molecular Cell Biology, 20(11), 665-680.

Safaei, S. M. H., Dadpasand, M., Mohammadabadi, M., Atashi, H., Stavetska, R., Klopenko, N., &
Kalashnyk, O. (2022). An Origanum majorana leaf diet influences Myogenin gene expression,
performance, and carcass characteristics in lambs. Animals (Basel), 13(1), 14.

Safdar, M., & Ozaslan, M. (2023). MicroRNAs as potential biomarkers for heat stress in livestock. Zeugma
Biological Science, 4(2), 6-12.

Searchinger, T., Waite, R., Hanson, C., Ranganathan, J., Dumas, P., Matthews, E., & Klirs, C. (2019).
Creating a sustainable food future: A menu of solutions to feed nearly 10 billion people/by,2050. Final
Report.

Smith, M. H., Ploegh, H. L., & Weissman, J. S. (2011). Road to ruin: targeting proteins for degradation in
the endoplasmic reticulum. Science, 334(6059), 1086-1090.

Song, X.Y., Luo, Q.B. & Zhang, X.Q. (2012). Gene expression profiling,of thrée tissues in chicken with
heat stress by Affymetrix microarray. Available online at: https:iwww.ncbi.nlm.nih.gow/geo/query/
acc.cgi?acc=GSE23592

Subjeck, J. R., Sciandra, J. J., Chao, C. F., & Johnson, R, J. (1982). Heat shock proteins and biological
response to hyperthermia. The British Journal of\Cancer. Supplement, 5, 127.

Sun, L., Prince, T., Manjarrez, J. R., Scroggins, B. Ts, & Matts@. L. (2012). Characterization of the
interaction of Ahal with components of the Hsp90 chaperone machine and client proteins. Biochimica
et Biophysica Acta (BBA)-Molecular Cell Rescarch, 1823(6), 1092-1101.

Szklarczyk, D., Gable, A.L., Lyon, D., Junge, A., Wyder, S., Huerta-Cepas, J., Simonovic, M., Doncheva,
N.T., Morris, J.H., Bork, P. & Jensen, I'J. (2019). STRING vl11: protein—protein association networks
with increased coverage, supporting functional, discovery in genome-wide experimental datasets.
Nucleic Acids Research,47(D1), 607%613.

Tona, G. O. (2018). Current and future improvements in livestock nutrition and feed resources. Animal
Husbandry and Nutrition, 18, 73088.

Triantafilou, M., Fradelizi, D., & Triantafilou, K. (2001). Major histocompatibility class one molecule
associates with glucose regulatederotein (GRP) 78 on the cell surface. Human Immunology, 62(8), 764-
770.

Wu, X., Du, X., Pian, H. & YusD. (2024). Effect of curcumin on hepatic mRNA and IncRNA Co-expression
in heat-stressed laying hens. International Journal of Molecular Sciences, 25(10), 5393.

Yao, X., Zhu, J., Li, L., Yag, B., Chen, B., Bao, E., & Zhang, X. (2023). Hsp90 protected chicken primary
myocardial“eellst from heat-stress injury by inhibiting oxidative stress and calcium overload in
mitochondria! Biochemical Pharmacology, 209, 115434,

Zhao, Y., Wong, L. & Goh, W.W.B. (2020). How to do quantile normalization correctly for gene expression
data analyses. Scientific Reports, 10(1), 1-11.

Y4



Extended Abstract

Introduction

Broilers are an important breed of livestock and play an important role in food security. In poultry farming, the higher production
rate is largely dependent on nutrient intake, climate conditions and ambient humidity. In recent years, climate conditions have
changed, leading to an increase in average global temperature, which is contributing to global warming. Broiler meat is an important
and essential source of food for humans and accounts for about 34.3 per cent of global meat production. However, chickens are
particularly sensitive to heat stress. Despite various efforts to mitigate the adverse effects of heat stress on broiler chickens, the
molecular mechanisms and regulatory functions involved in their biological response are still not fully understood. The aim of this
study was to combine the analysis of the transcriptional profiling with literature review and analysis of the competitive regulatory
network of endogenous RNA (ceRNA). The aim of this approach was to identify the key messenger RNA (mRNA) and non-coding
RNA (RNA) involved in the molecular regulation of the cells of the pituitary gland and the brain under heat stress in broiler
chickens.

Materials and Methods

The study analysed transcription profiles from two types of brain tissue: pituitary gland and brain stem cells. We performed a
comparative transcriptome analysis of the RNA-Seq and microarray data sets to detect the differences imgene expression between
two groups of broiler chickens: the heat-treated group and the control group. Eollowing this, we explored the ontology of the
relevant genes as identified by data analysis and literature review. In addition, we teconstructed a competitive endogenous RNA
regulatory network highlighting four candidate modules related to heat stress in broiler¢hickens;

Results and Discussion

Results from this study identified two long non-coding (ncRNA) RNAs, 11 microRNAs and 426,common mRNAS and genes that
showed significant differences in expression between the two tissuess After analysingthe interactions between the differentially
expressed genes and building a network of protein interactions, weridentified 12\major interaction genes (mRNAs): HSP90A1,
HSPAS5, HSP90B1, HSPA4, HSPA2, HSPA3, HSPA4L, HSPA2),ALB, DNAJAI, DNAJA4, and DNAJA4. These genes showed
increased expression in broiler chickens under heat stress compared withiconfrol chickens. In addition, we reconstructed a
competitive endogenous RNA regulatory network and identified four related candidate modules by means of clustering. An
annotation analysis of the identified RNA has shown their_associationiith 8, 7 and 27 relevant pathways for heat stress,
respectively, in the categories of biological processes, molecular functions and cellular constituents. Notably, the major metabolic
signalling pathways identified were those related (to protein-folding chaperones, cellular component organisation, cellular
processes, cellular biogenesis, thermal protein binding, endoplasmic reticulum chaperone complexes, and endoplasmic reticulum
protein processing signalling.

Conclusion

The results suggest that combining transeriptomic profiles withditerature reviews and analysis of the CERN in brain tissue samples,
especially the pituitary and,the cerebral cortex, under heat stress conditions, may help to identify key coding and non-coding RNA.
This integrated approach provides valuable insights into the genetic and regulatory mechanisms involved in broiler chicken heat
stress. In addition, it can help'to addressythe {oblems of heat stress and improve their performance characteristics.
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