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Broilers are particularly sensitive to high ambient temperatures, which may have a
negative impact on their welfare and production efficiency. The aim of the study was
to combine a literature review analysis of transcriptional profiling and a competitive
endogenous regulatory network analysis (CERNA) to identify the key messenger and
non-coding RNAs involved in the molecular regulation of the cells of the pituitary
gland and the brain in heat stress broiler chickens. Overall, two long non-coding RNA,
11 microRNAs and 426 common mRNAs and genes were identified that showed
significant differences in expression between the two tissues. From the analysis, 12
major genes (HSP90A1, HSPA5, HSP90B1, HSPA4, HUSY1, AHSA2, ALB, DNAJAL,
DNAJA4, HSPAAL, and HSPH1) were found to be more extensively expressed in
broiler chickens under heat stress than in control chickens. In addition, after
reconstructing the competitive endogenous RNA regulatory network and the
associated candidate modules, the main important 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
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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
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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 in gene expression between two groups of broiler chickens: the heat-treated group and the
control group. Following this, we explored the ontology of the relevant genes as identified by data analysis and
literature review. In addition, we reconstructed a competitive endogenous RNA regulatory network
highlighting four candidate modules related to heat stress in broiler chickens.

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 tissues. After analysing
the interactions between the differentially expressed genes and building a network of protein interactions, we
identified 12 major interaction genes (MRNAs): HSP90A1, HSPAS, HSP90B1, HSPA4, HSPA2, HSPAS3,
HSPAA4L, HSPA2, ALB, DNAJA1, DNAJA4, and DNAJA4. These genes showed increased expression in broiler
chickens under heat stress compared with control 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 association with 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 transcriptomic profiles with literature 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 address
the problems of heat stress and improve their performance characteristics.
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X 53] ) 58 digod dlaxs 5 .
Contributor(s) v Sl {N a3 o3> £g5 S,
(2bss oW puwd
Song et al., 2012 o a8 » (v/v) suisS gyl Microarray GSE23592 )
Pritchett et al., 2023 JECIAY » (FA/DY) V- - VoA Ll RNA-Seq GSE89297 Y

RNA-Seq sodlo & Lo yo Judoni g 4 323
Syl 53l RS 5 Wl oo Laiyo slocdly 5 0)F (Bl ol slagSIl Lol g ool pyz Suils by 501
J3le il eoliwl b pls slaosly cuas” RNA-Seq (slaosly 3y50 )3 il ansly i Syl (5 4 polie JoSUge
B sy cuas S wls Gelwl p e J(Andrews, 2010) w83 515 bj)l 5)5 FastQC (v0.11.9)
Trimmomatic ,l;sls 5 5l eslatwl b ol cuasS b la il g PCRY (clayonly daygnls] Gls (ol b JIg
b asye pos 89y » biles obadds o b Jlg 3,8 sy (Bolger et al., 2014) sus yislpg (v0.38.0)
Nley il dacuisy, silw oS sl (Kim et al, 2015) .5 pbul HISAT2 (v2.1.0) ,58le 5 ;5 eslil

. Ontology

. NAD(P) Dependent Steroid Dehydrogenase-like
. Dehydrocholesterol Reductase

. Lanosterol Synthase

. Farnesyl Diphosphate Synthase

. Phosphoenolpyruvate Carboxykinase 1
. Actin Alpha 1, Skeletal Muscle

. Heat Shock Transcription Factor

. Crystallin Alpha B

10. Apolipoprotein B

11. Interleukin 6

12. Polymerase Chain Reaction
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[(Liao et al., 2014) i oolatwl oas pbaids sla uiled pb IS slaws (5,50 jl0l cqs featureCounts (v2.0.1)
13,5 oalazel by ol ) Jb dre ol Sl olise (5050l sl DESeq2 (v2.11.40.6) 1581 o 5l s
.(Love et al., 2014)
41,73 Pl Slaodts 4 L1 yo Jukoxd g 41y

(Gautier et al., Affy 4 (Du et al., 2008) Lumi (¢,l33lp 5 (cladin jl oslizwl b all5 5 03l e gasre il 5
9y 3l edls (gilwac M 5 (giloloy cdinj g el sl oslaie cpde a5 (b Gl RO 5 5> 2004)
Limma ¢ l58lp 5 (sladiny 3l oolatwl b odds [ijloy (slaodly aoldl j5 .(Zhao et al., 2020) 1 oolawl Quantile
umap 4 (Huber et al., 2015) Biobase . (Davis & Meltzer, 2007) GEOquary «(Ritchie et al., 2015)
L @b, (Mclnnes et al., 2018)
woF LA 10 b F il @ Do o Il sLINCRNA g MIRNA Wl ol » &b 49 0

T 03l ol 93 5l (25T sladmgs ,3 ole)S Loyiwl b lagye LINCRNA 5 bMIRNA luls ¢y
Modl e (imopy — ale SYlie sy 5l e cEg0ome 43 .03 S edlizwl PUbMed 4 Google Scholar fols (Ls )
5 oid plolis cLMRNA/L S o) byl odais 5 blite 6T ololis cas INCRNA Y 3 MIRNA VY (las o
(2 Jgia) 9 gl gl basye o ojle 5 (odiSon p (piS Az 4Sud (5lujl copinan

o i S5 )S J Jols (1565 cladaga 3 olo)S IS 4 byyye 485 <LINCRNA 5 bMiRNA LY Jgus

Non-Coding RNAs Name Reference
gga-miR-22 Safdar & Ozaslan, 2023
gga-miR-30a-5p Safdar & Ozaslan, 2023
gga-miR-146a Safdar & Ozaslan, 2023
gga-miR-155 Safdar & Ozaslan, 2023
gga-miR-let-7f Safdar & Ozaslan, 2023
miRNA gga-miR-181a Safdar & Ozaslan, 2023
gga-miR-6607-5p Hosseinzadeh & Hasanpur, 2024
gga-miR-2127 Hosseinzadeh & Hasanpur, 2024
gga-miR-1754-3p Hosseinzadeh & Hasanpur, 2024
gga-miR-6593-5p Hosseinzadeh & Hasanpur, 2024
gga-miR-1770 Hosseinzadeh & Hasanpur, 2024
LncRNA ENSGALG00000037064 Pritchett et al., 2023
ENSGALG00000050713 Pritchett et al., 2023

Ly 5 Sl Jold 3 4325 9 (GO') o5 ol

DAVID ypmen oMl slacolucy 5l gl logie Jibs 5 wps g o) wlidiiun gy
(https://string- STRING? o3l> ol55L 9 (Www.genecards.org/) GeneCards (https://david.ncifcrf.gov/)
o Sloe ((5gln lasilp S @ o Sd (asly slaylile 5 g laylil lacolucy cpl 45 olizl db.org)
05 assere (KEGG?) 5558 slapsis 5 s Bolrallo ol po UKo (slojpuno (sizmad 5 Jolo sl ( JsSgo
0aS S e SRNA glgl g od Slolis Gaa glayj bl ololis (gl (oiomen WS 0 SaS 0id gl 50l
miRBase (https://string-db.org) STRING Ml (slacolwey 51 INCRNA 4 miRNA b
LNCipedia 4 (http://mirwalk.umm.uni-heidelberg.de) miRWalk  (https://www.mirbase.org)
5 edlael (Mttps://Incipedia.org)

1. Gene ontology
2. Search Tool for the Retrieval of Interacting Genes/Proteins
3. Kyoto Encyclopedia of Genes and Genomes
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&5 Ao slaasiw 55w 3b g paw

sl (GRN) j oauSpelats a8 b 5 423295 5 '35 ol o sloodld 5 (20 o Molas (bl 51 g
oL ¢l (Szklarczyk et al., 2019) STRING ;MW 0315 ol55L 51 (PP (g — gy Jolite 3l aSuds muno 3
INCRNA-MIRNA-MRNA ool aSub ¢ o b ookl Gallus gallus sl ¢,0 &55 50 55 e Mol
Lo Y jl sitwe MIRNA-MRNA 4 INCRNA-MIRNA ANCRNA-MRNA sl yiiSon p wll  CERNA
Cytoscape ,ljéls 5 dcgomo 3 S MCODE 8 jl ooliswl b caalsl )3 .ad (5lojb T SleMbl (claolSl
odlizw] INCRNA-MIRNA-MRNA ceRNA ol 4 5 Ol slae )3 g (63, Shos sla Jgile ololid (gl ccens]
(Nepusz et al., 2012) 18" slolis jb caa e b jbcas soasis 1) b g5l Ll 0 MCODE (S, .0
5 oslizal b CERNA odais (sloaSidpj o aSus 0 SidliSow 5 Splie sl pmune (g5l e (ol 2 ogdle
A5 plosl PANTHER 4 DAVID STRING Ml slacolucss

S g g slaaidly
1,73, g RNA-Seq sosls & 32

9 Sl 5 Cod (b5 sladag 5log)S 93 sl jre 18 g jdgns lacdl Sl blgn (il ) eslinal L
945 olwlis al)l5, claodly (ly s dxe 5 MY g RNA-Seq claosls (cly 45 e o5 Yo VoA ggammo 40 oS
FIY slas iy & (log2 fold change| > 1 and FDR < 0.05]) by pois aibuol s 28,5 Jlai )3 51 es coles 5o
SsS lp )5S g il G5 Cod (S e 09)5 93 o JP(ixe ol ©olE s cudgig, ATAT.
Sy aolyp > b gyl 5 ololis (RNA-Seq slaosls) GSEBI297 4 (w),]3:, cslaosls) GSE23592 us st
lolid sacudsin) (sl (g )ldged cjre 8 g sudgnn CBL 93 G sl e Gl ©gll Sl Spide (lag lulid
Cuol cdb 90 (2 k_{):.a.u.b Cubgigy YV g 3,\.1.:&)0[..;’;3 &S J.i.); oy u“""; LSL"’“‘?'?? 5 L;U‘)} o b la.u).o ol

() Jsa)

Cerebral Cortex Pituitary

Brain Brain

187 13514

g5 SBaaga 43 (Il (T U B e s (alwlid I3 b (e ©glid (g1 (SCUgig, (49 sloge Y S

1. Co-Expression
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Pl S0 § Al g (g p— g 2 Jillio 1 Al s i

O hiSanyr 45ud ) 5 wamsyd STRING M o0l o3l 51 olisl by (i pom cyetia s ol gl aSus
03b o S g pmWSgn e Bl aSud md e (LS pledgn sbadySles plul 1) (WMRNA) by 55,
2ol el LMRNA (ol 55 0gMe 35 bao,S e Joles baimolis a5 595 by 004 5 (MRNA) 6,5 YAS Lol
ALB AHSA2 HYOU1 HSPA4 HSPI0B1 HSPA5 HSPI0AAL felis aSuis ol 5 sy oMol ol
2 Sl G5 e oles 3 bl ole olye 45 wse HSPHL o HSPA4L DNAJB4 DNAJA4 DNAJAL
o cpljan 3 Ay BB G 9 WS (0 pu (ol B Cpgo 4 3)lilil ples llpd 4 G (555 saaz g
2 le)S G Laualyd )3 5 iB g Sidgmn 8L 93 o 0dd 2lulid Ol b b lasje el CleMbl )l oige
sl 003 SIY g

st o il bl 3 3o i 3 b 0L (g5 ot 53 (o o5 i b 5l g Sl Y g

Down/Up
Gene Annotation Chromosome Tissue Log2(FC) Regulation P_value g_value
(logrC)
AHAL, activator of Pituitary : 3
heat shock 90kDa gland 1.8207 UP 2.40E-31 1.55E-28
AHSA2 protein ATPase 3 Cerebral
homolog 2 (yeast) cortex 0.9703 UP 7.34E-05 0.0288
PIitary-0.9969 Down 00021  0.0057
ALB Albumin 4 Cgrebral
cortex 5.2071 UP 3.10E-04 0.0389
DnaJ (Hsp40) P't:’;ﬂy 0.7414 uP 472E-10  3.74E-08
DNAJA1 homolog, subfamily z Cg bral
A, member 1 erebra 0.8364 uP 114E-03  0.0498
cortex
DnaJ (Hsp40) P't:’;:%ry 1.1848 uP 6.04E-10  4.57E-08
DNAJA4 homolog, subfamily 10 Cgrebral
A, member 4 1.8751 UP 2.05E-07 0.0025
cortex
DnaJ (Hsp40) Pl 05254 P 8.94E-08  7.82E-07
DNAJB4 homolog, subfamily 8 Cgrebral
B, member 4 1.3225 UP 6.20E-06 0.0141
cortex
Heat shock protein Pituitary 1.1348 up 139E-14  2.68E-12
90kDa alpha gland
HSPOOAAL (cytosolic), class A 5 Cerebral
member 1 cortex 1.1781 UP 3.31E-05 0.0245
Heat shock protein P't:’;;i{y 1.0212 uP 367E-09  2.23E-07
HSP9OBL  90kDa beta (Grpo4), 1 Cgrebral
member 1 1.4743 UP 1.02E-05 0.0171
cortex
Pituitary
HspAd Heat shock 70kDa 13 gland 0.8781 UP 2.39E-16 9.84E-15
protein 4 Cerebral 0.9961 uP 243605 00228
cortex
Pituitary
Heat shock 70kDa 4 gland 0.6539 UP 4.35E-09  2.55E-07
HSPAAL rotein 4-like Cerebral
P 1.5242 uP 1.31E-06  0.0051
cortex
Heat _shock 70kDa Pituitary 1.5838 up 8O09E-14  1.39E-11
protein 5 (glucose- gland
HSPAS regulated protein o Cerebral
78kDa) cortex 1.0836 UP 1.79E-05 0.0209
Heat shock P”:::gy 1.0231 uP 327E-09  2.04E-07
HSPH1 105kDa/110kDa 1 Cgrebral
protein 1 cortex 1.4334 UP 1.74E-05 0.0209
. Pituitary 0.5109 uP 8.68E-06  0.0002
Hypoxia up-regulated gland
HYou1 1 24 Cerebral
0.6265 UP 2.00E-04 0.0367

cortex
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M0 Gl ©glis o1 519 SLMRNA (ou gidmils Sk g 43 3265

sk o2l 5 (MF?) JosUgo 5,Slas (BPY) (Sojglgn anlp (ol (Sdplie (slod Shos Jlow 5 4329
o A cggozme 3> A5 ploxil o 35 g jidgen L 53 (i D gne (e gl ) Syide (55 Can e 555 H(CCF)
o oo izl msilojls CMRNA (3l @ Jgbo 218 ¢ (g A Jols a8 s sl (Sojglaas 0l 8 (ol
il 35em b ablojlo 5 % sy Auogy Sap (a8 MRNA Sglia 1013 ¢ JgSlgog,Slo Slaslio A0]5
S 50D Ghadiod e JoSlge 63,Skes e ¥ 53 ok olulis GWMRNA oyl ogMle aibba ' Job
@ Lly nBgn MU ope g JUal 0Toad Bpd ey Jlail T inSan (a8 (g @ Jlasl Jelis
Moigine yowa VY i Jobo clial b dbaly 53 (iomen 25392 1 ()l Sd g n JUadl 9 T nSgn Jlasl < °ATP
O Joogy Seogll Jllo ol 00l (Bymo slopy) bawgi ad S eluly gl (i pte 4 45 ool
4 (o) 7 (g (591> SLiaS Y 98 (S Say " sk (Sl Cadgr g0 7 ol 9,0 Sl oMy
b g a8 bt 3 e Soluil elil 3 jpame Jshoygyy Saluil pgigMe o7 ewMys]
Solsil o) 7 guST 7 oo 880 J5Sess Y plowdly sUiE 53 jpame Jshe (iSSon 7 audlyss]
S oslazal L KEGG L basye (sl e Julod g 425 (olusly (1 JSG8) it 7 oDyt J5S059 97 (Jokuo )0
il sl e ol 48 15 kil tne Ui s ¥ 2L 93 05 gyl S yiio MRNA sy
0351 oo (S 550 5 oMl &s 5> B9y

sk 2zl g JoUge 5Slas ( Solgn auld Lol Ciliseo (glaog)S > o5 (Sgplio (sl s cdllas ol 52
HSPI0AAL HYOUL AHSA2 HSPAS 1o o _lolisd ol sl yiuhes &5 S i o cdidgy o g izdnd

. Biological Process

. Molecular Function

. Cellular Component

. Protein folding

. Cellular process

MRNA processing

. Cellular component organization

. Macromolecule metabolic process

. Chaperone-mediated protein folding

10. Cellular component organization or biogenesis
11. Binding

12. Protein folding chaperone

13. Unfolded protein binding

14. Chaperone binding

15. ATP-dependent protein folding chaperone
16. Protein binding

17. Heat shock protein binding

18 .Intracellular anatomical structure

19 .Intracellular organelle

20. Cellular anatomical entity

21. Neuron projection

22. Protein-containing complex

23. Endoplasmic reticulum lumen

24. Melanosome

25. Intracellular membrane-bounded organelle
26. Endoplasmic reticulum chaperone complex
27. Plasma membrane bounded cell projection
28. Vesicle

29. Cell projection

30. Axon

31 .Intracellular organelle lumen

32. Cytoplasmic vesicle
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ape Callad b Lo sl s 5> HSPHL g DNAJBA HSPAS (sl 5 )5 Lt (3Sg 0b > DNAJAL
23 S 5 LN 15305 005 18 Jolos 11,5 b La o gl s 3 005 iy ol (sl 5 ple eyl 51 35,5 i
555 sladsgs olosS LG ) 5e slaj olsie 4 |, HSPOOAAL 5 HSPH1, DNAJAL 5 dw Y-Y¥ Lo
Ll gnlesS cnslsl 5l (Ko 5 sl DNAJHSPAO o3lgls: ¢ 3laio DNAJAL 55 dily il 55 103,85 e
1> DNAJAL 15 ol hime 45 50,8 5,5 Y+Y+ Jlu o, an  Li .(Baaklini et al., 2012) 1l _.HSPAS
05 <ol 0303 L35 ol G & Cungli 3 (Slgill 585 5 855 oo s 3o 530 (> G E8 ke
5 (Sun et al., 2012) ol o1 4is HSPOO (yutig s gl 5038 S50 g ATPASE oatiS Jlud s jlgins AHSAZ
5 AHSAZ 305 o aislis 35 AHAL pb L g 15l el LoyS b lagye (a5 sl STy 15 okl i el (ySan
5l 3las (ATPase HSPO0 018 Jleb ol in) AHA 0313l & oS Attt i3 5ALS oasts (sl 5y AHSAL
s (55956 HSPOO &) aitunly (slacgn (silo]ld sl 9 Sgd e Jato HSPOO ) iitune y5b & g (o
o yug 0 9 03)S oS a1y plo oo (53530 & &S Canl gy (1ug,0 S HSPOO (Holmes et al., 2008)
Ol g @)l 5l (36 el (il 5 et BB oiBgn onl il jleie Jak ploS SR (b ),
5 4 Caogllia )3 e G 48 S o) olsin |y AHSAZ 55 ol oo 5yl 5 5 o il oSy Canglis
(Cheng etal., 2020) 55" 80 bl ssS slads gy > olo)S

Jla! s > DNAJAL 4 HSPOOAAL DNAJA4 DNAIBA AHSAZ clapsj 5 JsSlse 3,Slac Lise
cxBiay Jlasl 5 35 DNAJAL 5 HSPOOAAL DNAJAL AHSAZ (HSPAS (clo 5 c b )b 5l ittt 555 cpgls
(VYY) o, 4 Barreto Sanchez s jhe (isS slbases > olo)S il 0 5 L)b & Syl Sedb
Sy HSPOOBL 45 15,8 bymo 5 bl 5yl L5 L ey S sloyj olsie 4 |, HSPAS 5 HSP9OBI
S Sloslsils HSPOO (gla g, (Chen et al., 2005) sg: e il samMoghil 4 3 48 ol HSPIO (3e555
JolSS g T 55 o ey Bl JUS JESI 0 Sl il & st oudcdabre Jlun JoSge clagig
Rl 5 (55l 9 s 03 M3 o] clacign Lo L olyen Ygems HSPAO (sla gy a8 oo )™ (S slgd 90
op sewtiy HYOUL 5 HSPAS HSPOOBL uiiS o Juued |y Lyoyiol 51yt 05 0555 (slneifg e
oloj 13 by oMyl a5t clacollad ;5 HSPAS o HSPIOBL .5 )5 i s sty (b mulais )3 &S Atk
1l o HSPAS 48 b ;5 o e plosl |, ATP wdglia 5 03,8 usie |y anelS” HSPOOBL L5055y yio
05 R (Sib g aly i Johe 09)3 BieSen JUI p o)l 53 HSPAS «cpl o ogMe )05 51,8 556l daws
dts 5 HSPOOBL 35 ¢iymizxan )l i jings] Ll 13 o ol ialil 5 68,8 )3 35518 1l cowt 55 HYOUL
clled b o] el 5 cunl $ho Sl SMae sl (59, 45 2l (i ugaYbged dawgi b by (slaculed
(Dou et al., 2017) 13 _o Lo yo sl i1 g 15 ios) 0isS oulais 48 i) oy

5 HSPOOBL HSPAS (slaij « oMyl S gy ShioS 1 ¢ sk sl b lasipe (lojpme oo |
o3 plod muoMysions 5 Joluoigyd (Seogill il b basyo (gl 25 )3 o sl b )3 ] iz 15,5 HYOUL
1345 ol (HSPTO0) 5yl So slnowbiay odlgils sliel 5l (Ko HSPAB Sy Mikuad e ok byme wola
S50 5 laeia g Slige g (ab6 4 5 03,5 Jos HSPTO Jgane e S0 (gt 5 205 518 oDyl & yo
oo b HSPAS el anwMlygil 4l jlusgan (ol oS mlal S lsins 5 03,8 S8 oDyl 4y

1. Co-chaperones
2. Degradation
3. Morphological evolution
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Do o 4i3ld 35 (GRPT8) YA S35 lawgs oadmalals (uap pb b &S gy cpl )b Jobs olie i Ko
A8 oo Jos oyl Lol pd co (g5g5lg,8 e a3 closl )3 a8 ol Sl 5l g3 punslSo (el elial 5 S
.(Barreto Sanchez et al., 2022)
sleys Lmd] Ol 5o c\f.\by S o5 WY c‘_;o.w)'t’a.bl 4 S92 u»)lb).,)m Sy oas &S GlLi..w)M)J
Jolye oles 3 g Lloads 45 DNAJAL, HSPOOAAL HYOUL HSP90B1 HSPH1 HSPAAL HSPAS Cla
03 % 38 Jolo (St Gl g9 s 3 )3 B (19 p 055 9 ol (8 B e0Sg 0 S omen e
g Cuwl HSP110 0015 5l (gauae 5 o5 ol Daib o (Byme ol slays 5l (S lgie & HSPAA 5 48" xidgy 80
Kubota adllas ;> .(Mohamed et al., 2012) 1S o Jos HSP70 slayg e (sl s55ilS's Jols Jole G lgin
HSPH1 4 HSP90B1 HSP90AAL HSPA5 HSPAAL HSPA4 la i ol gdaw F VY Jlo o 36 oK 4

g 48l il ()l o gl Coui I8 055 lag e (UVE) (lg 40 o2y (Jlail b slacdly o

* GO:0006457-Protein folding » G0:0005488-8inding

» G0:0009987-Cellular process
* GO:0044183-Protein folding chaperone

/ 1z ,/
/ y

* GO:0006397-mRNA processing
* GO:0051082-Unfolded protein binding

\ 262 | G0:0016043-Cellular component organization

Biological Process | ) Molecular Function

0:0051087-Chaperone binding
! » GO:0043170-Macromolecule melabolic process

» GO:0016071-mRNA metabolic process 4 y = G0:0140662-ATP-dependent protein folding chaperone
» GO:0061077-Chaperone-mediated protein folding ﬂ /9 2 = GO:0005515-Pratein binding
4 s g
w S
104 5 = G0:0071840-Cellular component organization or
blogenesis 4 = GO:0031072-Heat shack protein binding

= G0:0005622-Intracellular anatomical structure

» GD:0005737.Cytaplasm

» G0:0043226-Organcllc
%\ G0:0043229 Intracellul elle

» GO o
%\ B complex
» G0:0005788-Endoplasmic reticulum fumen

* GO:0042470-Melanosome
= G0:0043231-Intracellular membrane-bounded organelle

-\? /\ = GO:0095080-Supramolecut L: r complex
- » GO -Su ecuar fbe
. n

s | Cellular Component 2 |

s
=GO onaszsz Contractile fiber
* GD:0031982-Vesicle
222 = G0:0042595-Cell projection
* GO:0030424-Axon
= GO:0070013-Intracellular organelle lumen
= G0:1990904-Ribonuclcoprotein complex
G0:0031410-Cytoplasmic vesicle
GO:0030016-Myofibyril
GO:0030017-Sarcomere

CB o MRNA oo d jf oslizal b ons Lol Jsbo a5 JsSUge 5,Skes o Sojslses sixl b ol JiSis 5 (Sdplio clo ppuea ¥ S5

ol ypno o b ladpe sla} dluss baimdylis dlael . beS ladsga 1o ()l (S L by

IncRNA-miRNA-mRNA 00 51509959 (ol a8 (53w 3
g o Mol &8 15 sy STRING VT 0313 oSl 51 odlitesl b ui5gpim gy blie il 4
lize 5T im0 ol 2 olo BIMRNA VY (izmad An3 e ol olondon (slod,Slos obuly |, (BMRNA)
51 (INCRNA 15L) NCRNA Lo o5 ol wabsis (S5sa (S5 (sly 545 Lbymo 5 (sololis aSud ol 55 lno S
STRING 5 M1 0305 o130 1 05 1yl SleMbl 31 030zl L e sl ol clBMRNA g LMIRNA (5,8 o 3y )b
Mol & 15 (55l INCRNA-MIRNA-MRNA CERNA _orbais S caulio 550 iyl 5 Lagipo VLo ylus g

1. Glucose-regulated protein 78
2. Uterovaginal junction
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Y el 0,5 YAV g JU VE+ 50,8 YAY Jolds seulais aSis () .05 o pleal 1) RNA by JoSUg0 (e (conlais
gga- <MiRNA s 3 5,0 GRNA 4o blize )BT 4595 L .3y MRNA YAY 3 miRNA V) dncRNA
Sy g ololis Ol cLMIRNA lsie 4 miR-let-7f miR-22 miR-181a gga-miR-6593-5p miR-2127

¥ JSis) wias

Ltlte (glae 3 dalNCRNA [Sbles als i (glao S .ol MRNA YAY 5 MIRNA VY ANCRNA Y Jols CeRNA ooty a3 Y S80S
Al e oS e ol HBT 80020l sl (slaad s by 3/ MRNA 31250l Llatie (gloo )5 o LLMIRNA 3uia L

IncRNA-miRNA-mRNA (35 5130938 (ooalaid s Jgjlo suisaiss Juloni g 3200

9 455 gl (V) +Y aswws) Cytoscape lséls 5 ;0 MCODE w38l 5| CeRNA audais a5l 51
YA 5O AV A8 (chb cosp 4 F B sladsile 008 (sloil Jgile ¥ ggocme yo 0 olitl ol (saisJgile Jow
2339 dJ AF ¥+ VDD XY 50,5

A5 53 Joile CrSmten Olgin Josle cnl cnlpli g2 048 (alulid Ola (slaj plos Jols N Jojlo daJoile (lee 5
gga-miR- 5 gga-miR-1754-3p gga-miR-2127 miR-6607-5p Jols MIRNA ¥ ¢ Jsjlo opl )5 .0 48,5
,»» NRXN1  GNG13 BCARL .COMMD3 (cla ;b g 5 wla MiR-2127 ol le ;5 45 w39y 5,3 1770
3 55 BCARL 5 (8,b 5l o)y jean slie jd jaame oo 9)0 Salsil g muwMginw 13 COMMD3 -5 g5 bl
oo 32159 53 3 GNGI3 (55 3,10 i85 Jsbo Sl 5 gy Jlail e Johos il 55500 b (bl o Jsbo 4215
(g Jhasl ¢ Jolw slial 5550 b aslojle ;3 50 NRXNL 5 cawd (pl )5 coled jo 9 3l el &gy Jlasl
9 ENSGALG00000037064 INCRNA 43 ja & ¢V (slaJgile )3 0,1 yoin JoKjs 9 (Jokoyg SKelbil o)
HSP90AAL 5 ,ks L ENSGALG00000037064 IncRNA &5 tvs 5,5 ENSGALG00000050713
9 HSP70 gy sloiniSgn sy oapmasS <G oo BAG3 5 g 5,3 CHORDC1 4 BAG3 DNAJA4
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