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Introduction: Due to the high importance of egg shell quality in terms of hardness, extensive transportation
with high volume of this product between different countries, the importance of shell quality in terms of protecting
the internal content from extra-shell contamination and also one of the ways to improve traits, relying on The
genetic structure of a trait is the application of genetic selection. Therefore, the aim this study is to use
transcriptome data obtained from uterine tissue of two groups of laying hens with hard and weak eggshell, in each
of the three stages of the calcification period (initiation, growth and termination). Gene expression profile was
determined and differential expression of genes is analyzed so that different index genes can be expressed and
their ontology can be studied to help the results. As a result, the genetic structure of the trait and the list of index
genes have been regularly completed, and with the information obtained from the present study, the correct and
practical genetic selection can be made in laying hen breeds.

Materials and Methods: The aim of this study was to investigate the gene expression profile between two
groups of chickens with hard and weak eggshells in three stages of calcification period (initiation, growth and
termination), to identify significant index genes with different expression and analysis. Ontology and the paths
involved are related to them. Therefore, in this study, transcripts (total mMRNA sequences) of 18 samples of uterine
tissue including three replicates in each stage of each group were prepared. The process of converting the initial
format of readings was done using SRAtoolkit software, measuring the quality of readings with fastQC software,
editing readings with Trimmomatic software and re-measuring the quality of readings after editing with fastQC
software; Also, the alignment and mapping of the readings were done using Hisat2 software and format conversion
and sorting of results was performed using Samtools software. Finally, the differential expression analysis of genes
was performed using Cufflinks software package (Cufflink, Cuffmerge and Cuffdiff software) and Then,
considering p-value <0.00025 and the criterion for comparing the value of differential gene expression, log2
(fold_change) less than -4 and greater than +4 were identified as the most significant genes with different and
significant expression. Histogram of the results was performed using CummeRbund package in R software
environment and ontological analysis was performed using DAVID and Ensembl databases.

Results and Discussion: According to the results of gene expression profile, 28833 genes were identified on
the transcript of the samples. Finally, by analyzing the differential expression of genes, 1338 genes at the initiation
stage, 81 genes at the growth stage and 190 genes at the termination stage were identified with significantly
different expressions, that Considering log2(fold_change) > +4 and log2(fold_change) < -4, 51 genes at the
initiation stage, two genes at the growth stage and four genes at the termination stage had different and significant
expression. The largest difference in gene expression between the two groups at the initiation stage,
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ENSGALG0000000044418 gene with log2 (fold change) equal to 8/63 and at the growth stage,
ENSGALG0000000049618 gene with log2 (fold_change) equal to 6/82 and at the termination stage,
ENSGALG0000000049618 gene with log2 (fold_change) equal to 5/14 was observed. Ontological analysis of
index genes showed that they are mainly involved in protein binding activities (ENSGAL000000444418,
NMRAL1, SLITRK4, CHL1, ENSGAL00000009041, PHACTR3 and CORIN genes), DNA transcription
regulation (LHX1, TFAP2A, RUNX3, ETV1, NR4A3 and RUNX1 genes), immune response
(ENSGAL0000000043996, TMEM117, AvBD9, GCNT3, ENSGAL00000046947 and ENSGAL00000051617
genes), fat metabolism (PNPLA3, NR4A3, CD36, FFAR4 and DGKB genes) and calcium ion binding (ANXA10,
CAPNS8, CDH18 and DGKB genes), respectively.

Conclusion: In the differential expression analysis of genes, considering log2 (fold_change) more than +4 and
less than -4, in the initial stage, 51 genes, in the growth stage, two genes and in the termination stage, four genes
were identified. The highest differences in gene expression between the two groups were observed in the initial
stage, ENSGALGO00000044418 and PDZK1IP1 genes, in the growth stage, ENSGALG00000049618,
ENSGALGO00000048945 and TMEMG63C genes and in the termination stage, ENSGALGO000000004400 and
ENSG26 genes; The results of ontological analysis of index genes showed that they are mainly involved in protein
binding, DNA transcription regulation, immune response, lipid metabolism and calcium ion binding, respectively.
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Table 1- Identifier, name or code, position and p-value of indicator genes differentially expressed in the initiation stage of the

calcification period

O awlis BEAT oKl P
Gene_id Name or gene code Locus p_value
XLOC_022317 ENSGALG00000044418 5:14892237-14898052 0.00005

ENSGALG00000043996

ENSGALG00000044755

ENSGALG00000045876
XLOC_021085 ENSGALG00000047967 4:85657237-85900720 0.00005

ENSGALG00000048572

ENSGALG00000052476
XLOC_016325 ENSGALG00000052817 3:69232233-69353759 0.00005
XLOC_009120 LHX1 19:8535713-8540691 0.00005
XLOC_019526 ANXA10 4:24919747-24946202 0.00005
XLOC_002605 PNPLA3 1:69011399-69090996 0.00005
XLOC_013171 ENSGALG00000049241 22:76807-89630 0.00005
XLOC_002772 UPK1B 1:81562062-81573670 0.00005
XLOC_000247 TMEM117 1:30224568-30431209 0.00005

ENSGALG00000015234
XLOC_010329 ENSGALG00000053346 2:108071663-108150364 0.00005
XLOC_010003 TFAP2A 2:63284964-63301149 0.00005
XLOC_002039 CD36 1:11331665-11404784 0.00005
XLOC_004693 GCNT3 10:5852886-5887192 0.00005
XLOC_016354 - 3:73133293-73138023 0.00005
XLOC_012502 MMP9 20:10572273-10576665 0.00005
XLOC_016106 - 3:46416828-46464624 0.00005
XLOC_019359 SLITRK4 4:9895861-9908452 0.00005
XLOC_003777 - 1:32040296-32044590 0.00005
XLOC_005715 CHL1 12:17603135-17708756 0.00005
XLOC_017188 ZC3H12D 3:48201990-48215042 0.00005
XLOC_011706 - 2:120693001-120714502 0.00005
XLOC_010601 ADCY8 2:140875169-140995082 0.00005
XLOC_000699 PNPLA3 1:69011399-69090996 0.00005
XLOC_015702 ENSGALG00000009041 3:8772208-8777996 0.00005
XLOC_002973 RUNX1 1:107353573-107513309 0.00005
XLOC_012404 PHACTR3 20:6735474-6830610 0.00005
XLOC_021710 ENSGALG00000008599 5:24851725-24885341 0.00005
XLOC_018319 ENSGALG00000046947 31:2413209-2413512 0.00005
XLOC_010948 DGKB 2:27385425-27720368 0.00005
XLOC_012126 - 2:79230058-79235013 0.00005
XLOC_018508 ENSGALG00000051617 31:2422484-2443234 0.00005
XLOC_011589 OPN5L1 2:106222092-106258854 0.00005
XLOC_011878 ADCY8 2:140875169-140995082 0.00005
XLOC_013499 RUNX3 23:2591780-2635428 0.00005
XLOC_012132 - 2:79639930-79644453 0.00005
XLOC_007199 NMRAL1 14:13089511-13149359 0.00005
XLOC_015815 CAPN8 3:17803815-17833098 0.00005
XLOC_025365 PAPPA2 8:7156618-7232054 0.00005
XLOC_010947 ETV1 2:27271071-27337505 0.00005
XLOC_013760 ENSGALG00000051964 23:5829851-5834748 0.00005
XLOC_003775 - 1:32027118-32032886 0.00005
XLOC_011450 NR4A3 2:89336025-89389150 0.00005
XLOC_025534 PDZK1IP1 8:22247457-22251895 0.0001
XLOC_010076 CDH18 2:74189948-74446617 0.0001
XLOC_016657 AvBD9 3:107430691-107459717 0.0001
XLOC_019907 CORIN 4:66638160-66761091 0.00015
XLOC_007726 KREMEN1 15:8089944-8111256 0.0002
XLOC_007047 CYP3A5 14:4322582-4332428 0.0002
XLOC_021886 - 5:41926379-42116783 0.00025
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Table 2- Identifier, name or code, position and p-value of indicator genes differentially expressed in the growth stage of
the calcification period

O) awlid DR oSl P )l
Gene_id Name or gene code Locus P_value
XLOC_008910 ENSGALG00000049618 18:11326495-11332858 0.00005
XLOC_021869 ENSGALG00000048945 5:39323944-39354365 0.00005

Ay b (Sl 093 acsls als po 3 00d oly iglite (adli (layi P byl g ool @S L Al cwlis Y Jgua
Table 3- Identifier, name or code, position and p-value of indicator genes differentially expressed in the termination stage
of the calcification period

of aks DA KR

P sl

Gene_id Name or gene code Locus p_value
XLOC_008910 ENSGALG00000049618 18:11326495-11332858 0.00005
XLOC_007996 ENSGALG00000054226 16:1702927-1709590 0.00005
XLOC_014979 HSPB9 27:7654019-7655569 0.00005
XLOC_013278 MIR12247-1 22:5177338-5230538 0.00005
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Figure 3- Histogram plot of differential indicator genes expression in the initiation stage of the calcification period between two
groups
(ini_high: initiation stage with high eggshell, ini_low: initiation stage with low eggshell)
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Figure 4- Histogram plot (Right) & Heatmap plot (Left) of differential indicator genes expression in the growth stage of the

calcification period between two groups
(gro_high: growth stage with high eggshell, gro_low: growth stage with low eggshell)
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Figure 5- Histogram plot of differential indicator genes expression in the termination stage of the calcification period between two

groups

(ter_high: termination stage with high eggshell, ter_low: termination stage with low eggshell)
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Table 4- Gene ontology analysis of indicator genes differentially expressed in the initiation stage of the calcification period

o pb ERGRRO e sk 2] P50 3,Skes
Gene name Biological process Cellular components Molecular function
ENSGALG00000044418 ek ko @) st Ogn & JL
Regulation of angiogenesis Extracellular space Protein binding
ENSGALG00000043996 o
ENSGALG00000044755  aw 03555 SilliSiws yros T Jshoo abaslgey (o
ENSGALG00000045876 Jsbs sl ~
ENSGALG00000047967 1 ¢o)|_mediated immunity, A cell surface membrane
ENSGALG00000048572 receptor signaling pathway
ENSGALG00000052476
(eSS g o> ) drusg
ok 2loS (0] Ol walall s LS g dngs o
SS9 sl 559 5 A8 gedne cdliusd DNA. fLa
LHX1 Uterus and ovary development, Nucleus, Protein o J o
Cerebellum development and complex DNA binding transcription
differentiation, Regulation of gene factor activity, DNA binding
expression, Cell differentiation, Neuronal
differentiation
S ghud Jlail S 0 Jlasl
|
S e el & a2y
ANXA10 B Mitochondria Calcium ion binding, Calcium-
dependent phospholipid
binding
SalB g pedlS (55 gy 9 SIS 2] 2 oo Mgt slid AZjlsnd Gl bl 55 clld
i Jlegen wed Sple =R Yy g
PNPLAS3 Catabolic process and triglyceride Membrane, Triglyceride lipase,
biosynthesis, Lipid metabolic process, Cytoplasm, Lipid Phospholipase A2 and
Lipid homeostasis droplet Hydrolase activity
UPK1B Jhbiol s Jgbo L3 J _

Differentiation of epithelial cells

Membrane, Apical
plasma membrane
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s o yinsl & Gy 53 p5 ] (20 U e Crlow Mgl s el
TMEM117 oMyl Membrane, ~
Apoptotic signaling pathway in response Endoplasmic
to endoplasmic reticulum stress reticulum
ENSGALG00000015234 a8 olee ) i I8 At o JUl e lled
ENSGALG00000053346 Chloride membrane transport Membrane Membrane chIt(_)r!E[je transporter
activity
drwgs o Jolo iSS oulas DNA ygig; palais (555 oKy it DNAL Jiaio wgigy ;5516 collabd
bl sl p939yile (s39) OMIS 08 o g 048 Jub
TFAP2A Regulation of DNA transcription, Nucleus, Golgi DNA binding transcription
Regulation of cell proliferation, apparatus, factor activity, Transcription
Development of anatomical structure Centrosome activator and repressor
b 515 ol i i AT i
RUNX3 Protein phosphorylation, Regulation of Nucleus. evtopl ATP binding of -
cell differentiation ucleus, cytoplasm inding of transcription
factor, DNA binding
MygilS'si et
Y9l o) . s "
NMRAL1 - Nucleus ey (GeBSa Jlail
Nucleoplaém Identical protein binding
‘ st 95! Collad uandS 90 Jluas!
L] e Pt e = o
CAPN8 Di es)ttijg:fﬁl;‘r:ta:ol sis - Calcium ion binding,
g ' Y Endopeptidase activity
ok D pojgist lis o
GERA1 e s dzugd Membrane, 04y llab
Development of the nervous system Extracellular Receiver activity
exosome
PAPPA2 95e5 0leFeel 559850 B &9y o Juasl
Bone morphogenesis, Proteolysis Zinc ion binding
M plal axugs ( Jsho j1lod (98T Colin n 4 e uagisy x5 6 JL
ETV1 Axon guidance, Cell differentiation, Nucl DNAb dDNA itional
Muscle organ development ucleus ound transcriptiona
activator
4 Jlal agig) 028 Jlb Jlsl
ples ¢ 25 DNA oI ; .
R ko o5  couagiss oS 0586 degae w015, 8 Jlail s, o3 Jlol DNA
ok 452 e (55 jlwgen px lasle i) s -
NR4A3 DNA template transcription regulation, Nuc‘ieus _‘5_ wore _‘”‘M L
Cellular respiration, Adipocyte Transcription ’factor Transcrlpthn a_ctlvat_or b_mdmg,
differentiation, Energy homeostasis, Cell P | DNA binding, Zinc ion
cycle regulation complex binding, Steroid hormone
receptor binding
ok @ pojoisT slis
PDZK1IP1 - Membrane, _
Extracellular
exosome
sladsse o)k 5l (Ldgen sla ol (Stie
CDH18 il L3 (S L rels 09 Jul
Adhesion of hemophilia cells through Membrane Calcium ion binding
plasma membrane adhesion molecules
Sbgmond @y g ke p)S (8L 4 (oo Gl B (sl (o dygiaw Jud “’:59» ii‘Jw
2 grenss (glmod
AvBD9 ol sk .
Defense response to Gram-negative Cytoplasm, Cg?r%?ﬁttrgg?hngn%ﬁﬂg’
bacteria and fungi, Cellular chemotaxis Extracellular space g
receptors
JosiudS 0,53 mudoll GoiowsSl b youalS (o5 Jlinl  gldd slic (o35 olKuws @S B b g pand 0058 culad
CD36 Sllgid sl 4y goly 65l jlusgan wa (2 5 S 2> e Jal

Triglyceride transfer, Phagocytosis,

Golgi apparatus, Low-density lipoprotein




VPV 5l o) oyleds VO wle> oyl ] 0l0 pole sleclunrgly 4 pis

A

GCNT3

MMP9

SLITRK4

CHL1

ZC3H12D

ADCYS8

ENSGALG00000009041

RUNX1

PHACTR3

ENSGALG00000008599

FFAR4

ENSGALG00000046947

DGKB

Regulation of cholesterol and fat storage,
Regulation of energy homeostasis,
Response to linoleic acid

<8l > gl gga] 1)g kS 5 cdl 356850
bl
Tissue and kidney morphogenesis,
Immunoglobulin production in mucous
tissue

welas DNA Jlasl palats o Sl gl dawgs

5930 (g yshud Cuto
Development of the skeletal system,
Regulation of DNA binding, Positive
regulation of protein phosphorylation

b a8 g3me Cute ol s jgigusT
Axonogenesis, Upregulation of synapse
complex

0909 jeng] Ml e wdas (gusT Colin
Axon guidance, Negative regulation of
neuron apoptosis process

@ ol gl palas LAMP (g fiimger 1215
GosipS (2 JiSs e 55515 jliwgon po il
Camp biosynthetic process, Regulation of

cellular response to stress, Glucose
homeostasis, G receptor signaling
pathway

oo jlod oelas DNA (65Ul agig) wais
Regulation of DNA template
transcription, Regulation of cell
differentiation

Sl Fwgn Lul)s
Carbohydrate biosynthesis process

7 SIS i iy sloJsbo s

el ol e s 90,9
Differentiation of fat cells, Regulation of
glucose transport, Hormone secretion,
Negative regulation of inflammatory
response

S ol Gl Ggigs
Phagocytosis, Innate immune response

Slglio 20218 ¢ Jole (195> JiSe il

Membrane,
Extracellular space

5 lad slae

Membrane, Golgi
membrane

ol (Jolo ) Lad
oo 25

Extracellular space,
Extracellular matrix

;L.:L.C
Membrane

Croundd oy 133 sl

ol S
Membrane,
Dendrite, Apical part
of the cell

oy gdlSs
Nucleoplasm

u?“"fi 9 ‘:A.‘{)ASJ PARTS
Membrane, Dendrite
and Axon

o dgilS g s
oot
Nucleus,

Nucleoplasm,

Cytoplasm

posdlSs
Nucleoplasm

SL.;:\.‘C
Membrane

Joig e alowdly slis
Plasma membrane,
Endocytic vesicle

degore alowdly slis
09l gigan]

Plasma membrane,
Immunoglobulin
complex
slae

Membrane

Receptor activity, Lipid
binding

Sleog,s sl jlaul 5 colld
B3
Transferase activity of glycosyl
group transfer

el cdlad egg oy sl
Zinc ion binding,
Endopeptidase activity

Oy 4 Juasl
Protein binding

s Jlail g Jlas]
Protease binding, Protein
binding
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Cllid M Ml e Jld
W sy
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Phosphoroxygen lyase activity

Oy 4 Jlasl
c s DNA Jlasl ATP Jlas!
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DNA binding transcription
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Eolld ) JBlens 559 JL
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Binding of protein phosphatase
1, Regulatory activity of
protein phosphatase type 1
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Sulfotransferase activity

o S culled oy Al Jlas]
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Fatty acid binding, Activity of
G protein-coupled receptors
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Intracellular signal transduction,
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ENSGALG00000051617 . . Immunoglobulin Antigen binding,
Innate immune response, Phagocytosis, B | lobuli
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Table 5- Gene ontology analysis of indicator genes differentially

expressed in the growth stage of the calcification period

o eb ey Ll b sk sl Isge 3,Sles
Gene name Biological process Cellular components Molecular function
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Cation transport Membrane Cation channel activity
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Table6- Gene ontology analysis of indicator genes differentially expressed in the termination stage of the calcification period

ojeb NGRS sk sz g0 3 Slas
Gene name Biological process Cellular components Molecular function
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o Sy 0 B plesd Syme (asuls
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ENSGALG00000054226 G protein-coupled receptor signaling Membrane Activity of olfactory
pathway, Chemical stimulus receptors
recognition involved in olfactory
perception
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Tricarboxylic acid cycle, Oxidation-

reduction process
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binding
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