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Table 1. Identifier, abbreviated name, position and p-value of indicator genes differentially expressed between two

groups

Gene_id Gene name Locus p_value
XLOC_004874 - 12:72407994-72452356 0.00005
XLOC_009631 PTGS2 16:67728005-67735629 0.00005
XLOC_028625 CXCL3,GRO1 6:89061092-89075133 0.00005
XLOC_034998 ALAS2 X:92485199-92512358 0.00005
XLOC_001440 - 1:141506155-141506618 0.00005
XLOC_019951 HBA 25:216447-217264 0.00055
XLOC_021541 - 27:540774-1092322 0.00005
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Figure 2. Histogram plot (Left) and Heatmap plot (Right) of differential indicator genes expression between two
groups (H_pre: Healthy pre-calving, K_pre: Ketosis pre-calving)
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Table 2. GO analysis of indicator genes differentially expressed between two groups

HBA ALAS2 CXCL3,GRO1 PTGS2
; N ey PR
B enn e tias Al el &ty el sty '
oS! Ji ‘”i’j}i": . ” 8L Gl & sk PRIV (R R P ) sl il
e 55 S3eS palss Ol pials 3513

P NS gie 5D sLie o N T
OnglSgan degerne S s ok )b slab rousdlogai] 45,5 sy sl
3eS) Jobs el . . oSy ol
e (5233005 < 53 < Sl o

o il cled oS g Culled ST o ”

o2l og Jua! ’ - T oS 2 colled

9 Sl 4 gl il cel 5580 4 e 09)5 > (5
9 O Ol Gl (il Dad e (el el Cugds
29)5 3395 Yl glu b &S 030 HBA (15 & by o c09)S
Juast 5 Jusl (aldl p (dale loaly 8 5987 & e
355 Olej 2 (e &S gl o0 ool (g Jlail g (3]
soS Ol L PTGS2 (f el sy jls Loy
ohls &S cul opl Sl ool 51 S8 Mo 09,5 )3 595

S Jols oMbl 55 5 ulid s U 4 295 L

2 ole Oy 135l 0F el elS gun lalages
L 4 wiwn GROL § CXCL3 (slagj 5,5 53 s oy
35 blisl (g 5955 4 Mise 0935 3 395 1S ol
5 bl Gl 2 ilee hele 0] 93 el ple GRS
sorl s S g Qll b oaiSdblis Jolge cullb
9 ool Ol (Rl (il S g 5 (nl9eS oeen


http://dx.doi.org/10.52547/rap.13.36.147
https://dor.isc.ac/dor/20.1001.1.22518622.1401.13.36.15.3
https://rap.sanru.ac.ir/article-1-1247-en.html

[ Downloaded from rap.sanru.ac.ir on 2026-04-22 ]

[ DOR: 20.1001.1.22518622.1401.13.36.15.3 ]

[ DOI: 10.52547/rap.13.36.147 ]

Al

Sbired @ s 5 B>l (oM Do
VE N il 1Y% 0jlads /o2 Sl (oo Sl s (slouing

Wged TV ggeme 3 (VF) e 5 ol 0> (gl 5
o cudn g ol 55 e Jold (pliila o WY 1 065
oo 9 008 oglaen 1y ledlj 5l dm g S e
Iy 09> hosige el can 5 RNA-seq (slaosl
My bdiges I Sy 50 lawdl 5 biwwss) I oo ey
o)z FDR<0.05 5,5 k5 b eyl > Wles)S
GRINA MAFL MAFA Jols ;o5 b ladye asls
Libed » 5, slulis RECQL4 4 C14HBORFS2
e 9 1092<-4 5 1092>4 jlae (585 k)5 b ol
3 U5 565 L b e cglie yasls o5 s p<0.00055
55 0a3ls o) el gin JIUT 5 b luld ol
A5 plo

obne 9 Colite plo b yadls of Cdn (S axs
Sy o5 ad pasude bdisel palySuily o) p
50555 93 o 9 ol opsishe oyl GROL 4 CXCL3
Wl e ole b o BB ple cn e gl HBA
o 09,5 & G laulj 8 55587 4 Mie 09,5 5 (60l
a4 HBA 4 & ob ol of wld swe U1 og
09,5 1y Olo b «Oglite ol b 0f (nFadld e
ST JUI Rl (ele colesl; B 598 4 M
ol 2l g2 9 oSt Jlail (gl 9o g

S9) » Sbly alolid GBI 0gd o st Ll )
oasld by g odlatl 350 poin Suily Jly
Ol Coles 2 b 04 pbosl (jimat cpl o sl lulis
2l Sdpte low cpl Gl |y s el8 (S ksl
3305 e

@ Gl Sledl @ gl GRIE p ele (f (nl S
oSl L3S0 5 Shusly culled coilins] oyl
bl as)le S el 265 a8 Glo b ggeme
I8 58 4 i 095 5> yido by b ALASZ
ol g omglSgen jHwgn AnlE (Rl el olal;
PSS (Sob & sl ()93 Cllad g (S gen 4
R

slagy; ob ol 5 (Pathway analysis) yewe Ul
b Ly elbyo 3y calllas 350 0l Cglito
e e g el pudglie e 5 Ol Jwgs
el Sl pudplio 35 9 TNF 5 (35 5e0d Slyply
@ e sl pe 53 bayj cnl K> ke i 55
Cdgizme loj 10 (il (sdxe dlge pudalio 9 Sl
A 1550 (G (§y9 02 (SR g

b (Sl ole JUT (VF) ohlen 5 g9 (oimgk
o5 5> diged YA 5l Lol RNA-seq slaosly ;I ealail
S S 95 & olal) 8 e g5 & Jeld cpluils
Oboaly a5 o5 Ve g plaly J8 S 5 Ve pla
oledls 51 U 558 gl (e duglie > oS cilosly ploc]
STXIA o) ke oleli J3 Jis o5 L
ENSBTAGO000000516 (ENSBTAG00000053952
@Sk s 25 5 Mz addil glize SPEG
g wgen (S eytel 4 gl Les
L by lojme 5 3l Slojply cpslsivel puddgilio
oo slapy ple hagh > amdh G (6)lew
Ul ol Ll wloads lwlad (asld imgh ol 4 o
anol S5 (gl > (olid st

&l

9.

Andrews, S. 2010. FastQC: a quality control tool for high throughput sequence data.
From:http://www.bioinformatics. babraham.ac.uk/projects/fastqc.

Banabazi, M.H., M. Naserkheil and S.R. Miraei-Ashtiani. 2012. Network regulatory geneexpreesion
of cerevisiae cell cycle with correlation weight method. The Third National Conference on
Agricultural Biotechnology Iran. Ferdowsi University of Mashhad (In Persian).

Barazandeh, A., M.R. Mohammadabadi, M. Ghaderi-Zefrehei, F. Rafeied and 1.G. Imumorin. 2019.
Whole genome comparative analysis of CpG islands in cameild and other mammalian genomes.
Mammalian Biology, 98: 73-79.

Banabazi, M.H., M. Naserkheil and S.R. Miraei-Ashtiani. 2012. Algorithm to identify genes
expressed differently in the yeast Saccharomyces cerevisiae microarray data using software packages
R. The Third National Conference on Agricultural Biotechnology Iran. Ferdowsi University of
Mashhad (In Persian).

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

Ekblom, R. and J. Galindo. 2010. Applications of next generation sequencing in molecular ecology of
non-model organisms. Heredity, 107(1): 1-15.

Gan, Q., I. Chepelev, G. Wei, L. Tarayrah, K. Cui, K. Zhao and X. Chen. 2010. Dynamic regulation
of alternative splicing and chromatin structure in drosophila gonads revealed by RNA-seq. Cell
Research, 20(7): 763-783.

Haas, B.J. and M.C. Zody. 2010. Advancing RNA-seq analysis. Nature Biotechnology, 28(5), 421.
https://www.ncbi.nlm.nih.gov/assembly/GCF_002263795.1/?utm_source=gquery&utm_medium=refe
rral&utm_campaign=KnownltemSensor:taxname

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

10. Marguerat, S. and J. Bahler. 2010. RNA-seq: from technology to biology. Cellular and Molecular Life

Sciences, 67(4): 569-579.


http://dx.doi.org/10.52547/rap.13.36.147
https://dor.isc.ac/dor/20.1001.1.22518622.1401.13.36.15.3
https://rap.sanru.ac.ir/article-1-1247-en.html

[ Downloaded from rap.sanru.ac.ir on 2026-04-22 ]

[ DOR: 20.1001.1.22518622.1401.13.36.15.3 ]

[ DOI: 10.52547/rap.13.36.147 ]

Selipred e s 9 B>l (WM 3o
oy o Sems ol slaashs J odizal b cubicln 55 5 cler; ) 18 355 L e gt il sla 3 ol

11. Masoudzadeh, S.H., M.R. Mohammadabadi, A. Khezri, O.A. Kochuj-Yashchenko, D.M. Kucher, O.
I. Babenko, M.V. Bushtruk, S.V. Tkachenko, R.V. Stavetska, N.I. Klopenko, V.P. Oleshko, M.V.
Tkachenko and 1.V. Titarenko. 2020a. DIL1 gene expression in different tissues of lamb. Iranian
Journal of Applied Animal Science, 10: 669-677.

12. Masoudzadeh, S.H., M. mohammadabadi, A. Khezri, R.V. Stavetska, V.P. Oleshko, O.l. Babenko, Z.
Yemets and O.M. Kalashnik. 2020b. Effects of diets with different levels of fennel (Foeniculum
vulgare) seed powder on DLJ1 gene expression in brain, adipose tissue, femur muscle and rumen of
Keramni lambs. Small Ruminant Research, 193.

13. Mohammadabadi, M.R. 2019a. DLK1 gene expression in Raini Cashmere goat using Real-Time PCR.
Agricultural Biotechnology Journal, 11: 191-205.

14. Mohammadabadi, M.R. 2019b. Expression of calpastatin gene in Raini Cashmere goat using Real-
Time PCR. Agricultural Biotechnology Journal, 11: 219-235.

15. Mohammadabadi, M.R. 2021. Tissue-specific MRNA expression profile of ESR2 gene in goat.
Agricultural Biotechnology Journal, 12: 169-184 (In Persian).

16. Mohamadabadi, M.R. and H. Asadollahpour-Nanaei. 2021. Leptin gene expression in Raini Cashmere
goat using Real-Time PCR. Agricultural Biotechnology Journal, 13: 197-214.

17.Moradian, H., A.K. Esmailizadeh, M. Asadi and M.R. Mohammadabadi. 2019. Whole genome
detection of recent selection signatures in Sarabi cattle: a unique lIranian taurine breed. Genes &
Genomics, 9(11): 1-13.

18. Mortazavi, A., B. Williams, K. McCue, L. Schaeffer and B. Wold. 2008. Mapping and quantifying
mammalian transcriptomes by RNA-Seq. Nature Methods, 5(7): 621-628.

19. Mostert, P.F., E.A.M. Bokkers, C.E. Van Middelaar, H. Hogeveen and 1.J.M. de Boer. 2017.
Estimating the economic impact of subclinical ketosis in dairy cattle using a dynamic stochastic
simulation model. Animal January, 2018: 145-154.

20. Nikkhah, A., A. RezaGholivand and M.H. Khabbazan. 2021. Milk yield depression and its economic
loss due to production diseases: Iran’s large dairy herds. Iranian Journal of Veterinary Research,
Shiraz University.

21.Sultan, M., M.H. Schulz, H. Richard, A. Magen, A. Klingenhoff, M. Scherf and D. Schmidt. 2008. A
global view of gene activity and alternative splicing by deep sequencing of the human transcriptome.
Science, 321(5891): 956-960.

22.Tohidi-nezhad, F., M.R. Mohammadabadi, A.K. Esmailizadeh and A. Najmi-Noori. 2015.
Comparison of different levels of Rheb gene expression in different tissues of Raini Cashmere goat.
Agricultural Biotechnology Journal, 6: 35-50.

23.Yan, Z., H. Huang, E. Freebern, D.J.A. Santos, D. Dai, J. Si, C. Ma, J. Cao, G. Guo, G.E. Liu, L. Ma,
L. Fang and Y. Zhang. 2020. Integrating RNA-seq with GWAS reveals novel insights into the
molecular mechanism underpinning ketosis in cattle. BMC Genomics, 21: 489-501.

24.Wilhelm, B.T. and J.R. Landry. 2009. RNA-Seg-quantitative measurement of expression through
massively parallel RNA-Sequencing. Methods, 48: 249-257.

25.Wu, Z., S. Chen, C. Qin, X. Jia, F. Deng, J. Wang and S. Lai. 2020. Clinical ketosis-associated
alteration of gene expression in Holstein cows. Genes 2020, 11(2): 219.


http://dx.doi.org/10.52547/rap.13.36.147
https://dor.isc.ac/dor/20.1001.1.22518622.1401.13.36.15.3
https://rap.sanru.ac.ir/article-1-1247-en.html

[ Downloaded from rap.sanru.ac.ir on 2026-04-22 ]

[ DOR: 20.1001.1.22518622.1401.13.36.15.3 ]

[ DOI: 10.52547/rap.13.36.147 ]

Research on Animal Production, Vol. 13, N0O. 36, SUMMET 2022 .........iirrit ittt e e et e 153

Differential Genes Expression of Blood Tissue Related to Pre-Calving ketosis in
Holstein Cow Using Transcriptomics Data

Milad Gholami Tahoone® and Hossein Moradi SharBabak?®

1- M.Sc. Student, College of Agriculture & Natural Resources, University of Tehran, Karaj, Iran,
(Corresponding author: gholami.milad@ut.ac.ir)
2- Assistant Professor, College of Agriculture & Natural Resources, University of Tehran, Karaj, Iran
Received: 27 October, 2021 Accepted: 8 December, 2021

Extended Abstract

Introduction and Objective: In recent decades, dairy cows have been selected for high levels
of milk production; As a result, the cow's demand for nutrients increases so much that if the
required amount of energy is not provided, the incidence of ketosis in dairy cows will increase;
Therefore, in this study, the aim is to identify different index genes expressed between healthy
and pre-calving ketosis groups that ultimately identify the metabolic pathways and molecular
activities involved during ketosis.

Material and Methods: Transcript (total mRNA sequence) of six blood tissue samples
containing three replicates from each group was prepared. The preprocessing steps of the
readings were performed using Fastq-dump, FastQC and Trimmomatic software and also the
study of gene expression profile was performed using Hisat2 and Samtools software. Finally,
the differential expression analysis of genes was performed using Cufflinks software package
and gene ontology analysis was performed using DAVID and Ensembl databases.

Results: Finally, 35342 genes and 107722 isoforms were identified on the transcript of these
samples and finally 179 genes with different and significant expression were identified
(p<0.00055) which, considering log2> 4 and log2 <-4, Seven genes with different expression
between the two groups were studied. The largest differences in gene expression between the
two groups were related to the genes, HBA and PTGS2 with log2 (fold_change), 4.53 and 4.47,
respectively. Gene ontology (GO) analysis and the pathways involved in it showed that the
mitochondrial membrane and endoplasmic reticulum component, inflammatory response and
oxidative stress, hemoglobin redox process and biosynthesis, cellular response to hypoxia, metal
ion binding, biosynthesis and metabolism Fatty acids and lipids are also involved in the
chemokine and TNF signaling pathways.

Conclusion: Seven index genes with different and significant expression were identified on the
transcript of the samples; The CXCL3 and GROL1 genes had the highest expression between the
two groups and the HBA gene had the highest differential expression, with more than 23-fold
expression in the pre-calving ketosis group compared to the healthy group. Gene ontology
analysis showed that HBA gene as the most significant gene with different expression, with
more expression in the group with pre-calving ketosis, is a factor in increasing oxygen transfer,
hemoglobin biosynthesis, oxygen binding and iron ions.

Keywords: Differential gene expression, Gene ontology analysis, Ketosis, RNA-seq,
Transcriptum
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