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Figure 1. Per base sequence quality score results

2,5 SIS RNA (claodls jogas 13 5, o0

Olie O 258 (o0 odalie ¥ S 3 &5 S lon
& pPS Sa) 2 oky ol Sy 4 paie Dbl
Midley 5l eslawl b (S sl oy ARYYY)
b ol Bl ws oS sl 48,5 &9 Hisat2
(il JS 51 aoyd AY/ANY) Tophat2 15815 5 > Slas
&y p9s 9 » ol Jos Cusl atuily oS o)l
ol @i Slgie & a3 el gyt pavass L
o ol ol gl sl JIS 8t sl lajll )
4 Hisat2 )3ble 5 5 sl S 51 ao)pd YIFYY Lo
Caol 003 Juale g2 y0 pi 4l g9y o0l S 5l i
1V canl 03g) duop> £/YAD Tophat2 5550 45 dae oyl oS
ol s 3 Skee > Hisat2 )il jlies (S
RNA-Seq celaols 5l ol el ilss (o5 5en b bls)
Al @2 ye il b

st &2l LS g e pi b ilien Sl Sl @l
buwg  egio Swily g 5l dop AV 1 SSke
S 625 Qb @2 g pel 9y 2 e o)l
e S 20 oSl s 5 JLil 4 b 03 VIS
Vil G 4 dops MDA g G @2 p0 p93] 1 (pobaid]
@ dg b () Joo) culosd Jate g2 p0 poij 3 o0l>
)‘}élf)j as 30,5 o odblie Jod 0 ol zy mls
&9y » (AFNAY) 1y b siles 5l i Ao,> Tophat2
2 Ghme AU &S Cul b3g05 LK 22 g0 po3;
U1 > Wl e a8 cusls 305 l38le s g b o/ o) aw
e o(F) 3L Lae MIRNA Wl ouis” 05 e slo
9 2 bl J5 LbolSe wo)p 5l Hisat2 il
oKl (60,Slee blod jl a8 il o AV/OVE a2 10 po5
Bowtie2 ,l3sls 5 coul jasie assl Jg .cd,5 )3 pgs
N & g2y p955 S50 2 DNA sboodls gl en sl oS

iz (gla)ljdle s 3 ol Gl i 4 3l s 5 (polaid] sl G & il e (S5 Gl e 2o ) Jgie
Table 1. The #ercentage of total alignment, alignment to a specific position and alignment to more than one position

in different softwares

Softyvare Sample No Total(%ﬁpped One posn(!)%r; Mapped More than one((%smon Mapped
Nle s diged 2l I bl as )y Bl V &y lKe o ys ol Vo 4 ol sy
Hisat2 18 92.526 (1.338)° 89.202 (1.466)* 3.324 (0.752)*

Tophat2 18 94.197 (1.305)* 87.812 (1.450)° 6.385 (0.484)°

Bowtie2 18 69.688 (1.308)° 53.871 (1.045)° 15.817 (1.346)°
Total 54 85.470 (11.359) 76.961 (16.543) 8.509 (5.444)

SEM 0.179 0.182 0.127
Sig 0.000 0.000 0.000

2 (M) cawl ns Jobs lible s pen bwy o)
95 > xS 5l Jolpe 3 Sl L (g5 & s
Loy (sl (yoabee YT 2905 ggeome Sl ol 48,5 050
ps5 5 STAR 3l 5 5 oslizl b tilss 5l aoys 20
2 sl pbol awlis (A) 29 odd Lo g5 x> e
ol b wlidss » (YA) of,Sen o Raplee adlles
2 Canydl sl yislgs dxtwe Hisat2 as oy flis b
535> sl STAR 5035 "oy (o955 oS

g 03,5 3wl T Mss sl sladiged sl

P @rpyl S p S @) M 50 allas
Jlays ps dg oad b cglize 31l ol adlas
boe e A) 55 Hisat2 Jséleys 5l yzie STAR
P Aoy Av/ed I YOIYY 5l aaye poi 4 o yiles
VO Loy bawgio jobds g 03 jeile 9IS (i (6)low
Gub | Wges 3 dapanie jba Ul (yeske
b s obolSe a5 Jbys (18) 351 00 jlan STAR
Shdses oloi jn olaidl Kb S o o5 e
MIYO-AYNY 58 8l sladises 15 ' wjslS pelyl

1- Paratuberculosis

2- Retrogene

3- Neoplasia


http://dx.doi.org/10.61186/rap.14.39.131
https://dor.isc.ac/dor/20.1001.1.22518622.1402.14.39.14.5
http://rap.sanru.ac.ir/article-1-1323-fa.html

[ Downloaded from rap.sanru.ac.ir on 2026-07-01 ]

[ DOR: 20.1001.1.22518622.1402.14.39.14.5 ]

[ DOI: 10.61186/rap.14.39.131 ]

Wo

sl lpme Loyams g (oo Lilaas (205 ol 013

YFEY 5l 1Y 0 jladd /oyl Jlo (ool Clidgs sloatingsy

SIS L hlen 09,5 )3 @y pf b GbplSe (e
05,5 AYVA 5 Ske L (MDD)  wlul (55l
TS & e ulel (S5l PESI L glles
AYAY S 5wl 09,5 53 5 Aoy AV/FS MDD-S
Owed 3l odlal b odds ol e JS duopd (V) 290 duoyd
RNA-Seq ;| Jols sloodls o a>y0 pois 4 38l
Lo Gl a5 39 A0/ Y XiaNgXi o9 95 o lsess
4 oLl e 5 o AV/FD olaid] oKl S o
() cawsl odds )55 asyd YIVF Kb § 5l i
Sgye » Job g 48 sy, (labuls oL Jly
Oilgd Cyaalee ¥EAD G aS b ol Wselle 4 Miwe
(Aoy> AV/AY) Luiles adeo FYIVE S poin Sl
Egodme > 9 WIS o Cudy |y Gl CudS Jolye
Er @0 P95 & (Mop AYIVY) (iiles (oo TV/EP
L),u)‘? uy.l.«.n ¥y,v¥ )| RUVATY) 04U u.@La.@l ‘E:LUKA
(1o )> AYIVY) Liled yodeo YAISFD o o sladiges
Esooxe > 9 SIS o culy | cedS S8 als e
bug zoye pei b (Moy VYY) Liled adee YO/FR
=l (F) olye (V) Bus jles Hisat2 ljels
OL».J‘ pois odd (g3l dudd sleodls 3l oslazwl b 1, wskelio
sy Hisat2 jliblsy a8 5,8 (5)l58 5 2505 Juols
g oo by (gilipn pogad 3 (syin Cuwles
S e odlil (Ko gl lible 5 4 s (g yieS alabls
4 L;)’I)Sp.m dl)é L;,':’Ylg Cowo g 8y dl)b O’..] » 09)49
Silier clp & 28 ity Wik @20 p93)
ol Hisat2 jl x> o poi} g9y » RNA-Seq (sl» 3Ll

..)9.»

100%  5/303
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Hisat2

3)blge g (Sl I Jols Sy93 (slagls (59 BuS
Jley 5 it b gaye ps5 4 il ool
oy » b iles a3 Ve [0-A[5 oS oy las Tophat2
bolSe syl doyy o5 Bad GboKe @20 poi)
VWAVAIN g0 gpe pgif )3 olSile o 59y 2 083
2is lisl o cdl oy n opn 3 (Y) 392 dop
olistul b Wiges po (sl @2 y0 poij b 0l Dbl sal>
Sly Liles FONYDEA gz ,> Tophat ljéle,
slodls I VAT (gl ilsd YPAYYSFY. 5 SAT
75+ Ly yi5 a5 ol s 4y CoiS S 51 s RNA-sEQ
OF) cuwl o oL Ko x5 y0 55 4 puize slacdl)B )
b glass 25 @20 piy 4 o sl ol S ey
PNYS 5l 0)Sles ol &5 Wb asuie Tophat2 i eslacl
Oopide (YO) Cusl 039 glate doyd APIAY b as )
JBley bwg a2y pi & bUMlS ilien aop
2 s cusl 0ad Jobs 55 b, adlas ,sTOpHat2
> po 2 )3 (595 a2 ye 0 & Sl Fen Gl 4S0b L
S slacuabse 4 JIg 2w Caws 5 AF/VY B AY/VY
aalllas ls (YY) Cunl 039 Aoy F/AR JI VARl poss
s Tophat2 gla,l58ls 5 5l o a8 3l lis 55 (F) (ool e
slodly gilpen coa Wlg o STAR l58le 5 Hisat2
2 Bowtie2 5 5,5 15 oslatul 590 poin Sl
Sl ogad cpl 3 (g5
Pl G (10) s @0l 5 aiple (WM
S35 e P95 59y 2 HISAZ Jl38le 5 Lawgs 1) la il
Cdiges g9y p Hisat2 L gjly oo Mg b
aS ol ol Logr bl (Soyudl jlad as oLl b

Tophat2 Bowtie2

B One Position Mapped B More than one Position Mapped B UnMapped

Bowtie2 5 Tophat2 Hisat2 cla)l3sle 5 bawgi x> 50 pois &1 (sl 5en slrodly aslil Hlages =Y S
Figure 2. Cumulative chart of alignment data to the reference genome by Hisat2, Tophat2 and Bowtie2 softwares

in S plat 5 cul RNA-SEq Lo 5 4350
Ngono (V) ol Sio adgl dboye opl 4 lises

oS S adgl gla gy p 1 g &S pl 4 g L
3 e gl il er (Dbl P (295 )

1- Major Depressive Disorder (MDD)

2- Major Depressive Disorder Suicide (MDD-S)


http://dx.doi.org/10.61186/rap.14.39.131
https://dor.isc.ac/dor/20.1001.1.22518622.1402.14.39.14.5
http://rap.sanru.ac.ir/article-1-1323-fa.html

[ Downloaded from rap.sanru.ac.ir on 2026-07-01 ]

[ DOR: 20.1001.1.22518622.1402.14.39.14.5 ]

[ DOI: 10.61186/rap.14.39.131 ]

\\rg

by & & dad e ol (VA) diise gladsly
dasgeime Sl (9o ysbar Gl 1) paie il Sen
scdyig « Jb o 05 Jlel RNA-seq slaosl
w585 Gl Jib by (s 5 g b
IS SO P R C KW LOVR SR WP R FPS
ORIl 4 deg LSy RIE Gl <8yl
(2, des oy et gl RNA-seq ;I eolal
sllpl e el 9wl bl ) Gl
oy o 5 s lajee 5 Sulejsilsn
sobte yidy liebl b s Wy gt 4 RNA-seq
JoS g 4o el 58 2y9e loj g Anje o ST les
ol (b 2> b e Jud bl aseg b cldgi)
U Caenl p G ol 5l Job ol bl wul abl
ol Saa Sl Jlgs il en ly Sloaiilan o)l
Caa &S dg o dpiudyy B 05 o WST g dslllas
P?“")S‘“"’l)" slaodly o (Sawd u*-’b dl.m},)l.ﬂ Plzdl

g jlyien 2 ye pgiy b HisAL2 Jljdle 5 b

Sl lpme Loyt g (Bolo Lilaas (205 o) b3

s o8 RNA-SEq claodls 5JUT p3 bl (ol ljle i (5 dunlio

9 Bgd o ()b passs (b g ) sdalcwssa clacslys
Sy > 4 ohgh & Wedioe Sl @2pe pel S L
Lo dxtws 9359551 YLl o 293 (slacdl s
slepyaly 5 ol .l RNA-Seq slaodh (4ly
Tophat2) g>ye pij & cullSS ol 290 5)l38le 5
o) S e plels 1y oVYlal (STAR 4 Hisat2
2 g datl 5l oelaiwl 5 Jlelre g o lap,ail
5 4k Giliee CB 4 (S, Gy U claph )
Tophat2 | esliwl yols Jb o s Sglite Juas!
e Sl )5 s 4 g cl sud xS
TopHat2 4! o e cusl oad (350 Hisat2 lewgs
Bowtie2 (.)“""9> ol.':'9§ u.,l.»ulip d“ol.;ﬁ u»l.wl 2 Hisat2 9
.(\‘\) Slods as L
5 (65 o

S amd o Ui esgd oS ol | Jols s
9 48 @l Sy O @ e pe) b ve il s
slagi ol ool lp bt (( Solojsilsn Jobv

Gl cloygesl o b olyan s ol o)l 31,8l

&l

1. Andrews, S. 2010. FastQC: a quality control tool for high throughput sequence data.

2. Asgari Esfedan, B., G.R. Dashab, M.H. Banabazi and M. Rokouei. 2022. The effect of crossbreeding
by the Montbeliard cattle on the transcriptome of the Sistani cattle. Research on Animal Production
(Scientific and Research), 12(31): 134-145.

3. Attari, M., H. Moradi Shahrbabak, G. Nehzati Paghale, M. H. Banabazi and M. Hashemi. 2019. Study
of differential gene expression in queen, drone and worker honey bee using RNA-seq data. Iranian
Journal of Animal Science, 50(2): 103-113.

4. Bahrami, A. 2020. Which aligner software is the best for our study. Journal of Genetics and Genome
Research, 7, 048.

5. Bainbridge, M.N., R.L. Warren, M. Hirst, T. Romanuik, T. Zeng, A. Go and V. Magrini. 2006.
Analysis of the prostate cancer cell line LNCaP transcriptome using a sequencing-by-synthesis
approach. BMC Genomics, 7(1): 1-11.

6. Blankenberg, D., A. Gordon, G. Von Kuster, N. Coraor, J. Taylor, A. Nekrutenko and G. Team.
2010. Manipulation of FASTQ data with Galaxy. Bioinformatics, 26(14): 1783-1785.

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

8. Boschiero, C., Y. Gao, R.L. Baldwin, L. Ma, C.J. Li and G.E. Liu. 2022. Differentially CTCF-
binding sites in cattle rumen tissue during weaning. International Journal of Molecular Sciences,
23(16): 9070.

9. Cheng, H., S. Ao, L. Yun, S. Weihong, L. Hong, L. Jianbo and Y. Kangle. 2022. RNA-Seq
transcriptome analysis to unravel the gene expression profile of ovarian development in Xiangxi
cattle. Pakistan Veterinary Journal, 42(2): 222-228.

10. Conesa, A., P. Madrigal, S. Tarazona, D. Gomez-Cabrero, A. Cervera, A. McPherson and X. Zhang.
2016. A survey of best practices for RNA-seq data analysis. Genome Biology, 17(1): 1-19.

11. Covert, M.W., C.H. Schilling, 1. Famili, J.S. Edwards, I.I. Goryanin, E. Selkov and B.O. Palsson.
2001. Metabolic modeling of microbial strains in silico. Trends in Biochemical Sciences, 26(3): 179-
186.

12.Dar, M.A., S.M. Ahmad, B.A. Bhat, T.A. Dar, Z. Hag, B.A. Wani and N.A. Ganai. 2022.
Comparative RNA-Seq analysis reveals insights in Salmonella disease resistance of chicken; and
database development as resource for gene expression in poultry. Genomics, 114(5): 110475.

13.Dobin, A., C.A. Davis, F. Schlesinger, J. Drenkow, C. Zaleski, S. Jha and T. R. Gingeras. 2013.
STAR: ultrafast universal RNA-seq aligner. Bioinformatics, 29(1): 15-21.

14.Duan, X., Y. Liu, X. Zhang and H. Zhao. 2022. Transcriptional features of cattle visceral and
subcutaneous adipose tissues: a study of RNA-seq. Open Journal of Animal Sciences, 12(3): 441-453.

15.

Gholami Tahoone, M. and H. Moradi SharBabak. 2022. Differential genes expression of blood tissue
related to pre-calving ketosis in holstein cow using transcriptomics data. Research on Animal
Production (Scientific and Research), 13(36): 147-153 (In Persian).


http://dx.doi.org/10.61186/rap.14.39.131
https://dor.isc.ac/dor/20.1001.1.22518622.1402.14.39.14.5
http://rap.sanru.ac.ir/article-1-1323-fa.html

[ Downloaded from rap.sanru.ac.ir on 2026-07-01 ]

[ DOR: 20.1001.1.22518622.1402.14.39.14.5 ]

[ DOI: 10.61186/rap.14.39.131 ]

Sl ol Loyt 5 (Bolo Ldlaaa (2lBiny; ool b

WYY VY g ¥R oyl foad o Jlo o Clidgs sleimgiy

16.Jiminez, J., E. Timsit, K. Orsel, F. Van der Meer, L.L. Guan and G. Plastow. 2021. Whole-blood
transcriptome analysis of feedlot cattle with and without bovine respiratory disease. Frontiers in
Genetics, 12: 627623.

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

18.Kim, D., G. Pertea, C. Trapnell, H. Pimentel, R. Kelley and S. L. Salzberg. 2013. TopHat2: accurate
alignment of transcriptomes in the presence of insertions, deletions and gene fusions. Genome
Biology, 14(4): 1-13.

19. Langmead, B. and S.L. Salzberg. 2012. Fast gapped-read alignment with Bowtie 2. Nature Methods,
9(4): 357.

20.Langmead, B., C. Trapnell, M. Pop and S.L. Salzberg. 2009. Ultrafast and memory-efficient
alignment of short DNA sequences to the human genome. Genome Biology, 10(3): 1-10.

21.Li, H., J. Huang, J. Zhang, Y. Gao, B. Han and D. Sun. 2022. Identification of alternative splicing
events associated with paratuberculosis in dairy cattle using multi-tissue RNA sequencing data.
Genes, 13(3): 497.

22. McGettigan, P., J. Browne, S. Carrington, M. Crowe, T. Fair, N. Forde and K. Pluta. 2016. Fertility
and genomics: comparison of gene expression in contrasting reproductive tissues of female cattle.
Reproduction, Fertility and Development, 28(2): 11-24.

23.Merchant, S., D.E. Wood and S.L. Salzberg. 2014. Unexpected cross-species contamination in
genome sequencing projects. Peer Journal, 2: e675.

24. Mesquita, F., R. Ramos, G. Pugliesi, S. Andrade, V. Van Hoeck, A. Langbeen and H. Fukumasu.
(2016). Endometrial transcriptional profiling of a bovine fertility model by next-generation
sequencing. Genomics Data, 7: 26-28.

25.Nie, H., Y. Zhang, S. Duan, Y. Zhang, Y. Xu, J. Zhan and X. Wu. 2022. RNA-Sequencing Analysis
of Gene-Expression profiles in the dorsal gland of alligator sinensis at different time points of
embryonic and neonatal development. Life, 12(11): 1787.

26.Pertea, M., G.M. Pertea, C. M. Antonescu, T.C. Chang, J.T. Mendell and S.L. Salzberg. 2015.
StringTie enables improved reconstruction of a transcriptome from RNA-seq reads. Nature
Biotechnology, 33(3): 290-295.

27.Preuss, T.M., M. Caceres, M.C. Oldham and D.H. Geschwind. 2004. Human brain evolution:
insights from microarrays. Nature Reviews Genetics, 5(11): 850.

28.Raplee, I.D., A.V. Evsikov and C. Marin de Evsikova. 2019. Aligning the Aligners: Comparison of
RNA sequencing data alignment and gene expression quantification tools for clinical breast cancer
research. Journal of Personalized Medicine, 9(2): 18.

29. Trapnell, C., B.A. Williams, G. Pertea, A. Mortazavi, G. Kwan, M.J. Van Baren and L. Pachter. 2010.
Transcript assembly and quantification by RNA-Seq reveals unannotated transcripts and isoform
switching during cell differentiation. Nature Biotechnology, 28(5): 511-515.

30.Verma, P. and M. Shakya. 2021. Transcriptomics and sequencing analysis of gene expression
profiling for major depressive disorder. Indian Journal of Psychiatry, 63(6): 549.

31.Wang, J., J. Z. Di Fang, F. Huang, B. Liu, W. Tao, B. Cui and Q. Gao. 2022. Transcriptome analysis
of cattle embryos based on single cell RNA-Seq. Pakistan Journal of Zoology, 1-8.

32.Yang, I.S. and S. Kim. 2015. Analysis of whole transcriptome sequencing data: workflow and
software. Genomics and Informatics, 13(4): 119.


http://dx.doi.org/10.61186/rap.14.39.131
https://dor.isc.ac/dor/20.1001.1.22518622.1402.14.39.14.5
http://rap.sanru.ac.ir/article-1-1323-fa.html

[ Downloaded from rap.sanru.ac.ir on 2026-07-01 ]

[ DOR: 20.1001.1.22518622.1402.14.39.14.5 ]

[ DOI: 10.61186/rap.14.39.131 ]

©N01C)

@hﬂ

Research on Animal Production, Vol. 14, No. 39, Spring 2023 ... ...ttt e et e e

Comparison of some Alignment Software in the Analysis of Dairy Cows
RNA-Seq Data

Ghorban Elyasi Zarringhabaie!, Mostafa Sadeghi? and Seyed Reza Miraie Ashtiani?

1- Ph.D. Candidate, Department of Animal Science, College of Agriculture and Natural Resources, University of
Tehran, Karaj, Iran, (Corresponding author: gh.elyasi@ut.ac.ir)
2- Associate Professor, Department of Animal Science, College of Agriculture and Natural Resources, University of
Tehran, Karaj, Iran
3- Professor, Department of Animal Science, College of Agriculture and Natural Resources, University of Tehran,
Karaj, Iran
Received: 12 September, 2022 Accepted: 18 December, 2022

Extended Abstract

Introduction and Objective: Due to the increasing use of next generation sequencing (NGS), it is
necessary to use specialized algorithms and software to perform statistical analysis in order to identify
functional genes. Alignment of reads with the reference genome is the first and most important step in
most RNA-Seq data analysis programs, and the accuracy of downstream analyzes effectively depends on
this step. Therefore, the aim of this research was to compare some different software for aligning the data
obtained from total RNA sequencing on the reference genome.

Material and Methods: RNA-Seq data related to 54 Holstein dairy cows raised in industrial conditions
were used to identify genes effective in fertility. The quality of the reads was determined by FastQC
software and editing of low quality sequences was done using Trimmomatic software. The edited data
were aligned with bovine reference genome using Bowtie2, Tophat2 and Hisat2 softwares. The total
percentage of mapped reads, the percentage of mapped reads on one location in the reference genome,
and the percentage of mapped reads on more than one location were calculated.

Results: The results showed that the most alignment was done on the cow reference genome using
Tophat2 software. which mapped 94.197% of the From the total available reads, 94.197% and 92.526%
were mapped on the reference genome by Tophat2 and Hisat2 software, respectively. The Hisat2
software had more allocation function and mapped 89.202% of the data to a specific position, while this
parameter was 87.812% of the total sequences for Tophat2 software. From the total used sequences, only
3.324% and 6.385% of the sequences were aligned by Hisat2 and Tophat2 software respectively to more
than one position of the reference genome. Bowtie2 software had low performance compared to other
two software.

Conclusion: The comparison of RNA-Seq data alignment software on the reference genome showed that
although the Hisat2 swas the best read mapping software but, Tophat2 software can also be used instead
in RNA-seq data analysis. Meanwhile, Bowtie2 software is not very effective in relation to RNA-Seq
data.
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