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Introduction: Gene regulation can be assessed by allele-specific expression (ASE), which has the potential to
cause phenotypic variation. The variants associated with gene regulation can be found using ASE. Transcriptomic
variation in gene expression is known to play an important role in the formation of the phenotype. Single base
variations resulting from transitions (C/T or G/A) or transversions (C/G, C/A, T/A, T/G) of nucleotides at the
same position between individual nucleotides in genomic DNA sequences are known as single nucleotide
polymorphisms (SNPs). SNPs are important molecular markers used in breeding and genetic research. Next-
generation sequencing is advancing rapidly and provides a high-throughput approach for SNP discovery in the
transcriptome or genome. Transcriptome studies can bridge the gaps between genotypes and phenotypes and
provide insights into the mechanisms linking sequence and function. An effective transcriptome mapping and
quantification technique for studying global gene expression is RNA sequencing or RNA-Seq. For this reason,
RNA-Seq is a next-generation sequencing technology that can analyze gene expression profiles and the entire
transcriptome. This study aimed to identify differential gene expression and SNPs in three tissues of the heart,
muscle, and spleen of roosters adapted to low and high altitude regions based on open access RNA-Seq databases.
Materials and methods: RNA-Seq data from 54 samples were collected from the SRA database in NCBI for
chickens (NCBI GEO accession: GSE119387). The samples included 33.4, 30.3, and 35.3 million paired final
reads of heart, muscle, and spleen tissues, each 100 bp in length. Illumina Hiseq 2000 was used to perform mRNA
sequencing. The fastq-dump command in Sratoolkit 2.11 was used to convert data from SRA to FASTQ format
FastQC (version 0.11) was used to assess data quality and Trimmomatic (version 0.33) was used to trim the reads
to eliminate adapters and low-quality sequences. Trimmed reads were aligned to the reference genome of the
chicken species (Gallus gallus domesticus) and the gene annotation data (GRC6a) from Tophat2, whose core host
is Bowtie2. By independently aligning and mapping the RNA-Seq reads of each sample to the chicken reference
genome, the transcriptome was assembled. Then, the differential gene expression analysis was performed with
cufflinks. The Samtools program performed SNP detection. Finally, using the R software (version 4.2.2), the chi-
square test was used to compare the amount of expressed reference and alternative alleles in the polymorphic
regions of heterozygous individuals to find the notable variations.

Results and discussion: As a result of gene expression analysis, 2260 genes were significantly differential
expression (P<0.0002). Gene ontology analysis showed that these genes are in pathways related to heat stress and
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immune responses to the cause of trying to maintain body temperature involved and this cause was the activation
of immune pathways. Identification of 1,473,176, 388,224, and 1,169,394 SNPs in the heart, muscle, and spleen
tissues was enabled by SNP calling and discovery in the assembled transcriptome. The chi-square test revealed
that the ASE-SNPs in the heart, muscle, and spleen tissues were 48,906 (10.3%), 28,529 (7.3%), and 76,251
(6.3%) SNPs (P<0.05). These SNPs were associated with 7,919, 6,182, and 10,590 genes in the heart, muscle,
and spleen tissues. In three tissues, the number of reference and alternative alleles was shifted by 4.5% in favor
of the reference allele. This suggests that the superiority of the reference allele over the reference genome during
mapping may be related to mapping bias. Among the twelve potential SNPs and ASE-SNP types found, four were
transition types (Ts) and eight were transformation types (Tv). The transition type accounted for 74% of the most
common polymorphisms in the heart and 77% in the muscle and spleen. For ASE-SNPs, transition mutations
accounted for 70% of all mutations in the heart tissue and 75% in the muscle and spleen tissue. These mutations
were also the most common. The Ts/Tv ratios for the heart, muscle, and spleen tissues were 2.3, 3, and 3 in the
ASE-SNP and 2.9, 3.3, and 2.2 in all SNPs, respectively. This indicated a decrease in Ts/Tv for the heart and
muscle tissues in the ASE-SNP compared to all SNPs.

Conclusions: The results of the current study support the validity of identifying SNPs in transcriptionally active
regions of the genome using RNA-Seq data. Further research is needed to determine whether the expression
differences between reference and alternative alleles found in heterozygous roosters raised in different
environments are related to tolerance to environmental stressors such as low oxygen levels.
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Table 1. Summary of sequenced, trimmed, and mapped reads on reference genome in three tissues

Heart Muscle Spleen
Overall Overall
. Percent . . Overall read
Region Time Sample Paired Dropped  dropped rea(.i Paired Dropped Percent read Paired Dropped Percent mapping
code Read mapping read dropped  mapping read dropped rate
rate rate
H1 17958469 17339503 34 92.7 13783476 12936123 6.1 89 20861756 19925423 4.5 89
Morning H2 20074349 19403608 33 93 16786683 15737481 6.2 86.1 20011316 19135197 43 90.5
H3 17771440 17148759 3.5 92.8 16922650 15916275 5.9 89.4 19687566 18826112 43 89.1
g H4 16847831 15981142 5.1 90.5 17680967 1683052 4.7 88.4 19378320 18516704 44 90.4
TO:D Noon H5 17688433 16882199 4.5 92.1 15919624 15104670 5.1 77.9 18228740 17415636 44 90.1
o Ho6 19275793 18407411 4.5 91.8 18305878 17404676 4.9 87.7 19111735 18243923 4.5 89.8
H7 17878977 17019153 4.8 91.5 17576723 16783763 4.5 88.5 18288860 17442728 4.6 87.1
Evening H8 17537522 16723479 4.6 91.3 18623366 17352209 6.8 91.1 18480711 17556635 5 86.9
H9 17489193 16682202 4.6 90.7 14215825 13798885 2.9 86.2 18663086 17797010 4.6 88.9
L1 19096206 18465930 3.3 93.2 16770900 15989622 4.6 87.5 20610548 19693996 2.4 90.2
Morning L2 19278470 18642157 3.3 93.6 17579681 16605467 5.5 86.4 19253542 18356912 4.6 89.6
L3 18066129 17469287 3.3 93 16132907 15147511 6.1 88.5 20263333 19409877 42 89.7
= L4 17156458 16435188 4.2 91.5 16171322 15158287 6.2 88.4 19953492 19024979 4.6 89.6
g Noon L5 20029142 19378693 32 93.3 18198714 17353242 4.6 89 19353480 18515147 43 89.7
S L6 19904978 19215974 3.4 93 16305878 16117723 1.1 88.2 19165569 18304751 4.5 89.4
L7 19404574 18746044 3.3 93 1750536 16480174 5.4 89.3 20729401 19794945 4.5 89
Evening L8 20011420 16435188 17.8 91.5 17321111 16148477 6.7 87.1 18662492 17829536 44 89.7
L9 19137073 18452989 3.5 92.4 16619093 15505196 6.7 81.7 22548322 21568624 4.3 90.1
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Table 2. The number of differentially expressed genes in the lowland and highland regions at different time
points (morning, noon, and evening) and in three tissues (heart, meat, and spleen)

Comparison Number of differentially expressed genes

Tissue Heart Meat Spleen

Time Highland vs. lowland

Morning 96 128 207

Noon 86 322 332

Evening 154 844 91
Highland

Morning-noon 81 35 125

Noon—evening 42 77 86

Morning—evening 59 127 144
Lowland

Morning-noon 89 106 226

Noon—evening 0 107 129

463 166 61

Morning—evening
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Table 3. The number of ASE-SNP and SNP discovered in each of the teassues

g g Heart Muscle Spleen
B .8  Tube code ASE-SNP ASE-SNP ASE-SNP
& SNPs No % SNPs No % SNPs No %
H1 27587 3099 11.23 20484 3105 15.16 60681 2349  3.87
% H2 30549 5585 18.28 20814 1077 5.17 66593 2420  3.63
H3 18196 1500 824 14966 1583 10.58 57222 8729 15.25
R H4 17153 1926 11.23 13825 2027 14.66 60814 2202 3.62
5 8 H5 31284 3451 11.03 17955 2348 13.08 71641 2581 3.6
g 4 H6 22573 4245 18.81 8014 787 9.82 60731 1763 29
H7 25466 2458 9.65 29615 2171 7.33 71724 2988  4.17
E H8 22961 2255 9.82 24466 1490  6.09 57656 1939 336
H9 35788 1150 3.21 21800 939 431 71469 2377 333
L1 25411 2507 9.87 24229 1337 5.52 56472 2166  3.84
% L2 16083 1362 847 27337 1509 5.52 55728 1685  3.02
L3 22214 2036 9.17 18632 901 4.48 62834 2037 324
g o L4 16049 1491 9.29 21218 1144 539 56632 2217 391
= 8 L5 22389 2214 9.89 17954 2296 12.79 80898 16357 20.22
3~ L6 42662 1894 444 27585 1308 4.74 61126 1785  2.92
L7 47939 2507 523 26223 1574 6 66808 16425 24.59
E L8 7928 7492 594 22965 1022 445 56587 1603  2.83
L9 43762 1734 396 30140 1911 634 93778 4628 4.94
Total 475996 48906 10.27 388224 28529 735 1169394 76251 6.52
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Fig. 3. Number of detected ASE-SNP in each chromosome. Blue, red, and green colors indicate the number of

ASE-SNPs in heart, muscle, and spleen, respectively.
alac «dB 0 1, ASE-SNP slaxd ol 5 jumw g 30,8 (2l S5, .095909,5 ,2 50 oo  olwlids ASE-SNP olaws - S

o)) 6 Mie Yoons a3 o Lt a5 Conl g 1o T g
ool (Degner et al., 2009) ol 5925 a2 1o P Ceousay
sl sl alox | Sslite Yo & Wlsie o)
mapping b obaid) obole glas pgasa
olple b (220 555 65, RNA-Seq slo iils>

oSl YYOFSVE g AVAATVY 150 FFYD S olass 5|
ole oo leds ((Jlxb g alae (B yo o )
IXI0 fasgie jsbay Cdl aw azye g asSolr T 0
TOY a4 FA 5 l8 0 TOA 4 Fr) e e T ais 4y )
@ Soze )l gmedy @l cnl ol lis (b g alae o



'Y

OV NVEY 5ol pgns 0l w0 o Jlod ol Slad g3 ligios

29 59y $l,gs Jlail Six (59, 5 ydan

Slaa>de ngs Slows )| ‘Su.:).e‘s caa]las U‘" Egeza 3O
OBl a5 ams oo )l g2 poin Sl 5 (5, SNP
I, RNA-Seq slaosls 3l ookl g SNP oLluliss 5,4y
ASE-SNP 5 05 ole Jbgn amlic wlei oo ol
sSsn sl b Bl ladge 3 ol aas
slag; plobid slp sy gl 5l alise
el o5 b gl e adlaie ;0 hygn 4 Gl b e
@ 6,55l LI by ol g iy 15 eslitul 550
slaws ST Jdo e hie by low
B Slalllae 5 asllae ol s ous olulis LSNP
5 byl 35e il gg dadyge gl 5 56 Yz
2l ol sl el bap)g Ol 2 Fse Jelss b
9 00d (g £ st Wlgs oo SNP CoaBoe S
S GAEes Sy wzge by A8l aluls
slacibly 5 05 Ol el (KiSx (omgig; Sulled
i oS A g Ylaisl g o by lo p NS 56
5 009 Sylem 4 Comles Jla5 5l o Gl gz LB
S 2o 5l F e kd SLalE 4 L a8 e pal b
alal) oladl pge Slio b ains oo ylas |, ASE >
“o s 5 s e bLI o] abssas 5 03l
3l el plaaio 5, Gl B Gl | (2ekhae
3939 32 638l yol axlllas Sl walys I8 5l g el
Sl ol Sl jo Gleil g bl 5l sauas yac «
Sl slrosls Galises zglans 5l (6 50 0 b wilgi e oS

dSy Sgue b j0 1) (S Sd iy

ez 05 S awoe L5 Gl B )l e
g.»ﬁb dw yO ‘5“..@5).) st el 059 wLuO o @bw
pas owyp STy Sgech Epe alae 5 useVliges S
shass b plowl abgipe LSNP iS5 T Jolss
Uil Slaxs sisg ead olulis ASE-SNP \\YYA

o ol 53 iRl I3 sy e I sl
Sl jelaieds .ol samlice LSNP s 0 70 (ol Lo &
SV Lo dope 4 olows 5 0ads cdalie o)l
o jisle> assembly b 40,5 o2y o ), 5l o yiilgs
ol by (gl (nl rione 5 0l ooliinl 3 psi5 4,
(Lopez widly cuws ey 2Ll a4 Q3 655 5

.(Pinto et al., 2014
ASE- §SNP £45\Y «,5l> asllas ;o ASE-SNP £yl
5 Jole 3Rl 9 5l g9 ey b (olulis SNP
Jsz) wisgy Jele f (G 30lr g58 5l lag] 5l g5 oot
Jole o35l 3Rl g5 5l el apmls (F
b g alac cdl 0 7YY g L8 cdl o VYT oS wisg
2 Jele GudstlS s (03l crizmen o ge Jol |,
=Cdlb 0 LYA g A8 il o LY leds WASE-SNP
ol s b cdslie kb g alae sl
2 STV Jelese Rl & Joe sa55lSs
L ool B a8l o olo jo Jobs pac lyls sSNP
i pa LSNP o g ¥ L ol b g alae o 4 VIV
blS g 0 Jlxb g alae (L8 8L Lo VIV VIV YA
CLSNP 1y alac ¢ L8 il g0 0 Ts/Tv cocd
Bl LSNP g0zt 4y Cos b 4o Jobss pae (glyls
Dar et al. (2023) aslllas b zls ol olo las 1) oo
<l (59, Arefnejad et al. (2015) 3 iS5 4z s> (5,
wilgy o il Jow g o il ciillas opnlS
Rl oS cpl Gl Ll g anel sl ks el
el el Jlg (Jale (03l 4 cos ale s
Slaogls (izmen Cowl i aad oS |y eiign
Sl (I8 i b la o (g p DY gazs lerdion
bl 2t Joleé (sa558lS8 350l ol At
o Jole gt GaS gl s (Kl & pl 4 axy
Qilgi oo gl oo DNA ally) S0 50 00,08 Ol s



\f

Table 4. SNPs and ASE-SNP types and Ts/Tv ratios in tissues

ol 5 S5y 5 bole s 4y Jole (2 3500> s 5 BASE-SNP 5 SNP gliil - s

Type Heart Muscle Spleen

SNPs % ’;IS\IE; %  SNPs % ‘giﬁ; % SNPs % ’;IS\IE; %

Transversion SNP
A/C 4870 2.9 1669 3.5 11697 2.7 667 2.8 7165 35 2014 2.6
C/A 5549 33 1796 3.7 12125 2.8 851 35 8270 4 2559 33
A/T 5102 3 1797 3.7 11169 2.6 688 2.8 7535 3.7 2285 3
T/A 5152 3.1 1874 3.9 11341 2.6 695 2.9 7367 3.6 2515 33
C/G 5708 34 1807 3.8 13965 32 820 34 8519 4.1 2515 33
G/C 5675 34 1844 3.8 13479 3.1 793 33 8382 4.1 2517 33
G/T 5404 32 1767 3.73 11998 2.8 753 3.16 7896 3.8 2498 32
T/G 4731 2.8 1590 336 11687 2.7 630 2.64 7056 34 2156 2.8
Transition SNP
C/T 35777 21.5 9273 19.5 86402 20.1 4954 20.78 54601 26.8 17027 22.3
T/C 26150 157 7296 154 79297 18.5 3759 15.77 40751 2 11501 15
A/G 26029 156 7275 153 78849 18.4 3700 15.52 40464 19.8 11678 153
G/A 36093 21.7 9373 19.7 86034 20.1 5531 2320 5411 2.6 16986 222
Total 166240 100 47361 100 428043 100 23841 100 203417 100 76251 100
Ts/Tv 2.94 2.34 3.39 3.04 2.27 3
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