Iranian Journal of Animal Science Research
Vol. 13, No. 2, Summer 2021, p. 313-319

i

Olnl oold pole (slairg sy 4 i
FIF-T o AFee bl X o)lods Y ule

Jf.hjjg:—go.lﬁ Jlas
I ol cpletde (5o sl p gt Susl 5 555 2 (SNP) (65 58S 5SS (sla JS3 i ol
OlnSL SldsS

"S5t e hans T 255 55 I i ot 08 30

VWA O/ Y 8L 5 U

2>

2 diles Ko s Slos ay g s slay8s 5o S50 a9 odged o |y cusigid g Guigif o dlio b Wy o pain jSuily pdaw 53 dalllas
o (Bos taurus) S, ol cpli_ils clagls cuxes 3 RNA-Seq slaosh ;I (SNP) (cu5silS 55 (sla IS b xin 58 jolaio &y dulllas o]
L .25 plosl Trimmomatic g FASTQC (gla 38l oy lawgi baodly yislysg g cutsS” S .0 oalatwl (Bos indicus) oSty liwds
Slodlitn b e el S5 poty ySuusl s TopHat2 )38l o5 5lodlitw! b g5 x> 40 poij 55y » RNA-Seq slojiiled b Ko 5 290 o
iy 4SNP ol ls WYADY § 0 MAY Llolis 4 yocie oS 8,5 g poin ySwdl 5 (65 SNP oS’ 5.JUT Samtools (¢ ) jle 5 dun
SBSNP (il sy Jale o gl (30l g9 i g ole oaigtlS s 3ol 98 o8 03 oLl SNP £55 VY (pimen
EP WY o b adllas)s ous Iy 3gmg cpliiidn 8135 ,3 /8RS o liw S sl5 5 AV /8 &S widg Jolo ca5eilSs 0 3Rols g9 jleond alis
GBSNP (il Adg Jolo e (05580590 030 g9 Cuiing Jolo (cas9ilSs 030l £9 51 daSNP jl g5 jlon ub (olw L SNP
Iy cpluale o155 )5 LSNP 784/8 5 SliwdS 315 15 LSNP ZY+/F 55 4 4 widgs Jole (605585 03500 g4 5 WoSNP oud wslis
Do YV Ll cpliids ol 3 9 V/¥ L ol SliwalS 015 50 LSNP (Ts/Tv) Jole jue & Jole ga5sidSs (235l s aib Jolis

RNA-Seq slaesls isaisils s S5 IS a2 esaiglS s (3Rl epsi S 3605 (50319

Mol o)l lo5 o yips 3blis (pl )0 39390 (LSNP Ylazsl
9 5l s S50 & Wl o potes Sl (1) WS 5900 1) o3
9 b 3l IRl Cestere 0jeyel & 1) (o) slo (St 8
Cdy iy g 0y dendy Wbl g0 (ol ()[S0I5 4 (gl Gl
oS G| (g 4 pyin il Camela (V) woled yim po |y (Se55
e (ed i) S S il 0f e 4 Ol Sine (e

09iS ol pole SRS duw 90 ¢ 5leSinn (Slowi g}y iy bl |-V
Ol @S islS o 5 Ghisel liiod plojls

(Email: S.varkoohi@gmail.com 1 g 00y g5 =)

DOI:10.22067/ijasr.v13i2.82194

o- SINGLE NUCLEOTIDE POLYMORPHISM

.

CYRTTY

5 Oyt & ojgyel (SNP) saggtls s S (sla S iz

P93 U5 L lllas Sl s has o3lpar il o psal)lS
S 955 (e 2 (e & S| p3 355 Mo | )3 (on g,
YU oS15 b glaal)l jolaie cps ol olSle ol 5l ook jlams
oS ool 5l silea s &1yl (g g5 Caio > Sl ol )
Py 8 Cud pgis 5l b i (cmgig) ol S poi Sl 5
S Oler g A0 (SeTon 03)9 o 4 Coled 3 g 039

e 5 5598 rd o psls 09,5 )l (i)l aigel il -
ol eliile sl olSls o

83l Bl ¢l lie 5 (659l iy o psle 095 okl ¥
ol elissle s



VFeo Lausl ¥ ooyl AY als (ol pl (olo pole sltunr gy 4y pio VY

pbsl V2,0 ¥ aseus (Ubuntu) g5gssl (uS'sia) Jole piam s layzes
S92 SIS0 ey By o oS oo Hbld &y sTa Cwyd LS
(slago b 4 1L 15 LT (el 5 el i alio Sl sl
oS ol fastq oy Lol oy yiegwpe 5| (S a8 33,5 s Koo
sratoolkit ;8] sy ¢geze jl fastg-dump yor wd b by oy
ol inlyg g cuaS s ab plol 2.5.2 Ubuntu64 asew s
2 & ub pll Trimmomatic § FASTQC (slaljél o5 low o5
CbsS 2 sl s Salug b g B> 5 g bl Bl L
slyib cas 0r ol Jsb Bls sl b b il )
b ole g (hdpen b b wlali od b lalpg sl Giles
NPl ey jloolinal b g5 @ pe pgi5 595 2 RNA-Seq (slasiilos
Ayl oalaiwl b g dd oSS paiy ,Swily TopHat2
P yS—wilp 69y » SNP Cai8 3JUT Samtools (,ljéle

L3S O)g0

S g Al

Sl dodly Cgllas b 5 CuaS 4 a5 b (Lded!d (Wl
9 2le Loy oI5 93 sl oad 4 BliS LS CudS o oyl
Sl b IS 015 0 (e (gl 09 oS o jiiled JS dlaad 4y Cos
VAYVAYAY slaxs iolyg | des acdol iiled YAF+ 5V gooomo
S ojle Wil 8L g abb (o wlio caas (il
HUS BT 51 (aislss ST 5o )d Y/ 3gas) isles VOS-OVS
5 el 0 ialyg gy 9 9y Liled VAYYATAY )
(VA/2) NOFAYADD o (ZAV/Y) VOVOYBAY Cuiy (Sl S
Dl Jlae (gt 200 &5l e 00 (bR (> 4 1S
O)lee g KD hdjen e dia b (IS Ggrdkes o 9 S
ol sl (Multiple alignments) G5 w453 i )50
Bdpen (093] Qe Vel Gl b 3l P e Sl e (e
sl (¢ly (Overall read mapping rate) JS° b oS 75 .00
s VFo VoYY 0l pl oMo el oty LALI5 SlnlS
Jolee) ZA/F slias cpl 5148 B00,5 Ciudped 4o g 93 ilgs
FYAVY Joleo) ZY g 5 0in a3 ped (Liles caan WOV -F
.zl (Discordant alignments) ;eb (23 yo (yislgd s
Concordant pair ) ead yoo 20> dyed &5 50D Oyl 4
.ol oy 7Y+ (alignment rate

B 3 9y o 9 9y Ui sle Gl (lp Wb Kl 2y

4- NATIONAL CENTER FOR BIOTECHNOLOGY
INFORMATION

sloodls (V) 58 slpi iy elgs (o wlwlasly 9 pois (odbiis
LT Joes 5T 45 63,8 o 5 cilies JIS3 1y i Sl
RNA- slaosls .uisb o (RNA-Seq) RNA b Jg Jol>
05 9 (385 jlaans 5 319 (gt Sl glaodly 5l c45 Seq
cpoin Sl JS 055 e i 1 0gMe oy (pl it s
S @yge @l ol (295l S 3 uagig) Olise Glojen
(V9 ¥) Ssleen oy (333 5 (o5
¥¥eeo 5l oiw RNA-Seq sleoshs jlodlitwl b inghy b
Ormen (V) Wb olw bl o8 b peiy )Siuslyy ;3 SNP (Sl
Caipa ol A pals sl 9 )N ek b
S9) s b (V) 4 olulis SNP ,SiLas VY- FY o SADAY
O 9 U 2095 31 dbls Cuol (b )3 (g3 g alae Bl
i pizmads F) A kS SNP ol 1> YAYAVY 3liss ciiyluwo
(V) b odalie x> (6 ymendS 3 Cuwgy 43 SNP (SSLLS OFYYY
S o ol Gl g G Jele u5eilS § S0l
ey WglS 5 UL (A G) K00 (g 4 )y 58S 5
e & Jo > 05 5o s (T €) 500 opdsar &
L opdaorp @ Cpog MIilS'9 1 s el Jolo it quigtlS'ys
Slog b0 (AT A C G TG o C) WSy
il o s b i sl ar b Sola b b i
S92 (S (b a3l 93 4 S ele f g Jole a5l 5
wlolis g ass il adlae jl un (V) A3 590 Y/YO (Ts/TV)
Conar | gl 903 poin Sl g 59y 22 39290 < SNP

Wiy, 9 2190

wiged Frpleslay Loy RNA-Seq sloosly jlaxlllas oyl jo
9 (Bos taurus) S yol cyoun 3 29 o3l jd oyl Lo o5 9>
oS Gy bl s (Bos indicus) SliwalS ool 45 ¥
A Adg (F) o) Sen 5 Silgn daalllas jo Waosly oyl i oalal

ot T oldde ol o SlidS 5135 (gl dbgye (slmosls
SleMbl o 3 10 SleMbl SSL (SRA) ToligS slay yiilgs gus )l
Jol 3T 390 (slmosh a5 (NCBD) " (olgisigns
b cds VO Job a4y is olisS isles YoAF+ - 5Y 5 YY-YAFYY
23Ul plosagy Sl als 5 (i ile clasl gl s

1- http://www.ncbi.nlm.nih.gov/sra/SRS454433
2- http://www.ncbi.nlm.nih.gov/sra/SRS454432
3-SEQUENCE READ ARCHIVE



Yvo . Pt Sl i (595 32 (SNP) 605 gilS 9SS (glo Al wir Ll (] )S0d § Sl ouwld

«Zuw | Bos indicus 6565 & slsio 9 (Zebu) g5 o5 S (Sl IS
s Jl o o 45) 3)58,0 55 Lt b LSy 250 35 S
Sl sy 50 cpl pogMe L odlaiwl (cuwl Bos taurus slagls
4 A5 eolatw ] tophat2 del y (Stringent) wl S o Clogdais
Slbil pie (ool j ol dgrg b el (Sao &S sl oS
S S 15 g Sl 2 Bly SAaA5 Sy 5 (Mismatch)
2 b gyl 51358 plosl 3890 pslar (3 yen w2 Sl a0 o555 5
5550 SNP lgie @ b Ll pae o) des SNP a8 3JUT
SYL & oo oa b aiaS Slendais oyl yy0gMe g S o 48 )
I S 9o 35 b Ol g (Adyen £ (el ()
95 et Sl JIg 59y p 0ad i8S SL2l SWSNP
9 00 YL gAY 290l (B 1 Cen ] (s 55 (Sl S
OVY las VoY) pliide 4 cows (SliwdS » oL K6

) Jg) 2l (a0

S yok Cfuumm.\pi Cawd & LOO/Y 3 EIY sy opliide
2y b gla iled olias o AV/Y g VIV Cus 4 4B 0y

SEPBUT 394> )3 (o985 Cumbge S Sl S (59
ol Cwdy VY 03 yor sdyen Fy5 g S5 N JS Ladsen
A8 @bl eollae > 13 (3 jen £ ggeree 5
P35 9 y2 0UsS sla il a3 yen L (LSNP O is
P Sl 69y p gl (653%an w9 RNA-Seq g yo
iy 4 Sy (Slnls g 1 ol i tle gl Conox digos
Copid 93 ol b olwlid SNP ,S5Lis VYVARF 4 8+ AT
o S SNP ol sy v b S o SNP oIS 1> VAT <A
Ylois! yol oyl g cpliiile o5 ply dw Lo,y SluwdS o135 ly
o Ll 5SS S 0l g0 b adsen clp & Canl opl dawly
2 6590 g Bos taurus gl o5 & 65 4 glaio pli_dila

Paj509yS b S8 4y SliwadS g cplusle 3P 5 51 K yo > oad aiS SNP sluwi - Jous
Table 1- The number of discovered SNP in two Holstein and Cholistani breed based on chromosome
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Chromosome Chromosome length (bp) discovered SNP in Cholistani cows discovered SNP in Holstein cows
1 158337067 5590 2079
2 137060424 5764 2277
3 121430405 6865 2741
4 120829699 4356 1837
5 121191424 7854 2872
6 119458736 3743 1572
7 112638659 7287 2423
8 113384836 3883 1550
9 105708250 2798 1075
10 104305016 5264 2110
11 107310763 7191 2511
12 91163125 3057 1228
13 84240350 5388 2035
14 84648390 2962 974
15 85296676 4164 1583
16 81724687 4474 1501
17 75158596 4804 1586
18 66004023 7879 2750
19 64057457 8426 2914
20 72042655 2085 760
21 71599096 3684 1279
22 61435874 4052 1257
23 52530062 5263 2457
24 62714930 2225 782
25 42904170 5694 1798
26 51681464 2735 887
27 45407902 1473 524
28 46312546 1982 720
29 51505224 3809 1120
X 148823899 2783 836
kS o) 16338 37 0
mitochondrial genome
we9ir9) sy 9499556 383 145
Non-chromosomal sequences
# 2670422299 137954 50183
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Table 2- SNP types in two Holstein and Cholistani breed

Cholistani Holstein

SNP glgil " ) " )

SNP types
A/C 5564 4 1867 3/7
C/A 5105 3/7 2399 4/8
A/T 3385 2/5 1342 2/7
T/A 3328 2/4 1344 2/7
C/G 6131 4/5 1996 4
G/C 6227 4/5 2085 4/1
G/T 5249 3/8 2301 4/6
T/G 5584 4 1893 3/8
C/T 23602 17/1 8795 17/5
T/C 24954 18/1 8722 17/4
A/G 24862 18 8788 17/5
G/A 23963 17/4 8651 17/2

5 37954 100 50183 100

Total

' Number of SNP type
2 Percent of SNP type
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Introduction (SNPs) are single nucleotide base variations, caused by transitions (C/T or G/A) or transversions (C/G,
C/A, or T/A, T/G), in the same position between individual genomic DNA sequences. Single nucleotide polymorphisms
have been applied as important molecular markers in genetics and breeding studies. About 40% of the Single nucleotide
polymorphisms in the genes cause a change in an amino acid. The rapid advance of next generation sequencing provides
a high-throughput means of SNP discovery. Transcriptome study can fill the gap between genotype and phenotype and
help understanding the mechanisms from sequence to function. RNA sequencing (RNA-Seq) is a next generating
sequencing based technology for studying of whole transcriptome and gene expression. It simultaneously enables study
of transcriptomics sequences and very accurate quantitative gene expression (digital expression). Hence, these data are
very suitable for high-throughput study of expression level of all transcribed genes and their SNPs (Single Nucleotide
Polymorphism. Recently, RNA-Seq has also been used as an efficient and cost-effective method to systematically
identify SNPs in transcribed regions in different species. A transcriptomics-based sequencing approach offers a cheaper
alternative to identify a large number of polymorphisms and possibly to discover causative variants.

Materials and Methods In this study, RNA-Seq data were used to SNP discovery in American Holstein (Bos taurus)
and Pakistanian Cholistani (Bos indicus) cows. RNA-Seq data of 21,078,477 and 20940063 paired end reads with 75 bp
length resulted from pooling of whole blood samples of 40 Holstein cows at the University of Wisconsin, Dairy Cattle
Center, USA, and 45 Cholistani cows at Gujait Peer Farm, Bahawalpur, Punjab, Pakistan, respectively, obtained from
SRA database in NCBI for Holstein cows (http:/www.ncbi.nlm.nih.gov/sra/SRX317197) and Cholistani cows
http://www.ncbi.nlm.nih.gov/sra/SRS454433). MRNA sequencing was run on [llumina Genome Analyzer IIx (Illumina
Inc., San Diego, CA). Data were converted from Sra format to Fastq format by fastq-dump command from Ubuntu linux
version of Sratoolkit 2.5.4-1. Data quality control was checked by FastQC (v0.11.3) likewise trimmed for linked adaptors
and bad quality reads by Trimmomatic 0.33 Adaptors were considered according to sequencing instrument as default
(TruSeq2-PE.fa) and the minimum read length was set at 50 bp. Trimmed reads were aligned on UMD3.1 reference
genome (release 81) based on annotation data by Tophat2, which applies Bowtie2 as the aligner. The transcriptome was
assembled by TopHat2 software in two cow’s population by aligning and mapping the RNA-Seq reads on bovine
reference genome. The SNPs were discovered by Samtools software.

Results and Discussion After data editing, the removed and low quality reads in both breeds were almost equal and
relatively low. The length of whole transcriptome assembled, for example 52798651 bases in Holstein, indicates around
2% of the whole genome (around 2.6 Mbp) expressed as mRNA. In Cholistani cows, read mapping rate for forward and
reverse reads were 81.3 and 79.9%, respectively, and multiple alignments rate was about 9.4%. Overall read mapping
was 80.6% and concordant pair alignmentwas 70.1%. In Holstein cows, read mapping rate for forward and reverse reads
were 66.3 and 55.4%, respectively, and multiple alignments rate was about 7.2%,. Overall read mapping was 60.8% and
concordant pair alignment was 51.3%. Results show that 50183 and 137954 SNPs were discovered on the assembled
transcriptome of Holstein and Cholistani cow’s samples, respectively, and 15308 SNPs were common in both breeds.
No direct relation was found between the number of discovered SNPs and the chromosome length. Also 12 SNP types
were identified including 4 transition and 8 transversion. The most commonly discovered SNP were transition, which
were 70.6% in Cholistani and 69.6% in Holstein cows. The ratio of transition to transversion SNP (Ts/ Tv) was 2.4 and
2.3 in Cholistani and Holstein cows, respectively. The number of discovered SNPs in Cholistani cows were
approximately three times higher than Holstein cows. Because, for the alignment of both species used a same reference
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genome with Herford origin.

Conclusion the expression difference between two alleles in a single-nucleotide position causes phenotype
diversity and probably explains the large part of variances between these two bovine subspecies, especially in diversity,
susceptibility to disease and parasites, tolerating environmental stress such as biological and non-biological stresses in
different environmental conditions. While, differential gene expression analysis or even allelic specific expression in
gene level may not be able to explain phenotype diversity.

Key words: Chromosome length, Nucleotide replacement, RNA-Seq data.



