[ Downloaded from isfj.ir on 2025-12-15 ]

(DOI): 10.22092/1SFJ.2024.131190 YY(V) VoYV Ol @i gale das

2‘5-&532— ‘ﬁlﬁ Ao

oS (Bl 515 (SSR) (531,55 00l (i (o ;SIS gomins L1 g (il
RNA-Seq glvosts 4b w (Luciobarbus xanthopterus)

" do bl &l J%L;Jl'al 3 geue ‘\6f:~43 u‘<~“’ B hees ‘\6)‘j-"°‘ Gz I3
*M.nazari@asnrukh.ac.ir

‘u\:u.u_)j'aga:ujac_y\_\.a K L;:)_)JL..'LS {.\ch LAY ‘UT-'“‘\'C' C_:Lhéj LS"‘J {.\ch PRLEM Y :L;A‘J ‘AJ-LC "J.S =)
5 otdsel @3 Glojlo a8 (b ple SEESS dinn go 338 O i SO ) saSaagS -

Ol Sl sal (s 559LES 9 53

VEY Gaoss08 iudy Ll VEY o rmdliyo )l

Luciobarbus ) oS sl <58 « by o (SSR) (oSS e3le J 5 el Silts omiw Lzl 5 glolis s sy ags ol
ROEKY el lag 5a 5| RNA g ST b 5l Sl ey 8 el RNA-SEQ sWesls l esland L (Xanthopterus
) TNty S8 5 5l dacisin, 5lesl (2 as b Js Novaseq 6000 Loaghl p iy 5l eslinal b law gl
Socly oy G255 05 Sl 5550 sl ml y A5 plsd MISA &L 5l eslizad LSSRS Ll s eslimd (Y.00.0
bty izt 238 5 s suse OBS AL 8 s b PRIMER 3 i3 o USSR Sils o ol
S5 A g N5V IVEAYD o canlllan ] 555 8 sloml g S 5V VEASEY 505 G STV AE TTINILY b,
ATV | g o5 520 5 e 5 53 6laSS < SSRS Ol s .45 SSR KL FFAAVY slaw Ll 4 =ee MISA
sls 0Lz |y IShie ol ¥ coslinal 5590 asl 8 sy Lol sgta LSS slad oy ni oy A O 5 Ao
s 54GMIL37L oKl 5+ /NEY 5+ /YA g 5 MNL359 ol (ol okt saalivn 5 szt 55 g0 w550 59 5
I3 S e Dol s ool 55 8 (dly Cmom o 0l5 0L pn 6187 Opa5T co Doty AD apmlon + /48T 5 VY
2Bl b 4 g adlan s s Conea o 0 g5 sbS Ken (S g5 Shse bl QLS mls sl
DS e (K55 45 o 3 3, 5hee SKoasis Slallas 3135 23l oy w5 o e SSRS & 5l 0L s oyl

LB de

6 )yS5 o3l (sla g ep g Sl s RNA-SE] (S S gulS lad

J A o 9-’9

MCopyright: ©2023bythe authors. Licensee MDPI, Basel, Switzerland. This article is anopen access article distributed

under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).

V0


https://creativecommons.org/license
http://isfj.ir/article-1-2756-fa.html

[ Downloaded from isfj.ir on 2025-12-15 ]

e slasSilas et slae) 5 lulis,

C)“)ls.AA K] 6‘}‘\9.&‘6.;«;.0

Vandewoestijne et al., 2008; Markert et al., )
(2010

Gl e, syl 5 JoSge (S sl Sl
G5 L bacamor w8l L5509 0 B paie jausls
Doveri et al., 2008; Chenani et al., ) s s
2 Sy sl Slas e 4 e lsalss, (2021
Jelodig s glp g wload @ joi (9,89 pgiy palipm
255 oo 8 eolilul )90 aisS 5l gyl yo g4
Js (Wolfusetal., 1997; Ellisand Burke, 2007)
305 o lsaleys ) g 4 a5 ' (SSRs) &,,SS ool gl
aS Dk o e Sy oligS (lo | ST gl po ALl
5o 23 calis Slogzse clacibsin L lapsis o Ysans
2 SSR JsSUse sla Siles (Xiaetal., 2016) wga
FLERY WA 259 PP oA.;.lSASﬁ.é 9 INCELENLY d_’o‘wo
ool oS o palp | lowigy ple ol
Jeloigas 125 (gl 00,08 b 4y (S w0 lgaly
Romeroetal., ) wgs oo solitul coman Siis5 LSl
(S, s 4 b Slis cpl o IS ek 4y (2019
2 855 9V (o053 Gy ek (M coale o gl )3
5l.Jabeen etal., 2023) aites aibe s 055 IS
oolitnl Sgpew a2 Bl oo (J5Nge lio (nl SLlje S00
Vb CoiS 5 (o535 Qlilion (e dlin ol Wl (o
SSRS lys5 a8 Gl odi Lastiue fpuien 13,5 o, Ll
D95 5 0l mBaS b 0 Sdlad i crge Sl (Ses
Lle aboz 5l sl 5 Saslge slaasl g0l 5l
Dang) wes oo )13 236 cod |, 0 (omsiss 5 Onon
etal., 2020

F555e 659108 o T(RNA-Seq) RNA b Jiss
5 Los Ole own dodisS JalSS anlllae gl ol S
&y o (Raietal., 2016) col... g G5 5,00 paiss
4o )l g (53l oeS Gl (50,5 w2l B (55518 0!
slr ) Glios amslr 3,509, lozer b 4 Loy
(Geracietal,, 2020) coulos,S Jyio o5 oo anlllas
5 Soiy Sladlbe ploxil sl RNA b Jls (imen

1 Simple sequence repeats (SSRs)
2 RNA sequencing

Aovio

)‘15 S deus B&b > adlaio S »° Q‘)ﬁ‘)i‘ﬁs b)f‘
g CaVb Slews lpl L3 lel lale 45 Ll o)l
SlsT £ (it gl alzs 5 )55 pl sleasy>
slel plele slaasss 51 S ol (ol j0 a5 s
dwo Uyl @bl laws b e asle olpl A5
4 sble ol ol Cossl 0925 L Ll Loius golatdl
Olpl s sl plale Glaolans 5 o jesine olsie
S |y anedyl g9l 5 ook slavy g ailawlie
edle (S ) £555 oS s elss alazr slas oS
pae gladisl S las Sl oo (6418 0 e o L
Abdoli,) 5,5 o LalladisS 580 Cunsg 5l S cslis
(2016

Luciobarbus xanthopterus Heckel, ) s _al
ablie o olamdl 5 53,1 b olabe ale> 5 (1843
obl 2l @l sl ala o o a5 cal lal o8 wor
Hosseinzadeh ) oS o cos; 1 i 9 oliw)s>
255 b 0l jlCandb o ol ol (sahafi, 2017
5(Cyprinidae) Lol ;5.5 oolgls 4y g cl 0,95
o ks slas(Frickeetal., 2007) Luciobarbus ..
9 039) o Job Olme (2UsS Jdo 4 culpedle
ole Sl a5 o, bloul olg oo o1 Sl o
Qlfje‘.o‘j 5le¢f )'1 RN )9.|o 4 dS Col )ly)om
oS 55 (Eskandari et al., 2003) oS o adus
o9l Olee 5o kel (slaaisS 5l g 0l (xsg 0 S
Sl 15 655 opl Cumaz a5 ol ()] 51 Sl asliS
Mortezavi Zadeh et ) coulaisl, jzalS Gle 5 o0l
Cls g a1 cos aigS ol eimen (@l 2011
Syl S8 BLEI s (pime 0 gy dee 5 o
(Freyhof, 2014)

bllibas olbhdares @lp kot (S5 go5 Lials
9 ol sl Jilil g comes Sleoss) Lmals

\#


https://bmcecolevol.biomedcentral.com/articles/10.1186/1471-2148-10-205#auth-Jeffrey_A-Markert
http://isfj.ir/article-1-2756-fa.html

[ Downloaded from isfj.ir on 2025-12-15 ]

(Thermo Scientific Nanodrop. 2000. USA)
5 CeeS 5l labl s RNA 25l 5 oy oo osliciu
loeigd ¢ 29l )35 5 S5 50 i 9550 sladiged CudeS
Novogene s, ,5i5 3l gl & b s x|,
Losli! (5 ,5L3 51 ooliztl b baasges oL JIgs.ass,5 JLo)|

d iy o,e0 NOvaseq 6000
Jedoigas 325 51 s (b g5 sbaosls il s 51
el ooy coaS J2uS g o) 0 jokaie 4y dosls
A odlatwl (0.11.5 axi) FastQC lsle i 5l b Jls
Sy ol sl 2 latdisiy) 53kl sl g
P B Al 50 (2.15.1 ases) Trinity éls 5 )
B> johate 4 izen o oolitwl (YO K-mer)
CD- 38l 5 5l b ilss gomadss 5 )5 gl
Gz YIS 5 s . 290,8 oolitl (4.7 asws) HIT
39 35290 ojlsables ) saolSl> slulis (ol ba gslss
45 RNA-Seq slaools 5l ol oo 5L ge slaciisgiy,
el 4 MISA L 5w oy 51 oS
L https://webblast.ipk-gatersleben.de/misa
(Beieretal., 2017) ot oolawl o 8 s sla el
2lols SSR sla Silas  meiw Liel jghaie 4y aslsl o
Sleads o laS ol co0 Al jlaises TO wyus oal
Bb) DNA el 5l ol augs o957 ailsog,
Us o858 Seagss DNA glizeil Sgiw oS JS550
J5 dhewsts (25l gla DNA coas (Lol e
Sl ST O colys 0wl s deye VBT
Sy Lowgas oad glulis SSR sl Silas
() Jgozx) o >, LNCBI eols o554 5IPRIMER 3
YO 5 75,5 VO (les o b lrendy (slo ey (25T
Rl 00 a5l 5 DNA slediges 3 a5 >
oy, 9 BIO Rad IS Luge 5 olBws 5l eolawl b )lS
& o3litul 8,90 5,1, 4l 5.8 ,5 &y 50 TOUChDOWN
az,0 0 adgl gilwais uly sles ol L 7y
o> Y0 ol Jlis a4 g aide ¥ oo 4 ol 5 Sl
2 asbYe ol S il a1 00 o ailiVe Jols plas
3 sle a0 VY 0 a by ol 5 sile ax 0 #F-04
35 ilo a0 VY sles jo ol ;iS5 (gl asdo ) -

'Y

K55 AN a5 Jas i Slogga 3 054 JsSge
Syl eoby 0,5 el vezge Ll 5l Sl e
L bLs)l o goanie wlllas (Ghorbanietal., 2020)
S RNA-Seq sleosls 4,y 5 SSR sla )5 Lo o Lulits
Brachymystax lenok asle cale calise sladiss
Touma) Patagoniantoothfish (Wen etal., 2020)
(Chenetal., 2021)Betta splendens.etal., 2019
Amphiprion 4(Fangetal., 2015) Coilia nasus
as .5 18 w00 (Yangetal., 2018) ocellaris
Ll

E55 sir a2 Olnl 4S5 vt Gl
iile iz sloaiss )0 bl Comez jLle 5 (S35
oo ale,le (Mohamadianetal., 2010) Jo5 olow
<ol KX (Bahmaninejad etal., 2018) ;5 o 5
Ghasemi et ) ..o (Kashirietal., 2015) 1,551
Cu i g (HOsseini etal., 2015) abLs (al., 2019
@ Ll.cwlass 5o 00 (KaramiNasabetal., 2014)
Joday adlaio 09l o slagals Sl LS oalo a5l
oSG (Mortezavi Zadeh et al., 2011) o1 -
el oais (0,155 4365 el (gl (S SledblaigS s
Cy adhie ;5 oS oale ool 4 azgi b gyl )
Sl b abayly 4o Sledbl 568 o laid 5 ol o jé
Lio gl (S35 £ Foo GEB g Soenl 5 0] (S5
Sl s lolid jslaie o ol aslllas isS g5 153
ooliiul b olodisd play bgy o SSR (sla Sl i
2 Lt b oeiess gl RNA-Seq slaosls

vy golge
2 SSR e Silas Hlulis jelaie 4 rogh cwl 5o
9o law! (Luciobarbus xanthopterus) s sl
sBiglojl 4 g o (g, ailsag, 5l kS ale aiges
RNA #l 5l s cal glulaz 5l s 0so 5 i
RNA sl S coS 5l solitwl b dadises
sehie s Colyd o.cs S (slgu‘l(l,,MT Sl (g3b0 &S %)
Plogl olfiws 5 woys V5T 5 555895831 b,


https://webblast.ipk-gatersleben.de/misa
http://isfj.ir/article-1-2756-fa.html

[ Downloaded from isfj.ir on 2025-12-15 ]

e slasSilas et slae) 5 lulis,

Q‘J&A K] 6‘}‘\9.&‘6.;«;.0

sl PT slows calos 5l oas samlive LT jo JSiais as
(NE) sy ;2,0 jge la T slaws (Na) 48l
5 (He) jlaml 5,50 5 (HO) o0l snmlive s 59,00
(6.3 aseui) GenAlex Jldle s 5 (opls g95 sl
ploboad Slulis JSsaus SSR Jlgs o solicul
20 5 d 3,00 NCBI ool ol 0 9950 sl JIgs
Slszad digm (b 5l eolaiull SLuiisld o po o lyd
Blast Tree View al..sas (Neighbor Joining)

299,55 NCBI o0ls oL 51 Widget

904 g, el b )55l ] Jlaslal> 0. iy & g0
T Y EYRURVPOW-- Sy ) ¢\ R PO ERe™
a>yz Ve adgl Jlasl gles lolS Ol az o - /0
S ol ¥ gams coiS o1 5 8l GhalS 4yl
J5 55839501 5l eoliisl b PCR SiSS alungay S5
o5 npad 4 5l G b odezmin woye V56T
G0 Oy O @lp Sy oKiws alwga
g5 Geens s (OP) 5L Ci> >, PCR &Y gases
2.000,5 oolawl(19.1 ases) GelAnalyzer |l58ls 5 5|

Sl (ol )bl laeloiga o5 jslate 4 aalol

axdlao (] 50 B SSR e jlacel (gl oo oolisw! 6,5 LT Gluogas Y Jous
Table 2: Characterization of primers used for validation of SSRs in this study.

Amplicon size ~ Teémperature

Number SSR sequence Primer sequence (bp) ©C)

1 (ATGAGC)13 F: CCAGCAGCCACCCTATATCC 258 60
R: CTTGTGCGAGTTTGACGCTC
F: TCACCATCGCCATAATCCGC

2 (GA)34 R: CGTATCGCCGGCATTAGCA 174 58
F: TTCTTTCGTCCGGTGCCTTA

3 (AC)35 R: CAAAGTCTCCTGTGAGGGCT 283 59
F: CTTGGTTGCAAGCAGCGTC

4 (AGAT)23 R: GCAACCAGGGTCCAAAATGAA 225 60

5 (GA)34 F: TCGAGATCTTTGTCACCAGCTT 363 60

R: GTGGCGGATATGGAGGTTCG

SRl oS J5uS slapge;] abewga osls CokS
g ol (YL cuasS sasmslis FastQC
(Y JSo) 040,15 W59, asbdl jo o slapUl

S3le 5l eolal LDENOVO g, 4 laiiisgis, (s3kwsls
VWEASEY 5 o5 bs YFVASE ggame ,o Trinity
Ndley 5l Jol> mls ab acsl=e YFO (CONLiQ)
Ll 00 &SI Y Jga 0 Trinity

o> SSR sle Silas slulis jolaie 4 asll o
3,50 MISA j55 g 5l oaliial L llaS psy Sl 5
shawi oy p bocales o9 <85 13 Julodge o
150l Cax VATIVEAAS S o5l Jlsi ) YYSAYD

I Transcriptome

LN

LSz 1) Jsko RNAS S 5l aw s V- Ly ,a TRNAS
OAS 5YAS) ;T slaasl sanlie Lo rod 4 i oo
gl S Sk il oo o )ls 50 4 55T 5 5
s RNA o 25 5 b oad o35 ol 5 osllas
b S il 5 RNA gl sl il cuis 5o ol
» RNA glzul mls 5 céndy Sjpe cudbye
Wb 45 58 Glais GbgS woys V5T 5 568955
zll ol s (b RNA 4 20 sae g el b Q3
) J5s) el

oS ol oS il aaises 3 RNA L Jls
Gl o il FAY-QAYY 5 YEYASYOD oy
b0 5l e 0,5 odgs G-L-F g G-L-R slaaiges

sy FAstQ cwd o L Jly 5l Jols slassls
YA


http://isfj.ir/article-1-2756-fa.html

[ Downloaded from isfj.ir on 2025-12-15 ]

Y (\)\i~\‘ Q‘Jﬁ‘ CAM@.‘L@

SSR G 5l i sl slo g VIV VY slass (pimen 0> SR KL YFAAYY slaws o lulis oy oo culys
(¥ Jgaz) s ololis 125352 SSR (g5l « I YYAAAY (e ol 51 &5 0g0,5

w00 Y 5,81 J5 » (Luciobarbus Xanthopterus) oS ale 9uS <db 31 2yl RNA cudns 1) JSi
Figure 1: The qualification of RNA extraction from liver tissue of yellowfin barbel (Luciobarbus Xanthopterus) on
1% agarose gel
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Figure 2. Quality assessment tests. (a) per base and (b) per sequence quality scores
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Table 4: Results of assembled transcripts in Trinity
software
Trinity Statistics
941894 Total trinity genes
1768662 Total trinity transcripts
35.97 % GC
821 Contig N50
609.24 Average contig
345 Median contig length
1077536230 Total assembled bases
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Table 3: SSR markers detected using the MISA web server

Number SSR markers
1276825 Total number of sequences examined
713176985 Total size of examined sequences (bp)
349871 Total number of identified SSRs
229993 Number of SSR containing sequences
74173 Number of sequences containing more than 1 SSR
61192 Number of SSRs present in compound formation
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Table 4: Summary of the type and number of
repetitive motifs

Number of Frequency

Unit size

SSRs (%)

Di-nucleotide 146299 89.37
Tri- nucleotide 13179 8.05
Tetra- nucleotide 3398 2.07
Penta- nucleotide 625 0.38
Hexa- nucleotide 193 0.13
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Table 5: Statistical parameters estimated to calculate the genetic diversity of the locus MN1359 and GM1371 in
yellowfin barbel population

number of Different The number of Shannon Observed Expected
Locus samples Alleles effective alleles index heterozygosity heterozygosity
(Na) Ne (1) Hy He

MN1359 45 5 4.651 1.568 0.147 0.785

GM1371 45 5 4.342 1.532 0.093 0.770
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PREDICTED: Cyprimus carpio collagen, type VI, alpha 1 (LOC109098825), mRNA
QPREDICTED: Sinocyclocheilus anshuiensis collagen alpha-1(V1) chain-like (LOC107677507), mRNA
T QBarbus barbus genome assembly, chromosome: 35
OPREDICTED: Sinocyclocheilus grahami collagen alpha-1(VI) chain-like (LOC107581696), mRNA
9leljQuery 81711
Q Q OPREDICTED: Carassius auratus collagen alpha-1(VI) chain-like (LOC113110822), mRNA
PREDICTED: Sinocyclocheilus grahami collagen alpha-1(VI) chain-like (LOC107551781),
PREDICTED: Carassius gibelio collagen alpha-1(VI) chain (LOC127968493), mRNA
PREDICTED: Carassius gibelio collagen alpha-1(VI) chain-like (LOC127967951), mRNA
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Figure 4: Phylogenetic relationship of the MN1359 locus with other sequences in the NCBI database
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Abstract

This research was conducted to identify and validate the simple sequence repeats (SSR) markers
related toyellowfin barbel (Luciobarbus xanthopterus) using RNA-Seq data. After collecting the
liver tissue, RNA was extracted from the samples. The samples were sequenced using the
Illumina Novaseq 6000 platform. Trinity software (version 2.15.1) was used to reconstruct
transcripts. Identification of SSR was done using the MISA web server. The primers needed in
the polymerase chain reaction for 5 SSR markers were designed by PRIMER 3 software and
validated using 45 yellowfin barbel. Transcript assembly by the Trinity program generated
941,894 unigenes and 1,768,662 transcripts. In this study, the examination of 1,276,825
sequences by MISA software led tothe identification of 349,871 potential SSR markers. Among
the SSRs, di- and trinucleotide repeats had the highest number of repetitions with 89.37% and
8.05%, respectively. From the 5 primers used, only two of them showed polymorphism. The
expected and observed heterozygosity for the MN 1359 locus were calculated as 0.785 and 0.147,
and for the GM1371 locus given 0.770 and 0.093, respectively. Moreover, the chi-square test
showed that population was not in Hardy-Weinberg equilibrium. The results of different genetic
diversity criteria showed a decrease in diversity in yellowfin barbel. Generally, this research
showed that the new SSRs can be helpful for molecular breeding, functional genomics studies,
and the genetic diversity analysis of yellowfin barbel.
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