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Extended Abstract

Background: Broiler chickens are one of the important and strategic sources in the meat supply
of Iran. The main origin of this vital industry is the line chicken, benefiting only a few countries.
Iran is one of the countries with a broiler line called Arian. However, this line has not been able
to satisfy customers due to some problems, including the high death rate due to the ascites
syndrome, a key factor of mortality and losses in the poultry industry. Therefore, it seems
necessary to pay attention to a sustainable solution to reduce this disease in the broiler farms of
Iran. This syndrome involves different tissues, and an important tissue is the liver, which plays
the main role in regulating metabolism in the whole body. The sustainable solution to reduce this
syndrome in broiler farms is to create lines resistant to the ascites syndrome through breeding.
The present study aimed to identify single-nucleotide polymorphisms (SNPs) in CPQ, B3AGT2,
and HPSE genes in the liver tissue of Arain broiler chickens with ascites syndrome using RNA-
seq data.

Methods: This research was conducted in two phases, including the first phase (ascites induction)
and the second phase (normal rearing conditions). In the first phase, 817 one-day-old chicks from
71 paternal stepfamilies from the B Arian line, which were sexed and numbered on the first day,
were obtained from the Arian line chickens located in the Babolkanar farms in Mazandaran
province and were reared at the Khalat Pushan Poultry Breeding Station at Tabriz University. The
birds that showed signs of ascites were classified as susceptible to ascites, and the rest of the birds
were classified as healthy. Total RNA from the liver tissue was extracted from 32 birds, including
16 healthy (8 males and 8 females) and 16 diseased (8 males and 8 females) birds individually.
An equal amount of RNA from four birds was merged with each other to obtain a total of eight
merged samples, four samples from each of healthy and ascites-affected birds. The quantity and
quality of the extracted RNA were measured by a UV-1800/SHIMMADZU nanodrop and 1.5%
agarose gel. Then, the extracted RNA was treated and purified by DNase. The samples were
sequenced using lllumina sequencing technology. The quality of the reads was controlled using
FASTQC software, and the reads were aligned using STAR software. After aligning the
sequences against the reference genome, the tools provided in two software packages, Picard
tools, and GATK, were used to identify the variants in each sample.

Results: All the quality control indicators of FASTQC software showed the appropriate quality
of the studied data. After quality control, the RNA-seq data of the liver tissue were mapped on
the reference genome. About 90% of the reads were mapped on the reference genome, which
indicates the high quality of the sequenced data alignment compared to the reference genome.
Based on previous reports, the CPQ gene was considered an important gene related to ascites in
this study. To fully understand the importance of this gene in disease-related phenotypes, the gene
network, and protein interaction with other proteins, the protein network of this gene was drawn
based on STRING. The ontology (GO) of 49 genes related to each other based on the string was
performed in DAVID software. According to our observation, CPQ, HPSE, and B3GAT2 genes
are involved in important biological pathways related to ascites disease. Then, the genes related
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to CPQ, B3GATZ2, and HPSE genes, which were also related to ascites and contained SNPs in the
samples with ascites, were selected and studied in this step. In this study, eight and three SNPs
were detected in the CPQ gene in the samples with ascites and healthy samples, respectively,
which were identified and reported for the first time in this study. The CPQ gene is the most
prominent ascites candidate gene identified to date, which can be used in marker-assisted
selection to increase ascites resistance in breeding programs. Moreover, four and one SNPs were
detected in HPSE and B3GAT2 genes in ascites samples, respectively. However, no
polymorphism was found for these genes in healthy samples. Heparanase (HPSE) is an
endoglycosidase that catalyzes the cleavage of side chains of heparan sulfate proteoglycans.
Therefore, it plays a role in the regeneration of extracellular matrix and basement membranes, as
well as the release of various molecules related to heparan sulfate as growth factors, cytokines,
and enzymes.

Conclusion: The polymorphisms identified in this research can be used to select ascites-resistant
lines of broiler chickens in breeding programs by further investigating and confirming their effects
on ascites.

Keywords: RNA-seq, Ascites, Marker-assisted selection, Broiler, Single-nucleotide
polymorphism

How to Cite This Article: Hassnvand, S., Farhadi, A., Yonesi, E., Rahimimianji, Gh., & Hasanpour, K. (2024).
Identification of Single-Nucleotide Polymorphisms in B3GAT2, CPQ, and HPSE Genes in the Liver Tissue of Arian
Broilers with Ascites using RNA-seq Data. Res Anim Prod, 15(3), 10-19. DOI: [I0.61186/rap.15.3.10



https://rap.sanru.ac.ir/article-1-1398-en.html

=

VY VEY Y ojlouds /o233l Jlo (ool clades sl yimgs
ol (b Bilie 5 (55,5L3S pgle lutils
g e

4,5 HPSE 4 CPQ B3GAT2 sy}, sowisil s S gl dSwinia orlwliss
RNA-seq sasls 51 adlisw! b Comnl a3 Yo (32,1 3155 dwigS (sds 9o a5 U

? ycome 52,5 o (Bl coun ) ©)08 T ndgr oLl T 3 )3 Lgl N Wigas dyous

Olrl il sl (b @lio 5 (65)5liS pole olRiily ol ple 09 cply s Mol  Suj (6385 (gl -
(ayoubfarhadi60@gmail.com : Jggums ol s) ()|l syl (sl (crub @lio g (55)sliS oKl ¢ gol> pole 09,5 oylutily —¥
Ol il sl (b wlie 5 (55y9liS olRl> syl o (695l Gy 5 ST 0aSiRg%s «(55y9liS (S5 9SS g (58> -V

Ol s il (il (b @lio 9 (559l oKD (o> pole 09,5 olial =¥
Olnl 555 e BB ¢ ol pole 09,8 lutils ~0

VEXLF A by o VEYAY/ A el oy
VALY - i

Lo 035
oS ol Y 0 Sl Cantio ol ol laso g, 00 Jladbts 98 S5 el )3 SuFlial g ore lie S (S (2355 Slaarpiad g dosde
ST NN R IR BE OIS S SN N SO DI BIF S NRESE NG e e
9 S e Jelos Cn e 3 (o sl pydis Bl 390 (g yitie Cald) Cla > adlyn Col oyt ey e 9 Spe E5 (392 Y dlex MU
Sappd 1535 555 badgr hygn E)lie 00 Wil cl 2L )3l Usoly S & da s ol 39500 sleday youb Coniio )3 (b5 9 )35 9 e
S o Wl o S )3 e plie a5 )3 1) (ol (35 45" Cosl A5 waee (Sl Sl (S S (0 150 ]y (e bl pyits pl oo aies
adlls ol 5 Bum il e o155 oMo Goyb 5l Cal pysis 4 plie oY sl 2355 cladnss £ilpe 5 pytis ol L2l ) b Jsol,
sloodly 5l ool b Caguol Pyt 4y Mise u,:)l sibsS slads g S 8l W HPSE § BBAGT2 (CPQ sla i (siwioils s SO sl JSiis olwlis

ol 0356 RNA-seq

VA 310353 drgr asaB AV gl 518 )3 s plosil (Jloi 3y Lauld) oo JB 5 (sl A8) sl S Jols J6 5 5 gy ol sl s 9 33
292 ol el JUS L g)lje 53 &ly )l (nY Epe 3l g 0B Shojled g Conmiz e gl Sg) 2 4 oyl B bS5l (64 (S edlgls
2 BNy i g Cowl & wlas dtwd jd Lol L Ty Camwl WMo oS Sy 505 00ld e 3y oKl Hlie Cald jodo )9y oK)
0l A gy oky A) Jlog odin V5 g (03ke 053 A g 4 0y A) Wl 0y V& Jolis 05y YY laws j1 JS GRNA sl \bud (sandils Wl 05,5
Dged ¥ oS ol Cundds 0d pledl diges A ggamxa y3 g 0ad pled] ZouSG Loty ¥ RNA | (olune jluda i plogl 48 b 5l 63,8l & jpoas (03ko
Jao gl Lawgs 01 gl 5l RNA oS 5 < RNA glisl s g ol o580 4 bssye 503 diged ¥ g pll (55 & bgsyo
diged g5 s 93,5 (o salls 5 ol DNaSe Lauwss 0 2]y RNA pugus w5 odyxins 1053 V0 5,81 5 5 UV-1800/SHIMMADZU
J53le s 3 oozl b W isles ausyen 5 plosl FAStQC 58la 5 5l solizul b W jisles e J S .S pll Luagbl b g5 ool s 3 oalizl b
sl ly (ololis jslaiea; gatky Picard tools (s )l3le 5 ac gazeo 93 13 0us palyd (sl 3l 5l x> yo posi b o JIg5 (65150 5l an 8,5 plul STAR
A5 odliiwl digad p 53 39390

oy S 35S ) e s adllas 3y50 cloodly calio S srind L5 FASTQC Jljiley cuiS JyuS cloasls Lolasilaaidly
YL cuaS onimd LS liee cpl aST Wad oL e a3 pe pei} (g9, o iilen 5l o > Ae dgus Lud b e & ye pei (g9 ST cél RNA-seq
i > Sl b asiye 5 oo 0 olgieds CPQ (o alllas () 53 iy (Lol ol sl g0 poi5 42 Cannd 000 b I (slodly (iya)on
0 ol oo 4Sed slaiSon b (s n GRSy 5 (5 Sl S ilen b laye slacaisd ) 05 ol Cumnl Jol8 S50 (sl ad w85
85 13 pasiie 5 45 pbul DAVID Jjile 3 5 ctisgr bl )3 o b SUING ululy o8 35 ¥ (GO) (wlidd ud 43,5 w3 STRING (ol
05 99 CPQ 5 b kpe cbays o 3l L el b e Caml (glom b &S one (59090 (sl o > BSGAT2 g HPSE LCPQ (sla 5
G5 e 2558,5 51,5 adlllas 390 5 13,5 Gl 139 sl 4 Wi (cladiges 13 SNP (cll> g 0534 Lo yo 5 ool b &5 HPSE 4 B3GAT2
adllas 390 5 0193,5 L5l 139 Coml 4 Miro (sladiges ;> SNP (lls 5 5d9r basye 55 ] b & HPSE ¢ B3GAT2 (45 93 CPQ 5 L basye
Gl oS 15 ol (sa5 gl B S5 JSnia ¥ alass olls (sladiges 5 9 A sl ol & Mlis (slaisad 15 CPQ (3 )3 gy ol )3 i85 18
3ld ) Wl e &Sl ond (plulis jopelas U 4 ol Cawl WX 55 oyt g CPQ 15 blosd (5,155 5 olwlid imgh cpl ,d ,boydyl
3 B3GAT2 4 HPSE (a5 j0 ciomod 005 )15 oolil 5)90 (6315 z ol (gladaliy ;5 coml a4 cunglia il33l (gly ,Slis SaS'ay bl
cdl a5glS 9T JSsnin Wl sladiges ;a5 ol (sl bl s plolis (cadgtlS 3G JISiain V o ¥ 2luw cud ity ool 4 Mo (sladiges
S 5lo S3lasl 3 e 5 o BIBIS |y Sl ol et sl SIS 5 ol (slbo s e 45 el 5SS 51 S, (HPSE) 3bl s 0
)15 18 Lo 3l g Uy giaes iy (slaygiS1o gt Sl )t b g po Cilisee (slaJgSge (53ludljl icman g w0l slalisé g ol )15
55 ladrsr slacnY bl sl g ol 2 ool b anb 5 i oyn b Gingh cnl 59 008 lulid cloISbuin 116 S At
23,8 ool (g3l Mool (ool )d Caml pysin 4y polio

RNA-5q 155l 55 S ISy ¢ 255 drgn ¢S5kt SaSay bl el 1 g0alS” gWo3lg

g oo oL glas)] 0w slep wile (ooleye bylyd o doddo
JW ;s (Hyatt & Smith, 1954) .\,Jua Do gds (S gt Ol hie doud ke youbo 5D (S2y o> YU p e

Sl 4 bgipe alo )15 K50l Jlos sblis ;113D VAD+ dand ;0 podias cpl Cwl YU (59 (gl 00 pid (S5
3 Mo plgea b ol el 5 o aloldM a5 1)) oS (clads gy 13 aS b A bl gas S G lgic


https://orcid.org/0000-0001-7373-7378
https://doaj.org/toc/2676-461X

290y )5 9 (ke (x> )38 iz pledl (3l S Gl g o

WY

2L o) Y g casly oy )3 LIS ol 5l g 5 2950
P Sy g ol Jl gty cle S 4 i @) o8
»» -(Fathi & Haydari, 2016) 5445 oo (1bs5 (slods g
slarg w.o] YL goud a8 A odbline ddlllas S
.(De Greef et al., 2001) x| o 5Ll YU Ly b e
AMpedal g bl )3 (ol g 03y Cuenl (JoSge S
Sra8d ol e o ol 5l edlatel b 1y o)ls bapl
» S lolSal, (Ko (S5 oSl ululy
dSpbise My ORIl a4 e &5 cwl ol
syl 4 slpeMol (Mohammadifar et al., 2014)
oy caensh Kl flgea cuwl 4 polis (cladgw
b, (Hasanzadeh, 2010) 34 0 48,5 Jas ;> ol
wils (b slacdply Jslge S o> bl ol
Ere lp YU o815 b il (6,50l ladin 5 ol
ookl LT 4958059 Cuond LilS e .ol 4Bl dswg
wlide 3 el Mol sl Nl bt ol
b ly sladija ol pogdle sl 03,5 walyd 1) gy
S Syl wald 1y el ol & casl ialS b
o 3 ol Wil Slho g5y glodyid Slillas
oSuily > .(Faraji et al., 2019) >5i al)d (usgilS'ys
Sax 2 Fe 05 e Slekng ol S el ISl
g ooles Y 93 (gl (b 53 g Cunl 0 plodl o
oKy ! cpiizie (535 50 .100,S sl Gl 4 polde
Y 0 koY polis pY DV 0 &S 10,8 oanlie
Wideman et al., ) sloas Mivo cmsl 4 20 y3 WA ol
SEVE Y g eVl s ol (g piycilys (2013
55 5] Gl 4 Canglio a0 L5 &S canl o 3,155
Lubritz et al., 1995; ) &8 Iy il Wlgs o (S5
.(Moghadam et al.,2001; Pavlidis et al., 2007
dawgi gly ApeMol asby iz Sl (29)S (pizxen
Llo2,S" &I SNP polulyy Col &y polio b5 (slads g
blie 5l S (Lee etal., 2022) ol 03¢ juslcutbge 45
S o oSyl e (JoSse (sla, Sl odas
SNP glgil asets caol Gilizeo o slag b Lo
9 g g o dbal) S5 )3 (ee P8 SSR 4 InDel
b Je kwg SNP jasis (Metzker, 2010) ¢l
bl 1) sl sl (o39) ol Sllge ol RNA
s g3 53 po3ST b I slpl g cosl ()5 g5 JS
Sgbe alolis oad sy gble ,5 a5 LWSNP
330 ] adllas 5 (g 3o hnog (sl Al oo
csl o Y olaid] Gl s § 40 lawgs el
[(Jehletal., 2021) 64 oslaiuw! Can
3fdes Gl i bl ey b gladlas
ol opkils o5 sl 5 SLC37A2 5 ,> p.R12X
P ot B it (5l 45 525 ol 5 308 s
T I
g% ) Cycred L(HOsEINI, 2020) 5,8 eolaiwl as e
S5 55 APAFL 5 5 p.Q579X 3,Sles i 5y

VEY Y ojlouds /o3l Jlo (ools Slidos sla yings

Oreddy g 03d grhae aipe 3blie 3 0l (5l ol
B il po 3ble (gilon plgieas )l cnllal 5> i
o 3 &Lfi{)lpf Bble o ()low Oil b)'9/w| Lol A o
OB 223 Yo 5l Gty ol Al 350 pdms 53 395 0
sl bld o (Wideman et al., 2013) cul oni
P Caivo p Sl bl e Lad e dols ool
P& R g | sl b Cato kSl am 08
55 9 CubeS W) Vb CudS b g Lol quie el
Slallas )3 diges Glo Olgisas wizmed 9 sl Sl (€50
Khabiri et al, 2023;) o5)b cuenl  09;
&y 4o o)Lle allu s (Shahdadnejad et al., 2016
Moo otn Sl oFan b b oweb
Mohammadifar & Mohammadabadi, 2018)
9uiS Lin ladd a5 Canl (Y Epe Sl Camio opl S pals
Y Gyl &8 ol oloyguiS 51 (SO ol 5y 0s00 o
oY ol el gl pU u;)] &S Cowl 565 § e (g0 gMo]
Ol o953 £ g Vb dlax jl dasite WSt by
Boge Symde Colo) x> )d dtuiles w‘ joy cleay
Jwy oo doyd Voo dgw Cpl 0 Cowl op liee WA
Sldsgw 1 oSy oS Jb o (Azizian et al., 2013)
DomMiNguez-) cul duoyd A 5l oS cal 59 Jddas 305
b ol &S Sadine opiie yS1 (Avila et al., 2013
Sl laye @I85 9 Copie (lae ((Si) (sbaygss
Hasanpur et al., 2016; Julian et al., 1989; Kalmar)
Mol 53 (bl o (SF5lo0 28 9 s EL AL, 2013
ol ) page S35 Sl pydin 4 (2355 sz >
eals bl el (oolamdl o35l yiol38l gly jaubo o35
9 04 539 ub(ul L)"‘ ).:I 2 ‘JJ)‘J o Ay aS" Cowl oS
Dlio 1 Lol sl 03)8 Iag ol 38l diwge jobdy dius poe>
sy g dbul el o ol €8l il 4y g 8w
5 N9 5 laale)l jop dxtue o Cusl 0ad 565
Druyan ) s cawl pjdiw le (Sl slags)los
yul (& Cahaner, 2007; Hassanpour et al., 2011

5 483 e Gl |y T a5l YL 55501 b e )
B (555 po (mas i 38T 45l Gl 38l @ el
Sy G Cusly Gl g 03505 pliy Cllad 4 G20 )
Ol cllad il 4 STy 53 S oo ey Loty ) Caounay
odd Syp bl cuwly ol SMae ey (LB cwl)
(A 03 3,5 )l Cind crge yuS (nl 9 (B9 0l0)
Cunly gl (AL Pl 1 095 oo sl lar g ald (e
w5 ) ol sy S By 4 o5 Jlo)l car
@ Cunly jalas 5 ey 325k 1 g3 ()lMie 9 358 g0 Al
S ) Y oo 9 2980 035 (. (S Syl S5
ol 42 2o Jole (e D95 00 1S SaS abis )3 15>
» Olole g 9 A8 (S3pglol (w5 605 sla sk
De Greef et ) 555 o0 Caml jop el g odd oS 02
a8 ol iylS emen (@l., 2001; Shi et al., 2014
BB conly o cans g B asuy ooyl cel el



290> @25 9 (POl (o) O3 gy pla)l (ol ol Wigins drans

" 15 ¢l ;3 HPSE 5 CPQ B3GAT2 sbaj  ciisils s 5 (sla IS llis

» &l ol oY Ere 5l g b Giosled 5 Comix
oWiwal 33 9 4 (0ln)) ohwjle gliwl WS &)lse
031> (D93 (0lnl) jepe oBtily (lbgy Cald youbo (9
stloyms 15 31 ol pyatis <l gl Shmgly ol )3 a0
Y elis)] o (piomen 5 Vb (655l gdaw b o> ol yonay
sy 3 lon olysS Sl 5| el g cpuizmad g A o3litl
58 ookl @l L olyer iy dls poyd Pl publaaSS
A5 (Bl 423 Y (hy90 o slod pg3 9 Jsl sl
OB 4> ) aligy Ghyen VY gy U ailiyy sled 3p
oS ol a3 V¥ &l (slod 0)93 T jgy y0 &S bl o
2 V¥ 5 o slod (hyg5 0)93 bL b g el ials
grlizSly I el upie GladSSon ple S L
5 4k g 9)] Oygon QE 0p2) 2li cloles
b Jls 3)lbl &0t ()95 0y93 Jsbo ple )3 (Lgw
o (S0 2l 3B) ool Sl oo 56 plos 5l amy
36 53 4Bl e slargz) Jloy 56 slpl slp Ghy9n
L;LMJ]?J—B old 4> AYR u»)?).’ o (o bl
b o3l ((aloy (i3 o8 (odilejl 5B 5> 4Bl (29

39 59 YA (e B 9> » 0 (Syen 0y Usb
(Malekshahdehi et al., 2017)

@ les 4z ;d 3l LS 1) Col WMo &S SN,
Sz Had aaib ol 09 )3 BNy 4k g Coul
gl 2l cee Ulae clinlofl 5 (Bl by
0l (glwlid glrosyy A5 il sladiges RNA g DNA
Googx dwgn O 3 8S) polie 5 wlue (slaog)S
Pl lais S Wiged g 0990 YA gy o (WD jaseie
Oles U a9 55 0200 148 mile il 50 lul adiged .
SaSS —Ar glod yd 5 Jwy )3 RNA s DNA | sl
SR W

A) wlle 0l V8 oy ¥Y Dlass 51 S RNA gzl sel
08 A g 5005 A) slow 085 1 g (03ke 0y A g 43 0l
| galune Jlado .0 plool A8 bl 5l gal,a5] & yguods (00l
pleol diged A gaemme 43 g 0ud pleal 55055 L osi yy ¥ RNA
@905 ¥ g Wl B0 4y bgspe diges ¥ a8 ol cowday o
RNA gl sl 5 G D9 ] By 4 bayye (500
Jde gl lwg wid glsael RNA cuas § cues
Lodes 9 S 5,81 J5 9 UV-1800/SHIMMADZU
Jlows DNase lawgi ot glyctol RNA g .0 sduociw
9108 5l ookl b adiges  Jlgv oy 103,85 (g5lw a5 g
285 gl Lyoghl o Iy

FastQC I3l 5 5l eoliwl b o yiled cuas™ s
CatS b gl yiled w5 pbol (Andrews, 2010)
GallusgalluS x>, po;  plp  » cwlo
Gallus_gallus.bGalGall.mat.broiler. GRCg7b.107)
(Dobin et al., 2013) STAR Y 3l solazwl L (.gtf
b g Casdyen (hitps://anaconda.org/bioconda/star)
w28 Gllpl il e ye o535 b o Jlg5 55len 5l dn s
picardtools  (s)li8les  Acgeme 9> > oM
sokaieds GATK 4 (http://broadinstitute.github.io/picard/)

2 &ags b dee lp b ooy b nlidle
asllas Sy > (Enayat, 2021) ws S lokis pkils oS
» oss ol Sl sl CPQ o5 & ed b)lS
Dey ) ol ol dy s Cunglie (sl g5 slaasgs
My o ubeS slaases ide hyew ,d (et al, 2018
ol b 3l Caenl YU lie Lol 5 YU 3, Sas capoo
P2 eHS sl adaS a8 0855 el bobul
& sS4 5l (id pugolio 53 &S Cuwl ol b punso
Pl RNA Glolpy a8 S8 i (oL 9 28, &
SoS Cubgig) g5 4 & Cusl (pmgiy) Sl Sy
» o SaslSs oMol Jols Sl ) 45 e
Shafiei et ) cul o) (I DNA 55 90 RNA JIgs
claodls j odlizal L il lsls (al., 2018
mwjliel oyl auie sloy S RNA-Seq
phel ly pgs b Jlp b oosd olulid slacdbly
s (slp gy Sl o 098l Sl (ionen S
elolis dl.asﬁa.?lg.)b P 1 Olfwl 9 J.quo sl o)
223l g (53 Slas 5 51 Canl (S0 o 15 (g0
LDNA b Jlgs b Ll o9l cundas a5 S o ol
(Adetunji et al., 2019) cusl lai> oS 4 3a

el e it Sy 1855 sladge AShl @ ag L
9000 % 429 b (ned g gy jloddy 598 D CudsS
9piS (bsS Eye Cario &y Sl iyt jlond 3y b
el > Slew cnl Rl 3 Hlul Jool, G 4 @2y
ooy Sl ()98 )9S (ubsS sbdrgr Ghygn
polie (S3f slacilly (lolid Xl oo )90 cul )3 )k
3l 0asy] s cplly S5l 55 ol 51 oolizel o ol 4
oololy ol 4 pglie opally b S bl
sl i e Mg Jige o)l Lol
bo axllas ol 3 5 laa ol s )3 PHS o)y b alylas
o0 ssalive cBSNP Lulis ¢l RNA L Jlgs
g«u)xQ&Umoil)b.mb;mm‘&%]b]@})admd)j
2 ol gy o 3 oS alagd b ke slacilly
Gladss b ddaly L) epe il beS sladrgs
ol oyl Wilod; pesd 1) w.j YL pdcdlyy sasie
P el s oS Col cawl (S8 GiSu Caedl odimd
Ao ) e S (slada g > Sl oy )l ol
S Cul ygp8 lple A Rl S5e (Sif ol b
Druyan ) »,.8 plosil ol (S35 olol 3,50 )5 Sl
& Cahaner,) 2007; Lahav et al., 2006; Pavlidis et
(al., 2007

) g, 9 3lge
P93 36 5 (Copml ) Jol 56 ol 56 55 55 Limgly
Ol Slao 5l puge 2855 plsl (Jloy )95 ulps)
slagel)l (B 2)55) Cud (yen S8 93 2 ) (Suin
ST B IS ISP AN e
Sloazg S 8Ll ()l paiged g pllo g (sl slrosi
059y Su x> axkad AWV Jgl jl6 55 5 plosil il 5 oIl
O Jsl jgy 05 &S o)l B k35l gy (5L edlgls VY ]


https://anaconda.org/bioconda/star
http://broadinstitute.github.io/picard/

290w 125 9 (ke (o) 058 iy Pl (3l )d Ll gl Ao

A1

VFY Y oyl [p2d 3l Jlo ool s (sla yimgy

Ensemble o3> olSL 1 Slainyge (slays (ses35 coleMb

(http://asia.ensembl.org/info/data/ftp/index.html)
eolaidl Gl (B jolate 4 (w1035 g5t
ol odnliie (sla i (ol 4y Mo g Wl 09,5 43 2 )
A5 G515 stalesl gloog S S 4 o3 5l Sy 5

olis FASTQC jlidley cuas JuS asls odjlgo
5 5k 2 lila adllas)ge dl.moab—)wtp CutsS ol
2 lila N GL e U»L.ol)g lmo‘ Sdod Fuso w)‘?
&y p95 9y » S 8L RNA-seq (slaosls g (s
P93 S5y Bl I 4oyd a- dgas a5 Wad blSe
M»S (Lo ULM; Ol)’fp Og.] PLEREW Ls’l"u&" &0
& PS4 Cod 0ad b I slaodls (Ad)en VL
() Jge) el

A eolal Dgod y& ) dg>g0 L;lmc;‘jlﬁ)lg uJL.:LM
29 indel g LSNP Jols ons olubs clacslly
o sladises LSNP & bgyyo sla L duslio b g
Sopp solail sl siee DOFOOIS I3l saliwges Jlow: 5
s (odnr Jolpe 3 9 (alulid jlow 5wl (slaog Sl
50 olwlid sla ISbas juudd jglaieds 5ud odlai!
SNPEFf aoby jl osds plolis ol o a4 5 Glu]
Cadiges dod > lacsl)lg lunl jimgh cpl ;0.0 eolatwl
adles wloly  uwo 035 olels ey 5 Wl
Almansaf, 2022, Cheng et al.,) ;i slas)ls
2021; Dey et al., 2018; Guo et al., 2021; Hossain
05 Oleeas CPQ -5 (& Akter, 2022; Liuetal., 2017
DS ehy &b g 10,5 OBl Cowl b ladpe g pre
NN oli,b )'I ol b )i;.) dhz’o}' l.» u) L',,{I =9y
o cpl 0 aS SSNP cules )3 5 Ad puw s String
aaldl 3 ab 555 s )8 edmlin ays cpl 40 9 olwlis

@50 p35 89 0b bl o il (o )lel Ml aod -\ g
Table 1. Summary of statistical information of mapped reads on the reference genome

% uniquely mapped reads Avg uniquely mapped reads Input length Avg. input reads Sample
Koo o2 Cind o (sla il Toee oMb ciudyeh sl (S0le P il b Pl slails (Sile Gged
89.50 17115730 274 19107852y He

91.23 17853944 274 19557918 As

He is related to healthy samples and As corresponds to samples with ascit

B3GAT2 (5 5 CPQ 5 b Lasiye (slagyj o 51 0,5 puw
ladiges 13 SNP (clils 5 1539y Lo yo 55 cul b« HPSE
ol MBS 158 addllasd g g 13,8 Ol gy sl 4 i

ol o o3ly s ) S5 5o bl

\
1

®

e e
L ,}i)*,,,
) — -
WM vicar o
)~

ol Gl 4 Mo sladiges 4 bgspe AS 5wl sladiges 4 by paHe

2 Sl b by 9 0re 0 lsisar CPQ o adlllas () o

b by sbagadsd 13 5 el JolS S (sl b ad 5 Las
2 oS n b (g GRS ey g (55 4Sd S glen
STRING olulys (55 ol (g pg a5 ol by ol (65905

STRING _yslwlpy CPQ (5 L ki pe sbays (glaSiads Judoo g o0 =Y S
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Table 3. Significant of gene ontology pathways for genes related to CPQ gene
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Table 4. The number of hemorrhagic and heterozygous single nucleotide polymorphisms and the number of
transposition and inversion mutations in healthy and diseased samples separately for each gene
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