(m - -
ool gg_j_c o% VoV B AY Oloxtio V¥ Jlo /Y o)ledds ¥F ils / ol pole (sla yidgs 4y pid/ gy (ole dllds

|"“""'5°""°'\\_// Research | DOI: 10.22034/as.2022.48893.1637

(Copy number Variation) La s shsas s 535 £ 933 oSuile ; 983 gas oslealinsd
298 9 laSads Glé 4o 40

T alis T ) ulas aasn S plat dala S Silaslia Lea

\i../\Y/\oLf:ﬂ"L}@)U \2“//\/\“2;",.91{)3@)\3

RS Sls gL;)’)jLJ:S 0SSN ‘Jab r}k« c}J§ LgJ:S.sﬁ;J:Jl;\

)‘ij‘; al_<,:;\> ‘6)'))LLS oAl tvﬁ‘ﬁ (ajlﬁ a_gj§ bL’;w‘r

QLJT«\J;}’LM‘D ‘j‘:““‘i‘y Ay CJUF L;\»L..Z CM...:) Aen g0 ‘&ﬂﬁ)p@j wjﬂr
Email: soleimani_homa@yahoo.com :45e J sie 3

oaisa

55 ) elagiea (ol € el 4 633 L Jolaiels (6,63 L ol yais 31 (S (CNV) (S slaas g ladllas dise
el Sl cnda LR wia U550 cida o g 5 AR glasslasl Lo DNA 51 olajias H1SS 5 ad bl s
ol SIS (a5 8 s 5o st ssalibie g5 s puny 03 Ol Lo Js (SB35 £ age pie Ol 0l
Sledhl w155 o Lol § e 255 mace 5o (CNV) (S slass 535 plaulis a) 50 59 pola gtadllas G il ol o
15 somb 53 elaaddl ago Slia 5 (5,BALu o533 0ol G bLS,) 5 Laal3 o (SB35 g5 9550 3 (skadd )
sLag 3o 553 smaalian 53 (CNV) (S sland 5 6755 ¢l olelich udla (a3 aladl 51 (Baa idua aas &)
O it aladl (BB S 5 HIKAT GLese fa (S i S cdalllae (pl 5o 1IS (g 0 LIS A3 5 Aa S
L DNA g8 slaas Jolis g gane 50 4S (Y1) (L1808 5 508 dalllas 5o sud 551K ald slasals 5 o sl
g ok soliil 2 635 IS o (IS Cand (sl (S S ¢ e (s Gpad £1 9 SNSRI §5e (s pab 00 (Sledlbl (5] sine

e a5 S 51 (GRCGBA NCBI jo s siis so5lad) payo 0 9535 5 sad 51k ald slagiilsa &ua, aa )
sladilad 5 auiad Sl sael oo ol il s soliiwl La oS slasd g alealid gl (3153 3ac s
g9 8 a8l snd s sl YA 5 aali VW aS ol plias GIKaas 5 (88 S 0l Gl e a 835 O (Sile 58 g
2l 03 VU Gl sl 5o s 03 YA ula S0 sad olalid aaalb VU 85k ) 5 su s s g S aaals 5 03
Laos a2 03V 5 (250500 RNA € b g o saids lialis 05V a5 0SS jue aily GLARNA 4 L s 50 su
lan 51 age sLan3 4S wals ol suel crns € lB @A b 4t olgd (5 a8 dail o g (5 5 5 aUSS
O3 99 Coiaad Wil eua oS il 558 gl oJ sl sud (535 el Se s Jsao TNFAIPS s DEDS (slag3
53Mens 130 g3 (S alaad psS (gl cdalllas 50 (SlAL sad 5a isls (B el alewss 5o «S RCAN y NPAL3
99 3180 s alg cpl 586 5 cieal saias Glis WIS e <€ wu g INCRNA sola sus ol bLIE 31 g ke
OlsSen atllS (alg (s 5 (oS WanS £ bl 3l sy oo S 4 130 el SRS 5 (38K plale ol
w2 K SaS ul5 ol (gl sui] sla ia 55 5o


https://www.ncbi.nlm.nih.gov/assembly/GCF_000002315.6

VY o /Y opleds YF ala /o> pole (cba yimgly &y uis

oy ol pled (Sl AF

stakd S ulaal 5o ge 5 il b o g9
s emly) aal o SOXS 05 S sstul 5o (0833
elias 9 5 slagiga i K 50 (V00 o),K0a
S, kil 4 523 ASIP 5 o laa S A 6 ut
OIOLSar 5 (s 5 93) S e s Gl gy 9 Sl
4l g Jrads 4y L g (5T 5000 08 2B (Y- 0A
Sl wsb o SPEF2 3 PRLR sla o5 50 (a8l
08 Ol s SLS N ad sl 59 (V02 A OllSea
Ot S o 5 SIXTT 5 i 6 g
el Gla asadipe o Oll8N b sl 5o G K55
St ps3 0 3k s SV Jsb 4 35 0 s
LYY OLKaa 5 OUS) ugd oo plia B3a 4 jaie
A5 ps5 59 g5 Ol abadle Ll Ghdig 4 o g3
St gallhs caal lis 2358 g5 o
Lo g3y onl o sabioe ST s JSa 0ol 555
el 53 LA CNV _SuiSly (5 s gm anype hid
sLadl3 5o CNV gla o sls 5 i 52533

w30 S yal Al § e alias

La iy, 9 9l 9o

b A 9 S g

.L:—A.ué] s ‘Ag_:ﬁ‘ 4_AJLBA (5‘.&54‘.} :)‘ 44).“.‘9.0 Oﬁ‘ o9
S A peane Jolki (Y014) GhLSen 5 (558
s G 0 slans Sledbl gl giae 5 olusa L DNA
sladl3s 5 GuS 5y s soliinl 0 635 S b s
8905 59 5 (S 85,55 su Jold S 5 G suleS
Yooslaad Joldn 8 S sla daga ia g OIS aa3
S 2 olsie 4 (S 55k 4 W3 S DNA @5
Lk 5,8 G g AVIANDIV o555
Lg‘)h.:sd_\_:sm.;‘sd_}‘aal.aaﬁ)%o~ J‘KA.A:&GJ;‘)J
(LOHMANN Tierzucht GmbH) LI aa5 ole 5
s SYNBREED 6555 £ >k 5o (0= 25 BL)

w

doude
wlalis o dal allpa 5o o olalllas Jyal
saSs38 aSlae o 5T 3 5 a3 oo was slag s
g5 ¢l sl sad 5 S sale gulall Slan
sls WLl Gia g5 3l slagien Jald o3
(S Saad 50 g 5 b e sSae (3533l (S
23 (5 4abd S ulasd 5o 6l ol o535 (5 4aks
3 (gl dcalad ad Cieline s il adia Jol,
cdal e pada 550 cia 1S S sk w DNA
Ao 5l s s ol Glae il oS el 5L
9 W00 VA GlhlKaa 5 (il ,ISL) il s o
sl 45 aau e oL aal slalllas (Y- 30 oSan
SLa S (03 53 59 il 4 e 0l e 5
£ s O S8 it st 03 Ol e i 5 suiSS
a5 A 5 S5 a5 Ghas 4ol a5
OILSan 5 u sy (Y0 OLLSen 5 o LsIT) ol
Yo 5l saliied L 1 olusl CNV azss oyl (Y- 1)
23S saaline 5 olasl HAPMAP 355,53 o sala 8
15958 58 3533 US 5 demy0 VY asgie 55 4 Ly s
Oumbie ¥+ Uugaa ol S was o JiSizs LCNV
85l La CNV ol 3t s oo Jolit 1 50 it
N 3 e 533 3l e 50 V i s) (SasS B
(YoVe lLlKaa 5 SY) aiils (HL oS Y-

VK(Y"‘C)‘JlSAAJuJJJ)ul_A.uJ“zJSJJ‘MJJ\Y

OAY 5 (V- V1 Ohlsan 5 JoS) 5lS 4 5535 5l a0
sola (VY OLSean 5 ¥555) § s 2533 Ol aum o
Jalia a,BAL e ol wemyo £+ Luu® s ol CNV
(YN OlolsSan 5 0l S) ayls pldig aa 03 S L
Solis (b st o 3 alagslan b g g 0l
Sl o o sl s ot 5 Ol 5 Sl g5

(Yoo GlSen 5 LS g m)
laad 5 pe aas e Gl (inan Hual olallls
5 L (sl ae 530 Slilsan o (o33 stakid (S
LS e ool Lo o (5008590 Sliia a3 58



b

S5 5 3035 (e 53 LS Sass o5 €55 (Slegilsn ool

Lhulubaéugd.u.um
M‘@Q&Q‘ﬁd‘@w)#&dﬂfil&ﬂ&‘)d
© a5 SulasT 5l ond Juale o 633 5 4l 58 4 oS
(el sud ol MeS 5 dalad dalad Solal o) g
o LasB s s o 5 slagiil sa g U
o (ol 4EB (i 6 85 plae 59 OLeSs o e
59 M) G A ol Sland ol K Hu ST Gl b
S s S5 45 (LIS oo Sila olss i3 L
ald iy a3 o o bl T o Ylaial gt
p 53 5l (e 4 58I Ly 5 sun BLSIDNA
alsd )T Ylaial 0 gt ol B8 L3013 maa (i

.w\aﬁd&;w)deyﬁw‘)a
S s GATK (5,158 a5 (5 s S sulin ol Ly
g s sl Lagilsa see Depth Of Coverage
W olod a3 alsd (sl (Slaalas Sl 515 5
D Pldg e G 2lasoaiy Lt S8 a5
09 Ol 3ae lalugie 5 ad arad DPY - 3l
ol Bae (pSle (555 5 15 0T 5 olanl caes
158t a5l euliid b mlis b Jleel sy 58 sl
OIoLSan 5 5 o0,lS) Wk pessn puibioly BT 5 R
P'Jbu_sMCAJLGl_AJ“}Sue_Adu_Ual_KAJ(Y‘\E
SaBT LG Lo sud pad i wiials value < 0.001
Lo oS olasd 595 gola slap3 sl oeulih Jieua

G g b
oo, psmd Lo Lagiiln o fu, aa (Sl s
Vo) Lagailsa Gae pxSilas 5 AAW/ (Galgalb)
O a8 Gl s 5 IKaAT Gle e G (S dwlis

2305 Olo B s K o Guila )y sl S

radls ¥ Sl eas (ol (oS By el ol
AT Lo S S Gaasl oS slaasns Galla
e S5 iy (e ARSI TV 5 VAL o S S 4
lal wsuibl ag, s waian (o068 W35 g0 S 53
Gos) b b s DNA la asai o il su
el s s oL Mg lllumina HiSeq 2500
Gee (Silae LYY P olaks b gl oo 31 JalS
8 K oy ee 10 X 51 i il A

2305 L Lo G098 sy pa g RVl S s
&

FastQC ) salas ul | s Bl o

https://www.bioinformatics.babraham.ac.uk/ )
alasl La (il sa e e (projects/fastqc/
s o 5 B1s NCBI eyl 5 GRCQBA pa 5o 2 535
NCBI BL U—A-H)L.UJ b)LA—a.:Zu)
s—iss, a—a 5 (GCF_000002315.5_GRCg6a
i S o e 205 L oS L sla Julea
Picard- 5,14l a 5 s 4w Replace Read Group
ol B 5 (5,15 sla (Bl A 5 sa suliil ToOIS
Ll s B3 a 5 slabis Mark Duplicates
L ot Sl SAMLEOOIS 1580 a 3 b o g 52 L
slalbd ma a3 junao o) aa gl Lasuls
Sane (A3 Ad s 85 i saleT 1530 po Slaial
Slealiil L .ons S o gm (INdel) Lagass) ) o)
Realigner Target oG s GATK (5,158 a5 4w
OaAdie a 953 (555 e gals Jas daul Creator
=L Indel Realigner o6 5 soliiad b Gupes su
o) md 8 a5 s Al Gl oo el A

JEYR VA


https://www.ncbi.nlm.nih.gov/assembly/GCF_000002315.6

VEo¥ b /Y o)lod Y als / sols pole (sl g3 4y puis g lé gt (Sl A8

P L s,ais TA0YY (ylie 0l 5 4S w38 < 5158 ooy Ol Jsb Lo oslite adlal Cilaal b € Sl e
(FDR=0.001) s ils Lo ae BULA) 85,5 g0 bl 1 aiis S ulaad 508 (g la oS ol
..\.al“.u.u‘)o)lg:ulg_m 43\9_4&_)_9_'\::935247 &J—A%—AJJ‘ML]QA&&‘JJ-JJS

Manhattan Plot between Broilers vs Layers
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Figure 1. Manhattan plot between Broiler vs Layers (FDR = 0.001). The blue line represents —log10(1e-40).
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Table 1: Genomic regions that differed significantly between Broiler vs Layers. chr = chromosome number, end
pos & start pos = start and end position of the interval studied, p-value = significant level of difference observed
in the two groups, Gene = gene name in the Ensemble database, Gene Type = type of genes identified

Chr  start pos end pos P_Value Gene Gene Type

1 8615849 8616849 8.88E-35 ENSGALG00000047509 LncRNA

1 16743849 16744849  6.39E-58 ENSGALG00000051900 LncRNA

2 108739997 108740997  4.06E-31 ENSGALG00000035863 Protein coding
4 6000 7000 5.23E-30 ENSGALG00000051955 Protein coding
4 ENSGALG00000046911 Protein Coding
4 ENSGALG00000046912 )

8 165493 166493 4.98E-33 ENSGALG00000047113 LncRNA

9 1059400 1060400 5.37E-41 ENSGALG00000053235 RRNA

9 ENSGALG00000049906 RRNA

9 ENSGALG00000048300 RRNA

9 ENSGALG00000048577 RRNA

9 ENSGALG00000042075 RRNA

9 ENSGALG00000051124 RRNA

9 ENSGALG00000053692 RRNA

9 ENSGALG00000050473 RRNA

9 ENSGALG00000050500 RRNA

9 ENSGALG00000047553 RRNA

9 9122510 9123510 1.89E-31 ENSGALG00000055140 LncRNA

9 ENSGALG00000051658 LncRNA



http://asia.ensembl.org/Gallus_gallus/Gene/Summary?db=core;g=ENSGALG00000047509;r=1:8625872-8654721;t=ENSGALT00000107808
http://asia.ensembl.org/Gallus_gallus/Gene/Summary?db=core;g=ENSGALG00000051900;r=1:16707397-16716976;t=ENSGALT00000090661
http://asia.ensembl.org/Gallus_gallus/Gene/Summary?db=core;g=ENSGALG00000035863;r=2:108737269-108737544;t=ENSGALT00000050894
http://asia.ensembl.org/Gallus_gallus/Gene/Summary?db=core;g=ENSGALG00000051955;r=4:1-32000;t=ENSGALT00000092456
http://asia.ensembl.org/Gallus_gallus/Gene/Summary?db=core;g=ENSGALG00000046912;r=4:1-32000;t=ENSGALT00000100432
http://asia.ensembl.org/Gallus_gallus/Gene/Summary?db=core;g=ENSGALG00000046912;r=4:1-32000;t=ENSGALT00000106788
http://asia.ensembl.org/Gallus_gallus/Gene/Summary?db=core;g=ENSGALG00000047113;r=8:140493-191493;t=ENSGALT00000093626
http://asia.ensembl.org/Gallus_gallus/Gene/Summary?db=core;g=ENSGALG00000053235;r=9:1034400-1085400;t=ENSGALT00000079989
http://asia.ensembl.org/Gallus_gallus/Gene/Summary?db=core;g=ENSGALG00000049906;r=9:1034400-1085400;t=ENSGALT00000072659
http://asia.ensembl.org/Gallus_gallus/Gene/Summary?db=core;g=ENSGALG00000048300;r=9:1034400-1085400;t=ENSGALT00000070117
http://asia.ensembl.org/Gallus_gallus/Gene/Summary?db=core;g=ENSGALG00000048577;r=9:1034400-1085400;t=ENSGALT00000105567
http://asia.ensembl.org/Gallus_gallus/Gene/Summary?db=core;g=ENSGALG00000042075;r=9:1034400-1085400;t=ENSGALT00000082008
http://asia.ensembl.org/Gallus_gallus/Gene/Summary?db=core;g=ENSGALG00000051124;r=9:1034400-1085400;t=ENSGALT00000051689
http://asia.ensembl.org/Gallus_gallus/Gene/Summary?db=core;g=ENSGALG00000053692;r=9:1034400-1085400;t=ENSGALT00000092927
http://asia.ensembl.org/Gallus_gallus/Gene/Summary?db=core;g=ENSGALG00000050473;r=9:1034400-1085400;t=ENSGALT00000097810
http://asia.ensembl.org/Gallus_gallus/Gene/Summary?db=core;g=ENSGALG00000050500;r=9:1034400-1085400;t=ENSGALT00000075363
http://asia.ensembl.org/Gallus_gallus/Gene/Summary?db=core;g=ENSGALG00000047553;r=9:1034400-1085400;t=ENSGALT00000077490
http://asia.ensembl.org/Gallus_gallus/Gene/Summary?db=core;g=ENSGALG00000055140;r=9:9097510-9148510;t=ENSGALT00000099558
http://asia.ensembl.org/Gallus_gallus/Gene/Summary?db=core;g=ENSGALG00000051658;r=9:9097510-9148510;t=ENSGALT00000091409
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9 ENSGALG00000035425 LncRNA

10 622360 623360 1.93E-35 ENSGALG00000047538 LncRNA

11 19984944 19985944 1.52E-45 ENSGALG00000049187 LncRNA

13 19039222 19040222 4.13E-31 ENSGALG00000049252 LncRNA

23 5916500 5917500 5.61E-32 ENSGALG00000004268 Protein coding
NIPA like domain containing 3-
ENSGALG00000004282 Protein Coding
RCAN family member3

23 5991000 5992000 8.80E-30 ENSGALG00000047337 LncRNA

23 6014000 6015000 4.43E-38
death effector domain containing-

25 490210 491210 2.89E-31 ENSGALG00000043129 Protein coding

25 532210 533210 1.04E-41 prefoldin subunit 2- ENSGALG00000026374 Protein coding
ATPase H+ transporting V1 subunit A-like -
ENSGALG00000000048 Protein coding

25 3063402 3064402 7.99E-42 ENSGALG00000047551 Protein coding

25 3064402 3065402 8.77E-35 ENSGALG00000054815 LncRNA

25 3068502 3069502 3.21E-32 ENSGALG00000046959 LncRNA
ENSGALG00000051668 LncRNA

27 8067131 8068131 5.61E-32 ENSGALG00000054749 LncRNA

27 8072131 8073131 2.95E-54 ENSGALG00000048092 LncRNA

27 8074131 8075131 8.16E-45

27 8075131 8076131 9.75E-49
myeloid derived growth factor-

28 5061100 5062100 1.33E-36 ENSGALG00000004263 Protein coding

28 5063100 5064100 1.25E-36 ENSGALG00000053954 Protein coding
TNF alpha induced protein 8 like 1-

28 5071100 5072100 2.90E-41 ENSGALG00000004266 Protein coding

28 5093100 5094100 4.12E-47 ENSGALG00000038201 LncRNA

28 5094100 5095100 1.78E-53 } i

28 5100200 5101200 7.71E-30
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http://asia.ensembl.org/Gallus_gallus/Gene/Summary?db=core;g=ENSGALG00000035425;r=9:9097510-9148510;t=ENSGALT00000059375
http://asia.ensembl.org/Gallus_gallus/Gene/Summary?db=core;g=ENSGALG00000047538;r=10:597360-648360;t=ENSGALT00000090649
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http://asia.ensembl.org/Gallus_gallus/Gene/Summary?db=core;g=ENSGALG00000038201;r=28:5036100-5126200;t=ENSGALT00000097542
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Introduction: Copy number variation (CNV) consist of deletion, insertion, and duplications. It is
an important source of genetic variation in organisms and thus influences on the gene expression
and phenotypic variation. Copy number variation (CNV) is one of the structural variant with an
intermediate size class larger than 50bp which involves unbalanced rearrangements that increase or
decrease the amount of DNA (Pirooznia et al 2015, Alkan et al 2011). The size of CNVs is larger
than 50bp, while smaller segments are known as insertions or deletions (indels). Thereupon these
structural variations comprise more polymorphic than SNPs because of enormity, detection of them
and their effect on phenotype has caught the attention of many researchers recently. It has been
reported that CNVs changes in gene dosage and regulation as well as in transcript structure, and
thus contribute to phenotypic variability (Pirooznia et al 2015, Alkan et al 2011).

The pea-comb phenotype is caused by a CNV mapping to intron 1 of the SRY (sex determining
region Y)-box 5 (SOX5) gene (Wright et al 2009). Late feathering in chickens is due to incomplete
duplication in PRLR and SPEF2 genes (Elfrink et al 2008). In swine, dominant white colour has
been related with a duplication of a 450-kb fragment of the KIT gene (Giuffra et al 1999) and a
splice mutation causing the skipping of exon 17 (Giuffra et al 1999). In sheep, doubling in the ASIP
gene results in the regulation of pigment in body coat (Norris et al 2008). Doubling the 4.6 k base
pair into the six introns of the STX17 gene results in a gray body color in the horse with age.
Deletion of the intergenic region with a length of 11.7 kbp in the goat genome leads to the removal
of horns (Clop et al 2012).

Chicken is the most intensively farmed animal on earth and is a major food source with billions of
birds used in meat and egg production each year. A big share of chicken CNVs involves protein
coding or regulatory sequences. A comprehensive study of chicken CNV can provide valuable
information on genetic diversity and assist future analyses of associations between CNV and
economically important traits in chickens. Unique chicken genome with macro and micro
chromosomes and its biology make it an ideal organism for studies in development and evolution,
as well as applications in agriculture and medicine (Burt 2005). In the last several years, there has
been an increasing interest in the study of CNVs in the chicken. This study focuses on comparison
of CNV between the broilers and layers chicken to find evidence of domestication on the genome
using whole genome sequencing.
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Material and methods: we used n=90 female birds of two commercial broiler (n=40) and layer
(n=50) chicken. The broilers (BRs) were represented by 20 DNA samples of each of two lines
(BRA and BRB) established independently and previously collected as part of the AVIANDIV
project. In the layer group (LRs), data from 25 birds each from purebred white (WL) and brown
(BL) egg laying populations, sequenced in the frame of the SYNBREED project
(http://www.synbreed.tum.de/index.php?id=2), were included. The paired-end reads with a read
length of 101bp were mapped against the current reference genome assembly Galgal6 using the
Burrows-Wheeler aligner (bwa, 0.6.2-r126 Version, with default parameters. Duplicate reads were
masked  during  post-processing using the Picard tool set (version 2.9.2,
http://picard.sourceforge.net). Finally, Genome Analysis Toolkit-3.3.0 was used to realign reads for
correcting errors caused by indels. Using GATK software package and Depth of Coverage function
(McKenna et al 2010), the depth of readings was calculated for each sample. Then filter out reads
with mapping quality below 20. Because comparing the genomes of individuals in different groups
was time consuming and computationally difficult for all parts of the genome, the genomes of each
individual were divided into 1000 bp non-overlapping windows and the average reading depth per
window was calculated. Then the results were normalized against the BL sample that showed
highest average depth. In short, we created a correction factor per population and applied it on the
depth of coverage value for each window. For all the contrasts, we performed an analysis of
variance (ANOVA) as described (Carneiro et al 2014). For the Broilers-Layers contrast we scanned
935247 windows. 73&YYwindows showed significant by FDR with P < 0.001, with ANOVA using
the Benjamini-Hochberg FDR method for multiple corrections (Benjamini and Hochberg 1995).
Results and discussion: Mapping sequencing data to galGal6 assembly showed an average 98.61%
mapping rate and 11.51 depth. Manhattan plot was plotted for regions of the genome that differed
significantly between the two groups (FDR = 0.001). The points above the hypothetical line were
identified and examined in a 25 Kbp confidence interval to identify possible genes. 39 regions were
identified that half of them does not contain any genes. Although Long noncoding RNAs are under
lower selective pressure than protein-coding genes (Batista and Chang 2013), the other 11 regions
contained 16 genes related to long non-coding RNAs. Long noncoding RNAs (IncRNAs) play a
critical role in organizing the 3-dimensional genome architecture and regulating gene activity in cis
or in trans through multiple mechanisms (Zhang et al. 2019, Batista and Chang 2013). 6 Othere
regions also contained 12 coding genes. Most of the identified genes were somehow linked to the
immune system disease or cancer. Genes such as DEDs and TNFAIP8 are involved in programmed
cell death (apoptosis) and two genes NPAL3 and RCAN, which are involved in the immune system,
had a copy number variation in the studied samples. In addition, RCAN is involved in Down
syndrome. The PFDN gene, located on chromosome 25, is also involved in Alzheimer's and
Parkinson's disease.
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