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Genome-wide Copy Number Variation in a Korean Native Chicken Breed
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ABSTRACT Copy number variation (CNV) is a form of structural variation that shows various numbers of copies in
segments of the DNA. It has been shown to account for phenotypic variations in human diseases and agricultural production
traits. Currently, most of chicken breeds in the poultry industry are based on European-origin breeds that have been mostly
provided from several international breeding companies. Therefore, National Institute of Animal Science, RDA has been trying
to restore and improve Korean native chicken breeds (12 lines of 5 breeds) for about 20 years. Thanks to the recent advance
of sequencing technologies, genome-wide CNV can be accessed in the higher resolution throughout the genome of species
of interest. However, there is no systematic study available to dissect the CNV in the native chicken breed in Korea. Here,
we report genome-wide copy number variations identified from a genome of Korean native chicken (Line L) by comparing
between the chicken reference sequence assembly (Gallus gallus) and a de novo sequencing assembly of the Korean native
chicken (Line L). Throughout all twenty eight chicken autosomes, we identified a total of 501 CNVs; defined as gain and
loss of duplication and deletion respectively. Furthermore, we performed gene ontology (GO) analysis for the putative CNVs
using DAVID, leading to 68 GO terms clustered independently. Of the clustered GO terms, genes related to transcription and
gene regulation were mainly detected. This study provides useful genomic resource to investigate potential biological impli-
cations of CNVs with traits of interest in the Korean native chicken.

(Key words : copy number variation, Korean native chicken, de novo sequencing)
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=

© 2 sk BAMTA T FF 54 A7 e o]HA]
SITHHan et al., 2008; Lee et al., 2013; Yoon et al., 2005).
3] gelAe = 59 ESHEEA AHF, G244 A
), ESTH AEA9 934 € 92 FZ(Hy-Line Brown:
HB, White Leghorn: WL)< t’d 2.2 132 MS markerZ
ol &35t T2 FF 2'H Y (cumulative power of discriminate,
CPD)#tS H.315}% 21 (Oh et al. 2010), 24 A2 Z(Y),
A2 ARER), S AHHFL) B A0 45D} A
T A0 2 Daels 3-HA, B 2 D) I HE=
2she 8719 A E A Reoldds, IS, Slol
E g aE 3709 2E Fekel tiste] 197 MS S &
218k v} 2ATHLee et al., 2011). SNP= 2% Fd Ao 2%
34 34 tgdem de ARRE AR 2 =
U2 8 4 Wol2A faAe] #3274 o] (structural
variation) 3 3PQ] BA|4H o] (copy number variation, CNV)
7F A4 o 2 Rt 3o 7)o githe 3lo] BrelRl
THRichard and David, 1998; Daniel et al., 1999). ©]&]3F CNV
+ 7N(Nicholas et al., 2009), 4x(Hou et al., 2011), % 4(Sto-
thard et al., 2011), -$(Choi et al., 2013; Choi et al., 2014),
S (Croojimans et al., 2013; Jia et al., 2013) 5 T}3t 7=
oAl FalE|o)x]3 9lon, CNVE] TS 88 & 3l
= 7= RS A A7 Bol o] FoA| 2 ATt Griffin
5(2008) v -7 B3 viE(array comparative genomic
hybridization, aCGH) WH S o] &3lo] 2oz A% 74
A FEAA He] CNVE 223193, 1 F o2 d7AE
©] aCGH®} SNP chip< o]&-3te] e CNVE 43513

(Skinner et al., 2009; Volker et al., 2010; Jia et al., 2012,
Luo et al., 2013). & ol AAt] G714 E a5 715 (next
generation sequencing, NGS)& 53l A% A4 G4
o] BEAlFHolE B} FalA AHEd = A HAuom,
Fan 5(2013) tivke] @ZAle} A etoll Al X522 NGS
£ o] &3l 8839709 CNVE Hu3h v} giok 2 7o) A

Jm

ENEAY ISl Basta e 4 A
HFL)oll tated NGS 71HS o] &ate] W3 /3l
oAl CNVE gtk & AT At Ao
o thek CNVE g3 Aog EXY FoX= A
o ek {14 Wol& oasly] Qe Faet on|E /1A
I e CNVEF 5o AAA ez 77 e #8d s A

Haled, 03 71ZAgE d8E Ao R Algdnh

A

ERETET

1. S3AIAl Y Genomic DNA =&

2 Ao A FAAE FE S 7 el A
HE Al FZo2 7AI o]/F] Al 7]
TEFol Aol EASHE 54 AFFE L
As(L421) 92 gl S o] &3lslth La2lS =5ste] &
oS- EDTA-vacutainer w-2o] @& & ol © 2 BE] Wizard®
Genomic DNA Purification Kit(Promega, Madison, WI, USA)

£ o]&3lo] genomic DNAE FE3}

2. A H7 (MY csliE H 24

1= genomic DNAE lluminaAboll Al A-g3 ¥ o
ukel 1 180 bpe}t 500 bp Z719] F 7FA] paired-end(PE)
Sholuelel 22t 244 A ek A el el
gt A714E 352 lluminarKIllumina, San Diego, CA,
USA)€] HiSeq 2000 71715 AHg-3ste] e =]t AYrkd ¢
71X (read) HI°lElE B 7|F A AME galgalde] 3
A THFE 28 7EA] o] FE1to] A AE A Dol bowtie2
£ ©]83t] mappingstl o™, AE e FES 383H7] 9
3 multiple mapping 341-& AFE-3I ) galgalde] 1HY-E]
28W7EA] O] AFAAA] M Dol FEFIE AASH] 918t
o] repeatMasker(version 3.0.3), tandem repeat finder(version
4.07b) 18] 3 window masker(1.0.0)E A}8-3}5]

3. CNV Calling ¥ Filtration

A CNVE Fote 2233 5 3] micro-read copy
number variant regions(mrCaNaVar, version 0.51)2 A}-8-3}
o] CNV 77He gelgitiAlkan et al. 2009). CNVE &<ls}
= 7l 7€ A7 WS AHESHITHBickhart et al.
2012). o] 77k 5 10 Kb 1|7+ Azfol| A vijA|er & CNV
T2 gRlsa, A e 542 gRlst HF4
S % CNVE ESH FAA=YTH 59 agx 7E
2 Wol| Yl EA381= segmental duplication <32 3+
Qlate] AAsIA AL, 7% FAA] 10bp #1AIwk 97 bpe]
AE-E T8 715 A o mappingdle] ¢9F e HHo
B A CNVE 2RIt 183 EFHA Wzl CNVs
T 71 A CNVeE FREe 73 HF AIelA
Al 2l skt

4. SHX} Annotation ¥ 7|sY &4

2 AFoA d=E ONVE FAA = FAAE ER1s]
$3}tod biomart(version 0.9; www.biomart.org)°ll~] Ensembl
75 Genes 71522 G 7|5 F47 galgal4] w44 ARE
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|

3tk el gEd ONVEF 55w 34 oA
o

T (protein coding)dl= FAF JEH T FHBISI T
StE ¥ 34} A H= DAVID Z2 133 o] §-3to] {xz}
E-ZX](gene ontology; GO) £43f| A1-8-3}31 thhttp://david.

abcce.nciferf.gov/summary.jsp).

=

o dob et it

Za 3 nE

1. ESE CNV &2
B ARgAE T 279 PE ZlolB 2] 47](180 bp =
7] 270, Z1=]31 500 bp =7] 27H)EF-E it 97 bp Zo]9]
read HE Qi1 oM, reade] WA 271 & AA =
719] <F 114uhel] d]F3l= 120 Gbo]ATHTable 1). o] 21k
tlole] AAkEEe kA Bickhart 5(2012)©] mrCaNaVarS A}
g3to] ONVE L2 u] AME-3E NGS dlolE] Kl 194l)
Ht} 953 gonz 2 AFdies Boh FEg8| CNVE
Rl = AU HEoA 7IE FHA AL galgald Wl
EA5te TE5S AAs] &Y EA(single copy) G T AL
g3ldlong W} FEe CNV EEo] 7Fssiith ¥ A
T4l mrCaNaVarg AH&-gF CNVE| % 4] 3 7Py v
wrfo] glol= BAFE A5 F e AHE 7k vk
W, F4A4] Weol] Ea)3}= repeat 2 segmental duplication®]
M BAG7E BEsA ASE 5 itk mEbA] CNvel
2 F7PPES 93 AR AN S8-S A A s
Aot} galgald2] 1HEE] 289 “FH (919, 423, 670 bp)
|4 WHEA D(repeat)S A AH A2}, <F 80%(735, 106, 105
bp)el 7IF FAA HEIL FHo] fle d9o= FRlHA
t}. I3} segmental duplications 2HQ13te] -2 of|A] A ] 5}

fr ol

2

Table 1. Data amount produced by NGS sequencing of 4 PE
libraries

Insert Read Sequenced ~ Genome

Library size number bases coverage
(bp) (M) (Gb) X"
Shortl 180 373 36 343
Short2 180 317 31 29.5
Short3 500 283 27 25.7
Short4 500 267 26 24.8
Total 1,240 120 114.3

" M : millon of reads.
™ Expected genome size = 10.05 Gb.

7] $13te] galgald NES EFHOZHE YA reade} &
U3t A7]2 27+ o] galgald A Eeol| that 7132 readS
AAT galgald®] 713 readE galgaldoll Al mapping3dtal,
mrCaNaVarE AH8-3l] 3 3827 CNVs(Gain 1767}, Loss
2067MHE E2lslar, ©]2 3t segmental duplication 42 &
A EFE CNVOA A ejsleltt. HEAor F-5o] AA
H 715 7344 MLl EFE NGS readE mappingdli, 1
Kb 7P read depthE €213t 27}, 1 Kb & Y7 read depth
£ 1,338470, EFHAE 125370990 Hatah BERAE 7]
TOR CNVE AXbslaL, 10 Kb o4 d&%5HE CNVE &
Ak A3}, EFHA F 543705 =k ©] & Gain
2 25670 283 Losse 287700]lem, EFEe] CNVE
A% FAA dellA EF FEE O] A 2 Flo] iy
ITH(Fig. 1, Supplementary Table 1). EZEol|lA] TZ€ CNV
o] AA| =7]= 8,690,331 bp, galgal®] 1¥Hel4] 28 AFad
A AEollX FEFDS AA 5ol tiste] 2+t 0.95%9F
1.18%¢°] sldatich EFEH CNV F, 34 WHol 73k 4
AA| 2 9] 82,440,794~82,450,8371 x| 5H= CNV.1839]
om, =7]= 10.044 KbE gain JFo|t}t. 22l Huj
Ho] 7k CNV.2312 145981 Kb Z7]2] Loss 9<%
om, A 39 51,696,197~51,842,177° AT &
471 oM BolH O R gain EE loss7t HaHolA =
AL geld 4= QA tHgaine A 1HAA 270, G244
2¥A 17 9 8] al loss= 5¥ FAANA 17 94,
Fig. 1). 31 WA gain FS17H& A 1912] 73,554,666 ~
77,631,121 Y C & CNV.0445-E CNV.0607H4] 4 Mbe]
A7l AA A= FAe]AT) o] T3l = Neurotrophin
3(NTF3), CD9 molecule(CD9), Poly(ADP-Ribose) Polymerase
Family, Member 11(PARPII), Heme oxygenase 1(7ED4),
Forkhead box M1(FOXM]I), protease, serine, 3(PRSS3), ~L2]
31 Ensembl H|o]Eju]o] 20llA] uncharacterized protein & &
¥ ENSGALG00000022964, ENSGALG00000022907, ENS-
GALG00000019249 217} 91=15kaL ISt . F A Gain
a7 CNV.I005E CNV.1137H4] A&EE 444 |
el 156,573,378 ~161,014,510 9 2, Kelch-like protein
W(KLHLI) F72} shuat $1218kaL A0t Al |4 Gain 3
ST CNV.I60F-E CNV.1707HA] 5= g4 2H
©] 53,256,455~54,532,502 9 2.2 NSGALG00000012389
FAA} shuRte] f1x)8taL AU Loss J5 7S CNV.312
FE CNV.3RZMA] dA&E s QAA 51 46,888,699~
47,727,357 9A 22 ENSGALG00000028278, ENSGALG-
00000011127, ENSGALG000000111299} +o] 37§2] =}
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Fig. 1. Distribution of CNVs across the genome.

Putative CNVs are represented on idiograms of whole chromosomes.

b S 53] 5 8 gain 1 F7ke] KLHLL $3
A olgl 2493 s Buds deld glom, o &
aqe

THe 43 & Hop gds] £48 a7t sinh

2. S8R FMET|(Annotation) & 7|5

ETHAA E2E CNV T 42 25 28sk= 7
= £ 29371012, gainS 1177] 2] AL loss 1767} ©]
Atk FHAE EFehs ONV GYell= F 39370 faiat
7F ERIEAL, FHE FHAAE Ak #HF 38770 0]H,
HiF 132709 1S 23bsta ek o] F 26071 &
Azte e JEoE weldl A9 3, A 12770
Axe Sid JH7} =2 2 AJuiith A 2H
o Y3t 27019 loss® CNV 94, CNV.1449} CNV.145=
107} o172l §AxE Eastar ST CNV 1440 &351=
A 1270 t5re] vl ks A HEHHOXAL ~7, 11, 7L
2] 13) 2 ENSGALG00000028983, ENSGALG000000266-
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31°]aL, CNV 1459 &8h= At A vhee] o e ek
A AHHOXA3 ~7, 11, 18] 13), ENSGALG00000019640,
ENSGALG00000027636, —L2] 3L even skipped homeotic gene 1

homolog(EVX1)°1th. EFHA d=d CNV g
e 26070 A I A= FHA} 7e HEE

2ofr R

A3}7] 8l S 7 Z(biological process, BP), &4}
7] (molecular function, MF) 12|11 A|3E T4 2.9 (cellular
component, CC)¥} 22 Al 7}A]
(GO) 4= & Ax F 260719 F7d2kA 687HS] GO term
o] d|Z%ATKFig. 2, Supplementary Table 2), BPol| T
A HTH, regulation of transcription(GO: 0045449),
regulation of RNA metabolic process(GO:0051252), regulation
of transcription DNA-dependent(GO:0006355), transcription
(G0O:0006350) 5 A AKtranscription)2} THE GO terme] =
o] d==9ltk MFell #HH 71552 EW, DNA binding
(GO: 0003677), transcription regulator activity(GO: 0030528),

TTO =2 gene ontology

7es
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Enriched GO terms
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Fig. 2. Histogram of gene ontology classification.

The results are summarized in three main categories : biological process (BP), mole- cular function (MF) and cellular component (CC).

The left Y-axis indicates the number of genes in a category.

transcription factor activity(GO:0003700), sequencespecific DNA
binding(GO:0043565)3 22 1A} 24 712 TAE 7]
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