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Abstract To identify the regulatory factors of gene expression for the breed-specific phenotype of
long-tailed chicken, we focused on whole genome DNA methylation. The differential methylated regions
(DMR) containing methylated CpG sites have an important effect on disease progression compared to
single CpG sites. In this study, the DNA data of the tissues of long-tailed fowls were used. These were
mapped to the reference sequence of chicken using the sequence analysis software Bowtie2. The
genome-wide DNA methylation profiling was carried out through the MEDIPS package. Accordingly, the
CpG counts of the entire chromosome were identified and the DMR genes related to the
tongue-to-feather trait (logFC>0 and p-value{0.01) were selected based on statistical significance. The
function of the DMR gene was identified by gene ontology and the results were visualized as a circos
plot. Thus, DNA methylation was carried out to confirm the CpG region. The DMR genes of the chest
feather, tail feather, and tibialis posterior feather were confirmed to be numbers 48, 6 and 472,
respectively. In particular, the Wnt-signaling pathway was activated in the tissue of the tibialis posterior
feather, where the highest number of genes were found in the DMR. It thus appears that the epigenetic
aspect of the specific traits of long-tailed males such as tail feathers and molting can be interpreted
better through genome-wide DNA methylation.
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Table 1. Sanger quality check (ASCII Character Code=phred Quality Calue +33) Read Counts annotates total
bases divided by the base length (101 bp; Iluminal pipeline).

Sample ID Tissue Total Bases(bp) Total reads Q30(%) A total of CpG counts
3-duodenum-M duodenum 2,398,118,952 23,743,752 91.93 12,826,283
3-throat-M throat 2,182,589,800 21,609,800 91.96 12,635,540
3-marrow-M marrow 2,369,583,624 23,461,224 91.87 15,061,200
3-billiducts-M billiducts 2,369,583,624 23,461,224 91.87 13,806,581
3-cockspur-M cockspur 2,197,997,552 21,762,352 92.15 17,249,061
3-C_feather-M chest feather 2,182,589,800 21,609,800 91.96 18,669,593
3-G_stomach-M proventriculus 2,082,387,296 20,617,696 92.07 15,536,307
3-shinskin-M shin skin 2,341,986,081 23,187,981 91.7 13,930,083
3-tailfeather-M tail feather 2,153,977.914 21,326,514 92.25 9,751,378
3-appendix-M appendix 2,079,487,687 20,588,987 92.44 8,247,593
3-kidney-M kidney 2,240,810,341 22,186,241 92.55 8,691,623
3-lung-M lung 2,287,676,260 22,650,260 91.97 8,709,484
3-spleen-M spleen 2,182,277,811 21,606,711 90.99 8,989,098
3-liver-M liver 234,113,273 23,179,532 91.98 10,483,590
3-craw-M craw 2,219,031,812 21,970,612 92.53 9,799,889
3-cardia-M cardia 2,131,537,431 21,104,331 91.35 10,246,759
3-Se_glands-M Seminiferous glands 2,196,606,580 21,748,580 93.32 9,751,303
3-ileum-M ileum 2,153,977,914 21,326,514 92.25 10,971,570
3-sternum-M sternum 2,191,081,779 21,693,879 91.43 10,633,078
3-pancreas-M pancreas 2,325,382,287 23,023,587 92.45 10,839,668
3-meninges-M meninges 22,47,126,275 22,248,775 91.95 11,161,855
3-heart-M heart 2,341,132,732 23179532 91.98 10,795,416
3-hypothala-M hypothala 2,033,283,116 20,131,516 94.55 11,693,658
3-cerebellum-M cerebellum 2,743,512,591 27,163,491 94.62 11,833,227
3-TP_feather-M tibialis posterior feather — 2,432,718,219 24,086,319 90.88 11,641,017
3-cerebrum-M cerebrum 2,192,822,514 21,711,114 91.49 11,218,392
3-AP-M anterior pituitary 2,255,457,058 22,331,258 91.65 235,171,901
3-trachea-M trachea 2,287,676,260 22,650,260 91.97 11,755,477
3-rectum-M rectum 2,162,178,508 21407708 91.5 12,202,530
3-meatbroth-M meatbroth 2,199,896,049 21781149 92.62 11,908,667
3-Se_duct-M Seminiferous duct 2,228,969,101 22,069,001 90.94 11,694,982
3-cytopygium-M cytopygium 2,109,703,554 20,888,154 90.74 12,185,510
3-cockscomb-M cockscomb 2,209,038,670 21,871,670 92.14 11,519,826
3-cloaca-M cloaca 2,160,897,020 21395020 92.09 11,996,139
3-jejunum-M jejunum 2,341,986,081 23187981 91.7 11,691,642
3-colon-M colon 2,398,118,952 2,3743,752 91.93 11,740,398
3-bronchus-M bronchus 2,340,447,447 23,172,747 92.04 15,205,346
3-eye-M eye 2,037,212,622 20,170,422 92.38 13,889,956
3-M_stomach-M muscle stomach 2,162,178,508 21,407,708 91.5 13,470,642
3-tongue-M tongue 2,340,447,447 23,172,747 92.04 12,060,913
3-breast-M breast 2,240,810,341 22,186,241 92.55 13,283,284
3-Bonemarrow-M bonemarrow 2,199,896,049 21,781,149 92.62 14,066,076
3-earlobe-M earlobe 2,228,969,101 2,2069,001 90.94 14,283,525
3-fascia-M fascia 2,196,606,580 21,7485,80 93.32 14,292,828
3-M_skin-M muscle skin 2,325,382,287 2,3023,587 92.45 13,948,546
3-TP_muscle-M tibialis posterior muscle  2,191,081,779 21,693,879 91.43 13,273,987
3-TP_skin-M tibialis posterior skin 2,214,509,941 21,925,841 93.26 14,285,626
3-legmuscle-M leg muscle 2,354,197,486 23,308,886 91.17 13,533,488
3-foot-M foot 2,033,612,780 20,134,780 93.1 13,477,391

GC strands for the percentage of of guanine and cytosine bases on a total reads. Q30 each means phred score equivalent to the
probability of an incorrect base call 1 in 1000 times. A total of 49 tissue specific DNA data. A total of CpG counts is in genome-wide
about each tissue. There are no DMR in 10 out of 49 organizations. From the duodenum to the muscle stomach, it shows sequential
similarities based on the tongue.
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which it was assigned using the hK-means clustering algorithm. Note that there is no ordering of the
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Fig. 3. The black blocks on the circle represent the DMR regions from tissue of 39 tissues in chromosome
regions, respectively. From the duodenum to the muscle stomach (Table 1), it shows sequential
similarities based on the tongue from the top in circos plot.
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Fig. 4. The red blocks and blue blocks on the circle represent the CpG counts from tissue of chest
feather and tongue in chromosome regions, respectively. The center represent the 48 DMR genes
between chest feather and tongue in chromosome regions.
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Fig. 5. The red blocks and blue blocks on the circle represent the CpG counts from tissue of tail feather
and tongue in chromosome regions, respectively. The center represent the 6 DMR genes between
tail feather and tongue in chromosome regions.
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Table 2. The 526 DMR genes between tongue and chest feater (48), tail feather (6) and tibialis posterior
feather (472) were methylated. Functional groups are derived from the gene ontology (GO) biological
processes, molecular function and cellular component clusters (BP). Only representative functional
groups with EASE < 0.1 are reported and top 10 in terms of gene ratio(%).

GO ID Cluster Description Count  Percentage P-Value Genes
G0:0006357 BD Regulation of transcription from RNA 59 11.9 6.745-06 RORA, TCF20, GLI2, and 50
polymerase II promoter more
GO:0045944 BD Positive regulation of transcription from 36 72 1.265-04 HDAC4, LDB1, PLAG1, RORA
RNA polymerase II promoter and 26 more
. Negative regulation of transcription from ~ KHDRBS1, LDB1, CTBPI1,
GO:0000122 BP RNA polymerase II promoter 30 6.0 8.33E-05 WWC2 and 20 more
GO:0016477  BP Cell migration 17 3.4 2.00E-04 DOCK> LAMmAieITGBS and 8
. Negative regulation of transcription, _ TFAP2A, HDAC4, KHDRBSI,
GO:0045892 BP DNA-templated 17 34 1.058-03 TSHZ3 and 7 more
GO:0007275 BP Multicellular organism development 17 3.4 7.21E-03 EPHA4, USP7, WNTS5B, AXINI
and 7 more
G0:0035556 BP Intracellular signal transduction 17 3.4 4.14E-02 WSB2, PRKCB, TUFT1, NOD1
and 7 more
. . . e ~ HDAC4, PTPRU, BCL11B,
G0O:0008285 BP Negative regulation of cell proliferation 16 3.2 1.71E-03 AXINZ, SMADG and 5 more
G0:0045893 BP Positive regulation of transcription, 16 32 8.556-03 BLM, ZBTB32, AXIN1, ARID1B
DNA-templated and 6 more
RAP1GAP2, DOCKS5,
GO:0043547 BP Positive regulation of GTPase activity 15 3.02 6.42B-03 RABGAPIL, DENNDIA and 5

more
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Fig. 7. The DMR genes between tongue and chest feather were methylated. Functional groups are derived from the
gene ontology (GO) biological processes, molecular function and cellular component clusters (BP, MF
and CC, respectively). Only representative functional groups with EASE < 0.1 are reported.
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Fig. 8. The DMR genes between tongue and tail feather were methylated. Functional groups are derived
from the gene ontology (GO) biological processes, molecular function and cellular component
clusters (BP, MF and CC, respectively). Only representative functional groups with EASE € 0.1 are
reported.

Table 3. The genes that function as a Wnt signaling pathway in the KEGG pathway map used DMR genes
between tongue and tibialis posterior feather.

Gene symbol Gene full name Chr Start End
CTBP1 C-terminal binding protein 1 4 84,541,204 84,762,592
VANGL2 VANGL planar cell polarity protein 2 25 2,442,218 2,446,961
AXIN1 Axin 1 14 12,551,591 12,627,669
AXIN2 Axin 2 18 7,613,207 7,634,458
BTRC Beta-transducin repeat containing E3 ubiquitin protein ligase 6 23,793,963 23,908,311
FZD3 Frizzled class receptor 3 3 105,834,156 105,886,228
GPC4 Glypican 4 4 3,771,853 3,833,252
PRICKLE2 Prickle homolog 2 (Drosophila) 12 14,033,841 14,122,269
PRKCB Protein kinase C, beta 14 7,057,348 7,132,158
TBL1XR1 Transducin (beta)-like 1 X-linked receptor 1 9 18,059,871 18,184,272
WNTG6 Wingless-type MMTV integration site family member 6 7 22,402,840 22,410,862
WNT5B Wingless-type MMTV integration site family, member 5B 1 60,852,680 60,917,603
WNT7B Wingless-type MMTV integration site family, member 7B 1 70,750,805 70,843,717
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Fig. 9. KEGG Pathway navigation of DMR genes between tongue and tibialis posterior
feather. The Wnt signaling pathway in the KEGG pathway map.
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