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Genome-wide DNA methylation profiles of pig

testis reveal epigenetic markers/genes for boar
taint

Xiao Wang and Haja N. Kadarmideen

Quantitative Genomics, Bioinformatics, Computational Biology (QBC) Group,
DTU Compute, Technical University of Denmark
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Background - Boar taint (BT)
et S
EEKX
» The boar taint (BT) is primarily caused by the B] Eﬂ
accumulation of skatole and androstenone ~ _ Chemical/sharp
high heritability (0.33 and 0.59)
Skatole produced
_ _ - Dy bactena -
» Surgical castration for BT * inthe large intesting
® Animal welfare \./ e
Alldl“w Stable
©® Labour intensive (use of anesthesia) ‘ secretign - /
@® Consumer acceptance Y, nhe m‘”f
\ Peréume
» Selection of low BT boars can be an effective
approach to avoid BT and other disadvantages of &
surgical castration ‘“‘/ \ /
\ Rancid/old

Patterson, R. L. S. (1968), Gower, D. B. (1972), Strathe, A. B. et al., (2013)
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Previous Work on Multiomics of Boar Taint

Quantitative Genetics = GWAS/GP - Transcriptomics = eQTLs > Epigenetics

www.nature.com/scientificreports
relationship to production and litter size traits in Danish Landrace

A. B. Strathe. I. H. Velander, T. Mark and H. N. Kadarmideen ' :

doi: 10.2527 ns301242{2)[780(1{gzlgqll]v?)Lg]?\\llglb‘gﬁnu March 18, 2013 lefe re ntlal expre55|°n al'ld CO-
expression gene networks reveal
S candidate biomarkers of boar taint
s e INNON-castrated pigs

Published online: 22 September 2017

Genetic parameters for androstenone and skatole as indicators of boar taint and their

Genetic parameters for male fertility and its relationship to skatole and androstenone Markus Drag®**, Ruta Skinkyté-Juskiené(®*, Duy N. Do?, Lisette J. A. Kogelman'? & Haja N.
in Danish Landrace boars Kadarmideen('*
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Characterisation of eQTLs associated with androstenone by RNA sequencing pathways associated with boar taint in p|gs

in porcine testis
Markus Drag’, Mathias B. Hansen', Haja N. Kadarmideen'?*
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Epigenetics — DNA methylation

» Epigenetics: No change in DNA sequence, but changes in gene function that are

heritable changes

AGCTAGCTACT NH, NH,
» DNA methylation: ' 5 NN methylvanstefase N
SN GC G 3 NO N

 DNA methylation has been examined to be associated with growth, immune response and
reproduction traits in pigs. Our questions were:

* Does DNA methylation affect boar taint (BT) levels?

» Are candidate biomarkers (differentially expressed / co-expressed genes) and eQTL-

_ genes differentially methylated in high vs low BT boars ?
Wu, C. T. and J. R. Morris. (2001)

27 August 2019 DTU Compute



=
=
—

i

Materials - 9 testis sample for RRBS

e Summarised BT
EBV= Skatole

EBV+ Human
nose score EBV

Meissner et al., (2005)
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Low BT EBV 3 testis sample
Medium BT EBV 3 testis sample 9 RRBS (Reduced representation bisulfite sequencing)
High BT EBV 3 testis sample
N —
// ( /"Kq ‘ CGG < Ig e
‘\\\t(y ) i ) - —— CCGG CCGG (‘(i(iik(' . - B -
\\,—.f:/_’_] — GO GadGe—— S 99C o —Ge End repair
Purification of genomic DNA Restriction enzyme digest
Adapter I;C(CJ & C;; '( X sodepy - Yé’x‘(’% —(7 (i\(‘.((}‘ .\\
= — -
= - I e A-Tailing
S0 - Adapter Ligation
E = = \{ Bisulfite conversion changegs
— — /| unmethylated "C” to "U”
50 s 50 ~ ! .
Adapter  TCGG WA ey q Adapter  TOGG™ TIGA  sadepy -
Sz Selection Bisulfite Conversion PCR Amplification Sequencing
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Methods — QC, alignment and methylation rates

» QC trimming by Trimmomatic software (version 0.36)
 RRBS adapters
» reads less than 20 bases long

» Aligment by Bismark Bisulfite Mapper (version 0.19.0) Methylation
— map clean reads to the porcine reference genome (Sscrofall.l/susScrll) percentage
— Determine the cytosine methylation status, i.e. methylated/unmethylated cytosine

» Methylation percentage = read number of Cs / (read number of Cs + read number of Ts) = R
TATGG|TGATATTICG[T

reference genome ~ ~
TATGG|CGATATT|CG|T

. | . | A

I S I TATGGC)GATATT»E/GT
L depth of TATGG;C)GATATTEGT

—— — coverage

T v TATGG[TGATATT[C:

TG CG[T
mm fragments of DNA (reads) i i

Bolger et al., (2014), Krueger, F. and Andrews, S. R. (2011) 60% 100%
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Methods — Weighted methylation mean

» The weighted methylation mean () of a CpG site for each BT group was:

TRi
YTTR;’

MR;
. Z’fﬁ%‘*Wiand w; =

. where MR; and TR; are methylated and total reads number at a given CpG site of individual
I, n is the total individual number of each BT group and W; is the weight of reads of individual i.

» Differentially methylated cytosine (DMC) through the logistic regression model in methylKit

package:

. log (1—:'?) =u+ pTi+ e,

l

. where 1, is the weighted methylation mean at a given CpG site of group i and T, is the BT
group

Akalin, A. et al., (2012)
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Methods — Gene based weighted methylation - R package

(O Unmethylated cytosine

@ WMethylated cytosine n m m
Window 1 Window2 » —Zlm L« W;j and Wy; = —El T
- 21 TRl-j 21 21 TRl-j
o — Gene - - — —
» MR;;: Methylated reads number
A B C D E F G

» TR;j: Total reads number

[T P I MY Y T
. Bem2

Intron 1 Intron 2 _ > Wij: Welght of reads

shorer G s

r Window ~[ Base pair (bp), kilo bp, mega bp
|.bismark.cov File Input ‘ |.bed File Input — Gene

Gene: promoter, exon, intron

CpG island (CpGi)

Gene based reglon — CpG island: CpGi, CpGi shore

Gene: CpGi, CpGi shore

L Site { cytosine

— Promoter, Exon, Intron : CpGi, CpGi shore
— DMG

GeneDMRs is freely available at https://github.com/xiaowangCN/GeneDMRs

- DMW DMP, DME, DML

DMCpGi

GeneDMR — DMCpGi, DMShare

L DMC DMG-CpGi, DMG-Shore
. Visualization | L DMP-CpGi, DME-CpGi, DMI-CpGi,
Wang, Dao and Kadarmldeen, (2019) DMP-Shore, DME-Shore, DMI-Shore
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Work flow to detect DMCs and DMG for Boar Taint and
Integration with Transcriptomics

Methylation status in three BT groups

!
v ¥

Drag et al., (2017)

Low vs high Low vs medium vs high
Common DMC relevant genes Differentially expressed (DE) genes

\/

DMC relevant co-matched genes
Co-matched genes

\ (Number of DMC > 2) =32 genes

GO enrichment and pathway analysis 7 candidate genes based
on relevant pathways
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Results — Circular genome methylation

> Variation between

27 August 2019

biological
replicates was low
when limited to 1
Mb window but
more variation in
smaller distances

Coefficient of
density of genes
regression on
methylation level:
-2.2 (P < 0.001)

DTU Compute

1. Chromosome

2. Selected DE /
candidate genes

3. Gene density

4. CpG island
density

/j ‘“//7/ . _ 5.CpG island

shore density

6-8. Group
methylation level
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Results — Distributions of CpGs in Porcine genome

Promoter: 4.64% ~ 5.27% CpG islands: 49.17% ~ 56.36%

CpGs i s

CpG island 56.36%

tron 3.83%

Exon 1.23%
romoter 5.27%

a
Low level

Intergenic 89.6

CpG island shore 15. Other 28.56%

CpG island 49.17%

tron 4.22%

Exon 1.27%
romoter 4.64%

Medium level b

Intergenic 89.8:
CpG island shore

Other 33.51%
CpG island 53.33%

tron 4.08%

Exon 1.22%
romoter 4.79%

- C
High level
Intergenic 89.9
CpG island shore 157

Other 31.23%
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Results — GO terms in hyper / hypo-methylation categories

« Five downregulated genes in the hypermethylated category: ATP1A2, BLM, DICER1,
MAP2K1 and PRKAA2

» Three of the most significant GO terms: ATP binding (GO:0005524), adenyl nucleotide
binding (GO:0030554) and adenyl ribonucleotide binding (G0O:0032559)

Go term for common DMC relevant gene

Hyper-methylated Hypo-methylated
—

ATP binding
adenyl nucleotide binding

adenyl ribonucleotide binding -

. . . . . p.adjust
protein serine/threonine kinase activity | 000

heparin binding 1 0.08

sulfur compound binding - 0.07

glycosaminoglycan binding 1 0.06

catalytic activity, acting on DNA - GeneRatio
® 0z

@0
SWI/SNF superfamily-type complex * ® Ei

protein kinase activity 7

ATPase complex T

catalytic complex @

hydro-lyase activity 1

Down-regulated Up-regulated Down-regulated Up-regulated
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Results — Pathways in hyper / hypo-methylation categories

* Only the upregulated genes (AKT2, FBP1 and FASN) were presented in the hypo-

methylated category

»  Two most significant pathways were AMPK signaling (ssc04152) and insulin signaling

(SSCO4910) Pathway for common DMC relevant gene

Hyper-methylated Hypo-methylated

Serotonergic synapse L
Oxytocin signaling pathway 1
Bladder cancer

cAMP signaling pathway

| GeneRatio
Non-small cell lung cancer * (175
Qlloma' ® 0200
Renal cell carcinoma- + ® 0225
Melanoma * @ o250
Pancreatic cancer
Chronic myeloid leukemia p.adjust

Cardiac muscle contraction
Hypertrophic cardiomyopathy (HCM)-
Endocrine resistance - - 0.06

Prostate cancer

007

0.05

Sphingolipid signaling pathway 1 ]
Tight junction @
Chemokine signaling pathway 1 L
AMPK signaling pathway 1 ®
Insulin signaling pathway 1 @
Down-regulated Up-regulated Down-regulated Up-regulated
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DTU
= Mean Methylation levels of 32 Candidate

genes in Low vs. High BT groups

The methylation means of the genes using the read coverage as weights were
more representative of the methylation levels than the methylation means of the
DMCs within those genes

Low vs High BT

Methylation level (%) of DMC relevant gene DMLC (Low) DMC (High)

100.00% e Gene (Low) Gene (High)
90.00% P
80.00% f \

70.00%

SIWA AR Y g

50.00%

40.00%

30.00%

20.00%

10.00%
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Integrative Epigenomics:
Normalized gene expression vs. methylation level

CRYL1 DNMT3A

(FDR =4.5e.05& p = 4.9e.05)

BLM

Low Medium High

Low Medium High

(FDR=0.028 & p= 0.62)

EGFR
(FDR=10.0024 & p= 0.45)
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FDR =0.002 & p = 0.00016)
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Low Medium High

PEMIT

(FDR=0.003 & p= 0.022)

| — ]
Low Medium High

Normalized expression

Gene based methylation mean

Methylation level (%) of DMC relevant gerfe
] I I Il | Gene I
Genicfeafure™ 80
CpGregign
“ - = - ‘9 ?: - " : - = = o FE = “ ! “ Low 80
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Low BT: Trend shows methylation levels are high

High BT: Methlation levels are low

Gene

B a2
BLM
CRYLA

B onmTaa
EGFR
FASN

0 PEMT

Genicfeature
Exon
Intron

Promoter

CpGregion
CpG island
CpG island shore
Other
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Future direction: Methylated candidate genes have genetic
variation — SNPs / methylQTLs -- > Epimutations

T

Gene Methylation logFC DMC  Gene structure  CpG /Illumina 60K Procine SNP hMAF \
chip name

AKT2 -52.51 0.67 2 Intron2

BLM 38.41 0.54 2 Intron? ALGA0041544, A/G,AIG 0.24,0.28
ALGA0041552
CRYL1 -20.40 0.31 6 Intron® CpG® &
DNMT3A -35.92 -0.42 2 Intron? CpG?
EGFR -18.59 -1.90 3 Intron3 CpG2 & Sh ALGAO0055330, T/G,A/G 0.08, 0.03
ALGA0055337
FASN -16.94 0.46 4 Exon! & Intron®  CpG*
PEMT -35.20 0.79 7 Intron’ CpG?
PEMT gene
coding region

~promoter I exon intron I
start stop

codon codon
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Discussion

» This is the first study to report Genome-wide DNA methylation profiles of boar taint in pigs using NGS
(RRBS) methods

« (Gene based weighted methylation levels are useful for the investigations of gene methylation and the
comparsions of gene expression

 ldentified candidate genes AKT2, BLM, CRYL1, DNMT3A, EGFR, FASN and PEMT

* Integrative analysis of gene expressions with methylation levels in different genic features (e.qg.,
promoter, exon, intron regions)

« Potential analysis of methylation quantitative trait locus (QTLs) and epimutations

« Variation in genes involved in epigenetic processes influencing phenotypic outcome might offer new
insights into understanding biological variation and epigenetic processes of BT in pigs

* Impacts genomic prediction methods that may include epigenetic data
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An Epigenome-Wide DNA
Methylation Map of Testis in Pigs for
Study of Complex Traits
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