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Samples collected and epigenomic data generated

40 adult tissues from L1 Hereford line
8 fetal tissues from L1 Hereford line

* 4 primary cell lines (Pre-Myocytes, Myocytes, Pre-Adipocytes, Adipocytes)
* 5 stages of Holstein mammary gland development

ASSAYS-BY-SEQUENCE
Expressed regions

RNA-seq Large transcripts expression - variants

smRNA-seq Small transcript expression

Transcription start sites — promoter

RAMPAGE .
activity

WTTS-seq Transcription termination sites

Chromatin states

WGBS DNA methylation
ATAC-seq Open Chromatin profiling

ITHSKAmESTN Active promoters

H3K27me3 Polycomb repression

I HBKAMETIN Active enhancers

Enhancers and promoters

_Insulators and promoters

H3K9me3 Heterochromatin

—Actlve gene bodies

ChlP-seq



Tissue

Tissue

Tissue Tissue
abomasum esophagus tongue ovary
adipose fetal brain jejunum pituitary
mammary gland (adult) fetal gonad kidney cortex placental caruncle
bladder fetal heart kidney placental cotyledon
bone marrow fetal kidney mammary gland (latepregnant) reticulum
brain (frontal cortex) fetal liver longissimus dorsi muscle rumen
cecum fetal muscle lung skin
cerebellum fetal spleen lymph nodes spleen
colon fetal umbilicalcord mammary gland (virgin) testis
duodenum follicular cells mammary gland (midpregnant) thymus

mammary gland (earlylactating)
epididimus caput

gall bladder
Ileum

myoblast
omasum

uterine endometrium

Adult and fetal tissues from cattle closely related to Dominette




Feature

Annotation?

Current project Ensembl

(Release 2021-03)

NCBI

(Release 106)

Number of genes

Number of transcripts

Number of spliced transcripts
Number of transcripts per gene
Median number of 5" UTRs per gene

Median number of 3’ UTRs per gene

35,150 (21,193) 27,607 (21,880)

171,985 (85,658) | 43,984 (37,538)

130,531 37,299
4.9 1.5
2 1
1 1

35,143 (21,355)
83,195 (47,280)
73,423
2.3
1

1

'Numbers in parentheses indicate the number of protein-coding genes/transcripts.




Classification of the predicted transcripts into different biotypes

~ CattleFAANG
Wiy Hamid Beiki et al.
171,985 Facilitating Functional genomics of cattle through
integration of multi-omics data
| GigaScience, accepted
\( Protein-coding} " Non-coding
85,658 86,327
‘ SncRNAS ‘ ‘ LncRNAs ‘ ‘Non-stop decay‘ [ NMD ‘
526 48,661 4,359 32,781
- | . - o a l Y y | N
\' Antisense ‘ “Sense-intronic} ~ Intragenic { Intergenic

S

29,987 1,694 11,841 5,139



Genes/Transcripts expressions across tissues
petween adult and fetal stages

* Fetal testis showed the highest number of expressed genes while fetal
brain and muscle tissues showed the highest number and percentage
of non-coding genes

* Fetal tissues had a significantly higher rate of alternative splicing
events than adult tissues

* Fetal tissues had significantly higher proportions of unique non-
coding transcripts compared to protein-coding transcripts than adult
tissues

* 106 non-coding genes identified in fetal tissues that switched to
protein-coding genes in their matched adult tissues



* Nine percent of all genes (3,174) and transcripts (15,562) were only
expressed in a single tissue

* The majority of tissue-specific genes (75%) and transcripts (84%)
were un-annotated

* Testis and thymus had the highest number of tissue-specific genes
and transcripts

* As we expected, the expression level of tissue-specific genes and
transcripts was significantly lower than that of their non-tissue-
specific counterparts



Validation of predicted transcripts using independent data from different technologies

20,000 | Transcripts reported in Ensembl gene-build
' B Transcripts reported in NCBI gene-biuld
27672 .
~ Transcripts validated by an independent Oxford Nanopoore experiment (32 pooled tissues)
. Transcripts supported by RAMPAGE data from an independent experiment (30 tissues)

" . Transcripts validated by an independent PacBio Iso-seq experiment (6 tissues)
ca
° 5 Transcripts validated by denovo-assembled transcriptome from an independent RNA-seq experiment

(@]
5 b 20,000 . Transcripts supported by WTTS data from an independent experiment (24 tissues)
85 Transcripts replicated in multiple tissues
— 4
§ E . Transcripts supported by H3K4me3,H3K4me1,H3K27ac, CTFC (8 tissues)and ATAC-seq (47 tissues) peaks from an
© 2 independent experiment
s E 13998
S S - CattleFAANG transcripts (47 tissues)
=
o5 11502
-g g 10299
3 % 10,000 92879565

o

150,000 100,000 50,000
Number of transcripts



Validation of predicted genes using independent data from different technologies

| | | ‘ ‘ ‘ | | | I Number of genes in differ{ent combination of groups

30,000 20,000 10,000
Number of genes

o

10,000 |

5,000 A

o

12903

Genes structurally validated by an independent Oxford Nanopoore experiment (32 pooled tissues)
|| Genes supported RAMPAGE data from an independent experiment (30 tissues)
.Genes reported in Ensembl gene-build (Release 2021-03)

-Genes reported in NCBI gene-build (Release 106)

-Genes structurally validated by an independent PacBio Iso-seq experiment (7 tissues)

Genes structurally validated by de novo assembled transcriptome from an independent RNA-seq
experiment (7 tissues)

-Genes supported by WTTS data from ann independent experiment (27 tissues)
Genes expressed in multiple tissues

. Genes supported by ATAC-seq data (47 tissues) and H3K4me3 H3K4me1,H2k27ac
and CTCF-DNA binding data from independent experiments (8 tissues)

B All genes (47 tissues)

1
11351177956

759 709 687
476 461 447 437 415 386 368 359 317 284 240 235 232 226 213 207 206 206 1

ERi



Generation of epigenomic data

= Histone marks (ChIP-seq)

e
line
CTCF 52 20 8 80

H3K27ac 52 20 8 80
H3K27me3 46 20 8 74
H3K4mel 52 20 8 80
H3K4me3 52 20 8 80
H3K36me3 29 20 8 57
H3K9me3 38 20 8 66

= WGBS: 95

= ATAC-seq: 114
= WTTS:76

H3K4me3

H3K27ac

H3K27me3H3K4dmel



Functionally annotate epigenomic elements of the bovine genome

Build a map of of regulatory elements by integrating:
a) Project data

* 5 Fetal tissues (Herefords) line

* Mammary gland (Holstein 5 stages) cTck 8
. H3K27ac 47 8 1 56
* 4 Celllines
H3K27me3 47 6 1 56
b) Public data (Holstein) < H3K4mel 51 3 1 60
* 23 Adult tissues H3KAme3 51 3 1 60

e 4 Fetal tissues

—> A total of 46 adult tissues, 6 fetal tissues, and 5 cell lines
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Chromatin state model optimization
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‘Core’ 10-state model

Chromatin state Abbreviation Emission TSS Cov Annotation overlap

0.5+0.12
0.31£0.21
0.41+0.26
0.69+0.56
E5 Week Enhancer 0.8720.39
E6 Poised Enhancer 0.77+0.38
E7 BivalentTSS BivTss oo
0.11£0.06
0.59+0 .45
E10 Quiescent/low Quies eloer| [ ]
‘385%3‘ o *a N0 @ N ©®© W EC c C c ow @?© o o
— 3 0 1 2 3 4
. . ER § EN S cc.u s In—: |c£J & 8 g 2 I_% g E e 2 Enrichment for non-coding
Relative enrichment S ¥ 3TN g > ©o© W ws g8 .
S25 < £ 5 O - B 2o - o mammalian conserved
T e S > ic 3 g g elements (GERP)



‘Expanded’ 15-state model
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Chromatin states at the MSTN locus
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Open chromatin accessibility regions are indicative of active regulatory elements

Chromatin states
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Tissue

Tissue-specific gene expression contributed by tissue-specific regulators
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Thousands of genes differentially expressed

netween fetal and adult tissues
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Differential active enhancer (E4) between fetal and adult muscle
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Primary cell lines vs bulk tissues
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Primary cell lines vs bulk tissues
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DNA methylation and chromatin states -
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TMM-normalized counts
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Number of DMRs and Potential motif disruption by promoter methylation
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