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Supplementary Tables 
Table S1 - Tables Related to Splicing Analysis
Table S1a - Number of genes with all splice sites conserved, for pairwise comparisons in orthologs. The calculation is for the 1803 genes that are 1-1-1 orthologous, and considering only the protein-coding regions. There is no gene with all splice sites conserved across all 3 species.  

	#Genes w/ all splices conserved
	Human
	Worm
	Fly

	Human
	1,803
	3
	14

	Worm
	
	1,803
	1

	Fly
	
	
	1,803




Table S1b - Number of genes with at least one conserved splice sites, for pairwise comparisons in orthologs. The calculation is for the 1803 genes that are 1-1-1 orthologous, and considering only the protein-coding regions. There are 418 genes with at least one conserved splice sites across all 3 species.  

	#Genes w/ 1+ splices conserved
	Human
	Worm
	Fly

	Human
	1,803
	990
	1,053

	Worm
	
	1,803
	504

	Fly
	
	
	1,803




Table S1c - Number of conserved splice sites, for pairwise comparisons in orthologs. The calculation is for the 1803 genes that are 1-1-1 orthologous, and considering only the protein-coding regions. There are 573 conserved splice sites across all 3 species.  

	#Conserved splices
	Human
	Worm
	Fly

	Human
	2,3270
	2310
	2,169

	Worm
	
	12,975
	699

	Fly
	
	
	5,877






Table S1d - Splicing event counts for human, worm and fly.
 
	Event Type
	Organism

	
	Human
	Worm
	Fly

	Mutually Exclusive (MXE)
	16
	4
	59

	Coordinate Skipped Exons (CSE)
	92
	74
	12

	Skipped Exons (SE)
	30,464
	4,136
	4,231

	Retained Introns (RI)
	6,215
	7,412
	6,271

	Alternative 3' Splice Sites (A3SS)
	7,804
	4,404
	3,248

	Alternative 5' Splice Sites (A5SS)
	4,703
	3,348
	3,929

	Alternative First Exons (AFE)
	11,404
	1,793
	2,077

	Alternative Last Exons (ALE)
	5,547
	586
	381

	Tandem UTRs
	22,247
	8,868
	5,548

	Total
	88,492
	30,625
	25,756













Table S2 - Tables Related to Pseudogenes
Table S2a - Number of processed and duplicated pseudogenes by age 
(% sequence similarity to parents) in human, worm, and fly.

	Age

	Human
	Age
	Worm
	Age
	Fly

	
	Duplicated
	Processed
	
	Duplicated
	Processed
	
	Duplicated
	Processed

	47.5
	1
	8
	45
	75
	43
	<65
	38
	5

	52.5
	37
	189
	55
	104
	34
	>65
	49
	7

	57.5
	126
	514
	65
	84
	27
	
	
	

	62.5
	96
	504
	75
	79
	21
	
	
	

	67.5
	166
	561
	85
	57
	21
	
	
	

	72.5
	115
	704
	95
	39
	8
	
	
	

	77.5
	92
	462
	
	
	
	
	
	

	82.5
	102
	687
	
	
	
	
	
	

	87.5
	119
	1,023
	
	
	
	
	
	

	92.5
	114
	1,659
	
	
	
	
	
	

	97.5
	150
	723
	
	
	
	
	
	


 

Table S2b - Number of pseudogenes in 1-1-1 orthologous genes in human, worm, and fly.

	Organisms
	Parent Genes
	Pseudogenes

	Human
	560
	2,145

	Worm
	8
	8

	Fly
	8
	15






Table S3 - Tables Related to ncRNAs
			Table S3a - Gold standard ncRNA numbers for incRNA calculation.
	
	
	Fly
	Worm
	Human

	  ncRNA   
      type  
	  ncRNA subtype
	Raw Annotation
	Bins
	Nucleotides Covered
	Raw Annotation
	Bins
	Nucleotides Covered
	Raw Annotation
	 Bins
	Nucleotides Covered

	



ncRNA1
	rRNA
	96
	262
	12,958
	22
	228
	11,414
	531
	1,202
	60,053

	
	tRNA
	292
	456
	22,169
	609
	909
	45,577
	625
	938
	46,643

	
	snRNA
	47
	135
	7,230
	114
	286
	14,311
	1,944
	4,209
	210,373

	
	snoRNA
	286
	691
	33,994
	139
	309
	15,306
	1,521
	3,325
	168,125

	
	miRNA
	237
	422
	22,291
	222
	406
	19,701
	1,756
	2,668
	129,201

	
	snlRNA
	-
	-
	-
	4
	7
	348
	-
	-
	-

	
	scRNA
	-
	-
	-
	1
	3
	105
	-
	-
	-

	
	7SK_RNA
	-
	-
	-
	-
	-
	-
	298
	1,767
	88,751

	
	Y_RNA
	-
	-
	-
	-
	-
	-
	809
	1,675
	83,999

	

ncRNA2
	Antisense
	94
	1,989 
	129,950
	48
	737
	49,679
	72
	695
	83,845

	
	Intronic
	17
	166
	12,981
	4
	53
	3,663
	-
	-
	-

	
	Intergenic
	147
	2,256 
	199,547
	136
	2,379 
	176,002
	460
	3,935 
	565,365

	
	TE overlapped
	33
	492
	42,091
	-
	-
	-
	7,343
	121,010 
	133,333,108 

	
	Ambiguous
	26
	1,400 
	37,794
	23
	474
	37,106
	30
	577
	47,243




Table S3b - Numbers of predicted ncRNA candidates in three organisms, sensitivity cut off 0.95.
	Species
	Data type
	ncRNA typea
	Number of Bins
(After filter)b
	Number of Merged Fragment/(length >=200nt)c
	Number of Nucleotidesd 

	Fly
	All
	ncRNA1
	 271 
	 96(29) 
	 19,200 

	
	
	ncRNA2
	 5,466 
	 1,517(695) 
	 374,300 

	
	Embryo
	ncRNA1
	 137 
	 42(11) 
	 9,950 

	
	
	ncRNA2
	 2,491 
	 436(299) 
	 164,700 

	Worm
	All
	ncRNA1
	 4,367 
	 3,250(262) 
	 313,700 

	
	
	ncRNA2
	 8,747 
	 2,554(1,182) 
	 446,300 

	
	Embryo
	ncRNA1
	 3,907 
	 2,929(250) 
	 285,650 

	
	
	ncRNA2
	 8,567 
	 2,432(1,170) 
	 437,100 

	Human
	All
	ncRNA1
	 463,746 
	 273,209(12,103) 
	 36,585,750 

	
	
	ncRNA2
	 36,770 
	 12,107(4,311) 
	 2,071,050 

	
	H1_ESC
	ncRNA1
	 306,877 
	 173,736(8,762) 
	 24,208,200 

	
	
	ncRNA2
	 11,476 
	 2,915(1,134) 
	 736,100 


a, Two types of ncRNA predicted from canonical ncRNA learning model and lncRNA learning model separately.
b, Predicted ncRNA bins overlapped with UTR and CDS on the same strand were filtered out, bins overlapped with know_ncRNAs on both strand were filtered out, exclude ambiguous_ncRNA in suppl table 2.
c, Merge adjacent ncRNA bins allowing 50 nt gaps, longer than 200nt as long ncRNA fragment, exclude ambiguous_ncRNA in suppl table 2.
d, ncRNA fragments covered nucleotide number, exclude ambiguous_ncRNA in suppl table 2.


Table S3c - ncRNA fragment genomic location. 

	Species

	Data type
	ncRNA type
	Antisensea
	Intronicb
	Intergenicc
	Overlap with TEd
	Overlap with pseudogenee
	Ambiguousf

	Fly
	All
	ncRNA1
	36
	31
	24
	62
	5
	0

	
	
	ncRNA2
	746
	515
	256
	20
	0
	27(13)

	
	Embryo
	ncRNA1
	 11 
	 23 
	 7 
	 2 
	 1 
	 -   

	
	
	ncRNA2
	 209 
	 187 
	 40 
	 6 
	 -   
	 10(3) 

	Worm
	All
	ncRNA1
	735(162)g
	522(64)
	1,930
	55
	63(12)
	1,352(671)

	
	
	ncRNA2
	623(3)
	387(9)
	1,525
	16
	19
	136(10)

	
	Embryo
	ncRNA1
	683(148)
	482(60)
	1,717
	44
	47(8)
	1,254(623)

	
	
	ncRNA2
	608(3)
	376(9)
	1,429
	16
	19
	135(10)

	Human
	All
	ncRNA1
	 82,555 
	 60,914 
	 122,048 
	 720,181 
	 7,692 
	 3,419 

	
	
	ncRNA2
	 1,372(2) 
	 943 
	 8,118 
	 48,551(72) 
	 1,674 
	 619(24) 

	
	H1_ESC
	ncRNA1
	 47,344 
	 52,264 
	 69,140 
	 364,098 
	 4,988 
	 2,130 

	
	
	ncRNA2
	 328(2) 
	 325 
	 1,958 
	 26,527(59) 
	 304 
	 270(13) 


a, More than 50% of ncRNA fragments overlapped with known coding transcripts on the opposite strand.
b, ncRNA fragments were fully embeded in coding gene’s intron on the same strand.
c, ncRNA fragments were fully embeded in intergenic region.
d, More than one nucleotide ncRNA fragments overlapped with transposable element. 
e, More than one nucleotide ncRNA fragments overlapped with pseudogene.
f, None of the above.
g. Numbers in the parentheses are those predicted ncRNA fragments already annotated in the database (i.e. wormbase, flybase and gencode) but not confirmed or validated. They were not included in the gold-standard training set.



































Table S3d - incRNA predictions training on whole genome compared with previous incRNA predictions training on conserved regions of C.elegans.

	

	
	
	Overlap with 95% sensitivity predictions
	 Overlap with 99% sensitivity predictions
	Overlap with max ncRNA score bins(no cutoff)
	

	Pearson Correlation coefficient

	
	
	Previous incRNA
 frags
	In ncRNA1
	In ncRNA2
	In ncRNA1 or ncRNA2
	In 
ncRNA1
	In 
ncRNA2
	In ncRNA1 
or ncRNA2
	In ncRNA1
	In ncRNA2
	In ncRNA1 
or 
ncRNA2
	

	ncRNA1
_score
	ncRNA2
  _score

	All	
	
	7,237
	22%
	1%
	23%
	43%
	10%
	49%
	80%
	78%
	94%
	
	0.21
	-0.06

	All high confident
	

	704
	51%
	0%
	51%
	65%
	7%
	68%
	86%
	74%
	95%
	
	0.32
	-0.10

	All medium confident
	

	6,533
	19%
	1%
	20%
	40%
	11%
	47%
	79%
	78%
	94%
	
	0.31
	-0.05

	Intergenic
	
	   2,262
	22%
	1%
	23%
	46%
	12%
	54%
	85%
	82%
	97%
	
	0.07
	-0.07

	Intergenic high confident
	


	143
	23%
	1%
	24%
	49%
	12%
	56%
	82%
	80%
	97%
	
	0.02
	-0.04

	Intergenic medium confident
	


	2,119
	21%
	1%
	23%
	46%
	12%
	53%
	85%
	82%
	97%
	
	0.09
	-0.08



Table S3e - Annotation source.

	
	
Human
	
Fly
	
Worm

	Gold-standard
(Coding sequence, UTR, etc)
	Gencode V10 
(level 1 and 2)

	FlyBase R5.45
(confirmed)
	
	WormBase WS220
(confirmed)


	Gold-standard
(ncRNA)
	Gencode V10 
(level 1 and 2)
	FlyBase R5.45
(with support of EST, cDNA expression, etc)
	WormBase WS220
(lncRNAs from \cite{22707570})

	Extended annotation
	Gencode V10
(all levels)
	modENCODE freeze
	modENCODE freeze




	



Table S4 - Tables Related to Clustering
Table S4 - Statistics related to each of the conserved modules.

	Module
	1-1-1 Orthologs
	ncRNAs (|cor|>0.65)
Worm, Fly, Human 
	TAR (|cor|>0.9)
Worm, Fly, Human 
	Key GOs (1-1-1 Orthologs)

	1
	58
	49,444,653
	297,88,982 
	Transport, localization, endocytosis, GTP binding, endomembrane system

	2
	99
	34,365,1253
	113,163,1479 
	regulation of gene expression, metabolic process, RNA splicing, helicase activity, intracellular membrane-bounded organelle

	3
	144
	48,482,1284
	72,184,1150 
	ribosome biogenesis, ncRNA processing, tRNA/ncRNA metabolic process, tRNA aminoacylation,binding, membrane-enclosed lumen

	4
	99
	39,349,978
	556, 208, 1442 
	metabolic process, cell cycle, DNA replication, helicase activity, adenyl nucleotide binding, membrane-bounded 

	5
	49
	32,409,761
	190, 93, 1014 
	RNA splicing, via transesterification reactions with bulged adenosine as nucleophile, small nuclear ribonucleoprotein complex, U6 snRNP, spliceosomal complex

	6
	22
	8,329,751
	6, 99, 479 
	metabolic process, intracellular membrane-bounded organelle

	7
	51
	17,195,836
	3, 1, 284 
	mitotic spindle elongation, structural constituent of ribosome




[[MG: Tables S??? related the clustering (DW)
shows how many genes, how many orthologs, how many tars]] 
[[DW to add a show the 7 cluster table]]





Supplementary Figures
Fig S1 - More Details on Splicing
Fig S1 - Delta PSI distributions of different splicing mechanisms.
[image: ]	

Fig S2 - Summary Statistics for Protein Coding Genes
	

Fig S2 - (Left) Updated with new worm protein predictions i-E value < 0.001, unique domains only. (Right) Updated with new worm protein predictions i-E value < 0.001, unique domains only, using clan information when available.











Fig S3 – More Details on Pseudogenes
Fig S3a - Shadow figure of main text Figure 4D. Distribution of pseudogenes in the top protein families for Human, Worm, and Fly by family type. Families enriched in duplicated pseudogenes are shown with a black background under the family type.
[image: ]
*Family type legend:
GAPDH – Glyceraldehyde 3-phosphate dehydrogenase
7tm 	  – GPCR
H 	  – Histone
Ig 	  – Imminoglobulin
Kin 	  – Kinase
 	  – Other
Ploop 	  – P-loop NTPase Proteins
Ribo 	  – Ribosomal Proteins
RRM 	  – RNA-recognition Motifs
Struct 	  – Structural Protein
TF 	  – Transcription Factors
Ubiq 	  – Ubiquitination Proteins
Motor 	  – Motor Proteins
SAP 	  – SAP Domain Proteins 

[image: ]Fig S3b - Orthologous Pseudogenes. The Venn diagram shows the number of orthologous genes triplets and pseudogenes shared between human, worm, and fly. 



Fig S3c - Transcribed pseudogenes. We used three different methods to evaluate pseudogene transcription: PseudoSeq, TARs, and RPKM. In order to obtain a consensus set of transcribed pseudogenes we intersected the results from the three methods. [[CSDS-To Add Worm from BP]]
[image: ]


Fig S4 - More Details on ncRNAs

Fig S4a - Comparison of polyA+, total RNA and short RNA for detecting ncRNAs 

Fig S4a1 - Length distributions of ncRNAs. Distributions of lengths of various annotated human coding and non-coding RNAs.  Clearly the majority of annotated [pre-]miRNAs, tRNAs, rRNAs, snRNAs, and snoRNAs are <200nt in length and are therefore within the size range of RNA fragments that will be sequenced in a short-totalRNA-seq experiment but would likely be removed by the size selection performed for a long total- or polyA-RNA-seq experiment.  However lincRNAs are sufficiently large to be retained by the long total- or polyA-RNA-seq fragment size selection.

[image: Macintosh HD:Users:robk:Desktop:MODENCODE:SuppFigs:S0_lengthDist.pdf]

Fig S4a2 - Biological variability. Expression correlation of coding and non-coding RNAs between the GM12878 and K562 ENCODE (human) cell-lines highlights the large positive correlation between biologically distinct cell-types.  Expression data, in log10 reads-per-million, and pearson correlations are shown, clockwise from top-left, for annotated human miRNA, tRNA, snRNA, snoRNA, lincRNA, and mRNA.  Short-total RNA-seq data were used to compute miRNA, tRNA, snRNA, and snoRNA expressions, while long-total RNA-seq was used for lincRNA and mRNA expression quantification.

[image: Macintosh HD:Users:robk:Desktop:MODENCODE:SuppFigs:S1_bioreps.tiff]



Fig S4a3 - K562 RNA sample preparation comparison. Effect of poly-A RNA purification, during sample-prep, on ability to detect coding and non-coding RNAs in the K562 ENCODE (human) cell-line.  Poly-A RNA-seq data, obtained for the majority of the modENCODE samples, perform poorly compared to short-total RNA-seq at detecting miRNAs, tRNAs, and snRNAs, but are much better able to detect snoRNAs, lincRNAs, and mRNAs.

[image: Macintosh HD:Users:robk:Desktop:MODENCODE:SuppFigs:S2_prepComp_K562.tiff]



Fig S4a4 - GM12878 RNA sample preparation comparison. Effect of poly-A RNA purification, during sample-prep, on ability to detect coding and non-coding RNAs in the GM12878 ENCODE (human) cell-line.  Poly-A RNA-seq data, obtained for the majority of the modENCODE samples, perform poorly compared to short-total RNA-seq at detecting miRNAs, tRNAs, and snRNAs, but are much better able to detect snoRNAs, lincRNAs, and mRNAs.

[image: Macintosh HD:Users:robk:Desktop:MODENCODE:SuppFigs:S2_prepComp_GM12878.tiff]






Fig S4b - More Details on the incRNA training


Fig S4b1 - incRNA pipeline. A machine learning model integrated sequence/structure features, expression features and epigenetic features from ENCODE/modENCODE, predicted two types of ncRNAs, canonical ncRNA like (ncRNA1) and novel lncRNA (ncRNA2), comparative analysis of these ncRNA was conducted in these three species.

[image: ] 




Fig S4b2 - Model performance in fly, worm and human. ROC curve plot show incRNA performance on three species, all models have high AUC (Area Under Curve) values.

                                          Fly                        Worm                      Human
[image: Macintosh HD:Users:CHAO:Desktop:Untitled Extract Pages.pdf]

Fig S4b3 - Performance of incRNA in human. Scatter plot show that two features can not separate biotypes well, but when integrated all features, all biotypes separate clearly from each other.
[image: Macintosh HD:Users:CHAO:Desktop:Untitled Extract Pages.pdf]

Fig S4b4 - RT-PCR validation in different human tissues. 38 ncRNA candidates were selected from previous incRNA prediction in conserved regions of chromosome 1. All of them expressed at least in one tissue. Numbers were RNAseq reads covered by that ncRNA, shown in depth of red colors. 
[bookmark: _GoBack][image: Research:Lab-Di:modENCODE:figure_s4.pdf]
Fig S4b5 - RT-PCR validation in Fly embryo. An electrophoresis map showed that 10 ncRNAs were validated in 12 selected candidates. Total RNA was extracted from 16-20h embryo stage, random hexamer primer was used for cDNA synthesis. 7SL, Rpl32 and Rassf8 are positive controls, a clear ~1.8kb band for Rassf8 denotes the amplified cDNA, no 2.2kb (genomic DNA length for the same primer of Rassf8) band amplified clarify no genomic DNA contamination in cDNA template.


[image: Macintosh HD:Users:CHAO:Desktop:Untitled Extract Pages.pdf]





Fig S4c - More details on consistent ncRNA annotation.

[[MG2YZ+RK+AH to DO: non coding RNA class subdivisions, need rough caption explaining what’s to come]]

[[MG: This should get moved to a table and AH & RK will suppl
Add placeholder]]

[[MG2YZ+ZL: his table on the gold std – YZ: now in Table S12]]




Fig S5 - More Details on the Chromatin Model for Gene Expression
Fig S5a - More details on Pol II & H3K4me3 vs expression. We show the correlation of Pol II and H3K4me3 vs. gene expression in a bin centered on the TSS for worm, human and fly in this supplementary exhibit. Q-Q plots are also presented to compare distributions of different levels. Pol II and expression data for worm and fly are from early embryo stage, and human data came from H1 embryo stem cell line. H3K4me3 histone mark data are all from embryo stages.

Fig S5a1 Worm scatterpot and Q-Q plots. Spearman’s correlation of Pol II binding and gene expression is 0.64. Spearman’s correlation of H3K4me3 and gene expression is 0.58.
[image: ]
[image: ]

Fig S5a2 Human scatterplot and Q-Q plots. Spearman’s correlation of Pol II binding and gene expression is 0.67. Spearman’s correlation of H3K4me3 and gene expression is 0.43.

[image: ]
[image: ]






Fig S5a3 Fly scatterplot and Q-Q plots. Spearman’s correlation of Pol II binding and gene expression is 0.62. Spearman’s correlation of H3K4me3 and gene expression is 0.77.
[image: ]
[image: ]







Fig S5b - Relationship between TF number in a model with predictive accuracy. We started from the full model, and iteratively remove the worst TF (with lowest relative importance) from the model until only two TFs are left. To fit the 3 organisms in a plot, I cut the curve as that they all started from a model with 28 TFs.

Relationship between prediction accuracy and the number of TFs in human, worm and fly TF models. In each organism, a full model including all available TF predictors is constructed and estimated in its gene expression prediction accuracy by cross-validation. Subsequently, predictors are removed one by one and the accuracies of all models are estimated. In each step, the worst TF, the one with the lowest relative importance, is removed from the model. The procedure is iterated until only two TFs are remained in the model. To simplify visualization, we only show the prediction accuracies of models with 28 to 2 TFs for all organisms. The accuracy is represented as the Pearson correlation coefficient between the predicted values and the actual expression levels in the test data.   
[image: FigX.pdf]





Fig S5c - Application of protein coding models to ncRNAs. Application of histone models trained by protein-coding genes to predict expression levels of non-coding RNAs. In each organism, a histone model is trained on the protein-coding data and then employed to expression prediction for non-coding genes. The general model is trained on a mix of protein-coding genes with equal fraction from human, worm and fly.

[image: ]




Fig S6 - More Details on Clustering
[[YZ2DW+KKY+GF: text needed for these figures.]]

Fig S6a - Further examples of highly correlated TAR triplet with 1-1-1 orthologous genes. We identified that TAR chrIV:1056313-206 in worm, TAR chr3R:26028710-3541 in fly and TAR chr8:109244137-1485 in human highly correlated with 1-1-1 orthologous genes, eif-3.E in worm, Int6 in fly, and EIF3E in human, respectively (r>0.9). 

[image: wfh_ndx_tar.png]






Fig S6b - Clustering procedure. The flowchart illustrates the method used to cluster genes across three species into co-expression modules via Potts model, and to map highly co-expressed ncRNAs/TARs to the modules.
[image: ]
Fig S6c - [[Caption]]
[[tentatively use DW’s previous version]]
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Fig S6d - Clustering of orthologs in 3 species. A set of conservative genes (5575 human genes, 4486 worm genes and 4349 fly genes) that form orthologs in the three species are clustered by our Potts model. The heat map shows a set of conservative modules.
[image: Macintosh HD:Users:entropy:Research_Projects:2012:revision_SM_network:Potts_Companion_paper:heat_map_ortho.png]


Fig S6e - Functions of modules

Fig S6e1 - GO terms of a human specific module.
[image: ]


[[MG: Fig s5c& d from kky showing henry’s go terms stuff]] 
[[DW: GO for cons. module 4]]


Fig S6e2- GO terms analysis. We calculated the enriched GO terms for 99 1-1-1 orthologous fly genes from the conserved module 4 via GOTERMFINDER \cite{15297299}, and visualized them in three semantic similarity-based scatterplots (biological process, molecular function, cellular component) via REViGO \cite{21789182}. The key GO terms for this module were metabolic process, cell cycle, DNA replication, helicase activity, adenyl nucleotide binding, membrane bounded.
[image: ]



[image: ]
Fig S6f – Examples of hourglass TARs. We identified that the highly correlated TARs with conserved modules also followed the hourglass patterns during embryo developmental stages. 

[image: ][image: ]
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Supp. Figure 2 Model performance in fly, worm and human
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Supp. Figure 3. Performance of incRNA v2 in human
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Supp. Figure 5. RT-PCR Validation in Fly embryo
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