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Material and Method

* Materials
e 23 tissues spanning vegetative and reproductive stages of maize development

 Methods

* Transcriptome: mRNA-seq
* Proteome:Electrospray ionization tandem mass spectrometry



Comparison of transcriptome and proteome data sets.

* Reproducibility of the biological replicates
* Transciptome : 0.9
* Proteome: 0.84
 Phosphoproteome :0.7

* The number of genes
* Transcripts were from 62,547 genes,
* Proteins were from 6946 genes,
* Phosphoproteins were from 5587 genes



Comparison of transcriptome and proteome data sets.
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Fig. 1IComparison of
transcriptome and proteome
data sets.

(A) FPKM distribution of mRNA
abundance (red). FPKM
values of transcripts
corresponding to quantified
proteins (blue),
phosphopeptides (green),
syntenic genes conserved
between maize and sorghum
(gray), and nonsyntenic
genes (black) are shown.
Data are the average
expression from the 23
tissues profiled.



Comparison of transcriptome and proteome data sets
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Conclusion:
transcripts from many genes may not produce
proteins

FigB

Percentage of quantified
MRNA and proteins in the
annotated filtered (high-
confidence gene models)
and working (all gene
models) gene sets.

Fig C

Breakdown of detected
MRNA and proteins,
based on annotations.
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* Whether transcriptome-based networks predict the same
relationships as proteome-basednetworks?

* NEXT : coexpression networks and GRNs



coexpression networks

A Fig A
mRNA Protein Hypothetical undirected
& 2 .,.B coexpression subnetwork
\ showing conserved (solid
C lines) and nonconserved
: (dotted lines) coexpression
@ = edges between mRNA and

Hypothetical protein networks.

* Feature:undirect

* Node:genes connected on the basis of highly correlated expression patterns
Method:Spearman correlations , WGCNA

Threshold---correlation score >0.75



Compare the mRNA and protein based coexpression networks

* Calculate edge conservation
* Found 6.1% edges were conserved in both networks

mMRBNA Protein

Fig B

Venn diagram depicting edge
conservation (solid lines in Fig. 2A)
between the two coexpression
networks.



Coexpression network analyses.
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* The majority (85%) were not shared
between the mRNA and protein
coexpression networks

Fig C
Number of edges a given gene (node) has in the protein (x axis)
and mRNA (y axis) coexpression networks. Nodes above the
. 90th percentile for the number of edges are considered hubs
:-‘{.:-f and are colored according to whether they are hubs in the
- protein (blue) or mRNA (red) network or both (green). Black
dots represent nonhub nodes.
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Categorical enrichment analysis of coexpression modules.

Coexpression modules were
determined by WGCNA and

Fig

functionally annotated using MapMan
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(Benjamini-Hochberg adjusted P value
network (mRNA, red; protein, blue) or
shared between the networks (green).

< 0.05) in one or more modules are
represented by vertical bars and
proportion of genes in each enriched

categories with at least 20 genes are
category that are specific to one
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shown. Colored bars represent the
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* 35% protein-specific, 27% mRNA-specific, and 38% shared
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Coexpression network analyses.

 that transcript- and protein-based coexpression networks yield
differing predictions of gene relatedness and function

the discrepancy between transcriptome and proteome coexpression
networks

* the limited correlation between mRNA and protein abundance,
* differing stabilities of mMRNA and protein,
* translational control
e protein movement from the tissue of synthesis



GRNSs

* Directed networks of TFs and their target genes

Fig A

Hypothetical GRN subnetwork depicting a TF
regulator (square) and potential target genes
(circle) quantified as mRNA (red) or protein
(blue). GRN-specific and -conserved predictions

o é Q d Q @ are depicted by dotted and solid lines,

Hypothetical respectively.

mRBNA Protein

method

GENIE3 (an algorithm for the inference of GRN from expression data)
 random forest machine learning algorithm

* DREAMA4 and -5 GRN econstruction challenges



GRN analyses.
B
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Benchmarks:

the homeobox TF KN1
the bZIP TF Opaque?2

44% of all corrected targets were specific to a
single type of GRN

Fig B

Overlap of the true-positive predictions from the
top 500 true GRN predictions for KN1 quantified as
MRNA, protein, or phosphopeptide. True KN1
targets were identified by Bolduc et al.



GRN analyses.

* there was low edge conservation between
the GRNs , with the vast majority of edges
being present in a single GRN.

e Considering one million edges, 93% were
present in a single GRN

* the different accumulation patterns of
MRNA, protein, and phosphorylation for a
given TF result in disparate GRN
predictions
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Further validation

e Used 539 TFs regulators quantified as both mRNAs and proteins to
reconstruct GRNs

e Different maize varieties (Mo17,B73)



Combine Multiple GRNs

To consolidate two or three networks, a new network was generated using the union
of all TF expression data from the single networks as regulator inputs into the network
and the same set of 41,021 target transcripts. This results in a network with
redundancy at the gene level for TFs regulators that were quantified with multiple data
types. To alleviate this redundancy, and obtain a combined score for each TF-Target
edge, the product of all redundant edges was taken. When only a single edge existed
(i.e. theTF was only quantified in one data type) when combining two data types, the
square of the edge score was taken. For the final combined network consisting of all
three data types, if only one edge was present ,the edge score was cubed. If two edges
were present, the product of the two edges was multiplied by the average of the two
edges.

For the phosphorylation data, the networks were constructed using phosphopeptide
guantification but when combined, all phosphopeptides from a given protein were
averaged in order to get phosphoproteinlevel information.



Evaluate the GRNs

True Positive Rate
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ROC curves and precision-recall curves generated using known Kn1
and O2 target genes for a mRNA-only GRN (red) and a fully integrated
GRN built by combining mRNA, protein, and phosphoprotein data into
a single GRN (blue).



e OQur comparison of transcriptome- to proteomebased dendrograms
and coexpression networks showed little overlap at the gene level,
even though the samples were classified similarly and had similar
ontological enrichments.

* The discovery that most protein-expressing genes are conserved and
syntenic also was unexpected

* OQur findings highlight the importance of studying gene regulation at
multiple levels.



My summary
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