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Abstract. Capturing transcriptome changes across developing tissue, through 

analysis of whole transcriptome sequencing analysis, enables us  is to find 

patterns in gene expression across time with the expectation that it will reveal 

transition in biological processes. We developed a bioinformatics pipeline that 

analyzes samples in the comparison and categorizes genes in bins based on their 

gene differential expression and alternative splicing status. We integrated our 

binning results with downstream analysis that intelligently query gene 

annotation databases (DAVID and GeneMania) to discover molecular programs 

being employed during retinal development. We applied out pipeline to two 

retinal RNA-Seq dataset. Through our integrated analysis, we were able to 

leverage molecular signatures to predict potential phenotypes from gene 

expression changes long before they manifest and can be extended to other 

tissues and disease pathogenesis. 

1   Introduction 

The retina has been the most accessible part of the developing central nervous system 

with a wealth of information on detailed birth order of its cell types and on many 

genes involved in executing specific programs such as cell cycle regulation, cell fate 

determination, and neuronal differentiation. However, a comprehensive gene 

regulatory network is still not achieved as gene-centric approach can only go so far. 

Another concern is that at any given time the retina consists of different cell types 

with varied transcriptomes, which renders finding meaning from co-transcriptionally 

regulated genes difficult. We wanted to investigate whether higher depth of the 

captured transcriptome through RNAseq with minimal cross-compartment (nucleus-

cytoplasm) normalization could resolve this issue.  

Here we report analysis of RNAseq data from cytoplasmic and nuclear transcriptome 

of the developing retina. We show that combinatorial use of RNAseq with our custom 

bioinformatics strategy revealed the precise order of gene activation and transitions in 
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processes during retinal development. Transition in gene expression was validated 

and resolved at the isoform level through our custom microarray. Importantly, we 

show proof of principle by extending our methodology to analyze RNAseq data from 

P21-Nrl-WT and KO retinae. Our approach which focuses on understanding the 

temporal progression in gene expression during normal/aberrant development can be 

extended to development and disease progression of other tissues. 

2 Pipeline description 

Samples are analyzed in pairs, and genes were classified based on their expression 

levels (expressed vs. not expressed), differential gene expression calls, and the 

number of expressed isoforms for the gene. Gene expression is estimated using 

IsoEM [6]. For gene differential expression, two methods are used, GFOLD [3] and 

Fisher’s exact test with house-keeping gene normalization as suggested by Bullard et 

al.[2]. Gapdh was used as the housekeeping gene for this analysis. Genes are called 

differentially expressed if they showed ≥2 fold expression in one sample by both 

methods. Genes are categorized in bins based on their gene differential expression and 

the number of expressed isoforms. Genes belonging to each bin were analyzed for 

enrichment of individual GOterms using the Database for Annotation, Visualization 

and Integrated Discovery, DAVID [4][5]. Default parameters (≤0.05 Benjamini score) 

were used for all analyses. The gene lists enriching for GOterms were run through 

GeneMANIA to identify potential partners [7] . 

3 Results 

We applied the pipeline on fractionated RNA-Seq of normal retina at two different 

developmental time points, embryonic day (E) 16 and postnatal day (P) 0. Through 

our integrated analysis, we captured high-resolution transcription kinetics and by 

RNA deep sequencing of cytoplasmic and nuclear extracts of the developing retina, 

which revealed sets of co-transcriptionally regulated genes. Specifically, we found de 

novo transcription of genes whose transcripts were exclusively found in the nuclear 

transcriptome. Our downstream analysis, using DAVID and GeneMania showed that 

we used the co-transcriptionally regulated genes to identify the precise order of 

biological processes and the expression kinetics of the underlying genes across 

embryonic day (E) 16 and postnatal day (P) 0. Interestingly the genes exclusively 

found in the P0 nuclear transcriptome enriched for functions that are known to be 

executed during postnatal development. This finding showed that the P0 nuclear 

transcriptome is temporally ahead of that of its cytoplasm. We extended our strategy 

to perform static comparison between P21-Nrl-wildtype (WT) and P21-Nrl-knockout 

(KO) data [1]. While co-transcriptionally regulated genes were identified, we did not 

find enrichment for any biological processes. However, and showed that only through 

temporal analysis between data from P0 retina to either P21-Nrl-WT or P21-Nrl-KO 

showed, the molecular signatures predicting that the Nrl-KO retina would have 

problems with vasodilation was revealed. Indeed, histological manifestation of 
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vasodilation has been reported at a later time point (P60). Thus, our transcriptome 

analysis platform can leverage molecular signatures to predict potential phenotypes 

from gene expression changes long before they manifest and can be extended to other 

tissues and disease pathogenesis.  
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