
METHODS 

Dataset generation 

The GV and cytoplasmic RNA-seq data were obtained from the Gall lab [9]. sisRNA 

sequences from human red blood cells, Hela cells, mouse red blood cells, mouse 3T3 

cells, chicken DF1 cells, X. laevis XTC cells were obtained from [21]. All the sequencing 

data were produced by the Gall lab, and acquisition and culturing of cells are described 

in detail [21]. Briefly, human HeLa cells, mouse 3T3 cells, chicken DF1 cells and XTC 

cells are cell lines cultured in different mediums [21]; human RBCs were purchased 

from the Interstate Blood Bank (through Zen-Bio, Inc.); mouse tissues were provided by 

the Bortvin laboratory, Department of Embryology, Carnegie Institution for Science, 

Baltimore, MD [21]. The dataset of refSeq and Ensembl genes, PhastCons conservation 

scores, as well as the genome sequences of Xenopus tropicalis were downloaded from 

the University of California Santa Cruz Genome Bioinformatics website 

(http://genome.ucsc.edu/) [57]. The reference X. tropicalis genome assembly was 

xenTro2 (assembly version 4.1). Exons, introns, 5'UTRs, and 3'UTRs for refSeq genes 

and Ensembl genes were determined using UCSC annotations. UCSC genome browser 

screen shots were generated using custom tracks of the UCSC web site 

(https://genome.ucsc.edu/). 

 

 

Identification of sisRNAs in germinal vesicles  

http://genome.ucsc.edu/
https://genome.ucsc.edu/


The Model-Based Analysis of ChIP-seq algorithm (MACS) [25] was used for 

detecting sisRNAs peaks by analyzing germinal vesicle (GV) RNA-seq data [9]. First, 

we identified all 63,410 peaks of the GV RNA-seq data with default parameters, but a 

more stringent FDR=0.01 (default is 0.05). We then determined the location of each 

peak relative to exon and intron annotation for refSeq and Ensembl genes, respectively. 

A peak was identified as a sisRNA if it was located within an intron and did not overlap 

with an exon. We set the cut-off length of 150-bps for the sisRNAs to rule out the 

potential contamination of short non-coding RNAs (e.g. miRNA, siRNA, piRNA). In this 

way we identified 24,091 and 34,169 sisRNAs for refSeq and Ensembl annotated 

genes, respectively. 

 

Calculation of sisRNA density along introns 

To calculate the sisRNA density in introns, we first concatenated all the introns for each 

gene. Then we divided each joined intron transcript into 100 bins. For a bin b with length 

of L in a certain gene g, we denote b (1:L). For each position i in b let the variable x at 

position i (xi) be 1 in case of an overlap with a sisRNA and 0 if it does not overlap. The 

density of sisRNAs in each bin for a certain joined intron transcript is calculated as: 

𝐷𝑒𝑛𝑏 = ∑ 𝑥𝑖/𝐿
𝐿
𝑖=1 .  For any given gene j (joined intron transcript), the set of sisRNA 

densities is: Gj={Denj
1, Denj

2, ..., Denj
100}. Then the average sisRNAs density for a given 

bin b for the whole gene set (total number = N) is calculated as: 𝐷𝑒𝑛𝑏
𝑡𝑜𝑡𝑎𝑙 =

∑ 𝐷𝑒𝑛𝑏
𝑗𝑁

𝑗=1 𝑁⁄ . 

 

Calculation of motif enrichment in sisRNAs and Introns 



To determine the enriched motifs in sisRNAs and introns, we calculated an enrichment 

score for each motif. To avoid the bias of sampling from the X. tropicalis genome, we 

searched the whole genome for each motif. In each scaffold, motifs were searched 

using MAST in MEME suite [58] with the position weight matrices (PWMs). The PWMs 

used in this study were collected from the TRANSFAC databases [26] in which 935 

PWMs are provided and MAST was run with default parameters. For each motif M with 

the length L we denote M (ystart:yend) to record the positions where the motif starts and 

ends: y1:y1+L-1, y2: y2+L-1 ... yN:yN+L-1, N being the total number of motifs in the 

genome. For each position yi: yi+L-1, if it overlapped with the examined regions, 

sisRNAs or introns, xi=1, otherwise xi=0. For whole sisRNAs or introns, the observed 

occurrences (OCCobs) and expected occurrences (OCCexp) of the motif are calculated 

as: 𝑂𝐶𝐶𝑜𝑏𝑠 = ∑ 𝑥𝑖
𝑁
𝑖=1  and 𝑂𝐶𝐶𝑒𝑥𝑝 = 𝑁 ×

𝐿𝑟

𝐿𝑔
, where N is the total number of motifs in the 

whole genome, Lr is the total number of base pairs in the examined regions (sisRNAs or 

introns), and Lg is the total number of base pairs for the whole X. tropicalis genome. The 

enrichment score E for motif M was calculated as follows: 𝐸 =
𝑂𝐶𝐶𝑜𝑏𝑠

𝑂𝐶𝐶𝑒𝑥𝑝
, where OCCobs is 

the observed occurrences, and OCCexp is the expected occurrence of motif M in the 

examined regions (sisRNAs or introns). 

 

Gene Ontology analysis 

Gene Ontology (GO) analysis was performed using DAVID (The Database for 

Annotation, Visualization and Integrated Discovery, http://david.abcc.ncifcrf.gov/) [59, 

60]. Go terms with P-values < 0.01 were considered as significantly enriched. 

http://david.abcc.ncifcrf.gov/


 

Evolutionary conservation analysis 

Base by base PhastCons conservation scores based on an alignment and a model of 

neutral evolution among the seven vertebrate genomes [35] were downloaded from 

UCSC database (http://genome.ucsc.edu/). The seven genomes and assemblies are: 

zebrafish (danRer4), X. tropicalis (xenTro2), chicken (galGal2), opossum (monDom4), 

rat (rn4), mouse (mm8) and human (hg18). PhastCons scores in each sisRNA or intron 

were extracted for each nucleotide for ±150 bps relative to the 5’ end, midpoint, and 3’ 

end respectively. Values were averaged for all sisRNAs or introns. 
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