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ABSTRACT

Here we present a parallel study of MRNA and microRNA expression
during oral siphon (OS) regeneration in Ciona robusta, and the
derived network of their interactions. In the process of identifying 248
mRNAs and 15 microRNAs as differentially expressed, we also
identified 57 novel microRNAs, several of which are among the most
highly differentially expressed. Analysis of functional categories
identified enriched transcripts related to stress responses and
apoptosis at the wound healing stage, signaling pathways including
Wnt and TGFp during early regrowth, and negative regulation of
extracellular proteases in late stage regeneration. Consistent with the
expression results, we found that inhibition of TGF signaling blocked
OS regeneration. A correlation network was subsequently inferred for
all predicted microRNA-mRNA target pairs expressed during
regeneration. Network-based clustering associated transcripts into
22 non-overlapping groups, the functional analysis of which showed
enrichment of stress response, signaling pathway and extracellular
protease categories that could be related to specific microRNAs.
Predicted targets of the miR-9 cluster suggest a role in regulating
differentiation and the proliferative state of neural progenitors through
regulation of the cytoskeleton and cell cycle.

KEY WORDS: Regeneration, RNAseq, MicroRNA, Ciona, Correlation
network

INTRODUCTION

The ability of metazoan animals to regenerate varies widely. This
ability can be interpreted as a spectrum extending from extreme
cases of whole-body regeneration, such as is observed in planaria
(Reddien and Sanchez Alvarado, 2004), to cases of limited cell
replacement during tissue homeostasis, such as is observed in the
mammalian digestive tract (Barker, 2014; Barker et al., 2008). In
addition, many species display regenerative capacities that vary with
life stage and injury severity (Rinkevich and Rinkevich, 2012).
Most vertebrates, including humans, heal wounds using fibrotic
mechanisms that inhibit subsequent tissue regrowth by leaving
dense connective tissue that is never remodeled to the original
functional state (Harty et al., 2003). By contrast, there are several
well-characterized examples of vertebrates that are able to replace
whole organs and/or appendages composed of multiple tissue types
(King and Newmark, 2012; Stoick-Cooper et al., 2007).
Furthermore, differences in cellular responses appear to directly
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underlie the differences in regenerative capacity of various
organisms, as evidenced by differences in scar formation between
regenerating vertebrates (e.g. salamanders) and non-regenerating
vertebrates (Seifert et al., 2012). Regeneration is likely to be an
ancestral animal trait that utilizes many of the molecular
mechanisms of development, thus implying evolutionary loss of
this trait in some lineages (Bely and Nyberg, 2010; Morgan, 1901;
Tiozzo and Copley, 2015). By identifying points of evolutionary
conservation and divergence in the molecular mechanisms
underlying regeneration, progress can be made toward
illuminating how different species can accomplish the same task
in vastly different ways.

Whereas regenerative ability is highly variable among the
vertebrates, and whole-organ regeneration is limited to very few
species, the tunicates, which are primitive chordates and the closest
extant relatives of the vertebrates (Delsuc et al., 2006), show robust
regenerative ability. Tunicates appear to have diverged before two
whole-genome duplications that are speculated to have occurred at
the origin of the vertebrate lineage (Dehal and Boore, 2005), and are
thought to have subsequently evolved towards reduced
morphological and genomic complexity (Crow and Wagner,
2006). These traits, in combination with a sequenced and well-
annotated genome, make C. robusta a powerful model for
identifying the components and interactions that comprise gene
regulatory networks that govern biological processes, including
regeneration (Dehal et al., 2002; Satou et al., 2008). The colonial
tunicates, such as Botryllus schlosseri, show whole-body
regeneration (Kiirn et al., 2011; Rinkevich et al., 1995, 2010;
Voskoboynik et al., 2007). Ciona intestinalis and Ciona robusta,
two species that until recently were both called Ciona intestinalis
(Brunetti et al., 2015), are well-established models for embryology,
and as adults they can rapidly and robustly regenerate their oral
siphons as well as their central nervous systems (Jeffery, 2015a).
The oral siphon (OS) is a cylindrical appendage composed primarily
of muscular tissue, vasculature, nerves, epidermis, eight oral
pigment organs (OPOs) located at the distal tip, and an outer
coating of tunic (Chiba et al., 2004).

Although many studies have identified molecular mechanisms
governing cellular responses during regeneration, little is known
about how different molecular events are coordinated with each
other (Endo et al., 2004; Jhamb et al., 2011; King and Newmark,
2012). This deficiency is evident in the current lack of effective
molecular therapies available to stimulate tissue regeneration
(Stoick-Cooper et al., 2007). The ability to detect transcript level
changes in a comprehensive and unbiased manner can identify
previously unknown coordination between signaling pathways,
transcription factors and effector genes required for regeneration.
There have been several transcriptome-wide studies of gene
expression of both mRNA (Campbell et al., 2011; Hamada et al.,
2015; Knapp et al., 2013; Love et al., 2011; Monaghan et al., 2009;
Schebesta et al., 2006; Stewart et al., 2013; Wu et al., 2013) and
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microRNA (miRNA) (Gearhart et al., 2015; Holman et al., 2012,
Hutchins et al., 2016; Thatcher et al., 2008) during appendage
regeneration. However, none of these studies connected the
expression profiles of miRNA to those of mRNA.

In the current study, we present a transcriptome-wide
investigation of both mRNA and miRNA expression profiles
from stage-matched samples during appendage regeneration of
C. robusta. We constructed a network of correlations between these
two RNA types and inferred the function of miRNAs within a
network based on the functions of their predicted target mRNAs.
Our approach expands upon previous work by analyzing tissues
both distal and proximal to the amputation plane using high-
throughput RNA sequencing (RNAseq) of miRNAs and mRNAs,
then comparing relative expression levels between distinct stages of
regeneration. We identified the largest changes in gene expression
during OS regeneration and conducted a systematic characterization
of functional categories of all genes as well as those predicted to be
targeted by specific miRNAs. This study provides a resource that
will facilitate future investigation into the genetic requirements
of appendage regeneration in chordates. To make our results
comparable with those of a previous microarray study (Hamada
et al., 2015) we also sequenced RNA from non-regenerating OSs
and identified several of the same genes that they identified as
the most significantly differentially expressed at 3 days post-
amputation.

RESULTS

Differential expression during OS regeneration
High-throughput RNAseq was used to estimate the relative
abundance of mRNAs and miRNAs in OSs of 6-month-old C.
robusta adults. As an initial validation of our approach, mRNA
samples were collected from non-regenerating (NR) OSs and used
to estimate the efficiency of read alignment and power to detect
differentially expressed (DE) genes based on sequencing depth and
number of replicates. In this preliminary analysis, we successfully
aligned an average of 92.6% (94.8% across all stages) of sequencing
reads to C. robusta, with ~63.6% (58.4% across all stages) of reads
aligning to unique genomic locations (Table S1). Next, we
estimated the power of our chosen experimental design to
accurately quantify differential expression using the Scotty web
tool (Busby et al., 2013). Given the sequencing depth and variation
within the NR OS samples, we could expect to recover nearly half of
the genes that are DE greater than 2-fold at any stage as significantly
DE [false discovery rate (FDR) <0.05] using our experimental
design (Fig. S1).

For collection of regenerating tissue samples, animals were
amputated distal to the buccal tentacle band (Chiba et al., 2004)
(Fig. 1). Either immediately following amputation [day (D) 0] or 1,
3 or 8 days following amputation (D1, D3 or D8) tissue was
collected by making a second cut proximal to the first, but distal to
the peripharyngeal (transverse) muscle band (Fig. 1, yellow dashed
lines). These time points were chosen to represent three stages of
regeneration observed in vertebrates: wound healing, transition and
redevelopment. Previous reports of differential expression had used
NR OSs for comparison (Hamada et al., 2015). It was expected that
comparisons of subsequent stages with either DO or NR OSs would
generate different categories as being enriched, and that by using
both a fuller picture would be generated. Three biological replicate
c¢DNA libraries of each type (miRNA and mRNA) were prepared
from the DO, D1, D3 and DS tissue samples. In total, 12,700 of the
17,745 C. robusta mRNA transcript models were detected in the
mRNA library sequence reads using a threshold of >5 RPKM (reads
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Fig. 1. Stages of oral siphon regeneration. (Top) The two reference stages
used to quantify relative expression levels at subsequent stages. Left image
shows an unamputated adult oral siphon (OS) of C. robusta; the right image is
immediately post-amputation. (Bottom) Three time points (1, 3 and 8 D)
selected to represent three stages of appendage regeneration (wound healing,
transition and redevelopment, respectively). The red dashed line indicates the
original amputation plane, and the yellow dashed lines indicate the proximal
limit of tissue collected for expression profiling. Scale bars: 5 mm.

per kilobase of transcript per million mapped reads) in three or more
samples.

Analysis was performed using two programs in parallel: EdgeR
(Robinson et al., 2010) and DESeq2 (Love et al., 2014a). Only
transcripts identified as DE by both programs were used in order to
reduce the likelihood of false positives, as has been described
previously (Robles et al., 2012). The EdgeR and DESeq2 programs
identified 337 and 472 of the mRNA transcript models,
respectively, to be DE (FDR<0.05) on at least one of the days of
regeneration (i.e. D1, D3 or D8) when compared with DO. Of the DE
genes on these two lists, 248 overlapped (Table S2). A roughly
equivalent number of mRNAs were upregulated or downregulated
(Table 1). We assessed the expression of 15 DE mRNA transcripts
using quantitative real-time PCR (qRT-PCR), with particular
attention to transcripts linked to morphogenetic processes and
signaling pathways (Fig. 2A). Of these, nine were validated using
qRT-PCR in at least one stage during regeneration (Fig. 2A). For
example, transcripts for the tumor necrosis factor receptor (TNFr)
and an auxiliary protein (TNFr-associated) were found to be
significantly (P<0.05) downregulated by both RNAseq and qRT-

Table 1. Number of DE transcripts at post-amputation stages relative to
DO

Sample type Method LRT D1 (+/-) D3 (+/-) D8 (+/-)

miRNA EdgeR 15 4/11 4/11 6/9
DESeq2 23 8/15 7/16 8/15
Concurrence 14 4/10 4/10 5/9

mRNA EdgeR 337 178/159 204/133 186/151
DESeq2 472 244/228 254/218 252/220
Concurrence 248 132/116 150/98 138/110

Transcripts included in pairwise comparisons (D1, D3 or D8 versus D0) were
selected using likelihood ratio tests (LRT) (FDR<0.05) by either EdgeR,
DESeq2 or the concurrence of both programs. The total number of DE
transcripts across all comparisons determined by LRT is indicated as well as
the number of transcripts upregulated/downregulated (+/—) for each pairwise
comparison.
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Fig. 2. Experimental validation of differential expression. The mean log,
fold change of transcript expression levels relative to DO estimated by RNAseq
(DESeq2) and qRT-PCR. Three biological replicates comprising three
technical replicates each were used to calculate qRT-PCR statistics; error bars
indicate s.e.m. for RNAseq and 95% confidence intervals for qRT-PCR.

(A) Differentially expressed (DE) mRNAs significant in both RNAseq and gRT-
PCR experiments arranged into preselected groups. Ensembl transcript
identifiers matching each transcript name are listed in Table S8. (B) DE
miRNAs significant in both RNAseq and qRT-PCR data.

PCR at all stages post-amputation (Fig. 2A). We also confirmed that
the expression of two potential activators of transforming growth
factor B (TGFp) signaling were significantly upregulated during
regeneration (Fig. 2A). These two pathways have previously been
implicated in the regulation of programmed cell death and
proliferation during regeneration (Gilbert et al., 2013; Godwin
et al., 2013; Ho and Whitman, 2008; Lévesque et al., 2007; Rao
et al., 2009; Stoick-Cooper et al., 2007; Wu et al., 2013).

The miRDeep2 program (Friedldnder et al., 2012) was used to
align and quantify miRNA reads. Most of the miRNAs that we
detected during OS regeneration have been described previously
(Hendrix et al., 2010; Keshavan et al., 2010; Missal et al., 2005;
Norden-Krichmar et al., 2007; Shi et al., 2009; Terai et al., 2012);
however, miRDeep2 also predicted 52 previously undescribed
miRNAs (probability 95+3%; Table S7). The most highly
expressed of these novel miRNAs, 7_2011, was found to have an
identical seed sequence to hsa-miR-4709-5p and was detected at
>50-fold greater number of reads than the second most highly
expressed novel miRNA. Another novel miRNA, /2_9033, was
found to be strongly and significantly upregulated during
regeneration. Overall, out of the 550 known miRNAs in miRBase

(Griffiths-Jones, 2004; Kozomara and Griffiths-Jones, 2014) plus
the novel miRNAs predicted by miRDeep2, we detected 279
miRNAs in the miRNA library reads at a threshold of >1 counts per
million (CPM) in three or more samples. Comparisons were made
between miRNA transcripts in the newly amputated siphon (DO0)
and each of the days of regeneration (D1, D3 and D8). Of the 279
miRNAs expressed, 15 and 23 were found to be DE on at least one
of the days of regeneration by EdgeR and DESeq?2, respectively. Of
the DE miRNAs identified by EdgeR, 14 were also identified by
DESeq2 (Table 1 and Table S3). In contrast to the mRNAs, there
were approximately twice as many miRNAs significantly
downregulated versus upregulated, suggesting an active role for
miRNAs in adult OS homeostasis. The total number of DE
transcripts for each day of regeneration is shown in Table 1.
Several DE miRNAs were also selected for validation based on
their large estimated fold-change, significance of relative change, or
previous reports indicating roles for these miRNAs in
morphogenetic and regenerative processes (Fig. 2B). In
regenerating OSs miR-9 is highly upregulated at all stages of
regeneration analyzed, having no RNAseq reads and being nearly
undetectable by qRT-PCR at DO. Additionally, the bicistronic miR-
1/133 (Kusakabe et al., 2013), which has been implicated in muscle
development and regeneration (Li et al., 2013; Mitchelson and Qin,
2015; Yin et al, 2008), was also upregulated during OS
regeneration. In summary, the relative expression changes
estimated by RNAseq for 9/15 mRNA transcripts (60%) were
validated using qRT-PCR in at least one stage during regeneration.
Likewise, we were able to validate that the levels of 10/17 miRNAs
(58.8%) were significantly changed during at least one stage.

Functional comparison between three stages of
regeneration

In addition to identifying DE transcripts following amputation,
enrichment for functional categories of genes was performed using
classifications curated by the Gene Ontology (GO) Consortium
(Ashburner et al., 2000) and the Kyoto Encyclopedia of Genes and
Genomes (KEGG) Pathway Database (Kanehisa and Goto, 2000)
(Table S8). Enrichment of functional categories based on the mean
expression value (RPKM) of genes within each category in NR OS
is shown in Fig. S2. Enrichment of functional categories based on
the mean significance (—log, FDR) of genes within each category
was performed by comparing the three days of regeneration (D1, D3
and D8) with either DO (Fig. 3) or NR OSs (Fig. S3). The complete
list of z-scores for all categories relative to either reference stage is
listed in Table S9.

Several GO Biological Process (BP) categories showed a pattern
of enrichment across all stages, including ‘negative regulation of
peptidase activity’, ‘xenobiotic metabolic processes’, ‘protein
folding’, ‘cellular calcium ion homeostasis’ and ‘multicellular
organismal development’ (Fig. 3A). Similarly enriched GO
Molecular Function (MF) categories included ‘peptidase
inhibitor’, ‘heme binding’, ‘unfolded protein binding’ and
‘growth factor activity’ (Fig. 3B). For the most part, categories
modified across the 8 days of regeneration studied are consistent
with a pattern of activated cellular growth and metabolism.

Other categories were enriched during specific stages of
regeneration. As expected, categories enriched early in
regeneration (D1 and D3) included those related to wound
healing, stress response, activation of morphogenetic processes
and signaling. For example, the KEGG pathway ‘AGE-RAGE
signaling in diabetic complications’ (which includes upregulated
immune/stress-response genes like JAKI, STAT5A and Jun) was
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across post-amputation stages D1, D3 or D8. Dendrograms to the left of each heatmap indicate the results of hierarchical clustering of the indicated GO categories

(A-C) or KEGG pathways (D).

enriched only at D1 (Fig. 3D). GO categories enriched exclusively
at D1 include ‘response to endoplasmic reticulum stress’, ‘cilium
organization’, ‘protein polymerization’, ‘steroid biosynthetic
processes’ and ‘cysteine type endopeptidase activity involved in
apoptosis’. Other categories enriched at both D1 and D3 include
‘microtubule-based movement and motor activity’, ‘hormone-
mediated  signaling’, ‘fatty acid Dbiosynthesis’, ‘cellular
homeostasis’ and ‘bicellular tight junction’.

Likewise, a number of categories with the potential to directly
regulate morphogenetic processes during regeneration were
enriched exclusively at D3. KEGG pathways enriched at this stage
included ‘glutathione metabolism’, ‘DNA replication’ and ‘Wnt
signaling” (Fig. 3D). Corresponding GO categories enriched at this
stage included ‘steroid hormone-mediated signaling’, ‘steroid
hormone receptor activity’, ‘G-protein-coupled receptor activity’,
‘metalloendopeptidase activity’ and ‘voltage-gated potassium
channel complex’.

Finally, categories enriched in later stages are expected to be
involved in a return to homeostasis of the regenerating tissue, but
could also represent downstream effects of changes observed at
earlier stages and thus might not be exclusively enriched at late stage
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expression. Categories enriched only at D8 appeared to be less
associated with signaling pathways but instead more related to tissue
growth, such as ‘glucose import’, ‘negative regulation of protein
kinase activity’ and ‘amino acid transmembrane transporter
activity’.

Requirement of TGFp signaling during early stages of
regeneration

The increased expression of TGFp activators observed post-
amputation suggests a role for this signaling pathway in OS
regeneration (Fig. 2). This was further supported by enrichment of
functional categories related to TGFp signaling at 3 days post-
amputation (D) (Fig. 3A,B). It has been previously reported that
TGFB signaling is required for multiple events during regeneration
of axolotl limbs, Xenopus tadpole tails and Eublepharis tails
(Gilbert et al., 2013; Ho and Whitman, 2008; Lévesque et al., 2007).
To investigate whether TGFB is also required during OS
regeneration, we treated amputated C. robusta juveniles with 10
uM SB431542, a potent and specific inhibitor of activin receptor-
like kinase receptors that mediate TGF signal transduction (Mita
and Fujiwara, 2007).
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Soaking C. robusta in SB431542 for 4 days following
amputation completely blocked regeneration (Fig. 4). Whereas
100% of control-treated animals regenerated OPOs by 8 D, none
of the SB431542-treated animals showed any visible signs of
regeneration (Table 2). To further refine the temporal requirement
for TGFB signaling, we treated separate cohorts of animals with
SB431542 over 24 h periods for each of the 4 days following
amputation (Fig. 4A). Surprisingly, only the cohort treated over the
first 24 h following amputation failed to regenerate completely,
whereas the other three cohorts showed partial OPO regeneration
(Table 2). The temporal requirement was further studied using three
cohorts of animals treated with SB431542 for 48 h periods starting
either (1) immediately after amputation, (2) 24 h after amputation or
(3) 48 h after amputation (Fig. 4A). These 48 h treatments
completely blocked regeneration in all cases (Fig. 4B), indicating
that TGFP signaling is required on at least two separate occasions
during OS regeneration (once during a short window in the first
24 h, then again during a second >24 h window that includes 3 D).

A network of miRNA target interactions

Here we report a non-biased correlation-based network to infer a
comprehensive set of miRNA-target interactions over the course of
8 days of OS regeneration. Several transcriptome-wide miRNA
profiling studies have been performed during limb or appendage
regeneration (Gearhart et al., 2015; Holman et al., 2012; Thatcher
et al., 2008), although not in parallel with mRNA transcriptome
analysis. miRNAs primarily exert their effects on gene products
through degradation or translational repression of target RNAs
(Carthew and Sontheimer, 2009). In the absence of proteomic data,
our analysis is limited to those cases in which miRNA-mRNA
interactions result in degradation of the target mRNA (Carthew and
Sontheimer, 2009). Assuming that an miRNA does result in
degradation of a target transcript, the strength of miRNA-mRNA
interactions can be estimated by identifying miRNA-target pairs that
display inverse (negative) correlations between different stages of a
process.

A preliminary step in this analysis required prediction of
complementary sequence pairing between the full set of miRNAs
(including novel miRNAs identified in this study) and the 3'-UTRs
of potential target transcripts. We accomplished this using
TargetScanS (Agarwal et al., 2015; Lewis et al., 2005), which
was first employed to detect conserved binding sites between C.
robusta and C. savignyi, before identifying additional non-
conserved sites in non-orthologous genes. Our complete set of
target predictions for C. robusta (conserved and non-conserved)
contained ~521,000 pairwise interactions and is available for
download (https:/labs.mcdb.ucsb.edu/smith/william). Notably,
within the conserved set of predictions between C. robusta and C.
savignyi we identified the same 824 targets for miR-124 as reported
by another study (Chen et al., 2011), which identified miRNA seed
pairing as a strong predictor of target downregulation in Ciona.
Thus, we expect a large proportion of the predictions to be relevant
in vivo. Further support for the relevance of these predictions was
found by identifying a large proportion of the predicted miRNA-
target pairs that are conserved with other species and have been
validated experimentally (either by expression profiling, reporter
assay or western blot) by comparing with information listed in
miRTarBase (Chou et al., 2016) (data not shown).

The average log, fold-change estimated by DESeq2 and EdgeR at
all stages (DO versus D1, D3 or D8) was used to calculate Pearson
correlation coefficients (p) for all predicted miRNA-target pairs.
Subsequent analysis was limited to miRNAs with observed
changes>|1 log,-fold| at any stage and p<-—0.9 with their
predicted targets. The resulting directed network contained 2033
nodes (129 miRNA, 1904 mRNA) and 2854 edges, with an average
of 2.808 neighbors per node (Table S10). Evolution of biological
networks is assumed to have proceeded by preferential attachment
of new nodes to an existing core network, resulting in a ‘scale-free’
topology that can be modeled using a power law function (Albert,
2005; Barabasi and Oltvai, 2004; Wolf et al., 2002). The in-degree
distribution of edges/nodes was fitted to a power law curve with the
equation y=2919.4x73362 (p=0.983, R?=0.917), suggesting the

A Fig. 4. SB431542 treatment of C. robusta juveniles.
Odpa 1dpa 2dpa 3dpa 4dpa  (A) Approximately 1-month-old animals were treated
| | 1 with 10 uM SB431542 for the durations indicated.
. » (B) Images of representative animals from the 48 h
Lo tiib ) treatment cohorts (orange in A). DMSO, vehicle
Trial 2 (0-1) I Trial 2 (1-2) Trial 2 (2-3) I Trial 2 (3-4) control. See also Table 2.
Trial 3 (0-2) Trial 3 (2 -4)
| Trial 3 (1-3) |
B
DMSO 0-2 1-3 2-4
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Table 2. Number of animals with regenerated OPOs after SB431542
treatment

Cohort Duration 4D 8D
DMSO 4 days 56/67 61/67
0-4 4 days 0/28 0/20
0-1 24 h 0/11 0/11
1-2 24 h 2/13 8/13
2-3 24 h 0/11 3/11
34 24 h 4/9 5/9
0-2 48 h 0/27 0/20
1-3 48 h 0/28 0/20
2-4 48 h 0/28 0/20

Cohort names correspond to conditions illustrated in Fig. 4A.

topology of our predicted network resembles that of a true biological
network. Plotting these interactions shows a dense cluster of
downregulated miRNAs associated with a dense cluster of
upregulated mRNAs, joined by a few sparse connections (Fig. 5).
To assign putative functions to miRNAs within the correlation
network, we implemented a clustering algorithm on all the nodes
and then examined whether the list of targets in each cluster were
enriched for particular GO categories and KEGG pathways. Non-
overlapping clusters of miRNAs and targets were identified by
analyzing the correlation network using the LinkLand algorithm
(Kovécs et al., 2010) provided by the ModuLand plug-in (Szalay-
Bek®d et al., 2012) for Cytoscape (Smoot et al., 2011). Briefly, each
node is assigned a set of influence scores that relate it to all other
nodes in the network based on their relative position and
connections. Next, clusters are determined by identifying local
maxima (which indicate the centers) and local minima (which
define the boundaries) of influence scores throughout the network.
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The miRNAs and targets assigned to each cluster are listed in
Table S11. All of the targets within each resulting cluster were
grouped and then the significance of overlap between each cluster
and GO/KEGG functional categories was assessed using a
hypergeometric test for enrichment (Table S12). Interpretations
summarizing the significantly enriched functional categories are
shown alongside their respective color-coded miRNA-target
clusters in Fig. 5.

DISCUSSION
Molecular signatures indicate conserved features of
regeneration
Appendage regeneration is thought to occur in three
morphologically distinct stages; wound healing, transition and
redevelopment (Knapp et al., 2013). The wound healing stage is
primarily defined by a localized immune response, closure of the
epithelium and initiation of blastema formation (Murawala et al.,
2012). We observed several transcriptional changes indicating
conserved features of wound healing during OS regeneration. GO
categories supporting this hypothesis that are enriched at D1 include
‘response to ER stress’, ‘response to oxidative stress’, ‘protein
folding’, ‘unfolded protein binding’, ‘cysteine-type endopeptidase
activity involved in apoptosis’ and the KEGG pathway ‘AGE-
RAGE signaling pathway in diabetic complications’ (Fig. 3).
Following healing, a transition occurs in which the existing
appendage begins to redevelop the lost tissue. During this transition
phase, positional identity is regained and signaling to activate
progenitor cells that are required to initiate growth occurs. Insulin
growth factor (IGF) signaling was first implicated in limb
regeneration in newts over three decades ago (Vethamany-Globus,
1987; Vethamany-Globus et al., 1984). More recently, it was

Growth factor signaling (Wnt, TGF-B) ’

e
miR-42§f80-5p

Regulation of growth (IGF)
Transport channel regulation
Proteasome regulation

Kinase signal transduction

Actin filament organization
Activation of MAPK
ATP hydrolysis coupled proton transport

Fig. 5. miRNA-mRNA correlation network. miRNAs and mRNAs are represented by triangles and circles, respectively. Transcripts are joined by a line when

both p<—0.9 and a binding interaction was predicted by TargetScanS. ModulLand clusters are shown in different colors and the miRNA ID that defines each cluster
is indicated (black text). Summary interpretations of enriched GO categories and KEGG pathways in each cluster are indicated in matching colors adjacent to the

respective cluster. The full set of correlations, assignment of nodes to clusters and functional enrichments for clusters are listed in Table S12.
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discovered that IGF secreted from wounded zebrafish epithelia
stimulates underlying mesenchymal blastema cells to proliferate
(Chablais and Jazwinska, 2010). Further, it has been hypothesized
that a Warburg effect (Vander Heiden et al., 2009) can be promoted
in regenerating vertebrate tissues to favor structural biosynthesis
over generation of ATP (Love et al., 2014b). We observed high
levels of IGF and IGF binding protein (IGFbp) transcript levels
throughout regeneration (Fig. 2). IGF binding proteins have been
reported to act as carriers for IGF to promote increased persistence
of IGF in circulation (Hwa et al., 1999). Further investigation into
the role of IGF signaling during OS regeneration could help
determine whether the effects of this signaling pathway on cell
proliferation and energy metabolism in different models of
vertebrate regeneration are likely to be derived from a common
evolutionary origin.

The transverse vessels of the branchial sac in C. robusta are
thought to contain progenitor cells required for OS regeneration that
are activated to proliferate and migrate into the OS after amputation
(Jeffery, 2015b). Although the extent to which these branchial sac
stem cells contribute to various tissues has not yet been investigated,
it is suggested that they have the potential to differentiate into
multiple lineages due to high expression of pluripotent cell marker
genes such as Piwi and Alkaline phosphatase (Juliano et al., 2011,
2014; O’Connor et al., 2008; Stefkova et al., 2015). Piwi-positive
stem cells in colonial tunicates are essential for whole-body
regeneration (Brown et al., 2009) and also originate from a
vascular niche (Rinkevich et al., 2010). Cells of the branchial sac
divide following amputation (Jeffery, 2015b); however, EdJU and
phospho-histone H2 labeling of regenerating OSs showed no
detectable increase in the number of dividing cells per unit area until
~4 D (Auger et al., 2010). We observed transcriptional changes
supporting the proposed timing of proliferation, such as the
enrichment at D3 of the KEGG pathways ‘DNA replication’ and
‘Wnt signaling” along with the GO categories ‘TGF receptor
binding’, ‘cell fate commitment’ and ‘growth factor activity’
(Fig. 3).

Our identification of the requirement for TGFp signaling at 3 D,
as indicated by the lack of subsequent tissue regrowth and OPO
differentiation following SB431542 treatment, as opposed to any
potential disruption of patterning or the null hypothesis of no effect,
further supports the hypothesis that a progenitor population is
receiving inductive signals, putatively TGF itself, at this stage in
order to stimulate proliferation and regeneration of lost tissue.
Further studies comparing localization of TGF pathway members
and effects on proliferation after SB431542 treatment during OS
regeneration could identify the mechanism by which this pathway
regulates regenerative regrowth and differentiation.

Once progenitor cells have been specified and positional identity
within the regenerating tissue is established, the latter stages of
regeneration are thought to proceed in a similar manner to how the
original appendage/tissues were formed during development. This
process involves extensive remodeling of the extracellular matrix
(ECM) to regulate cellular responses such as apoptosis,
proliferation, migration and differentiation (Calve et al., 2010; Lu
etal., 2011). ECM remodeling is regulated via activation of specific
enzymes such as Serpins (Simone et al., 2014) and TIMPs (Arpino
et al., 2015), which inhibit peptidases that degrade structural ECM
proteins. We observed strong enrichment of the GO categories
‘peptidase inhibitor’ and ‘negative regulation of peptidase activity’
at later stages of regeneration, particularly at D8 (Fig. 3). This
supports the hypothesis that OS regeneration involves substantial
ECM remodeling at early and mid stages, which is actively

attenuated by expression of peptidase inhibitors such as serpins and
TIMPs at later stages.

A microarray-based study of gene expression during OS
regeneration was recently published (Hamada et al., 2015). This
study reported the 30 genes with the largest changes relative to NR
OS at 3, 6 and 9 D. We compared the list of genes reported as DE at
day 3 of regeneration with an analogous list derived in this study
(Table S4). When converting from the gene identifiers used on the
microarray, we were able to identify Ensembl gene models for 26
out of the 30 microarray probe sets listed. Of these Ensembl
transcript models, 18/26 transcripts were expressed above the
threshold of 5 RPKM in at least three or more samples, but only 6 of
these 18 were identified as DE (FDR <0.05) by DESeq2, 5 of which
were confirmed by EdgeR, notably including Notch and EphA4.

Stage specificity of functional category overlap with miRNA-
target clusters

We observed significant overlap between transcripts in certain
functional categories and particular miRNA-target clusters. For
example, categories related to ‘immune response’, ‘stress responses’
and ‘apoptosis’ were enriched at D1 relative to D0. These categories
also significantly overlapped with miRNA-target clusters miR-
4178b-5p and 4_20211 (Table S12). Further, attenuation of
apoptosis and induction of morphogenetic growth factor signaling
are crucial for the transition from wound healing to the activation of
redevelopment. Several miRNA clusters were found to target
mRNAs annotated in functional categories related to Wnt, TGFB
and MAPK signaling, as well as regulation of apoptosis and
regulation of cell cycle including miR-4008c-5p, miR-4123-5p,
miR-4178b-5p, 2_15911, 4_20211 and 11_7539 (Table S12).
Finally, during the redevelopment stage we observed strong
enrichment of ECM peptidase inhibitors (Fig. 3), which
significantly overlapped with the miRNA-target clusters miR-
4008c-5p, 10_4533 and 11_6940.

During all stages of regeneration we observed increased levels of
IGF and IGFbp transcripts (Fig. 2A). The GO MF categories
‘insulin receptor binding’ and ‘insulin-like growth factor binding’
significantly overlapped with the miRNA-target cluster /0_4533
(Table S12). Regulation of IGF-regulated processes by cluster
10_4533 is further supported by significant overlap of its targets
with the GO BP categories ‘regulation of cell fate specification’,
‘regulation of cell growth’ and ‘regulation of mitotic cell cycle’
(Table S12). This miRNA-target cluster might also be involved in
regulating multiple unrelated processes at specific stages of
regeneration. First, this cluster significantly overlaps with the
categories ‘unfolded protein binding’ and ‘regulation of apoptotic
processes’, which are enriched at the D1 stage (Fig. 3). Second, as
mentioned previously, the miRNA-target cluster /0_4533
significantly overlaps with the GO MF category ‘endopeptidase
inhibitor activity’, which is highly enriched at D8 (Fig. 3).

We observed miR-9, an ancient and well-conserved miRNA
essential for normal function of developing and differentiated
neurons (Coolen et al., 2013), to be specifically upregulated during
regeneration. This miRNA has previously been identified as
expressed during the gastrula and larval stages of C. robusta
(Hendrix et al., 2010). In other species miR-9 has been shown to
regulate differentiation via targeting of the Notch signaling pathway
(Jing et al., 2011; Kuang et al., 2012). The proliferative state of
neural progenitors is governed by oscillations in the protein level of
Hes1; high levels of miR-9 were shown to dampen oscillations of
Hesl leading to increased proliferation and differentiation (Bonev
et al., 2012; Tan et al., 2012). Interestingly, we did not identify
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binding sites for miR-9 in any members of the Notch pathway or
predicted downstream targets of Hes1 (data not shown). However,
our 17 predicted targets for miR-9 do suggest a possible role in
regulating differentiation and the proliferative state of neural
progenitors through regulation of the cytoskeleton and cell cycle
(Galderisi et al., 2003; McBeath et al., 2004). Functional categories
significantly overlapping with miR-9 network cluster targets that are
associated with cell cycle regulation are ‘cell division’, ‘DNA
replication initiation and DNA replication’, which contain the miR-9
targets Nek7-like, SFII-like and Myb-binding 1A. Categories
significantly overlapping with miR-9 network clusters associated
with  cytoskeletal regulation are ‘intermediate filament’,
‘cytoskeleton organization’, ‘microtubule-based movement’,
‘microtubule motor activity’, ‘kinesin complex’ and ‘microtubule
binding’, which include the miR-9 targets villin-1, Kinesin,
sideroflexin-1-like, LIMK I-like, myosin X and LMNTD].

Significance and limitations of the predicted miRNA-mRNA
network
miRNA regulation is important in several well-studied examples of
regeneration (Sen and Ghatak, 2015). miRNAs can either lead to
direct degradation or translational repression of their target
transcripts (Carthew and Sontheimer, 2009). One obvious caveat
of miRNA and mRNA transcriptional profiling is that translational
repression cannot be detected. If a given miRNA is predicted to
target a given transcript based on seed pairing and the expression
levels of these two transcripts are inversely correlated, we infer the
predicted interaction is specific and results in target degradation.
Predicted target pairs that do not show an inverse correlation could
still result in translational repression; however, the relevance and
extent of this type of interaction was not considered in this study.
For 8 of the 22 clusters detected by ModuLand (Fig. 5 and
Table S11), the most central nodes identified as representing each
cluster were novel miRNAs identified in this study. This
underscores the complementary nature of co-expression and
differential expression analyses. Co-expression analysis was able
to identify individual miRNA(s) with small relative fold changes as
important during regeneration by virtue of the position of that
miRNA within a correlation network. On the other hand, differential
expression analysis did not identify many novel miRNAs to be
important during regeneration but was able to identify miRNAs that
had the largest fold changes at any stage.

Conclusions

Concurrent expression profiling of mRNA and miRNA has proven
to be a useful approach for characterizing transcriptome-wide
changes in gene expression during OS regeneration. We
successfully identified a variety of transcriptional changes
supporting the hypothesis that several major features of vertebrate
appendage regeneration are conserved in C. robusta. Examples
include categories of genes related to wound healing, proliferation,
differentiation and ECM remodeling that were enriched at specific
stages of regeneration. Further, we present a high-confidence
network of miRNAs and their predicted targets during OS
regeneration. This enabled subsequent annotation of putative
miRNA functions during regeneration by virtue of identifying
discrete clusters of miRNAs and their associated targets within the
network. Several clusters of miRNAs and their targets were found to
significantly overlap with functional categories that were likely to be
involved in specific stages of OS regeneration owing to the
preferential enrichment of these functional categories at specific
stages.
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This work provides a systematic characterization of mRNA and
miRNA expression during OS regeneration, a comprehensive set of
predicted interactions between these two gene product types and
predicts effects of those interactions on cellular processes during
regeneration — all of which are necessary to facilitate future
investigation into the genetic requirements of appendage
regeneration in chordates.

MATERIALS AND METHODS

Animal husbandry and RNA extraction

C. robusta were collected at the Santa Barbara Yacht Harbor. Gametes
from two adults were mixed and the resulting offspring were grown to
~6 months of age. Approximately 75 sibling animals ranging in size from
5-10 cm were selected for amputation and anesthetized in 0.04% MS222
for 30 min. Amputated siphon samples were immediately frozen in liquid
nitrogen then transferred to 1 ml RNAlater-ICE (Life Technologies) and
stored at —20°C for 1 week. Total RNA was extracted from a pool of five
tissue samples for each replicate using the miRvana Total RNA Extraction
Kit (Life Technologies). During timecourse experiments, batches of
animals were housed in five-gallon (~19 liter) buckets of seawater,
changed daily and maintained at 15°C with a 12/12 h artificial light/dark
cycle.

RNA sequencing and data preprocessing

Poly(A)" RNA was isolated from 5 ug total RNA using Dynabeads (Life
Technologies). Small RNAs (~18-30 nucleotides), including miRNAs,
were isolated from 1 pg total RNA by 1% Tris-borate-EDTA acrylamide gel
electrophoresis. Sequencing libraries were prepared with the Total RNAseq
Kit v2.0 (Life Technologies). Libraries were sequenced in multiplex using
an lon Proton sequencer (Life Technologies). Raw reads were trimmed of
adapter sequences and preprocessed for base quality according to the default
software specifications. Further quality control was performed using FastQC
and SamTools (Li et al., 2009). The C. intestinalis (now called robusta) JGI
genome version 2.0 and Ensembl transcript models (release 83) were used as
references for alignment. mRNA libraries were first aligned to the C. robusta
genome and set of Ensemble transcript models using TopHat (Trapnell
et al., 2009) with strict parameters (‘end-to-end’ mode) to accommodate
spliced reads, then the initially unaligned reads were processed using Bowtie
(Langmead et al., 2009) with relaxed parameters (‘local’ mode) to increase
the overall robustness of alignment to the highly polymorphic C. robusta
genome. HTseq-count (Anders et al., 2015) was used to count reads for each
mRNA transcript. miRNA precursor sequences were downloaded from
miRBase (Kozomara and Griffiths-Jones, 2014) and used along with the
C. robusta genome by miRDeep2 (Friedldnder et al., 2012) to align and
quantify the miRNA libraries. Counts of novel miRNAs were extracted from
the miRDeep?2 output using a custom Python script.

Differential expression, co-expression and enrichment analyses

mRNA samples were initially normalized for sequencing depth and
transcript length (RPKM), whereas miRNA samples were first normalized
only by sequencing depth (CPM). To reduce the number of tests
performed, low and non-expressed genes were removed using filters of
RPKM >5 or CPM >1 in at least three individual samples for mRNA and
miRNA libraries, respectively. Normalization of counts and likelihood
ratio tests were performed with the EdgeR and DESeq2 packages in R to
determine differential expression relative to D0. Pairwise correlations
(p<—-0.9) were calculated using R from log, fold-change values for
mRNA and miRNA data sets estimated by DESeq2. To determine GO
categories and KEGG pathways that were enriched at each stage relative to
a reference stage (NR or D0), the mean —log, transformed FDR-adjusted
P-value of each gene determined by EdgeR and DESeq2 was used as
input for a two-tailed z-test (Maciejewski, 2013; Perez-Llamas and Lopez-
Bigas, 2011). z-tests were performed using a 10,000 replicate bootstrap
and FDR multiple testing adjustment using Gitools 2.2.3 (Perez-Llamas
and Lopez-Bigas, 2011). Significance of overlap between miRNA targets
and functional categories was performed using hypergeometric tests in R,
with the resulting P-values corrected for multiple testing (FDR). For
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overlap tests, lists or categories with fewer than five transcripts were
removed to reduce false positives.

qRT-PCR validation of relative expression

Custom TaqMan assays manufactured by Thermo Fisher were used for
quantifying relative amounts of miRNA expression. SYBR Green detection
was used for quantifying relative amounts of mRNA expression. All
experiments were performed using a QuantStudio 1200K-Flex platform and
analyzed using ExpressionSuite software (Applied Biosciences). mRNA
expression levels were normalized to the geometric mean of GAPDH and
RNA polymerase 2. Global normalization was used for miRNA expression
levels because a sufficiently stable endogenous reference gene could not be
identified despite testing several of the least variable genes from the deep-
sequencing data. Primer sequences for mRNA detection were designed
using BatchPrimer3 (You et al., 2008) and are listed in Table S5 along with
Ensembl transcript identifiers and all gene names used in this study. The
sequences of the miRNA detection probes are proprietary (Applied
Biosystems) and not available to the researchers. One-way ANOVA was
used to determine transcripts that were significantly DE during at least one
stage of regeneration, as assessed by qRT-PCR (Table S6).

miRNA target prediction

3’-UTR sequences and a paired list of orthologous genes for C. robusta and
C. savignyi were downloaded from Ensemble Biomart; orthologous 3’-UTR
sequences were then grouped according to the pairs of orthologous
transcript IDs. Each resulting group of orthologous 3'-UTRs was aligned
using Clustal Omega (Sievers et al., 2011) and then the resulting alignments
were concatenated into a single file that included the remaining C. robusta
3’-UTRs that did not have orthologs in C. savignyi. The multiple alignment
results were used with mature miRNA sequences downloaded from
miRBase directly by TargetScanS (Lewis et al., 2005) to identify
conserved seed regions for all C. robusta miRNAs (known and predicted
in this study).
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Fig. S1. Pilot Study and Power Analysis of Non-Regenerating Oral Siphons. (A) Power of
different experimental designs. Power is measured by the percentage of transcripts having a
true 2X fold change detected at p < 0.05 using a t-test. (B) Measurement bias of different
experimental designs. Maximum power is defined as the percentage of transcripts that could be
detected if continuous sampling was performed. Then, measurement bias is defined as the
percentage of transcripts sampled with at least 50% of the maximum power. (C) Expected true
positive rates for our chosen experimental design. Curves indicate percent of differentially
expressed transcripts expected to be detected at different levels of fold-change.
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Fig. S3. Z-scores of Enriched (Z 2 1.96) Functional Categories Relative to Non-Regenerating
Oral Siphons. Z-scores plotted here as heatmaps were calculated relative to non-regenerating
(NR) oral siphon samples then standardized relative to the mean & standard deviation across
stages. Dendrograms to the left of each heatmap indicate the results of hierarchical clustering
the categories. Stages are listed below each column of the heatmaps while categories are listed
to the right. (A) GO Biological Process. (B) GO Molecular Function. (C) GO Cellular Localization.
(D) KEGG Pathways.
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Table S1. mRNA Alignment Statistics. Alignment metrics are indicated in the first column. Each subsequent column represents one
biological replicate sample. There are three replicates for each stage. Each sample is indicated by the stage symbol followed by a
dash then the replicate number. Stage symbols are: NR = Non-regenerating, DO = zero days post-amputation (dpa), D1 = one dpa, D3
= three dpa, D8 = eight dpa.

NR-1 NR-2 NR-3 DO-1 DO-2 DO-3 D1-1 D1-2 D1-3 D3-1 D3-2 D3-3 D8-1 D8-2 D8-3
Reads 13036680 | 26048685 | 10107734 | 14707066 | 18649484 | 15964357 | 14334056 | 17302978 | 18405471 7081310 13860083 | 13753071 | 13303927 | 17968744 | 13076712
Non Primary 958540 1950057 737770 853845 729117 740310 855498 787854 1117746 121837 560209 676350 766385 681277 558519
Non-unique 3956018 7294169 4316581 3973598 5973678 5559482 5680532 6179078 5482153 3500352 6855210 6101267 6578039 9854070 5993090
Unique 8122122 16804459 | 5053383 9879623 11946689 | 9664565 7798026 10336046 | 11805572 3459121 6444664 6975454 5959503 7433397 6525103
Plus 4067620 8854160 2612935 4791899 5787943 4577185 3938708 5160326 6006877 1759025 3286526 3306156 3001168 3726230 3182975
Minus 4054502 7950299 2440448 5087724 6158746 5087380 3859318 5175720 5798695 1700096 3158138 3669298 2958335 3707167 3342128
Non-splice 6257177 12295110 | 3922418 7151978 8014248 6969439 5557248 7172939 8415632 2563042 4458957 5079744 4288119 5168147 4787742
Splice 1864945 4509349 1130965 2727645 3932441 2695126 2240778 3163107 3389940 896079 1985707 1895710 1671384 2265250 1737361
% Aligned 0.926474 | 0.925138 | 0.927009 0.941943 0.960904 | 0.953627 0.940317 | 0.954467 0.939271 0.982795 0.959581 0.950822 0.942394 0.962085 0.957289
% Unique 0.672465 0.69732 0.539317 0.713164 | 0.666654 | 0.634822 0.57855 0.625853 0.682888 0.497038 0.484566 0.533425 0.475333 0.429988 0.52125
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Table S2. Concurrence of Differentially Expressed mRNAs Between Two Programs relative to
Day 0. Results from EdgeR are shown after retaining only transcripts identified as differentially
expressed by both EdgeR and DESeq2. Transcripts are indicated in the first column. Subsequent
columns show the estimated log, fold-change (logFC) for each stage (D1 = one dpa, D3 = three
dpa, D8 = eight dpa), the mean log, counts-per-million (CPM) reads for each transcript across all
samples, the log-odds ratio (LR), p-value and the false discovery rate (FDR).

Gene D1 D3 D8 Log CPM LR P-value FDR

ENSCINT00000016852 | 3.098325 | 1.937186 | 2.566742 | 4.563039 | 46.46672 | 4.51E-10 | 5.68E-06
ENSCINT00000035428 | -3.22002 | -1.22131 | -2.46122 | 7.020975 | 40.75257 | 7.38E-09 | 3.23E-05
ENSCINT00000002977 | -1.53013 | -1.0677 | -1.47379 | 6.224487 | 40.66175 | 7.71E-09 | 3.23E-05
ENSCINT00000032608 | 4.557647 | 3.535979 | 4.235177 | 6.21688 | 39.75887 | 1.20E-08 | 3.55E-05
ENSCINT00000002984 | -1.50423 | -1.08892 | -1.44112 | 6.401095 | 39.42219 | 1.41E-08 | 3.55E-05
ENSCINT00000032868 | 2.262125 | 1.583548 | 1.93285 2.6019 | 38.59793 | 2.11E-08 | 4.27E-05
ENSCINT00000027705 | 1.731992 | -0.15224 | 0.908088 | 4.09522 | 38.35721 | 2.37E-08 | 4.27E-05
ENSCINT00000007073 | 0.327442 | 0.854928 | 2.014151 | 2.34406 | 36.13358 | 7.02E-08 | 0.00011
ENSCINT00000024202 | 1.474018 | 1.225616 | 1.445381 | 5.833982 | 35.47177 | 9.68E-08 | 0.000135
ENSCINT00000033138 1.7482 | 1.311435 | 1.742597 | 3.809415 | 34.46096 | 1.58E-07 | 0.000164
ENSCINT00000026775 | -1.28973 | -1.21463 | -1.13189 | 4.520945 | 34.35064 | 1.67E-07 | 0.000164
ENSCINT00000004456 | 1.512945 | 1.743033 | 1.778986 | 5.989089 | 34.32915 | 1.69E-07 | 0.000164
ENSCINT00000035694 | 2.309954 | 1.102321 | 1.762378 | 6.434744 | 34.32098 | 1.69E-07 | 0.000164
ENSCINT00000025592 | 3.017282 | 3.123425 | 3.245969 | 6.504631 | 34.00433 | 1.98E-07 | 0.000167
ENSCINT00000006259 | 3.332571 | 2.531958 | 3.310384 | 3.505102 | 33.99024 | 1.99E-07 | 0.000167
ENSCINT00000020167 2.17282 | 0.332545 | 1.490045 | 5.017545 | 33.50138 | 2.52E-07 | 0.000189
ENSCINT00000001716 | 2.312717 | 1.111006 | 1.758339 | 6.638359 | 33.47604 | 2.56E-07 | 0.000189
ENSCINT00000011899 | -1.71796 | -0.94441 | -2.10835 | 3.457402 | 32.83697 | 3.49E-07 | 0.000244
ENSCINT00000032994 | -2.69425 | 0.160872 | -1.97007 | 3.979899 | 32.70196 | 3.72E-07 | 0.000246
ENSCINT00000025361 | 2.212304 | 1.594899 | 1.846057 | 4.300401 | 32.34783 | 4.42E-07 | 0.000278
ENSCINT00000028348 | 3.429129 | 2.462152 | 3.326549 | 3.785931 | 32.13288 | 4.91E-07 | 0.000294
ENSCINT00000026108 | 1.754231 | 1.061725 | 1.180144 | 3.182228 | 31.93871 | 5.39E-07 | 0.000307
ENSCINT00000035931 | -0.28158 | 1.179899 | 1.595882 | 2.184825 | 31.85794 | 5.61E-07 | 0.000307
ENSCINT00000011757 | -6.36496 | -1.24684 | -7.6126 | 9.727747 | 31.74412 | 5.93E-07 | 0.000311
ENSCINT00000008590 | 2.467382 | 1.569956 | 2.535151 | 6.708561 | 31.36196 | 7.13E-07 | 0.000359
ENSCINT00000032985 | -0.86054 | 1.008773 | -0.78458 | 3.356228 | 31.14362 | 7.93E-07 | 0.000384
ENSCINT00000032844 | -0.53538 | 1.041566 | -0.45743 | 5.045268 | 30.78601 | 9.43E-07 | 0.000439
ENSCINT00000035944 | -1.38717 | -1.07885 | -1.70512 | 5.903841 | 30.6048 | 1.03E-06 | 0.000461
ENSCINT00000032350 | 1.785621 | 1.282163 | 1.676427 | 6.684467 | 30.53824 | 1.06E-06 | 0.000461
ENSCINT00000019098 | 3.559869 | 3.728223 | 5.405249 | 7.644471 | 29.71462 | 1.58E-06 | 0.000661
ENSCINT00000030148 -0.3081 | 4.535797 | 0.998483 | 0.813906 | 29.61528 | 1.66E-06 | 0.000661
ENSCINT00000027938 | 3.054621 | 3.005588 | 3.146558 | 4.915873 | 29.54031 | 1.72E-06 | 0.000661
ENSCINT00000036027 | 4.338352 | 3.269428 | 4.350666 | 7.32871 | 29.52909 | 1.73E-06 | 0.000661
ENSCINT00000031188 | 1.905082 | 1.590168 | 1.891427 | 5.606329 | 29.45779 | 1.79E-06 | 0.000664
ENSCINT00000022223 | -1.49042 | -0.91746 | -1.82342 | 5.32221 | 29.30072 | 1.94E-06 | 0.000696
ENSCINT00000011487 | -2.05306 | -1.32499 | -2.56398 | 7.981958 | 29.10234 | 2.13E-06 | 0.000745
ENSCINT00000032225 | 2.305297 | 1.612717 | 2.254848 | 4.523618 | 29.008 | 2.23E-06 | 0.000758
ENSCINT00000002481 2.19177 | 1.552399 | 2.314943 | 6.738536 | 28.90293 | 2.35E-06 | 0.000777
ENSCINT00000000568 | -1.50212 | -0.25641 | -2.51532 | 6.335878 | 28.78391 | 2.49E-06 | 0.000802
ENSCINT00000028559 | 2.597754 | 2.352515 | 2.495206 | 4.040942 | 28.71667 | 2.57E-06 | 0.000808
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Development 144: doi:10.1242/dev.144097: Supplementary information

ENSCINTO0000003420 | 3.562484 | 3.726827 | 5.392754 | 7.796918 | 28.52496 | 2.82E-06 | 0.000845
ENSCINTO0000025489 | 0.770184 | 1.443693 | 1.503457 | 5.487297 | 28.49499 | 2.86E-06 | 0.000845
ENSCINTO0000033273 | 1.916998 | 1.028707 | 0.953415 | 3.458381 | 28.4736 | 2.89E-06 | 0.000845
ENSCINTO0000033223 | 0.636257 | 1.753739 | -0.12438 | 3.275393 | 28.2369 | 3.24E-06 | 0.000926
ENSCINT00000025362 | 1.951318 | 1.250685 | 1.582079 | 3.297809 | 27.95591 | 3.71E-06 | 0.001002
ENSCINTO0000031265 | 2.989742 | 3.336663 | 3.300771 | 5.983266 | 27.93805 | 3.74E-06 | 0.001002
ENSCINTO0000004784 | 2.275759 | 2.238537 | 2.466577 | 5.044132 | 27.78762 | 4.02E-06 | 0.001055
ENSCINT00000013223 | 1.852826 | 0.756334 | 1.732808 | 4.144229 | 27.52185 | 4.58E-06 | 0.001175
ENSCINT00000024974 | -1.48981 | -0.89557 | -1.43528 | 4.697763 | 27.27595 | 5.15E-06 | 0.001265
ENSCINTO0000013341 | 3.758532 | 3.522847 | 3.186755 | 2.681757 | 27.24511 | 5.23E-06 | 0.001265
ENSCINTO0000032086 | 0.721692 | -0.01242 | 1.038339 | 5.501273 | 26.97714 | 5.95E-06 | 0.001413
ENSCINTO0000026055 | 1.852519 | 1.077507 | 1.567328 | 4.766345 | 26.84658 | 6.34E-06 | 0.001477
ENSCINTO0000035303 | 2.353525 | 1.833407 | 2.131559 | 6.94355 | 26.62773 | 7.05E-06 | 0.0016

ENSCINTO0000008989 | 1.872759 | 1.571683 | 2.227709 | 3.117162 | 26.59862 | 7.15E-06 | 0.0016

ENSCINT00000024522 | -1.46791 | -0.57752 | -0.63521 | 5.609243 | 26.56846 | 7.25E-06 | 0.0016

ENSCINTO0000028150 | -2.49933 | -0.30613 | -0.55287 | 1.952476 | 26.45812 | 7.65E-06 | 0.001658
ENSCINTO0000030610 | 1.024364 | 1.553978 | 0.409597 | 3.394669 | 26.31288 | 8.20E-06 | 0.001737
ENSCINTO0000036569 -2.2097 | -1.24172 | -1.90682 | 4.971763 | 26.29201 | 8.28E-06 | 0.001737
ENSCINT0O0000032652 | 1.977173 | 1.221444 | 0.795163 | 4.687042 | 26.25809 | 8.42E-06 | 0.001737
ENSCINTO0000000054 | 1.395189 | 0.911731 | 1.078716 | 5.495732 | 26.1318 | 8.95E-06 | 0.001816
ENSCINTO0000033595 | 1.880168 | 1.288566 | 1.386992 | 3.66374 | 25.99658 | 9.55E-06 | 0.001907
ENSCINTO0000014006 | -1.27431 | -1.04256 | -1.71716 | 5.775915 | 25.9273 | 9.88E-06 | 0.001941
ENSCINT00000026214 | 2.028277 | 1.422108 | 1.651265 | 7.230824 | 25.8628 | 1.02E-05 | 0.001962
ENSCINT00000014412 1.51661 | 1.226968 | 1.78477 | 6.033267 | 25.84125 | 1.03E-05 | 0.001962
ENSCINTO0000036350 | 1.606366 | 0.708197 | 1.395413 | 6.248858 | 25.49822 | 1.21E-05 | 0.002247
ENSCINTO0000026747 | -1.22634 | -0.83818 | -1.14972 | 3.734346 | 25.26226 | 1.36E-05 | 0.002481
ENSCINTO0000035153 | 1.878089 | 1.61227 | 1.915729 | 6.052242 | 25.20252 | 1.40E-05 | 0.002517
ENSCINTO0000030493 | 1.880723 | 1.339447 | 1.82329 | 5.890483 | 25.0873 | 1.48E-05 | 0.002592
ENSCINTO0000003632 | -1.04793 | -0.22791 | -1.02722 | 5.139684 | 25.08275 | 1.48E-05 | 0.002592
ENSCINTO0000027151 | 1.453924 | 0.682049 | 1.770972 | 4.751986 | 24.79404 | 1.70E-05 | 0.002898
ENSCINT00000026302 | -1.58108 | -1.24707 | -1.34202 | 3.126248 | 24.73829 | 1.75E-05 | 0.002926
ENSCINTO0000035594 | 1.299936 | 1.311219 | 0.600321 | 4.578336 | 24.71861 | 1.77E-05 | 0.002926
ENSCINTO0000017186 | 1.540691 | 0.979251 | 1.575683 | 5.587028 | 24.509 | 1.96E-05 | 0.003195
ENSCINTO0000033079 | 2.628704 | 3.080833 | 2.944594 | 4.871562 | 24.45475 | 2.01E-05 | 0.003237
ENSCINTO0000019180 | -1.26813 | -0.83277 | -2.37976 | 6.432859 | 24.41501 | 2.05E-05 | 0.003258
ENSCINT00000019977 -1.6813 | -1.12302 | -1.99148 | 8.0157 | 24.36215 | 2.10E-05 | 0.0033

ENSCINTO0000003802 | 2.284735 | 1.542614 | 2.341006 | 7.0765 24.287 | 2.18E-05 | 0.003379
ENSCINTO0000003531 | 1.654603 | 1.465221 | 2.099448 | 2.608603 | 24.18119 | 2.29E-05 | 0.003512
ENSCINTO0000028739 | 1.935536 | 1.926145 | 2.013343 | 2.574675 | 24.10486 | 2.38E-05 | 0.003558
ENSCINT00000014408 -0.8781 | 0.263452 | -1.27932 | 7.501916 | 24.10435 | 2.38E-05 | 0.003558
ENSCINTO0000015921 | -1.18216 | -0.1243 | -1.92346 | 9.029778 | 24.04414 | 2.45E-05 | 0.003607
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Development 144: doi:10.1242/dev.144097: Supplementary information

ENSCINT00000026146 | 1.708729 | 1.024801 | 0.960141 | 4.078188 | 24.02666 | 2.47E-05 | 0.003607
ENSCINTO0000019790 | -1.35198 | -0.81971 | -1.04304 | 4.47655 | 23.65833 | 2.94E-05 | 0.004172
ENSCINT00000016537 | -1.15233 | -0.59347 | -1.90731 | 5.261657 | 23.65245 | 2.95E-05 | 0.004172
ENSCINTO0000007608 -0.8188 | 1.266185 | -1.40594 | 3.77316 | 23.60267 | 3.02E-05 | 0.004226
ENSCINT00000026781 | 2.126312 | 2.857093 | 2.49941 | 2.230104 | 23.52044 | 3.15E-05 | 0.004332
ENSCINTO0000030474 | 2.633322 | 1.555422 | 2.481196 | 3.036695 | 23.47739 | 3.21E-05 | 0.004332
ENSCINTO0000014954 0.59938 | 1.384436 | 1.155239 | 5.007486 | 23.45115 | 3.25E-05 | 0.004332
ENSCINTO0000033632 | -0.66405 | 0.617989 | -0.49441 | 3.629328 | 23.43849 | 3.27E-05 | 0.004332
ENSCINTO0000034741 | -0.82072 | 0.711306 | -1.46228 | 4.155282 | 23.35469 | 3.41E-05 | 0.004463
ENSCINTO0000034412 | 1.204013 | 0.03391 | 0.174057 | 4.080249 | 23.14652 | 3.76E-05 | 0.004844
ENSCINT00000032867 | -1.57153 | 0.226418 | -0.24336 | 2.905456 | 23.14102 | 3.77E-05 | 0.004844
ENSCINTO0000034646 | 0.943009 | -0.13803 | 0.813668 | 4.121404 | 22.96988 | 4.10E-05 | 0.005141
ENSCINTO0000017459 | 2.845555 | 2.293428 | 2.970008 | 3.926828 | 22.95417 | 4.13E-05 | 0.005141
ENSCINTO0000018897 | -1.03046 | -0.66948 | -1.68872 | 6.223468 | 22.88748 | 4.26E-05 | 0.005256
ENSCINTO0000031597 | 2.110332 | 2.26267 | 1.897063 | 5.360081 | 22.6928 | 4.68E-05 | 0.005715
ENSCINTO0000015837 | 1.428457 | 1.019796 | 1.594715 | 6.861986 | 22.51865 | 5.09E-05 | 0.006153
ENSCINTO0000031769 -0.3514 | 1.159585 | -0.57168 | 8.421046 | 22.44809 | 5.26E-05 | 0.006304
ENSCINT00000029107 | -0.97639 | 0.141701 | -1.84955 | 7.122314 | 22.39106 | 5.41E-05 | 0.006418
ENSCINTO0000036347 | -0.17579 | 1.573782 | 2.180908 | 2.574863 | 22.35321 | 5.51E-05 | 0.006445
ENSCINTO0000030882 | -1.99138 | -0.6003 | -1.94243 | 5.642182 | 22.34338 | 5.53E-05 | 0.006445
ENSCINTO0000035546 | -1.06794 | -0.51645 | -1.44097 | 5.183871 | 22.17655 | 5.99E-05 | 0.006917
ENSCINTO0000015866 | -1.68144 | -0.94476 | -1.04493 | 6.167284 | 22.12632 | 6.14E-05 | 0.007019
ENSCINTO0000030348 | 2.548801 | 1.458251 | 2.977134 | 2.373254 | 22.10806 | 6.19E-05 | 0.007019
ENSCINTO0000002897 | 1.402095 | 0.754612 | 1.248309 | 7.101335 | 21.96245 | 6.64E-05 | 0.007459
ENSCINTO0000032583 | -1.73443 | -1.09495 | -1.68132 | 4.365313 | 21.93037 | 6.74E-05 | 0.007499
ENSCINTO0000034609 | 1.827809 | 0.454761 | 1.171696 | 5.189039 | 21.89777 | 6.85E-05 | 0.007499
ENSCINT0O0000027606 -1.6392 | -0.06996 | -2.59095 | 5.844567 | 21.89622 | 6.86E-05 | 0.007499
ENSCINTO0000023044 | -0.95917 | -0.60367 | -1.64735 | 6.081949 | 21.8083 | 7.15E-05 | 0.007677
ENSCINTO0000029051 | 1.494676 | 0.664327 | 1.270528 | 4.261694 | 21.78083 | 7.25E-05 | 0.007677
ENSCINTO0000033422 | 1.038958 | 1.266556 | 1.854636 | 5.080862 | 21.77638 | 7.26E-05 | 0.007677
ENSCINTO0000021573 | -1.45784 | -1.67054 | -2.95152 | 2.942052 | 21.75519 | 7.33E-05 | 0.007677
ENSCINT00000032176 | -1.50772 | -1.49476 -1.968 | 7.707606 | 21.74881 | 7.36E-05 | 0.007677
ENSCINTO0000005981 -1.342 -1.10509 | -1.09751 | 5.142449 | 21.74109 | 7.38E-05 | 0.007677
ENSCINT00000021540 1.62201 | 0.641764 | 1.573684 | 3.005147 | 21.67397 | 7.63E-05 | 0.007818
ENSCINTO0000031929 | -1.29725 | -0.76907 | -1.02882 | 4.710438 | 21.66629 | 7.65E-05 | 0.007818
ENSCINTO0000035165 | 1.676075 | 0.473725 | 1.212376 | 6.093736 | 21.65184 | 7.71E-05 | 0.007818
ENSCINTO0000026583 -1.8464 | -1.01721 | -2.30772 | 6.415947 | 21.58159 | 7.97E-05 | 0.008021
ENSCINTO0000018262 | 1.346291 | 1.139975 | 1.667191 | 4.805085 | 21.51924 | 8.21E-05 | 0.008198
ENSCINTO0000006770 | -0.80847 | -0.60223 | -1.34262 | 5.853285 | 21.38488 | 8.76E-05 | 0.008674
ENSCINTO0000035966 | -1.01791 | -1.06917 | -1.41617 | 2.725601 | 21.15996 | 9.75E-05 | 0.00953
ENSCINTO0000023490 | -1.58469 | -1.29439 | -2.48329 | 2.919561 | 21.14377 | 9.83E-05 | 0.00953
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Development 144: doi:10.1242/dev.144097: Supplementary information

ENSCINT00000024102 | -0.51299 | 1.200259 | -0.33122 | 3.222734 | 21.13147 | 9.89E-05 | 0.00953

ENSCINTO0000014508 | 2.424984 | 2.44592 | 3.347098 | 4.588865 | 21.12339 | 9.92E-05 | 0.00953

ENSCINTO0000033573 | 1.880273 | 1.399154 | 1.664271 | 4.519183 | 21.08683 | 0.000101 | 0.009624
ENSCINTO0000011492 | 1.301991 | 1.288303 | 1.903647 | 3.967857 | 21.06722 | 0.000102 | 0.009642
ENSCINT0O0000037150 -1.3551 | -0.6877 | -1.37201 | 4.155905 | 21.03527 | 0.000104 | 0.009717
ENSCINTO0000003246 | -1.88405 | -0.98538 | -1.57729 | 5.588495 | 20.99508 | 0.000106 | 0.009832
ENSCINTO0000020067 | -1.94314 | -1.48598 | -2.12918 | 6.062966 | 20.97717 | 0.000106 | 0.009844
ENSCINTO0000033135 | 2.490077 | 1.878289 | 2.48235 | 5.438765 | 20.95103 | 0.000108 | 0.009895
ENSCINTO0000035350 | -1.19525 | -0.73441 | -1.08726 | 4.802563 | 20.88986 | 0.000111 | 0.010062
ENSCINTO0000019588 | -0.93234 | -0.2213 | -1.81912 | 7.161376 | 20.88583 | 0.000111 | 0.010062
ENSCINTO0000036413 | 1.256396 | 2.005865 | 1.917103 | 7.555305 | 20.77812 | 0.000117 | 0.010474
ENSCINTO0000037147 | 1.618273 | 1.476749 | 1.646818 | 1.999325 | 20.772 | 0.000117 | 0.010474
ENSCINTO0000028768 2.43727 | 2.830234 | 3.244211 | 1.214934 | 20.73452 | 0.00012 | 0.010588
ENSCINTO0000036828 | 0.269046 | 2.98285 | 1.07999 | 0.442566 | 20.66042 | 0.000124 | 0.01084

ENSCINTO0000007024 | -1.11589 | -0.98167 | -1.39036 | 6.380049 | 20.65604 | 0.000124 | 0.01084

ENSCINTO0000010862 | 2.172854 | 1.791882 | 1.674204 | 7.495368 | 20.59464 | 0.000128 | 0.011068
ENSCINTO0000018141 | 1.589484 | 1.120402 | 2.369942 | 4.452461 | 20.58355 | 0.000128 | 0.011068
ENSCINTO0000012021 | -1.02839 | -0.19128 | -2.31158 | 5.330901 | 20.52316 | 0.000132 | 0.011315
ENSCINT00000029222 -0.8309 | -0.67938 | -1.70134 | 3.250884 | 20.49803 | 0.000134 | 0.01133

ENSCINTO0000023546 | 1.685425 | 1.459312 | 1.672494 | 3.366844 | 20.47795 | 0.000135 | 0.01133

ENSCINTO0000034280 | 1.933934 | 1.600525 | 2.063839 | 6.803917 | 20.42018 | 0.000139 | 0.01157

ENSCINT00000013119 -1.7649 | -1.13599 | -2.12581 | 8.184818 | 20.39249 | 0.000141 | 0.011647
ENSCINTO0000032988 -1.5464 | -0.70509 -1.89 4.96977 | 20.37222 | 0.000142 | 0.011684
ENSCINTO0000023028 | 1.847412 | 1.427829 | 1.699159 | 3.095845 | 20.30671 | 0.000147 | 0.011807
ENSCINT00000035141 0.42601 | 2.240434 | 2.749661 | 1.444743 | 20.29729 | 0.000147 | 0.011807
ENSCINTO0000010442 | -1.14094 | 0.187256 | -1.23458 | 6.672694 | 20.29608 | 0.000147 | 0.011807
ENSCINTO0000000708 | 1.806198 | 1.320377 | 1.6982 4.29465 | 20.24783 | 0.000151 | 0.012006
ENSCINTO0000037260 | 4.036479 | 0.737766 | 3.764286 | 1.108775 | 20.21124 | 0.000153 | 0.012141
ENSCINTO0000007645 | 0.960047 | 0.406747 | 1.35713 | 4.106965 | 20.16915 | 0.000157 | 0.012235
ENSCINTO0000003840 | -0.50788 | 0.242541 | -1.25624 | 6.245288 | 20.16895 | 0.000157 | 0.012235
ENSCINT00000022115 | 2.796538 | 2.052252 | 2.853218 | 3.326468 | 20.07628 | 0.000164 | 0.012627
ENSCINTO0000000095 | -0.94852 | -0.85692 | -1.07528 | 4.857012 | 20.06409 | 0.000165 | 0.012627
ENSCINTO0000011603 | 1.441458 | 0.875331 | 1.338376 | 6.635576 | 20.03681 | 0.000167 | 0.012715
ENSCINTO0000030512 | 1.858929 | 1.190003 | 2.035351 | 6.906521 | 19.96688 | 0.000172 | 0.013055
ENSCINT00000022097 | -0.87266 | -1.06565 | -1.25262 | 5.426487 | 19.95622 | 0.000173 | 0.013055
ENSCINTO0000026050 | -1.21694 | -0.83919 | -1.37333 | 3.303373 | 19.90425 | 0.000178 | 0.013304
ENSCINTO0000017324 | 0.788123 | -0.39718 | 0.822352 | 7.837974 | 19.85649 | 0.000182 | 0.013524
ENSCINTO0000035419 | -1.01094 | -0.87682 | -0.21149 | 5.346584 | 19.84501 | 0.000183 | 0.013524
ENSCINTO0000033419 | -1.42958 | -0.18352 | -1.28467 | 2.880211 | 19.75831 | 0.00019 | 0.013951
ENSCINTO0000014406 | -0.78461 | 0.52097 | -1.04012 | 8.083646 | 19.71414 | 0.000195 | 0.014136
ENSCINTO0000030616 | -0.58379 | -0.23779 | -1.2022 | 4.926494 | 19.70349 | 0.000196 | 0.014136
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ENSCINT00000026237 | -1.66355 | -1.03356 | -1.12379 | 6.102603 | 19.68916 | 0.000197 | 0.014151
ENSCINT00000026510 -0.3815 | -1.55021 | -1.3728 | 5.581832 | 19.6382 | 0.000202 | 0.014417
ENSCINT00000011017 | 0.992856 | 1.241105 | 1.302014 | 4.751662 | 19.61393 | 0.000204 | 0.014502
ENSCINTO0000032809 | 2.136538 | 1.472002 | 2.165598 | 2.273211 | 19.50658 | 0.000215 | 0.014981
ENSCINT00000024573 | -0.22809 | 0.634049 | 1.021972 | 4.540176 | 19.49695 | 0.000216 | 0.014981
ENSCINTO0000014727 | -1.15388 | -0.91662 | -1.05892 | 4.437844 | 19.48734 | 0.000217 | 0.014981
ENSCINTO0000033441 | 0.702089 | 2.041806 | 2.614889 | 1.628717 | 19.43178 | 0.000223 | 0.015199
ENSCINT00000012563 | -1.06766 | -0.53258 | -1.05038 | 6.270015 | 19.42768 | 0.000223 | 0.015199
ENSCINTO0000011466 | 0.205543 | 1.201934 | 0.249328 | 5.27035 | 19.42269 | 0.000224 | 0.015199
ENSCINTO0000035711 | -0.65971 | 3.96077 | 1.781399 | -0.85441 | 19.39955 | 0.000226 | 0.015274
ENSCINTO0000030560 | -0.25014 | -0.60657 | 0.564694 | 5.276593 | 19.36394 | 0.00023 | 0.015382
ENSCINTO0000035526 | 1.148724 | 1.648545 | 1.81382 | 3.918975 | 19.23812 | 0.000244 | 0.016002
ENSCINTO0000034599 | -0.60042 | 2.392886 | 0.54276 | 0.634363 | 19.23678 | 0.000244 | 0.016002
ENSCINTO0000017159 | 1.517057 | 1.233438 | 1.685588 | 7.15656 | 19.20361 | 0.000248 | 0.016172
ENSCINTO0000012374 | 0.406242 | 1.199332 | 1.607309 | 3.795559 | 19.10618 | 0.00026 | 0.016802
ENSCINTO0000034946 | 1.462483 | 0.497555 | 1.084357 | 7.551393 | 19.10183 | 0.00026 | 0.016802
ENSCINTO0000030377 0.2984 | 2.318307 | -1.14541 | -0.47046 | 19.08712 | 0.000262 | 0.016833
ENSCINTO0000030216 | -1.14705 | -0.61098 | -1.51509 | 3.826263 | 18.84827 | 0.000294 | 0.01867
ENSCINTO0000008836 | -0.83621 | -0.76004 | -1.27827 | 6.440179 | 18.82874 | 0.000297 | 0.01875
ENSCINTO0000031563 -1.1371 | -0.60401 | -1.32364 | 5.697027 | 18.75348 | 0.000307 | 0.01915
ENSCINTO0000002707 | 1.879027 | 1.051374 | 1.643747 | 8.495753 | 18.75288 | 0.000308 | 0.01915
ENSCINTO0000015829 | -1.47365 | -1.4383 | -1.81888 | 7.741569 | 18.69832 | 0.000316 | 0.019557
ENSCINTO0000009260 | -0.79015 | -0.90684 | -1.04533 | 4.675848 | 18.58697 | 0.000333 | 0.020237
ENSCINTO0000007710 | 0.944562 | 0.209932 | 0.833729 | 6.164744 | 18.58539 | 0.000333 | 0.020237
ENSCINTO0000019109 | -1.67995 | -1.2994 | -1.91244 | 6.970733 | 18.55537 | 0.000338 | 0.020402
ENSCINTO0000031891 | -1.01583 | -0.62954 | -1.40337 | 6.274261 | 18.52148 | 0.000343 | 0.020564
ENSCINTO0000031438 | -2.15656 | -0.93647 | -0.95388 | 2.214881 | 18.497 | 0.000347 | 0.020706
ENSCINTO0000023829 | -1.42662 | -0.69912 | -1.53927 | 6.799656 | 18.38175 | 0.000367 | 0.021667
ENSCINTO0000030380 | 0.670521 | 2.163038 | 2.761923 | 1.783421 | 18.31472 | 0.000379 | 0.022058
ENSCINTO0000034097 | -1.28013 | -0.51256 | -1.07639 | 6.169759 | 18.29437 | 0.000382 | 0.02217
ENSCINTO0000031399 | 1.304125 | 2.388119 | 1.810823 | 1.892024 | 18.26872 | 0.000387 | 0.022338
ENSCINTO0000007133 | -0.93008 | -0.70762 | -1.31866 | 3.687896 | 18.20357 | 0.000399 | 0.022746
ENSCINTO0000007938 | -1.08791 | 0.144359 | -1.05668 | 8.332393 | 18.19458 | 0.000401 | 0.022746
ENSCINTO0000009107 | -0.59773 | -0.74216 | -1.23733 | 5.926732 | 18.1924 | 0.000401 | 0.022746
ENSCINTO0000002830 | -1.03627 | -0.63064 | -0.96203 | 5.607682 | 18.16489 | 0.000407 | 0.022942
ENSCINTO0000035368 | -1.78333 | -0.61675 | -1.44221 | 2.313764 | 18.11228 | 0.000417 | 0.023313
ENSCINTO0000015400 | 1.114144 | 0.461821 | 1.402466 | 3.454253 | 18.09742 | 0.00042 | 0.023375
ENSCINTO0000015426 | -1.83488 | -0.40451 | -2.28688 | 9.181042 | 18.0154 | 0.000437 | 0.02409
ENSCINTO0000030439 | -1.03924 | -1.11877 | -0.8353 | 4.88893 | 17.98258 | 0.000444 | 0.024362
ENSCINTO0000013593 | 1.362078 | 0.541082 | 1.050579 | 4.61297 | 17.9403 | 0.000452 | 0.02464
ENSCINTO0000007799 | 1.360733 | 0.65885 | 1.296124 | 7.173495 | 17.91233 | 0.000459 | 0.024756
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ENSCINTO0000025302 | -1.34302 | -0.93516 | -1.25686 | 4.084346 | 17.90189 | 0.000461 | 0.024772
ENSCINTO0000035652 | 1.159335 | 0.426684 | 1.046279 | 3.546009 | 17.85664 | 0.000471 | 0.024988
ENSCINTO0000012587 | 2.268867 | 1.676089 | 2.167155 | 9.811438 | 17.85259 | 0.000472 | 0.024988
ENSCINTO0000033254 | 2.435564 | 1.645713 | 2.737266 | 1.882748 | 17.84316 | 0.000474 | 0.024988
ENSCINTO0000016646 | -1.44234 | -0.89171 | -1.16823 | 3.920578 | 17.78538 | 0.000487 | 0.025526
ENSCINTO0000008248 | 1.263465 | 0.629972 | 0.984248 | 3.715625 | 17.71898 | 0.000503 | 0.026126
ENSCINT00000021972 | 1.204312 | 0.690657 | 2.135922 | 2.302804 | 17.7076 | 0.000505 | 0.026159
ENSCINTO0000036255 | 1.606733 | 1.28778 | 1.465397 | 7.230524 | 17.6071 | 0.00053 | 0.027324
ENSCINTO0000036109 | -1.43273 | -1.56692 | -1.45097 | 2.073842 | 17.50906 | 0.000555 | 0.02831
ENSCINTO0000013369 | -1.21375 | -1.06448 | -0.78386 | 3.180608 | 17.42466 | 0.000578 | 0.029196
ENSCINT00000024647 | -0.67587 | -0.38089 | -1.26045 | 5.860513 | 17.25588 | 0.000626 | 0.031005
ENSCINTO0000010557 | 1.721324 | 1.957581 | 2.657829 | 8.815755 | 17.18312 | 0.000648 | 0.031595
ENSCINTO0000033284 | -0.84007 | -0.62179 | -1.26088 | 5.778297 | 17.14078 | 0.000661 | 0.032111
ENSCINT00000026912 | 0.953367 | 0.099722 | 0.319551 | 6.029536 | 17.06016 | 0.000687 | 0.032979
ENSCINT00000020911 | -1.14308 | -0.79989 | -0.79303 | 5.653056 | 16.9951 | 0.000708 | 0.033881
ENSCINTO0000015475 | 1.793453 | 1.288797 | 1.778298 | 8.694303 | 16.97947 | 0.000714 | 0.034004
ENSCINT00000022294 | -1.16622 | -0.93811 | -1.20889 | 3.404193 | 16.95715 | 0.000721 | 0.034235
ENSCINT00000019728 | 1.025421 | 0.309665 | 0.596331 | 4.855044 | 16.89611 | 0.000742 | 0.034791
ENSCINTO0000026049 | -1.03897 | -0.66854 | -1.25922 | 3.156365 | 16.8915 | 0.000744 | 0.034791
ENSCINTO0000030392 | -1.91602 | -0.53935 | 0.07458 | 1.64221 | 16.72436 | 0.000805 | 0.036833
ENSCINTO0000030300 | 0.514693 | 0.92814 | 0.883444 | 4.445491 | 16.70885 | 0.000811 | 0.03691
ENSCINTO0000036269 -1.0751 | -0.72339 | -1.38126 | 2.410628 | 16.70466 | 0.000813 | 0.03691
ENSCINT00000012097 | -0.23593 | 0.356981 | -0.71218 | 5.805129 | 16.69083 | 0.000818 | 0.037018
ENSCINT00000022871 | 1.756125 | 1.066405 | 1.484252 | 7.239002 | 16.61265 | 0.000849 | 0.038139
ENSCINT00000000221 | 1.757283 | 1.06578 | 1.484273 | 7.237701 | 16.59546 | 0.000856 | 0.038313
ENSCINT00000013976 1.41175 | 1.106735 | 0.431925 | 8.175381 | 16.58351 | 0.000861 | 0.038378
ENSCINT00000002440 | 1.184075 | 0.505598 | 1.082442 | 6.95043 | 16.57688 | 0.000863 | 0.038378
ENSCINTO0000033773 | 1.757365 | 1.06652 | 1.477606 | 7.245335 | 16.50852 | 0.000892 | 0.039002
ENSCINTO0000036096 | 0.625128 | 0.526093 | 1.410228 | 2.590031 | 16.41012 | 0.000934 | 0.040329
ENSCINTO0000006610 | -0.63883 | -0.56977 | -1.20451 | 5.400503 | 16.40019 | 0.000939 | 0.040329
ENSCINTO0000036965 | -0.82918 | -0.63258 | -1.12796 | 4.310149 | 16.39504 | 0.000941 | 0.040329
ENSCINTO0000030479 | 0.983794 | 0.919293 | 1.383575 | 2.453036 | 16.39137 | 0.000943 | 0.040329
ENSCINTO0000014723 | -1.14652 | -0.95347 | -1.18338 | 3.424976 | 16.2416 | 0.001012 | 0.042284
ENSCINT00000023320 | -1.57781 | -0.66803 | -1.84516 | 9.16051 | 16.24142 | 0.001012 | 0.042284
ENSCINTO0000016152 | -0.91094 | -0.01438 | -1.27018 | 8.475995 | 16.21921 | 0.001022 | 0.042572
ENSCINTO0000017961 | 1.757618 | 1.230161 | 1.955623 | 8.546694 | 16.213 | 0.001025 | 0.042572
ENSCINTO0000036964 | 2.123384 | 1.333847 | 2.089298 | 1.461417 | 16.0842 | 0.00109 | 0.044345
ENSCINTO0000012802 | -0.64633 | -0.35791 | -1.31389 | 2.658133 | 16.06299 | 0.001101 | 0.044345
ENSCINT00000036234 -1.3361 | -0.84091 | -1.38963 | 7.308478 | 16.06026 | 0.001102 | 0.044345
ENSCINTO0000019435 | -0.93934 | -0.50839 | -0.76884 | 5.462676 | 16.02827 | 0.001119 | 0.044826
ENSCINTO0000007510 | 0.615664 | 1.027976 | 1.280805 | 3.990421 | 15.99091 | 0.001139 | 0.045335
ENSCINTO0000024535 | 1.113495 | 0.483477 | 0.887441 | 5.747373 | 15.97185 | 0.001149 | 0.045445
ENSCINTO0000002493 | 1.108389 | 0.351535 | 1.033921 | 3.646435 | 15.8552 | 0.001214 | 0.046995
ENSCINTO0000037001 | 0.588361 | 0.618853 | 1.008867 | 5.160179 | 15.80646 | 0.001242 | 0.047503
ENSCINT00000013284 | 1.072886 | 0.69822 | 1.282738 | 3.015824 | 15.74978 | 0.001276 | 0.048247
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Table S3. Concurrence of Differentially Expressed microRNAs Between Two Programs Relative
to Day 0. Results from EdgeR are shown after retaining only transcripts identified as
differentially expressed by both EdgeR and DESeq2. Transcripts are indicated in the first
column. Subsequent columns show the estimated log, fold-change (logFC) for each stage (D1 =
one dpa, D3 = three dpa, D8 = eight dpa), the mean log, counts-per-million (CPM) reads for
each transcript across all samples, the log-odds ratio (LR), p-value and the false discovery rate
(FDR).

miRNA D1 D3 D8 Log CPM LR P-value FDR
miR-4009c-3p -0.33418 -2.09444 -2.52661 | 5.728668 | 48.61951 | 1.57E-10 | 4.39E-08
129033 -2.77335 3.075175 2.830244 | 2.912204 | 40.4201 | 8.68E-09 | 1.21E-06
miR-9-5p 6.949359 8.075647 7.575542 | 2.696617 | 29.0792 | 2.16E-06 | 0.0002
miR-29-3p -1.28718 -2.52153 -2.26111 | 4.034371 | 27.0092 | 5.86E-06 | 0.000409
HT000106.1_40026 -1.49943 -2.6622 -4.57517 | 2.659776 | 22.53336 | 5.05E-05 | 0.002819
miR-3598-5p -0.27293 -1.36534 -1.92305 16.23311 | 21.75303 | 7.34E-05 | 0.003414
miR-219-5p 2.186326 3.027384 3.099589 | 6.114606 | 20.46434 | 0.000136 | 0.00542
316731 -0.93918 -1.82723 -3.27397 3.00145 | 19.1393 | 0.000256 | 0.008923
7_23696 0.239673 -3.11952 -1.84066 | 1.849137 | 18.45138 | 0.000355 | 0.011003
miR-200-3p -0.17735 -0.94925 -1.85287 9.98947 | 16.5221 | 0.000886 | 0.024722
miR-133-3p 0.664604 1.540163 1.564872 | 13.12434 | 15.73898 | 0.001283 | 0.032532
miR-4065-5p -0.17257 -0.08662 -1.4625 6.926986 | 15.03078 | 0.001791 | 0.041326
HT000888.1_32283 -0.47259 -1.22849 0.616814 | 4.307231 | 14.86968 | 0.001931 | 0.041326
miR-33 -0.68271 -2.45744 -2.58391 1.761717 | 14.71853 | 0.002074 | 0.041326
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Table S4. Most Significantly Differentially Expressed Transcripts at 3 days post-amputation Compared to a Previous Study.

Supplementary Table 2 modified from Hamada et al. (2015) contains the 30 most significantly differentially expressed genes at 3

days post amputation relative to non-regenerating oral siphons detected by microarray. Two columns have been added to right of
the previous columns. The first indicates the Ensembl transcript identifier best matching the corresponding KH gene model used in
the previous study. The second column contains a “Y” if the Ensembl transcript was significantly differentially expressed relative to
zero days post amputation in the current study.

Fold
Probe ID | Change Gene Model HS Best Hit ID Gene Name Ensembl ID Significant
(Ratio)
CIYS2041 | 765 | SPKH.C11.10039.v1.D NP_064448.1 barH-like 1 homeobox protein ENSCINT00000029737
CIYS17996 | 44.4 | KH.C5.345.v1.A.SL1-1 NP_079065.2 transmembrane protein 180 ENSCINT00000023271
CIYS691 31.6 | SPKH.L87.10003.v1.D NP_057330.2 17'beta'hydroxy5ti;°'d dehydrogenase | < INT0O0000024253
CIYS18457 | 25.6 KH'C5'524'V12'A'”°nSL7' NP_067052.2 netrin 4 precursor ENSCINT00000015201
CIYS1815 | 23.4 | KH.C10417.w1.ASL1-1 | NP_003216.1 trefoil factor 1 precursor ENSCINT00000032198 Y
CIYS18332 | 18.2 Fis_citb014p06_20 NP_899195.1 protein SEC13 homolog isoform 1 ENSCINT00000005198
Chromosome 5: Uncharacterized protein
CIYS19632 | 16.3 625,279- KHHTO00010.1 | (o i otkB/ TrEMBLACCH2XMwW7] | ENSCINTO0000035801
626,193 reverse strand.
CIYS15440 | 14.3 Fis_cicl013b17_20 XM_002131970 ENSCINT00000033860
CIYS6125 14.2 KH.C3.316.v3.R.ND1-1 NP_009043.1 thrombospondin 3 precursor ENSCINT00000017560
CIvs12078 | 13 KH.C9.21.v2.A.SL3-2 ENSCINT00000016952
ClyS12519 | 12.5 KH.C14.177.v3.B.SL5-1 NP_002878.2 arginyl-tRNA synthetase, cytoplasmic ENSCINTO0000015003
CIYS19591 | 12.1 | KH.C1.122.v1.R.ND1-1 ENSCINT00000003964
CIYS2437 | 11.8 | SPKH.C7.10126.v4.D NP_056344.2 DBH-like m°ri‘;’o(:c’;‘fnegase protein 1 ENSCINT00000033602
ClYS3070 11.8 KH.C10.417.v1.A.SL1-1 NP_003216.1 trefoil factor 1 precursor ENSCINTO0000034671
CIYS14823 | 11.5 | KH.L100.2.v2.A.SL1-1 NP_078918.3 polypeptide N- ENSCINTO0000037096 %
- acetylgalactosaminyltransferase 12
CIYS9653 | 10.8 TC146939 N/A
CIYS18259 | 10.4 | KH.C12.235.v2.A.SL2-1 1500 AA double-pass TM protein ENSCINTO0000003412
CIYS12181 | 10 | KH.C8.253.v1.A.ND1-1 Integrin alpha-2 ENSCINT00000024577
ClYS16388 9.8 Fis_cieg019m07_20 NP_000311.2 quinoid dihydropteridine reductase ENSCINT00000019999 Y
CIYS18283 | 9.2 | KH.S597.1.v2.B.ND4-1 | NP_002254.2 kinesin-like protein KIFC1 ENSCINT00000001181
CIYS2033 9.1 KH.C7.123.v1.A.SL1-1 NP_060087.3 notchl preproprotein ENSCINT00000022796 Y
CIYS15068 | 9.1 KH.L6.1v2.AND2-1 | NP 001035257.1 | Peta-L3-N-acetylglucosaminyltransferase | o\ o\ 150000018757

lunatic fringe isoform a preproprotein
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CIYs11893 | 8.9 NA N/A
ClyS19123 8.8 KH.C1.249.v1.A.ND1-1 NP_060774.2 proline-rich protein 11 ENSCINTO0000013708
CIYS12958 | 8.7 KH'C4'5°4"’11'A'”°”SL3' NP_973732.1 forkhead box protein M1 isoform 3 ENSCINT00000017891
CIYS2001 8.6 SPKH.C3.10151.v2.D NP_002996.2 selectin P precursor N/A
CIYS3649 | 8.2 SPKH.L96.10023.v1.E N/A
ClYs88s7 | 8.1 KH.L41.4.v1.A.ND1-1 NP_060656.2 DUF - hypothetical protein LOC55732 | ENSCINTO0000001400
CIYS9266 7.5 KH.C1.1083.v1.A.SL1-1 NP_004429.1 ephrin receptor EphA4 precursor ENSCINT00000025459
CIYS13813 | 7.4 TC146713 NP 0047812 | s°lutecarrier family 22 member 6 isoform | s \100000027773
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Table S5. Transcript Names and Primer Sequences Used in this Study. All transcript names
used in the primary text are listed here with the corresponding Ensembl transcript identifier, a
description of the transcript and primer sequences used for qRTPCR validation, if applicable.

Name Description ID Forward Primer Reverse Primer
ﬁ;‘:pase'z’ Caspase-2-like | ENSCINT00000002830 | ATGACGTGCTTGCATTGTTC | CGACCCACCTCAGTAAGCAT
Fibrinogen C
FIBCD1a domain ENSCINT00000003420 | GAAACCGAACTGGTCGAAAG | CCGGATACAGCAAGTGCATA
containing 1
Rev-erb Rev-erb ENSCINT00000004784 | GTCGAATCCCAAAGAAGCAG | GTGTTTCTTGCACCGTTTGA
TNER- TNF receptor-
. associated ENSCINT00000005981 | ATGGGCTATGTTGGATGGAA | CAATCTGCTGCTCAAATCCA
associated .
factor 3-like
Tolloid Tolloid ENSCINT00000007799 | GTAAAGAAGCCGGGTGTGAG | CTGTTGTATGCGAGGCAGAA
HSP70 E‘:jtt;:O;g ENSCINTO0000011757 | TGATAAACGAACCCACAGCA | ATCCAACTCGACAGCAGCTT
HB3 Non-symbiotic | o\ <\ 700000013341 | TGAGTAACGTTGGACTTGCTG | CCCAAGCTTGCATTACTGGT
hemoglobin 3
Tomoregulin Tomoﬁ(ge““”’l' ENSCINT00000016852 | TGCTTGGATGAAGTTGATGG | CATGCGACTGTAACGATTCC
Prospero
Prospero homeobox | ENSCINTO0000018262 | GCACCTCAGCATTACCCAAT | TTGGTCACGACGTCAAGAAA
protein
Fibrinogen C
FIBCD1b domain ENSCINT00000019098 | GAAACCGAACTGGTCGAAAG | CCGGATACAGCAAGTGCATA
containing 1
Drosophila
DIAP2 Inhibitor of | ENSCINTO0000020067 | TTGCAAGCACCCATATACGA | GATGTGGATGGTTTGGGAGT
Apoptosis 2
bZIP CCAAT/Enhancer | o\ < \T00000023320 | CGCTCGTACTCAAGCAACAG | ACAACATCATGGGACGGATT
Binding Protein
TLR2 rg:;:'t'c':fz ENSCINT00000024647 | CAGTGATTCCGATGATGTGG | GGTGCTTGGATGGCAGTAAT
TNFR Tumor Necrosis | £\ ¢ INT00000026302 | GAAGATGCGTCCCATGCTAT | GAATGCCATGGACATCACAG
Factor Receptor
. NIMA related
NEK11-like dinace 11.0he | ENSCINTOD000026775 | GAATATTGTGAGGGCGGAGA | ACAACACCAAGGGACCAAAG
VWF domain
Matrillin containing | ENSCINT00000027938 | CGTAAAGGAATGGGTGAAGC | TGAATGACATCCGGCAAGTA
protein
Laminin EGF domain
subunit beta containing | ENSCINT00000031265 | TTTCTTCTTTGGCGATGCTT | TCAGCGCTTCTTCTCACGTA
2 protein
. Insulin-like 3
IGF-like orotein ENSCINT00000031399 | CTGGAACGAAGTGCAAAGGT | TATTGCCATGCAGGTAACGA
HIx Homebox
DBX1-A . ENSCINT00000033135 | TCAGTCCAACCTATGCACCA | AGGGTAAGATGGGTGTGACG
protein DBX1-A
Heat shock
Hsp90 ENSCINT00000035165 | TAGCCGCCACACATGTTAAA | GCAGCAAGAGCTGCATCAT

protein 90
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Collagen, type VWF d9main
XIV, alpha 1 contaln‘lng ENSCINT00000036027 | CGATCGCTCACGTAACAAAC TTCCTGCAGTGTGTAGGCTCT
protein

EMX EMX Homeobox | ENSCINTO0000037147 | CCACCAGGATTCCAACAAAC TCAGCTCCAACCACGTAATG
IGFbp MAC25-like ENSCINT00000037260 | TTCATTTGGTAGGTGCGTGA TATTCACACGATGCGGAAGA
Villin-1 Villin-1 ENSCINTO0000003800
SFI1-like SFI1-like ENSCINT00000008827
i'_‘l"iifﬂex'”' S'der‘l’ifll’zx'”'l' ENSCINT00000010013
NEK7-like NIMArelated | ¢\ o iNT00000017101

kinase 7-like
Ubiquilin-1 Ubiquilin-1 ENSCINT00000017880
MYBB1A MYB Binding 1A | ENSCINT00000018013
LIMK1-like HM E'Ejse ' | ENSCINT00000024269

PH domain
Myosin X containing ENSCINT00000033884

protein
Kinesin Kinesin ENSCINT00000035420
Lamin tail

LMNTD1 domain ENSCINT00000036416

containing 1
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Table S6. Analysis of Variance (ANOVA) Results for gRTPCR. The columns indicate the type of
gene product that was tested (either microRNA or mRNA); the name of the gene product;
intermediate statistics used for ANOVA calculation (sum of squares, mean of squares, F value),
p-value and the final column indicates level of significance (‘***’ < 0.001, “**’ <0.01, ‘*’ <0.05).

Type Name Df Sum Sq | Mean Sq | F-value | P-value Sig

mRNA bzZip 3 369.7 123.23 76.21 | 6.52E-09 kX

mRNA Caspase2 3 37.76 12.59 0.85 0.485

mRNA DIAP2 3 30.14 10.047 1.011 0.412

mRNA Hix 3 76.36 25.453 4.955 0.0138 *

mRNA HSP70 3 35.92 11.973 2.16 0.135

mRNA IGF-like 3 33.39 11.13 7.233 0.00363 ok

mRNA IGFbp 3 159.48 53.16 10.51 | 0.000699 ok

mRNA NEK11-like 3 47.02 15.674 4.067 0.0166 *

mRNA Prospero 3 11.46 3.819 0.714 0.559

mRNA Rev-erb 3 66.35 22.116 9.767 0.00122 ok

mRNA TLR 3 53.01 17.67 2.714 0.0587 .

mRNA TNFR 3 122.2 40.73 363 6.94E-09 ok

mRNA TNFR-assoc 3 6.24 2.08 0.299 0.825

mRNA Tolloid 3 177.5 59.18 6.677 0.00138 *k

mRNA Tomoregulin 3 157.4 52.48 13.32 | 2.55E-06 Hokk

miRNA miR-1-3p 3 0.0407 | 0.01355 0.166 0.918

miRNA miR-125-5p 3 0.057 0.01916 0.15 0.929

miRNA miR-126 3 1.401 0.4671 3.01 0.0445

miRNA miR-133c 3 0.0321 | 0.01069 0.67 0.577

miRNA miR-217 3 2.476 0.8255 2.209 0.108 S

miRNA miR-219 3 6.221 2.0737 658.3 6.51E-10 ok ."3

miRNA miR-29 3 12.213 4.071 283.7 1.84E-08 kX g

miRNA miR-31 3 1.195 0.3982 2.31 0.095 E

miRNA miR-3598-5p 3 0.602 0.2007 0.746 0.533 %

miRNA miR-4009c 3 0.9938 0.3313 81.52 | 2.45E-06 kX €

miRNA miR-4030-5p 3 2.742 0.9141 1.133 0.351 g

miRNA miR-4036-5p 3 0.8846 | 0.29485 4.613 0.0138 * %_

miRNA miR-4043-5p 3 2.174 0.7248 3.356 0.0323 * 5

miRNA miR-4053-3p 3 0.6399 0.2133 3.224 0.037 * (?

miRNA miR-4065-3p 3 0.3767 | 0.12558 140.7 | 2.92E-07 kX :IC-;

miRNA miR-4065-5p 3 0.4692 0.1564 10.41 0.00389 *k g_

miRNA miR-9-5p 3 5.023 1.674 1.593 0.275 %
>
a
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Table S7. microRNA Alignment Summary. This is the summary output reported by miRDeep2
for all miRNA samples. The upper section summarizes the number of and confidence in novel
microRNAs identified by miRDeep2 from our samples. The lower three sections detail the
number of reads, sequences and putative homology for all microRNAs detected by miRDeep?2.

Click here to Download Table S7

Table S8. Transcript Mappings to Functional Categories. The membership of each transcript
in corresponding functional categories is listed here. The first column is the description of
the functional category; the second column is the Ensembl transcript identifier of a
transcript belonging to that category; the third column is the unique identifier for the
category.

Click here to Download Table S8

Table S9. Time series Z-scores. The z-scores of each functional category during regeneration
are listed here. Z-scores for each category were calculated from the mean —log, FDR estimated
by DESeqg2 and EdgeR for each transcript relative to one of the two chosen reference stages (DO
and NR). The first column designates the overarching type of classification for each category;
the second column gives the description of the functional category; subsequent columns list z-
scores for each comparison of stages. Each comparison is indicated by the reference stage
symbol followed by a dash then the symbol for the relative stage of regeneration. Reference
stage symbols are: NR = Non-regenerating, DO = zero days post-amputation (dpa). Regeneration
stage symbols are: D1 = one dpa, D3 = three dpa, D8 = eight dpa.

Click here to Download Table S9
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http://www.biologists.com/DEV_Movies/DEV144097/TableS7.xlsx
http://www.biologists.com/DEV_Movies/DEV144097/TableS8.xlsx
http://www.biologists.com/DEV_Movies/DEV144097/TableS9.xlsx
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Table S10. Correlation Network. microRNA-target interactions predicted by TargetScanS that
are supported by Pearson correlation (p <-0.9) of the mean log, fold-change estimated by
EdgeR and DESeq2 at each stage relative to zero days post-amputation (D0). Each included
microRNA-target pair is only listed once even if it had more than one predicted binding site for
a given target. The first column designates the Ensembl transcript identifier; the second
column designates the microRNA name; the third column indicates the correlation between
expression levels.

Click here to Download Table S10

Table S11. Network Clusters. microRNA-target clusters predicted by the Moduland plugin
for Cytoscape. The first column contains either the microRNA name or target transcript
Ensembl identifier; the second column contains the name of the cluster corresponding to
the node in column 1, which is the name of the node determined to be the most important
node in that cluster.

Click here to Download Table S11

Table S12. Network Cluster Functional Enrichments. microRNA targets in a given network
cluster that significantly overlap (FDR < 0.05) with transcripts in a given functional category
determined by a hypergeometric test are shown here. The first column designates the
overarching type of classification for each category; the second column gives the description of
the functional category; the third column gives the name of the network cluster; subsequent
columns indicate the number of transcripts in the network cluster, number of transcripts in the
functional category, number of transcripts overlapping between the two lists, p-value and false
discovery rate (FDR) adjusted p-values. P-values are the probability of at least the specified
number of transcripts overlapping between the two lists as determined by a hypergeometric
test for enrichment.

Click here to Download Table S12
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http://www.biologists.com/DEV_Movies/DEV144097/TableS10.xlsx
http://www.biologists.com/DEV_Movies/DEV144097/TableS11.xlsx
http://www.biologists.com/DEV_Movies/DEV144097/TableS12.xlsx

